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Abstract

The rapid integration of generative artificial intelligence (Al) into higher education raises
questions about its pedagogical value and its role in sustainability-oriented learning.
This study investigates the use of Al in a Challenge-Based Learning (CBL) engineering
hackathon (INDUSHack) focused on the Sustainable Development Goals (SDGs), exam-
ining patterns of Al adoption, perceived benefits and risks, and its contribution to SDG
integration in project design. A descriptive exploratory design was employed, collecting
questionnaire data from 60 undergraduate participants and complementing these with
expert committee evaluations of project outcomes. Results indicate widespread Al use,
primarily for idea generation, information synthesis, and project structuring. Participants
reported perceived improvements in efficiency, creativity, and the clarity of SDG align-
ment; however, difficulties persisted in translating sustainability concepts into measurable,
technically grounded criteria. The findings suggest that while Al can support learning pro-
cesses and sustainability framing in CBL environments, its effective use requires structured
guidance and critical Al literacy to ensure meaningful integration of SDGs.

Keywords: hackathon; challenge-based learning; generative Al; SDGs; engineering education

1. Introduction

Engineering education is at a turning point shaped by two dynamics that are unfolding
in parallel and are increasingly intertwined: the effective integration of sustainability
(through the Sustainable Development Goals (SDGs) [1]) and the rapid incorporation of
artificial intelligence (AlI) tools into learning, design, and problem-solving processes. Both
dynamics challenge traditional content-transmission models and call for competency-based
approaches that prioritise ethical responsibility, societal impact, and decision-making under
real constraints [2,3].

In engineering practice, efficiency has historically been associated with technical
optimisation and performance maximisation. However, sustainability frameworks expand
this notion to include environmental, social, and long-term resilience criteria. In line with
Industry 5.0 and human-centred perspectives, sustainability now operates as a cross-cutting
design principle that reshapes acceptable trade-offs in engineering decision-making [2].
Despite this conceptual shift, the effective integration of SDGs into engineering education
remains challenging. Students often recognise their relevance but struggle to translate them
into operational design requirements and validated impact.
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Active methodologies such as Problem-Based Learning (PBL) and Challenge-Based
Learning (CBL) have been proposed as suitable pedagogical strategies for addressing this
translation gap. By placing students in ambiguous, open-ended scenarios that require struc-
tured reasoning and justification, these approaches approximate professional engineering
practice and foster deeper engagement [4-6].

Simultaneously, generative Al tools have become normalised in academic workflows.
Students increasingly rely on Al for ideation, structuring solutions, drafting documentation,
and supporting technical tasks. While AI may enhance productivity and creative explo-
ration, its integration raises pedagogical and ethical questions regarding critical thinking
and accountability [2]. Recent studies suggest promising synergies between Al-supported
design challenges and SDG-oriented learning [7-9], yet empirical evidence remains limited
on how students actually use Al under realistic, time-bounded constraints and how this
use interacts with sustainability-based decision criteria.

University hackathons constitute a particularly relevant environment for examining
these issues [10]. As intensive, time-constrained, challenge-based experiences, they require
teams to generate, justify, and communicate feasible solutions under pressure. In this sense,
hackathons can be understood as micro-laboratories of decision-making, where rapid explo-
ration must be balanced with feasibility, justification, and impact validation. INDUSHack,
organised at the School of Industrial Engineering (ETSII) of the Universitat Politecnica de
Valencia (UPV), explicitly integrates SDG evaluation into its assessment process, creating a
setting where sustainability must be operationalised rather than merely acknowledged.

Within this context, the present study adopts an empirical approach based on survey
data collected before, during, and after the 2025 edition of INDUSHack. The aim is to anal-
yse how students operationalise SDG criteria in a challenge-based learning environment,
and how Al tools are used to support this process. In doing so, the study explores how
technological support and sustainability considerations shape students” design processes
when working under real-time constraints.

This study contributes to the literature in three main ways. First, it provides empirical
evidence from a short, intensive CBL format, complementing existing research that has
predominantly examined semester-long interventions. Second, it analyses the interaction
between Al use and SDG operationalisation within the same real-time design process,
rather than treating them as separate pedagogical dimensions. Third, it combines students’
self-reported perceptions with expert committee evaluations, offering a more grounded
view of how sustainability criteria evolve from conceptual recognition to operational design
considerations within time-constrained contexts.

