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Abstract—Computing and software engineering (CSE) 

educators constantly seek effective ways to integrate 

sustainability and ethics into teaching, bridging theoretical 

knowledge with practical and socio-environmental challenges. 

This study examines sustainability-focused hackathons as a 

pedagogical tool for fostering sustainable mindsets among CSE 

students. Using qualitative analysis of open-ended survey 

responses (N=59) and semi-structured interviews (N=20) from 

participants across three universities, it explores how these 

events enhance awareness of sustainability challenges and the 

incorporation of sustainability principles into prototype 

software solutions. Findings indicate that sustainability-focused 

hackathons provide a dynamic, experiential learning platform 

to engage participants in real-world sustainability challenges 

that demand innovative and responsible solutions. The study 

highlights their role in developing critical thinking, teamwork, 

and socio-environmental awareness while strengthening the 

practical application of sustainability concepts. By bridging 

theory with hands-on experience, sustainability-focused 

hackathons prepare students to meet the ethical and 

sustainability expectations of future software engineers. These 

insights position sustainability-focused hackathons as a 

valuable, structured extracurricular activity that complements 

formal education in sustainable computing and software 

engineering. 

Keywords—software engineering, sustainability, ethics, 

hackathons, local actions, case study 

I. INTRODUCTION  

 The United Nations’ recommendation to include 
sustainability education in curricula development to promote 
education for sustainable development (ESD) across eight 
competencies  [1], including systems thinking, anticipatory 
thinking, critical thinking, normative competency, strategic 
competency, collaboration competency, self-awareness 
competency, and integrated problem-solving competency, 
laid a solid foundation for its integration into ICT education. 
Acquiring these competencies empowers learners to address 
questions on sustainable development across multiple 
domains. As such, education for sustainable development has 
become a critical priority in computing and software 
engineering (CSE) programs, as future engineers are expected 
to build solutions that are not only effective but also socially 
and environmentally responsible [2]. There has been a 
tremendous push for sustainability considerations and 
awareness of the potential impacts of software products and 
services among professionals and educators, with a call for 
software professionals to take responsibility for ensuring the 

sustainability of the products they develop [3], by designing 
and implementing solutions with minimal negative 
environmental and societal impacts [4]. This shift could help 
to balance economic, social, environmental, and regulatory 
responsibilities. 

 Integrating sustainability and ethics topics into the CSE 
curriculum is challenging, often requiring interdisciplinary 
and experiential learning approaches. Researchers have 
highlighted the potential of hackathons (time-bounded 
collaborative coding competitions) as a promising 
pedagogical approach for this purpose and in developing in-
demand skills and competencies [5], and a  curriculum 
component to foster students’ understanding of emerging 
technology concepts and improve their problem-solving skills 
[6]. Prior studies show that hackathons can enhance 
teamwork, creativity, and real-world problem-solving skills, 
making learning more engaging and practical [7]. Hackathons 
have also been effective in strengthening university-industry 
collaboration [8]. They fulfil key conditions for effective 
learning by providing autonomy, collaboration, and hands-on 
experience in solving authentic problems. In the context of 
sustainability, hackathons allow students to tackle real societal 
challenges in a supportive, fast-paced environment while 
collaborating with local residents [9]. This not only reinforces 
technical skills but also raises participants’ awareness of the 
broader ethical and sustainability implications of technology, 
starting from the community level. 

 Despite the growing use of hackathons in education, there 
is a need for empirical evidence on how such events impact 
students’ mindsets toward sustainability and ethics. This study 
addresses that gap through the lens of sustainability-focused 
hackathons in an ICT education context, especially computing 
and software engineering (CSE). We aim to investigate how 
participation in sustainability-focused hackathons contributes 
to students’ awareness and understanding of sustainability and 
their engagement in sustainable practices beyond the 
classroom experience by answering the following research 
questions: 

• RQ1: What do student participants expect to learn or 
gain from sustainability-focused hackathons? 

• RQ2: How does participation affect their 
understanding of sustainability and ethical 
considerations in computing and software 
engineering? 



• RQ3: Does participating in the hackathon increase 
students’ interest and likelihood of engaging in such 
activities (or similar hackathons)? 

The remainder of this paper is structured as follows: 
Section II reviews related works, Section III describes the 
methodology, Section IV presents the results and discussion, 
Section V discusses threats to validity, and Section VI 
concludes with recommendations. 

II. RELATED WORKS 

A. Hackathons  

Hackathons, originally coined from the words hack and 
marathon [10], are not new to software engineering. It has 
been used to demonstrate skills and competencies for students 
and has been a successful addition to foster collaborative 
learning and encourage discussions and actions to solve real 
societal problems [11], [12]. It is usually organised within a 
limited time of a minimum of 24 hours to a maximum of 5 
days. The integration of hackathons into formal learning 
environments can significantly enhance educational learning 
values  by designing challenges and activities that align 
directly with course objectives [13]. Such alignment ensures 
that the hackathon’s structure supports specific learning goals, 
enabling participants to understand the skills and knowledge 
expected of them. Additionally, linking hackathon tasks to 
curriculum content provides clarity and relevance, fostering a 
structured environment where students can effectively 
connect theoretical concepts to practical applications.   

Hackathons provide a dynamic environment to 
demonstrate fast-paced, design-oriented, and hands-on, where 
participants rapidly transform ideas into tangible solutions to 
address specific challenges within a set timeframe [14]. These 
events can span various topics and domains, such as 
advancing scientific discoveries, fostering collaboration, 
enhancing social networks, and facilitating knowledge 
exchange [15]. Hackathons also play a role in improving 
education and enriching academic curricula [16], developed 
tangible solutions to address specific issues raised by event 
organisers. Additionally, they can be used to create innovative 
digital solutions and business models aimed at promoting 
sustainability, circularity, and environmentally conscious 
initiatives [9], [17]. 