The study addresses the following research questions:

*  RQI: How do students operationalise the SDGs in their projects, and what difficulties
emerge when translating SDG principles into concrete design criteria and decision
justifications?

* RQ2: How do students incorporate Al tools during INDUSHack to support this
process, and how do they perceive its influence on their design process?

The remainder of this article is structured as follows: Section 2 reviews the relevant
literature; Section 3 presents the methodology and study design; Section 4 reports the
results; Section 5 discusses the findings; and Section 6 concludes the paper.

2. Literature Review

This section reviews the conceptual foundations connecting sustainability, Industry 5.0
and human-centred innovation with contemporary engineering education. It then brings
together three strands to explain how they shape students’ design processes and how their
work is evaluated in challenge-based learning contexts.
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2.1. Sustainability and the Transformation of Engineering Criteria

The integration of sustainability into engineering education represents more than
the addition of environmental topics to existing curricula; it requires rethinking what
is considered legitimate engineering knowledge and practice. Recent large-scale biblio-
metric evidence confirms that sustainability has become a consolidated research domain
within engineering education, with sustained growth over the past two decades and the
emergence of distinct thematic clusters focused on reform, competencies, assessment,
and sustainable technologies [11]. However, strong research activity does not translate into
coherent changes in teaching practice or curriculum design. Despite increasing institutional
alignment with the Sustainable Development Goals (SDGs), integration remains uneven
and frequently fragmented. Sabri (2025) identifies persistent structural barriers, including
entrenched technical paradigms, disciplinary silos, faculty resistance, and limited experi-
ential learning opportunities, which collectively prevent sustainability from becoming a
core engineering principle rather than an elective supplement [12]. In many programmes,
sustainability is still perceived as peripheral to “hard” technical competencies, reinforcing
a reductionist model of engineering centred on optimisation and performance.

Empirical curriculum-mapping studies further illustrate this imbalance. Baktha-
vatchaalam (2024) reports that while environmentally oriented SDGs such as clean energy
and climate action are relatively well represented in engineering curricula, social and insti-
tutional goals are largely absent [13]. Interviews with academics reveal epistemic tensions,
with sustainability often considered “extra-curricular” or insufficiently quantitative. As a
result, sustainability tends to be framed primarily in environmental terms, while its social
and systemic dimensions receive less attention. This imbalance limits students” opportuni-
ties to develop broader socio-technical reasoning skills, which recent work conceptualises as
central to responsible Al-supported learning environments [14]. From a design perspective,
this situation reshapes the definition of what constitutes a “good” engineering solution.
Beyond technical feasibility and cost efficiency, contemporary engineers are expected to
justify decisions in relation to long-term environmental impact, social implications, and sys-
temic resilience. However, recent reviews highlight that alignment between sustainability
competencies, learning outcomes, accreditation frameworks, and assessment mechanisms
remains inconsistent [11]. This misalignment contributes to a persistent translation gap,
as students may recognise the relevance of sustainability but still struggle to operationalise
the SDGs as measurable design criteria and decision-making constraints.

2.2. Active Methodologies for Sustainability Learning

Active learning methodologies have been widely proposed as mechanisms to foster
sustainability-oriented competencies in engineering education. Among these, Problem-
Based Learning (PBL) and Challenge-Based Learning (CBL) stand out for their emphasis
on real-world complexity, ambiguity, and student ownership [13].

Ref. [4] demonstrates that PBL, when progressively structured from moderately de-
fined to highly complex and open-ended problems, enhances student performance and
fosters deeper engagement. That study highlights two critical dynamics: initial student
resistance to ambiguity and eventual ownership of the learning process as complexity
increases. Instructors shift from authoritative knowledge providers to facilitators and
collaborators. This progression is especially relevant for sustainability education, where
problems are rarely well defined and often involve competing environmental, social and
economic constraints.

Extending this perspective, [5] proposes a systemic framework integrating CBL, PBL,
and Computer-Aided technologies (CAx) to develop professional competencies in in-
dustrial engineering aligned with sustainable development. Their model situates active
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methodologies within a broader digital transformation context, recognising that contempo-
rary engineering challenges involve ambiguity, dynamic information flows, and technology-
mediated decision-making. Importantly, their framework does not treat sustainability as
peripheral; rather, SDG-related competencies are explicitly embedded in curricular design
and supported through digital tools. This integration suggests that active methodologies
can provide a structured space where sustainability becomes part of the design logic rather
than an additional requirement.