B. Hackathons and Sustainability 

Beyond the technical focus of hackathons, a new trend has 
emerged to demonstrate sustainability awareness and drive 
attention to pressing environmental challenges through 
hackathons. This approach not only enhances technical skills 
but also promotes innovation towards addressing societal 
challenges like climate change [18] and helped cultivate a 
mindset for sustainable practices among participants [19]. For 
example, to empower participants for a sustainability mindset 
through engagement with local issues and the community [9], 
to bring experts and citizens to co-innovate sustainable 
energy, sustainable mobility, food waste, and climate change 
[20], for sustainable urban development through art, design, 
and technology innovation [10], to rapidly develop prototype 
solutions to address community challenges and social issues 
[21] and as a gamified hackathon to solve the environmental 
challenges associated with residual and discarded items [22]. 
The hackathons’ collaborative learning approach [11] 
provides an effective tool for integrating sustainability and 
ethics into software engineering education. Such an infusion 

of sustainability principles into teaching [23] via hackathons 
encourage students to apply ethical considerations in project 
development. Thus, hackathons serve as catalysts for 
preparing future computing and software engineers to 
incorporate sustainability and ethics into their professional 
practices, aligning technology development with broader 
societal goals. Hackathons serve as powerful educational tools 
that extend software engineering learning beyond traditional 
classroom settings. 

A sustainability hackathon approach [9] to learning and 
engagement for computing students demonstrate how 
academia can cultivate sustainability-focused thinking and 
respond to local sustainability challenges. By engaging 
students in the creation of software prototypes aimed at 
tackling pressing sustainability issues, learners were able to 
collaborate with community residents and develop prototype 
solutions with sustainability principles for the identified 
issues. This approach not only enhances students’ 
understanding of sustainability but also raises awareness 
within the broader community, positioning hackathons as a 
distinctive tool for promoting sustainability education. 
Similarly, participation in sustainable community-focused 
hackathon projects improves the learning experience of the 
participants and helps students cultivate ethical reasoning, 
social skills, and an understanding of equity as principles 
integrated into the development of environmentally 
sustainable software solutions, thereby bridging technical 
expertise with social and ethical awareness [4]. 

A noticeable limitation of all the mentioned sustainability 
hackathons lies in their limited details about the possible 
transition of the participants into demonstrating actual 
sustainable habits and practices. Understanding these impacts 
will help to strengthen the adoption of sustainability-focused 
hackathons as a learning approach to sustainability education. 

III. METHODOLOGY 

We organised a “SustHack” hackathon as an educational 
intervention and evaluated its outcomes. In brief, we collected 
pre- and post-hackathon survey data and conducted follow-up 
interviews with participants. Through the analysis of these 
data, we identified key themes in students’ expectations and 
experiences and measured changes in their self-reported 
sustainability mindset. The methodological approach 
combines quantitative evaluation (using Likert-scale surveys 
and statistical tests) with qualitative inquiry (thematic analysis 
of open-ended responses and interviews).  

We designed the study as an evaluative case study of a 
sustainability-focused hackathon event, using a one-group 
pretest-posttest approach, as a form of quasi-experiment [24] 
to observe changes in participants over the course of the 
hackathon. The hackathon, dubbed “SustHack,” was a 5-day 
event integrated into a university’s software engineering 
program, with voluntary participation calls. Its goal was to 
engage students with real-world sustainability problems 
through the lens of SDG 11: Sustainable Cities and 
Communities and, in doing so, cultivate their awareness of 
sustainability and ethical problem-solving skills. Participants 
worked in teams to develop prototype solutions addressing 
sustainability challenges, and they were encouraged to 
consider social, environmental, and ethical aspects in their 
designs. We invited a few domain experts and stakeholders 
during the event for mentorship and feedback, so students had 
opportunities to interact with practitioners and community 



members, exposing them to broader perspectives beyond the 
classroom. 

We organised a pre-hackathon workshop to familiarise 
students with the learning objectives and expectations. To 
further cement the sustainability framing, we adopted the 
Sustainability Awareness Framework (SusAF) [3], [25] and 
its application to teach sustainability to SE students  [26] to 
prepare students with a deeper understanding of sustainability 
through the lens of ICT education. The SusAF views 
sustainability in SE through five dimensions: economic, 
environmental, individual, social and technical, with a 
supported sustainability awareness diagram over a pentagon 
shape as the visualised outcome [3], [25]. Students are 
empowered to demonstrate considerable sustainability ethics 
during software product and service design by teaching 
sustainability through these dimensions, an example of what 
sustainability-focused hackathons intend to achieve. 

A. Data Collection 

We collected data in three stages corresponding to before, 
during, and after the hackathon event. 

1) Pre-Hackathon Survey 
After registration and just before the hackathon began, all 
participants were asked to complete an online questionnaire 
(administered via Google Forms). This pre-hack survey 
gathered baseline information about participants’ 
backgrounds, prior experiences, and initial mindsets. It 
included both closed-ended and open-ended questions. Key 
items on this survey were: 

• Demographics and Background: This includes 
questions on the current program/level of study, 
gender, and whether the student had prior hackathon 
experience, was a local student, and was willing to 
complete the post-hack survey. 

• Initial Mindset Measures: We asked participants to 
rate their interest in sustainability-related actions on a 
5-point Likert scale and their confidence that they 
would achieve their expected gains from the 
hackathon. On this scale, 1 indicated the most 
negative or low interest/confidence, and 5 the most 
positive or high interest/confidence. 

• Open-Ended Questions: To capture qualitative 
perspectives, participants described their current 
understanding of sustainability in their own words 
and were asked what they expected to gain from 
participating in the hackathon. These open responses 
provided rich qualitative data on their baseline 
knowledge and motivations. For instance, one student 
wrote “A better understanding and view towards 
sustainability” as an expectation, while another hoped 
for “experience and making friends” by joining the 
event. 

2) Post-Hackathon Survey 
 Immediately after the hackathon concluded, participants 
took a post-hack survey (also via Google Form) to evaluate 
their experiences and outcomes. This survey was a modified 
version of the pre-survey, designed to gauge changes and 
gather feedback:  

• Reflection on Expectations: On a 5-point Likert scale, 
participants rated the extent to which “the hackathon 
met your expectations in terms of the gains you hoped 

for.” They also reported what they learned or gained 
from the hackathon in an open-ended question. 

• Knowledge and Understanding: We asked whether 
“your understanding of sustainability improved 
through the hackathon” and to elaborate if yes. This 
was measured qualitatively (an open response 
explaining new insights) and quantitatively (a Likert-
scale rating of improvement). 

• Engagement and Process: Several questions probed 
how participants approached the hackathon tasks, 
such as “How did you come up with your prototype 
idea?” “How did you collaborate with your team?” 
and “How did you engage stakeholders in embracing 
your solution?” (since the event involved stakeholder 
feedback). These were open-ended questions meant to 
capture processes and behaviours during the 
hackathon (e.g., teamwork strategies and stakeholder 
engagement techniques). Participants also rated the 
helpfulness of different hackathon phases 
(Planning/Brainstorming, Stakeholder Engagement, 
Prototype Improvement) on a 1-5 scale from Not 
helpful to Very helpful. 

• Post-Hack Mindset Measures: We repeated some 
items from the pre-survey to assess change. 
Importantly, participants rated their interest in getting 
involved in actual sustainability actions beyond the 
hackathon (Likert 1-5) and their willingness to 
participate in future sustainability-themed 
hackathons. These map to the same constructs as the 
pre-survey interest item, allowing a pre/post 
comparison for interest in sustainability activities. 
Additionally, participants indicated how likely they 
would be to continue working on their hackathon 
solution or other sustainability projects (sustained 
motivation). 

3) Survey Item Scales 
 All Likert-scale items in both surveys used 1 as the most 
negative response (e.g., “Very unlikely” or “Not at all”) and 5 
as the most positive, favourable response (e.g., “Very likely” 
or “Very helpful”). This consistent scale enabled direct 
comparison of pre- and post-responses for interest levels. The 
surveys were administered in English, and participation was 
voluntary (though all 59 attendees completed both surveys, 
yielding a matched dataset).  

4) Interviews 
To gain deeper insight into the student experience, we 

conducted semi-structured interviews with 20 participants 
after the hackathon. The interviews took place within one 
week post-event (either in person or via video call, depending 
on participant availability), and each lasted approximately 30 
- 45 minutes. We used an interview guide with open-ended 
prompts such as “Can you describe your overall experience 
during the hackathon?”, “What challenges did you face, and 
how did you address them?”, “How has this hackathon 
influenced your perspective on sustainability and ethics?”, 
and “In what ways do you think you might apply what you 
learned going forward?”. Follow-up questions probed for 
specific examples or reflections, for instance, asking 
participants to elaborate on any ethical considerations that 
arose or moments that changed their thinking. With 
participants’ consent, interviews were audio-recorded and 
later transcribed for analysis. 



5) Observations 
In addition to interviews, the research team conducted 

direct observations during the hackathon. Team interactions, 
brainstorming sessions, and the final project presentations 
were observed and noted. These observations provided 
contextual understanding and helped interpret some survey 
and interview findings. While we did not formally code 
observation field notes, they were used to triangulate and 
validate information provided by participants in surveys and 
interviews. 

All procedures were conducted following ethical research 
standards. Participation in surveys and interviews was 
voluntary, and reporting was anonymous. Identifiable 
information was kept confidential, and quotes from 
participants were reported anonymously or with pseudonyms. 

B. Data Analysis 

1) Quantitative Analysis 
Survey responses from pre- and post-hackathon were 

analysed using descriptive and inferential statistics. First, we 
compiled frequency distributions and summary statistics 
(mean, standard deviation, mode) for key Likert-scale items in 
both surveys. This provided an overall picture of participants’ 
attitudes before and after the hackathon. For example, we 
calculated the proportion of students who answered 4 or 5 
(“agree/likely”) on items like interest in sustainability actions, 
both pre- and post-event. We then conducted statistical tests 
to examine changes and relationships: 

• To assess pre-post changes in participants’ interest in 
sustainability-related activities (our primary 
quantitative outcome for RQ2), we performed a 
paired samples t-test. Each participant’s interest rating 
before the hackathon was compared to their interest 
rating after the hackathon. This test determines 
whether there was a statistically significant change in 
the mean interest level, indicating an increase or 
decrease in interest attributable to the hackathon 
participation. We also verified the result with the 
Wilcoxon signed-rank test, a non-parametric 
alternative, given the ordinal nature of Likert data, 
which yielded consistent conclusions. 

• We treated a response of “3” on the 5-point scale as a 
neutral midpoint and “4” or “5” as 
agreement/positive. To evaluate whether participants’ 
post-hack responses were significantly positive 
overall (i.e., above neutral), we used one-sample t-
tests comparing the mean scores to the neutral value 
of 3. This was done for items like “the hackathon met 
my expectations” and “my understanding of 
sustainability improved” under the hypothesis that a 
true mean above 3 indicates a significant positive 
outcome. 

• Additionally, we explored differences between 
subgroups. In particular, we tested whether prior 
hackathon experience influenced outcomes by 
comparing the responses of participants with prior 
experience vs. newcomers. For example, an 
independent samples t-test examined whether those 
with no prior experience rated the hackathon as 
meeting their expectations differently from those who 
had attended hackathons before. We similarly 
checked for gender differences in key outcome 
measures. (No statistically significant differences 

were found between males and females, or between 
experienced vs. first-time hackers, on measures such 
as satisfaction or interest increase, indicating the 
event was broadly effective across these groups. 

All statistical analyses were conducted with a significance 
level of α = 0.05. Given the sample size (N =59) for paired 
comparisons, the tests had reasonable power to detect medium 
effect sizes. 

2) Qualitative Analysis 
 Qualitative data from open-ended survey questions and 

interviews were analysed using a thematic analysis approach. 
We followed the general procedures for identifying patterns in 
qualitative data while also drawing on narrative analysis 
principles to interpret how participants’ stories unfolded, 
outlined in [27], [28]. The analysis process was as follows: 

•  Transcription and familiarisation: All interview 
recordings were transcribed verbatim, using 
Microsoft 365 OneNote transcribe function. The 
researchers read through the interview transcripts and 
the open-ended survey responses multiple times to 
become familiar with the data, noting initial 
impressions. 

• Coding: We developed an inductive coding scheme 
[29]. Two researchers independently coded subsets of 
the data (both interview transcripts and written 
responses) line-by-line, assigning labels to 
meaningful segments (e.g., phrases indicating a 
specific type of expectation, learning outcome, an 
emotional reaction, etc.). We used descriptive codes 
like “Motivation: Learn new skills”, “Challenge: time 
constraint”, “Outcome: increased awareness”, 
“Ethical consideration”, and so on. The coding was 
initially open-ended to capture as many nuances as 
possible. 