Challenge-Based Learning further intensifies this logic by framing learning around
open societal challenges rather than predefined academic exercises. As seen in applied in-
terventions, CBL environments promote interdisciplinary reasoning, collaborative problem-
solving, and the articulation of design justifications under realistic constraints [15]. These
characteristics make CBL particularly well-suited to situations in which students must
connect technical feasibility with broader societal impact.

However, while these studies demonstrate positive outcomes in competency devel-
opment and sustainability awareness, they typically examine semester-long interventions
within structured curricular environments. Far less attention has been paid to short, inten-
sive formats where decisions must be made quickly, trade-offs negotiated under pressure
and sustainability claims justified within limited time.

2.3. Artificial Intelligence in Sustainability-Oriented Engineering Education

The rapid integration of artificial intelligence into higher education is reshaping how
students approach learning and design, creating both new opportunities and new tensions
within sustainability-oriented pedagogies.

Torres-Rivera et al. [2] argue that Al integration must be guided by ethical principles
aligned with Society 5.0, ensuring that technological advancement strengthens citizenship,
social inclusion, and ecological responsibility rather than reinforcing inequities. Their
model emphasises the need for human-centred Al adoption, positioning technology as an
enabler of sustainable learning ecosystems. In this view, Al is not neutral; its educational
value depends on how responsibly and critically it is embedded into teaching practice [16].
This perspective aligns with scholarship arguing that generative Al reshapes not only
educational tools but also the very nature of knowledge production and validation in
socio-technical systems [17].

Moreover, the increasing reliance on generative Al raises concerns about algorithmic
bias and the potential reproduction of social and epistemic inequalities. Because Al systems
are trained on large-scale datasets that may embed historical and cultural biases, their out-
puts can inadvertently reinforce dominant or simplified narratives [18]. International policy
frameworks, therefore, stress fairness, transparency, and human-centred governance in edu-
cational Al deployment [19]. These issues are particularly relevant in sustainability-oriented
contexts, where SDGs incorporate equity and social justice dimensions, underscoring the
need for critical Al literacy in challenge-based learning environments.

In parallel, Kazadi Tshikolu et al. [9] introduce the Al-Integrated Practical Learning in
Engineering (AIPLE) framework, a structured five-stage cyclical model combining Problem-
Based Learning (PBL), hands-on experimentation, and strategic Al integration. Developed
in the context of resource-constrained environments, AIPLE addresses both pedagogical
limitations and infrastructural constraints. The framework explicitly links engineering
education to SDGs 4, 7, 9, and 11 while emphasising the importance of scaffolding Al use
ethically and pragmatically. Their findings reveal strong instructor support for PBL method-
ologies alongside cautious optimism regarding Al, with concerns centred on infrastructure,
equity, and responsible use [20-22].
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Complementing this perspective, Navarro-Arcas et al. [8] provide empirical evidence
from a mechanical engineering design competition integrating Challenge-Based Learning
(CBL), optional Al support, and explicit SDG alignment. Their intervention, involving
structured team-based challenges, reports improvements in technical understanding, sus-
tainability awareness, and transferable competencies such as creativity, decision-making,
and technical communication. Notably, students” use of Al became more selective and
reflective over time, suggesting that structured challenge environments can encourage
critical engagement rather than passive dependence, a dynamic consistent with evidence
that generative Al can function as an on-demand scaffold supporting active reasoning
rather than replacing instructor guidance [23].

Despite these promising developments, important questions remain open. First, most
studies analyse Al integration within semester-long curricular interventions rather than
short, intensive formats. Second, there is still limited empirical evidence on how Al-
supported reasoning interacts with sustainability criteria when students must make rapid
decisions, negotiate trade-offs, and defend their proposals under strict time constraints and
competitive pressure.

3. Methodology

This section presents the methodological framework used to study Al use and SDG
integration in INDUSHack. It describes the event context and participants, details the
survey instruments administered at three moments of the hackathon, and explains the data
analysis strategy used to connect each survey item with the graphical evidence reported in
the Results Section. This study adopted a descriptive exploratory research design aimed
at examining patterns of Al use and SDG integration within a Challenge-Based Learning
(CBL) engineering hackathon. The objective was not to establish causal relationships or
measure controlled learning gains, but rather to identify usage trends, perceived benefits
and limitations, and recurring patterns in how sustainability criteria were incorporated into
design decisions. The analysis, therefore, focuses on self-reported perceptions, behavioural
tendencies, and integration dynamics observed under real-time, time-constrained condi-
tions, providing an empirical snapshot of how Al and SDGs interact within an authentic
challenge-based environment. As such, the study does not aim to measure objective perfor-
mance outcomes, and findings should be interpreted as reflecting participants’ perceived
experiences rather than validated effects. In line with this exploratory approach and con-
sidering the sample size, the analysis focuses on descriptive patterns rather than inferential
statistical modelling.