• Thematic mapping: The researchers then 
collaboratively grouped related codes into candidate 
themes and sub-themes. We looked for higher-level 
patterns, for instance, several codes related to wanting 
to “learn about sustainability concepts” and 
“understand SDGs” were grouped under the theme of 
“Sustainability Knowledge”. Codes about meeting 
people, teamwork, and collaboration were grouped 
under “Networking & Collaboration”. We identified 
themes for participants’ expectations before the event 
and separate themes for their post-hack experiences 
and outcomes. We also derived themes for how 
participants conceptualise sustainability based on 
their descriptions of a sustainable smart city. 

• Review and refinement: To enhance reliability, two 
additional researchers reviewed the coded data and 
preliminary themes. As a team, we discussed any 
discrepancies in coding or theme definitions and 
refined the theme structure. For example, if one coder 
labelled something as “experiential learning” and 
another as “skill development”, we examined the raw 
data to decide if these should be merged or kept 
distinct. Through this iterative process, we 
harmonised the themes and ensured they were 
grounded in the data (with representative quotes for 
each). We reached a consensus on a final set of themes 
that best represented the qualitative data. 



Our final thematic structure for expectations included four 
major themes, labelled as second-order themes, each 
encompassing several more specific first-order themes or sub-
themes. For instance, a broad theme, “Experiential Learning”, 
encompasses sub-themes like “real-world projects” and 
“hands-on activities”. We also maintained a narrative 
perspective by considering the sequence [30], how initial 
expectations aligned with later experiences. Using narrative 
analysis techniques, we examined each participant’s “story” 
from what they expected, to what they experienced, to how 
they felt afterwards to see if there were common narratives 
(e.g., many participants hoped to learn about sustainability, 
improved sustainability knowledge, or some came mainly for 
networking and left with new contacts, knowledge, and 
inspiration). This helped us understand not just the themes in 
isolation but how they relate (for example, a participant’s 
expectation of learning new skills might connect with a post-
hack outcome of feeling more confident in technical 
prototyping). 

Throughout the analysis, we identified representative 
quotes that illustrate each theme. These quotes are included in 
the Results to give authentic examples of participants’ words. 
All quotes are anonymised and slightly edited for clarity when 
needed (without changing meaning). By combining 
quantitative and qualitative analysis, we aimed to create a rich, 
validated picture of the hackathon’s impact on students’ 
learning. Triangulation of data sources (pre/post surveys, 
interviews, observations) allowed us to cross-verify findings. 
For example, if many survey respondents indicated an 
improved understanding of sustainability, we looked for 
confirmation in interview narratives, for example, participants 
explicitly mentioning new insights or changed perspectives. 
Likewise, thematic findings are cross-checked against the 
literature on hackathons to strengthen the interpretation.  

IV. RESULTS AND DISCUSSIONS 

In this section, we present the findings of our study by 
drawing insights from survey results and interview outcomes 
and supporting them with illustrative quotes. We organise the 
results in a narrative that follows the student experience, 
starting with participants’ initial understanding and 
expectations, addressing RQ1. Then, we detail how the 
hackathon impacted their understanding (addressing RQ2) 
and finally examine how the experience influenced their 
interest and future intentions (RQ3). We also connect these 
findings to existing literature to strengthen the theoretical 
grounding of our interpretations. 

A. Participants Demography 

A total of 79 students participated in the SustHack event, 
and 59 completed both the pre- and post-hackathon surveys. 
These participants were primarily undergraduate SE or 
computer science students (with a few from related programs); 
a smaller portion were postgraduate students. The group was 
demographically diverse: 63% were male, 37% female, and 
about 48% were international students. Overall, 66% had 
never participated in a hackathon before, while 34% had prior 
hackathon experience. Thus, for most undergraduate students, 
SustHack was a first-time experience in this format, unlike the 
postgraduate students. We also interviewed 20 participants 
who opted out of the survey, of whom 14 were male and 6 
were female. This interview subgroup included mostly 
postgraduate students (17 postgraduates vs. 3 undergraduates) 
and was somewhat more experienced (13 of the 20 had prior 

hackathon experience). This skew in the interview sample 
toward more experienced and higher-level students was 
unintentional. Participation in either the interviews or the 
survey was optional to provide additional perspectives on the 
hackathon experience. Table I summarises key demographic 
information. We consolidated participant data, including the 
overall participant cohort and the interview subgroup, for 
clarity. 

TABLE I.  PARTICPANTS DEMOGRAPHY 

Category  Survey (N = 59)  
Interview 

(N=20) 

Gender 
37 male (63%);  

22 female (37%) 

14 male;  

6 female 

Education 

level 

Undergraduate ≈70%);  

postgraduate (≈ 30%) 

3 undergraduate; 

17 postgraduate 

Hackathon 

experience 

14 Yes (24%);  

45 No (76%) 

13 Yes (65%);  

7 No (35%) 

 

B. Participants’ Pre-Hackathon Perspectives 

1) Understanding of Sustainability  
Before the hackathon, students’ conceptions of 

sustainability (especially in the context of SDG 11) were 
assessed via an open-ended question. The responses revealed 
a diversity of understandings, which we categorised into three 
broad themes: (1) Conceptual Environmental Sustainability, 
(2) Technological Integration for Sustainability, and (3) 
Community & Social Ethics. These themes, with their sub-
components, are summarised in Table II. Each 2nd-order 
theme represents a major aspect of sustainability 
understanding (core theme), with 1st-order themes capturing 
specific ideas mentioned by participants. 

TABLE II.  PRE-HACKATHON THEMES: STUDENTS’ UNDERSTANDING OF 

SUSTAINABILITY (CORE THEME) 

2nd-Order 

Themes 

1st-Order 

Themes 
Illustrative words 

Conceptual 

environmental 
sustainability 

*Eco-friendly 

principles 

*Resource 
management 

*Energy 

efficiency 
*Waste 

reduction 

Reducing impacts, 

renewable resources, 

efficient energy usage, 
eco-friendly practices, 

reducing carbon 

footprints 

Sustainable 
technology 

integration 

*Smart systems 
& IoT 

*Automation 

*Innovative 
design  

*Green codings 

Sustainable technology 
deployment, smart grids, 

smart technologies, 

optimised resources, 
automation 

Community and 

social ethics 

*Inclusivity 
*Accessibility 

*Quality of life 

*Social equity 
& fairness  

*Community 

engagement 

Improving quality of life, 
inclusive development, 

community well-being, 

fairness distribution, 
equal treatment 

 

Table II shows that most students entered the hackathon 
with a fairly holistic notion of sustainability. Many touched on 
environmental issues that do not affect others (like renewable 
energy, waste management, and efficient resources 
management). This aligns with Brundtland’s classic 
definitions of sustainable development [31]. Other 
participants stressed the role of technology and innovation 
towards achieving a sustainable future, reflecting an 
understanding that smart systems and green designs can 
contribute to sustainability. Many participants also mentioned 



social and ethical dimensions such as equity, accessibility, and 
fairness in the community. Such participants see sustainability 
as interconnected with ethical considerations of societal 
impact. This is notable given that the hackathon also aimed to 
foster an “ethics mindset.” It suggests that even before the 
event, some students recognised that sustainability in CSE 
involves ethical responsibility toward society, resonating with 
the idea that “everything is interrelated” in sustainability 
education [2]. 

2) Expectations and Motivations  
Participants had various expectations for joining the 

sustainability hackathon. We captured this through the pre-
survey question about expected gains and in the interviews. 
Our thematic analysis of both data identified four major 
expectation themes: (1) Sustainability knowledge, (2) 
Networking and collaboration, (3) Experiential learning, and 
(4) Skills development. These are the core values students 
hoped to obtain from the event. We presented the thematic 
overview in Fig. 1. The description with supporting evidence 
is as follows:  

• Sustainability knowledge: A majority of students 
expressed a desire to learn more about sustainability 
concepts and how to apply them. This includes 
understanding frameworks like the UN Sustainable 
Development Goals (SDGs) and learning best 
practices for sustainable software or responsible 
design. For example, one participant wrote, “To learn 
more about sustainability and how it can be 
implemented in software projects”. Quoting another 
participant’s expectation: “A deeper understanding of 
sustainability and greater teamwork”, indicating an 

interest in both knowledge and collaborative learning. 
Gaining conceptual knowledge about sustainability 
was a clear driver that aligned with RQ1’s focus on 
the development of an ethical/sustainable mindset. 

• Networking and collaboration: Many participants saw 
the hackathon as an opportunity to meet like-minded 
peers and work together on a project. Some explicitly 
mentioned “networking or making friends” as an 
expectation. For instance, one participant said: “My 
motivation was to build new connections while 
working on sustainability ideas.” Others looked 
forward to collaborating in a team setting, which they 
believed would be an added valuable experience. This 
expectation reflects hackathons’ social nature, where 
participants anticipate improving their teamwork 
skills and expanding their peer network. This 
motivation is consistent with prior findings that 
networking is a significant incentive for students to 
join hackathons [5]. 

• Experiential learning:  The sustainability hackathon’s 
format promised a hands-on, intensive experience to 
solve local sustainability issues, which attracted 
participants interested in learning by doing outside the 
traditional classroom experience. Participants 
expected an immersive experience that would 
simulate real-world problem-solving. Phrases like 
“real-world experience”, “practical exposure”, and 
“to gain experience… beyond attending boot camps” 
were common in responses. One participant stated 
their motivation as “the experience and learning more 
about sustainability”, suggesting that the journey of 
the hackathon itself (regardless of outcome) was a 
draw. This resonates with the idea of experiential 
learning theory [32], where concrete experience and 
active experimentation lead to deeper learning. The 
hackathon, by its nature, provides such an experience, 

and students recognise that. They wanted to test 
themselves in a competitive but educational 
environment, reflecting a growth mindset, by seeking 
challenges to learn from. 
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Fig. 1. Thematic representation of Participants’ Expectations 



a) Skills development  

Finally, many students are expected to acquire technical 
and soft skills. On the technical side, some mentioned wanting 
to improve coding skills, learn new tools or frameworks, or 
practice rapid prototyping. On the soft skills side, participants 
hoped to enhance teamwork, communication, time 
management, and problem-solving under pressure. For 
example, a participant noted they wanted “to gain coding 
experience and learn how to build a quick prototype for a real 
problem”. Others were eager to improve their 
pitch/presentation skills by presenting to judges and 
stakeholders. The hackathon was seen as a platform to develop 
these competencies in a short time. This expectation is well-
founded, as hackathons have been reported to help students 
develop skills like creativity, teamwork, and project 
management in a practical setting [7]. Our participants clearly 
shared this sentiment, expecting the sustainability hackathon 
to be a skills boot camp, in this case, for solving sustainability 
issues. 

These four themes were often interconnected. Participants 
frequently listed multiple motivations together. The inter-
relationship between themes is important. For instance, 
Experiential learning and Skills development often go hand-
in-hand (learning by doing to build skills), and Networking 
can be a part of the experiential aspect. In one response, a 
participant mentioned: “For the experience and learning… 
making friends, gaining knowledge and experience.”  

This quote touches on at least three themes: experience, 
networking, and knowledge. Such overlaps suggest that the 
hackathon was perceived as a multifaceted opportunity. 

In summary, before the hackathon, participants expected 
to gain new sustainability knowledge, meet and collaborate 
with others, engage in a practical learning experience, and 
improve various skills. These expectations set the stage for the 
hackathon and represent criteria against which participants 
would later judge the event’s success (did it meet these 
expectations?). 

3) Hackathon Outcomes and Post-Event Reflections 
We examined the overall outcomes through the lens of the 

participants. The quantitative and qualitative results follow: 

a) Overall satisfaction and expectations met 

 After the hackathon, we asked participants whether the 
event met their expectations. The quantitative results were 
very positive. On a 5-point scale (1 = not at all, 5 = fully 
exceeded), the average rating was 4.13 (SD = 0.75), indicating 
that, on average, participants felt their expectations were 
largely met or exceeded. In fact, 88% of participants gave a 
rating of 4 or 5 (with 46% selecting 5 = fully met). This 
suggests a high level of satisfaction with the hackathon 
experience. A one-sample t-test confirms that this mean is 
significantly above the neutral midpoint of 3 (t(58) = 10.45, p 
< .001), that is, participants’ satisfaction was statistically 
significant and overwhelmingly positive. The statistical 
summary is shown in Table III. 

We also analysed the frequency distribution of responses, 
which is depicted in Fig. 2. This shows the percentage of 
participants selecting each rating from 1 to 5 for several key 
outcome measures: (a) expectations met, (b) improved 
understanding of sustainability, (c) increased interest in 
sustainability actions, and (d) willingness for future 
participation. Nearly all bars are skewed towards the high end 

(4 and 5), visually reinforcing the positive feedback. For the 
“expectations met” item, no participants chose 1 (“not at all”), 

and only one chose 2; the vast majority chose 4 or 5. 