3.1. Context

INDUSHack is an annual Challenge-Based Learning (CBL) initiative organised by the
School of Industrial Engineering (ETSII) of the Universitat Politecnica de Valencia (UPV).
Now in its fourth edition, the event is conceived as an intensive experiential learning envi-
ronment aimed at fostering innovation, hands-on problem solving, and social awareness in
engineering education. INDUSHack is sustained through continued university—industry
collaboration, with approximately six partner companies and fourteen company chairs
supporting and sponsoring the event year after year, contributing to the definition of
challenges, mentoring capacity and the feasibility of its organisation.

Each edition typically attracts around 120 students; however, participation is capped
at 60 undergraduate and master’s students due to logistical constraints and to preserve the
educational quality of the experience. This controlled cohort size enables closer mentoring,
richer feedback cycles and more meaningful interaction with technical and communication
support staff while maintaining the intensity and teamwork dynamics characteristic of
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hackathon formats. From its inception, INDUSHack has sought to bridge academic learning
with professional practice, strengthen university—industry collaboration, and promote
interdisciplinary teamwork.

The study reported in this article was conducted during INDUSHack. The hackathon
consisted of an intensive 11-h working session in which students, organised in teams of
four, were required to define a problem, explore alternative solutions and deliver a techni-
cally coherent proposal within a highly time-constrained setting. Throughout the event,
participants received support from technical and communication mentors, whose role
was not to provide predefined solutions but to guide reflection, structure the design pro-
cess and encourage consideration of social, ethical and sustainability-related implications.
Although the event’s primary focus was innovation and the practical application of aca-
demic knowledge, all challenges were explicitly aligned with the Sustainable Development
Goals (SDGs) and sustainability criteria were formally incorporated into the evaluation
process. This setting therefore provided a suitable empirical context to analyse how stu-
dents integrate sustainability considerations into their design decisions and how Al tools
are used as cognitive and organisational support within a non-routine, challenge-based
learning environment.

3.2. Participants

The study sample consisted of 60 undergraduate and master’s students enrolled in en-
gineering programs at UPV. Participants came from diverse academic disciplines, including
Industrial Technologies Engineering, Industrial Management Engineering, Biomedical Engi-
neering, Energy Engineering, Chemical Engineering, Industrial Engineering, and Industrial
Safety, reflecting the multidisciplinary nature of the learning environment.

Students were distributed across different academic stages, from first-year undergradu-
ate to master’s-level participants, enabling the analysis of learning processes across varying
levels of academic experience. The distribution by degree programme and academic year
is shown in Figure 1.

Degree Programs and Years of Study

M 4th Year m3rd Year M 2nd Year m 1st Year

* 5
in Industrial Management Engineering (7) =
5
in Industrial Technologies Engineering (17) 8

in Biomedical Engineering (9) 7

Bachelor's Degree

in Energy Engineering (6) | ——— 1

in Chemical Engineering (3) = s 2

in Energy Technology for Sustainable
Development (2) — 2

in Chemical Engineering (4) — 2
R—— 2

in Industrial Engineering (9) ﬂ 5
in Industrial Safety (3) * 2

0 1 2 3 4 5 6 7 8 9
Participants

Master's Degree

Figure 1. Distribution of undergraduate and master’s students participating in INDUSHack by
engineering degree programme and academic year, illustrating the multidisciplinary composition
and academic diversity of the sample.
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Regarding demographic characteristics and prior experience, the cohort included
students from different age groups and genders, with most participants reporting little or no
previous involvement in hackathon-style activities (Figure 2). This limited prior exposure
supports the interpretation of the results as reflecting authentic learning behaviours and
knowledge acquisition processes within a challenge-based learning context.

(a) Gender (b) Age (c) Have you participated in a hackathon before?
LN 2
H Female 9 14 17-20years ; \ W No, it's my first time
= Male 21-24years W Yes, once
| prefer not to say > 25years Yes, several times

A 4

Figure 2. Demographic profile of participants: (a) gender distribution, (b) age groups, and (c) prior
participation in hackathon activities.