Qualitative feedback from the open-ended questions and 
interviews provides context to these numbers. Many 
participants explicitly stated that the sustainability hackathon 
lived up to or exceeded what they had hoped. “It was more 
rewarding than I expected,” said one interviewee, “I not only 
learned new technical things but also got to network a lot, 
which I wasn’t sure would happen so well.” Another 
participant wrote, “I expected to learn about sustainability, 
and I definitely did; plus we got great feedback from mentors, 
which was a bonus.” These comments illustrate that 
participants saw their initial goals achieved, learned, 
networked, and enjoyed the experience. 

It is worth noting that a few participants gave a neutral (3) 
or slightly lower rating for expectations. A similar trend was 
noticed in the interviews; some interviewees explained that 
while the event was valuable, they had hoped for even more 
different outcomes. For example, one interviewee mentioned 
that his group had expected to build a fully working app but 
ran out of time with a prototype instead, so they felt a bit 
disappointed in that aspect. However, the same person said, “I 
still gained a lot, just not exactly what I envisioned.” This 
suggests that even when expectations were not fully met, 
participants recognised other benefits. No one indicated a 
completely negative experience. 

b) Knowledge and learning outcomes 

One of our goals was to learn whether the sustainability 
hackathon facilitated a deeper understanding of sustainability 
and ethics among participants (RQ2). The results strongly 
suggest that it did. Participants overwhelmingly reported that 
their understanding of sustainability improved due to the 
event. On the Likert-scale item “Has your understanding of 
sustainability improved through the hackathon?”, the mean 
rating was 4.18 (SD = 0.73). In the distribution, 88% 
responded with 4 (“yes, improved”) or 5 (“improved 
significantly”). Qualitatively, 28 participants (47%) gave the 
maximum rating of 5, indicating a significant self-assessed 
improvement. A one-sample t-test again shows this mean is 
significantly above neutral 3 (t(58) = 11.8, p < .001). In other 
words, participants felt they came out of the hackathon with a 
substantially greater understanding and knowledge about 
sustainability topics. The summary is contained in Table III. 

TABLE III.  STATISTICAL SUMMARY OF SURVEY OUTCOMES 

 

Fig. 2. Frequency distribution of responses 
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Outcome 

Measure (1-5) 

Pre-Hack 

Mean (SD) 

Post-Hack 

Mean (SD) 

Statistical 

Test 

Result 

Interest in 

sustainability  

3.85 (0.60) 4.05 (0.79) Paired t-test 

(df=58) 

t = 1.56, 

p = .124 
(n.s.) 

Understanding 
improved  

- (post-hack 

only) 

4.18 (0.73) One-sample 

t-test vs. 3 

(df=58) 

t = 11.8, 

p < .001 

(***) 

Expectations 
met 

- 4.13 (0.75) One-sample 

t-test vs. 3 

(df=58) 

t = 10.45, 

p < .001 

(***) 

Willingness to 

participate in 

future 
hackathons 

- 4.03 (0.85) One-sample 

t-test vs. 3 

(df=58) 

t = 8.30, 

p < .001 

(***) 

Expectations 

met (exp vs no 

exp) 

- exp: 4.21 

(0.70) 
no exp: 

4.10 (0.77) 

Independen

t t-test 
(df=57) 

t = 0.53, 

p = .60 
(n.s.) 

Male vs. Female 
- Improved 

understanding 

rating 

- male: 4.15 
(0.74) 

female: 

4.22 (0.72) 

Independen
t t-test 

(df=57) 

t = -0.34,  
p = .73 

(n.s.) 

• (n.s.) = not significant: indicates no meaningful 
difference between groups 

• (***) = highly significant at p<.001. indicates a very 
strong effect, with less than a 0.1% probability of 
occurring. 

• t = -0.34 for Male vs. Female Comparison:  

 t(57) = -0.34, p = 0.73 (n.s.) 

The t-value is close to zero, indicating almost no 
difference between the post-hack sustainability 
understanding ratings between males and females. 

• A high p-value (0.73) confirms no significant gender-
based variation. The event was equally effective 

• Paired t-test (Pre-Post comparison - changes within 
the same individuals): 

𝑑𝑓 = 𝑁 − 1 

Since there were 59 participants from the pre- and post-survey 

𝑑𝑓 = 59 − 1 = 58 

• One-Sample t-test (examines whether post-hack 
ratings are significantly above a Neutral value of 3): 

  
𝑑𝑓 = 59 − 1 = 58 

• Independent Samples t-test (comparing groups, e.g., 
Prior vs. No Prior Experience or Gender Differences): 

𝑑𝑓 = (𝑁1 + 𝑁2) − 2 

where N1 and N2 are the sample sizes 

in this case, the gender has slightly different sample size 

𝑑𝑓 = 57 

Pre-hack interest was measured on the pre-survey; other 
items were on the post-survey. “Understanding improved,” 
“Expectations met,” and “Willingness for participation in 
future” are single-item measures on a 1-5 scale.  

As shown in Table 3, all post-hack outcomes have mean 
scores well above 4, and one-sample tests confirm they are 
significantly positive. Subgroup analyses indicate that the 
positive outcomes were consistent across different genders 
and between hackathon newbies vs experienced; no 
statistically significant differences were found in those 
comparisons. We also checked undergraduates vs 
postgraduates, not shown in the table, which similarly showed 
no difference in satisfaction or learning outcomes. This 
consistency suggests that the hackathon format was broadly 
effective and inclusive. 

The open-ended elaborations shed light on what they 
learned specifically. Many mentioned learning about real-
world sustainability initiatives and seeing theory put into 
practice. For instance, one participant wrote: “I learned a lot 
about sustainability ideas from the ICT context, especially 
from the guest speakers and other teams.” This indicates an 
increase in practical, contextual knowledge. They not only 
learned abstract concepts but also concrete examples of 
sustainability efforts. 