Participation in the study was voluntary and anonymous. All participants provided
informed consent prior to completing the surveys. Data were analysed in aggregated form
to prevent individual identification, in accordance with institutional ethical guidelines.

3.3. Instruments

Data collection was embedded at three key moments during the event (Figure 3).
A pre-event survey (Survey 1) was administered during registration to capture partici-
pants’ baseline profile, including prior experience and expectations regarding Al tools,
as well as familiarity with the SDGs and previous sustainability-related project experience.
A mid-event survey (Survey 2) was conducted during solution development to document
actual Al usage (tools, phases and tasks) and the ongoing integration of SDGs into design
decisions (identification, difficulty, validation approaches and mentoring influence). Finally,
a post-event survey (Survey 3) was administered after the final presentations to assess
perceived outcomes, including the impact of Al on creativity, quality, and time efficiency,
as well as sustainability-related learning, perceived transfer, and barriers. Survey 3 was
complemented by an expert committee evaluation focused on clarity and SDG contribution.

Survey 3:

assessing participants'

Survey 1
determine participants'
previous experience and
expectations regarding

perceptions of the
impact of Al on the

the use of Al ? results achieved o
N LA
9 m Preparation of Final Award
Regi . Teamwork for idea challenge solution 5-Minute ceremony and
egistration development Teamwork defe pr i closing remarks
8:30—8:55 9:10-0:30 10:30-11:00 (11:00-14:00 14:00—15:017:45—18:45 18:45—19:00
Welcome and Coffee Networking Semi-Finals  ~- Committee
n:'t;reog::lt;l:: t;o Brﬁ?k Lunch 3-Minute deliberation
\ 9 » Y@lf Presentation
©r Survey 2:

identifying how Al was being
used in the development of
solutions

Figure 3. Timeline of the challenge-based learning event, including main activities and survey
administration points.

3.4. Data Analysis

The instruments were organised into three surveys administered at different stages,
covering both Al-related dimensions (expectations, usage and perceived impact) and
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SDG-related dimensions (familiarity, integration during design, learning and transfer),
complemented by an expert committee evaluation.

Survey data were analysed using descriptive statistics, including frequencies and per-
centages for each survey item. When relevant, results were disaggregated by demographic
variables such as gender and age group in order to explore potential differences in patterns
of Al use and SDG integration. The analysis was primarily descriptive and exploratory in
nature, consistent with the scope and sample size of the study. All results are reported in
aggregated graphical form in the Results Section.

Table 1 provides a comprehensive overview of all survey questions, grouped by survey
and thematic block, and indicates the corresponding figures in which each item is reported
in the Results section.

Table 1. Comprehensive mapping of the survey instruments, preserving the exact wording of each
item and linking every question to the corresponding figure where its results are reported. This
table provides methodological traceability between survey items (S1-53) and the graphical evidence

presented in the Results Section.