Some participants highlighted how working on a project 
made them understand the interdisciplinary nature of 
sustainability. As one interviewee stated: “Initially, I thought 
sustainability was mostly about the environment, but through 
the Sust-hackathon, I saw the social side too, by assessing how 
our solution needs to consider people’s behaviour and 
fairness. That was an eye-opener.” This quote exemplifies an 
expansion of perspective, tying directly to the ethics 
component. The student realised sustainability includes social 
ethics (fairness, behaviour change) and not just technical 
dimensions. Such reflections echo educational literature that 
emphasises broad, interdisciplinary thinking for sustainability 
problems [2]. It shows that the hackathon succeeded in 
conveying the message that technology solutions must 
integrate ethical and community considerations. This 
represents a key learning outcome for an “ethics mindset.” 

To illustrate individual learning in more depth, a 
postgraduate interviewee mentioned: “Now I realise I can 
connect sustainability to people. Our project was on 
sustainable mobility, and I learned the importance of 
accessibility to everyone during the prototype design. I can 
now innovate with both sustainability and inclusivity in 
mind.” This narrative demonstrates a shift from a techno-
environmental focus to a clearer understanding, including 
social sustainability and developing an ethics-aware mindset. 

Another learning outcome was technical and professional 
skills. Many students reported gains in skills and confidence. 
For example, a participant noted in the post-survey, “I 
improved my coding and rapid prototyping skills and learned 
how to pitch an idea better.” One interviewee said, “I feel 
more confident now about building a solution from scratch in 
a short time. We went from nothing to a prototype in just 5 
days; that’s a big confidence boost.” This kind of outcome 
addresses the skills development expectation. It also aligns 
with previous studies on how hackathons can increase 
students’ confidence in problem-solving and applying 
theoretical knowledge in practice [6]. 

From an academic perspective, these learning outcomes 
reinforce the value of experiential, project-based learning in 
sustainability education. Our findings mirror those of [23], 
who found that involving students in sustainability-focused 
projects (in their case, capstone projects) led to improved 



understanding and awareness of sustainability issues. 
Similarly, [2] argued that teaching SE for sustainability 
requires engaging students with real cases and 
interdisciplinary thinking; our sustainability hackathon 
provided exactly that, and participants’ improved 
understanding confirms the effectiveness of such an approach. 

c) Teamwork, collaboration, and networking  

Participants formed teams and had to collaborate for five 
days. This experience significantly improved their teamwork 
skills and gave them valuable networking opportunities. 
During the interviews, participants frequently mentioned how 
much they learned from their teammates. “At first, it was 
awkward, but we quickly figured out how to divide tasks 
according to each other’s strengths.”  This reflects an 
improvement in soft skills like communication and 
coordination. 

The stakeholder engagement aspect (unique to this 
hackathon) was also a novel collaboration experience. 
Participants had opportunities to engage with external 
stakeholders and communities. In the post-hack survey, we 
asked how they engaged stakeholders with their solution. As 
multiple participants reported, a common approach was 
conducting quick surveys or feedback sessions with the 
stakeholders during the event. An excerpt: “We gathered 
feedback from stakeholders through quick surveys and 
adjusted our solution accordingly.” demonstrating adaptive 
teamwork that includes external input. Another participant 
noted, “We explained our idea to stakeholders by showing the 
technology and design prototypes and incorporated their 
suggestions.” These experiences taught participants how to 
communicate their ideas to non-technical audiences and the 
importance of stakeholder buy-in for sustainable solutions, an 
element of professional practice and ethical responsibility, 
ensuring solutions meet real community needs. This outcome 
aligns with hackathon research that highlights community-
building: hackathons create a temporary community of 
practice that can persist beyond the event [16]. 

d) Influence on Interest and Future Engagement 

In answering RQ3, we seek to evaluate whether 
participating in the sustainability hackathon influenced 
students’ interest in sustainability and their intentions to 
engage in sustainability efforts going forward. We measured 
this via the interest ratings and the “future participation” 
question and qualitatively in interviews. 

Quantitatively, participants’ interest in sustainability-
related actions was already high before the hackathon (recall 
from the pre-survey, the average interest was about 3.8/5, with 
most already interested). After the hackathon, the interest 
remained high or even slightly increased for many. The post-
hack survey asked, “How interested are you in getting 
involved in actual sustainability actions and activities beyond 
SustHack?” The average response was 4.05 (SD = 0.79). The 
distribution of responses shifted such that more participants 
chose the maximum of 5 (32% post vs ~14% pre), though a 
few chose lower values post (a handful responded with 2 or 1, 
whereas none had in pre). Overall, the difference in mean 
interest from pre- (≈3.85) to post- (4.05) was modest. A 
paired t-test on the 59 matched responses revealed that this 
increase was not statistically significant (t(58) = 1.56, p = 
.124). In other words, on average, the interest level before and 
after was similarly high. One interpretation is that students 
who joined were already quite interested in sustainability, and 

the hackathon helped sustain that high interest. It is 
encouraging that the interest did not drop; if anything, more 
students moved to the “very interested” end. The lack of a 
large statistical increase reflects a ceiling effect when initial 
interest was already strong and remains.  

However, looking at qualitative data, we find evidence that 
the hackathon energised and concretised students’ intentions 
to act on that interest. Many participants, in their post-hack 
responses, described being motivated to take action or apply 
what they learned. For instance, one participant mentioned, 
“I’m more interested than ever to volunteer in sustainability 
projects now because I have seen how tech can help 
communities.” These statements show that beyond just a 
survey rating, students felt a renewed drive to be involved in 
sustainability efforts, such as joining environmental groups, 
pursuing sustainability-related projects, or simply staying 
engaged. 

The willingness to participate in future hackathons was 
also telling. We asked if, given their experience, they would 
join a similar sustainability hackathon in the future. The 
response was very positive: mean = 4.03 (SD = 0.85), with 
79% likely or very likely (rating 4 or 5). This indicates that the 
event not only met its immediate goals but also left 
participants inclined to continue such experiential learning. 
We interpret this as an indirect sign that the event was 
rewarding, as students saw enough value in doing it again. It 
also implies that hackathons could be a sustainable method in 
education, as students are open to repeated participation, 
which could reinforce and build on their mindset.  

From an ethics standpoint, interviews suggested that some 
participants became more aware of the ethical dimension of 
their role as future engineers. One interviewee reflected, “This 
hackathon made me realise that as a software engineer, I have 
a responsibility to consider sustainability and ethics in what I 
build. It’s not just about coding; it’s about the impact.” Such 
a statement strongly indicates a mindset shift, the student is 
internalising the broader responsibility of ethics. While we did 
not quantitatively measure the “ethics mindset,” responses 
like these provide qualitative evidence that ethical awareness 
was improved. 

e) Connection to Educational Practice 

Our findings reinforce several themes in the literature on 
hackathons and sustainability education. Firstly, the benefits 
of hackathons, such as improved teamwork, practical 
problem-solving, and motivation, are well documented. The 
findings align with a recent evaluation of hackathons in 
education [7]. This study provides empirical evidence of these 
benefits in the context of sustainability and ethics, with 
participants specifically noting improvements in teamwork 
and finding the learning engaging. 

Secondly, the integration of sustainability and ethics in 
education often calls for active learning strategies. This aligns 
with the argument that teaching sustainability in SE requires 
moving beyond lectures to experiences that highlight 
environmental, technical, social, individual, and economic 
interconnections [2]. The SustHack event served as such an 
experience, and our participants’ broadened understanding of 
sustainability confirms the effectiveness of this approach. 
Similarly, the concept of embedding sustainability in 
organisational culture [33] can be applied to education by 
embedding sustainability in student culture through events 
like hackathons. Some participants commented that after this 



hackathon, they see sustainability as a natural consideration in 
any project. This cultural shift in mindset is a key educational 
outcome that is aligned with the goals of Education for 
Sustainable Development [1]. 

Thirdly, hackathons have been identified as catalysts for 
ongoing innovation and involvement. Studies have found 
evidence that hackathons can cultivate a sustainability 
mindset [19] and potentially influence career interests. While 
it is too early to measure the long-term impact of SustHack, 
the immediate post-hack outcomes, including students 
wanting to join more projects, some continuing their solutions, 
and others spreading awareness, suggest that such events can 
spark ongoing engagement. This is consistent with the notion 
of hackathons as seed events that plant ideas and inspiration 
[8]. One practical implication is that educators should provide 
pathways for interested students to continue after the 
hackathon, such as connecting them with incubator programs, 
sustainability clubs, or research projects. 

Finally, the ethics mindset, including ethical themes like 
social equity and participants’ receptiveness to them, 
addresses a less-studied area. While many hackathon studies 
focus on innovation and skills, the ethical dimension is equally 
important, especially in sustainability contexts. A related 
study demonstrated using a hackathon with VR to build 
empathy toward climate change issues [18], highlighting that 
hackathons can touch on affective and ethical learning 
outcomes, not just cognitive ones. Similarly, the SustHack put 
students in situations such as engaging community 
stakeholders that invoked empathy and ethical reasoning. The 
positive responses in our study suggest that students are not 
only capable of embracing ethical aspects during 
sustainability hackathons but also appreciate it, as it makes 
their projects feel more meaningful and impactful. 

V. THREATS TO VALIDITY 

The authors understand possible threats to the validity and 
generalisation of the findings presented in this paper and have 
strived to mitigate against such threats, including internal, 
external, conclusion, and construct validity. The mitigation, 
however, follows the guidelines in [24] for completeness. 

• Internal validity concerns causal relationships. 
Participants were self-motivated to join due to their 
interest in sustainability and their learning goals and 
expectations. Their personal experiences, teamwork, 
and knowledge shaped the strength and relevance of 
their prototype, which may not align with broader 
perceptions of sustainability challenges among other 
students in different settings. However, the organisers 
ensure that each solution presented aligns with the set 
objectives and is related to local sustainability issues. 

• External validity pertains to the generalisability of 
findings. The recruitment of participants from the 
three participating universities added to the diversity. 
We noted specifically that the commitment and 
integration of sustainability education in each school 
also differs, and such differences might influence the 
students' perceptions. As such, findings from other 
settings might show some differences in outcome. 

• Construct validity examines whether appropriate 
questions were asked. To minimise this threat, survey 
and interview questions were vetted and reviewed, 
and participants were duly informed before being 

engaged. Both open-ended and closed-ended 
questions were included to ensure respondents could 
fully articulate their perceptions. 

• Conclusion validity assesses the soundness of drawn 
conclusions. We adopted the guidelines on 
investigator triangulation [34]. In this case, two 
authors were initially involved in the analysis and 
categorisation, while two other authors helped to 
review and harmonise the findings. Furthermore, we 
are able to balance the survey responses with the 
interview to understand participants’ experiences 
from the hackathon. 

VI. CONCLUSION AND FUTURE WORK 

This study examined the role of sustainability-focused 
hackathons in facilitating a sustainability and ethics mindset 
among computing and software engineering students. For 
example, students could assess the carbon footprint of the 
software systems they design and explore methods to enhance 
energy efficiency, minimise waste, and mitigate potential 
negative societal impacts of targeted IT products and services 
while balancing software functionality with sustainability. 
Through a combination of surveys and interviews, we found 
that the hackathon was highly effective as a sustainable 
educational intervention. Participants gained knowledge about 
sustainability, developed skills and confidence in applying 
ethical and sustainable thinking in projects, and remained 
strongly motivated to engage in sustainability efforts beyond 
the event.  

Sustainability-focused hackathons can be a powerful 
pedagogical tool in CSE education to facilitate critical 
mindsets in sustainability and ethics. Our study proves that 
even a short intervention like a 5-day hackathon can leave a 
lasting impression on students’ awareness and willingness to 
act on sustainability issues. Educators looking to infuse their 
curriculum with sustainability content should consider 
hackathons or similar experiential learning activities to 
complement traditional lectures. Future work could explore 
longer-term impacts, such as evaluating whether participants 
sustain increased engagement over the years and 
incorporating a control group to compare hackathon 
participants with non-participants to further solidify causal 
claims.  

By sharing our approach and results, we hope to contribute 
to the growing body of knowledge on sustainable computing 
and software engineering education. The positive response 
from participating students in SustHack demonstrates that 
students respond with enthusiasm and deepened 
understanding when learning is active, contextual, and aligned 
with real-world values. This aligns well with the goals of 
Education for Sustainable Development, which calls for 
participatory and transformative learning experiences.  

To capitalise on the success of the hackathon, future 
organisers should consider bridging the gap between 
knowledge and action by providing clear pathways for 
engagement beyond the event. This could involve follow-up 
workshops, mentorship opportunities, or hands-on projects 
that directly apply the skills learned.  
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