Block No. Question Figure Survey
Demographic data 1 Degree Programs and Years of Study Figure 1 S1
2 Gender Figure 2 S1
3 Age Figure 2 S1
4 Have you participated in a hackathon before? Figure 2 S1
Expectations (AI) 5 Do you have previous experience with Al tools? Figure 4 S1
6 Which of these Al tools do you know or have used before? Figure 5 S1
7 Do you think AI can help you solve problems in this hackathon? Figure 9 S1
8 In which stages do you think you could use Al in the hackathon? Figure 9 S1
Expectations (SDGs) 9 How familiar are you with the Sustainable Development Goals (SDGs)? Figure 4 S1
10 Have you ever worked on a project that considers the SDGs? Figure 5 S1
11 Do you think the SDGs have an impact on engineering? Figure 10  S1
12 Do you think the following SDGs are significant in engineering? Figure11  S1
13 What do you hope to learn at IndusHack about the SDGs? Figure11  S1
Usage (AI) 14 Have you used Al in your hackathon solution? Figure 6 52
15 What Al tools have you used? Figure6  S2
16 In which phase of the hackathon did you use AI? Figure 7 52
17 What have you used Al for? Figure 8 S2
Usage (SDGs) 18 Has your team identified which SDG the project addresses? Figure12 S2
19 How easy or difficult has it been to incorporate the SDGs into the project? Figure 12 S2
20 Has the focus on the SDGs changed the direction of the project? Figure 13 S2
21 How are you validating that the project has a real impact on the SDGs? Figure 14  S2
22 Which SDG do you think your project is MAINLY addressing? Figure 16  S2
23 How much have the mentors influenced the integration of the SDGs into your project? Figure1l6 S2
o4 Up to thi's point in the hackathon, how has your perspective on the SDGs in Figure 16 2
engineering changed?
Impact (AI) 25 How would you rate the impact of Al on the creativity of the solution? Figure 15  S3
26 Do you think AT has improved the quality of your solution? Figure 15 S3
27 What impact do you think Al had on the creativity of the solution? Figure17  S3
28 How do you think Al influenced the time it took to develop the solution? Figure 17 S3
29 Would you recommend using Al in future hackathons? Figure 18  S3
30 Do you have any suggestions for improving Al use? - S3
Impact (SDGs) 31 How would you rate your learning about the SDGs during the hackathon? Figure 15 S3
32 How do you plan to apply what you learned at IndusHack in your professional future? Figure 18  S3
33 Do you think hackathons like IndusHack are a good way to learn about the SDGs Fi 18 3
in engineering? rgure
34 Do you think companies should integrate the SDGs into their business strategy? Figure 19  S3
35 Do you think SDG training should be mandatory in engineering curricula? Figure 19  S3
36 Have you identified concrete opportunities to apply the SDGs in future projects outside the Figure 19 S3
hackathon?
37 What h.as been the biggest challenge you’ve faced when incorporating the SDGs into Figure 19 S3
the project?
Expert committee 38 Clarity and structure of the idea Figure20 S3
39 Contribution to the SDGs Figure 20  S3
40 SDGs directly addressed Figure21  S3
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(5) Do you have previous experience with Al tools?

Yes but occasionally me——————— 43.33%
Yes | use them frequently IEEEEEEEEEEE———— 45%
No but I'm interested in learning ==l 11.67%

(9) How familiar are you with the Sustainable Development Goals (SDGs)?

I—— 21.43%
——— 25%
I 44.64%
BN 5.36%

= 3.57%

| know most of them and how to apply them in engineering projects.

| know most of them, but | don't know how to apply them in engineering projects.
| know some of them and their importance.

I've heard about them, but | don't understand them well.

I don't know them at all.

Figure 4. Survey 1: Prior experience with artificial intelligence tools (5) and familiarity with the
Sustainable Development Goals (SDGs) (9).

(6) Which of these Al tools do you know or have used before?

ChatGPT
MidJourney/DALL-E
Copilot

Others

e 100%
—— 15%

I 50%

I 41.67%

(10) Have you ever worked on a project that considers the SDGs?

Yes, in both academic and professional projects.
Yes, in academic projects.
Yes, but it was very basic.

No, never.

—— 14.29%
———— 35.71%
—— 26.79%
—— 23.21%

Figure 5. Survey 1: Artificial intelligence tools known or used by participants (6) and previous
experience applying the Sustainable Development Goals (SDGs) in projects (10).

(15) what Al tools have you used?

(14) Have you used Al in your hackathon solution?

mNo 3.39% ’ ChatGPT 93.22%
Yes 96.61% MidJourney/DALL-E === 13.56%

Copilot === 13.56%

Others 35.59%

Figure 6. Survey 2: (14) Proportion of participants who reported using Al in their hackathon solution;

(15) Al tools used during the hackathon. Source: Own elaboration.

(16) In which phase of the hackathon did you use AI?

At the beginning, to generate ideas and define the problem approach TN 56.67%
During development, to structure the solution and improve its feasibility T TS 68.33%
In the final phase, to prepare the presentation and assess the impact IEEETTE———————_ 36.67%

Figure 7. Survey 2: Phases of Al use during INDUSHack (16). Source: Own elaboration.

(17) What have you used Al for?

e Female

Idea Generation

Mal 70.59%
ale 52.17%
Other [ 18.64%
" ; Other Solution Structuring

Solution Presentation [ 42.37% 20.59% 47.93%

17.39% 47.06%
Impact Evaluation [ 38.98%
Solution Structuring [ 45.76%

Solution Presentation
44.12%

Idea Generation 39.13%

N 61.02%

Impact Evaluation
44.12%

34.78%

Figure 8. Survey 2: Main purposes for using Al during INDUSHack (17).
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(7) Do you think Al can help you solve problems in (8) In Which stages do you think you could use Al in

this hackathon?
Yes, definitely  n————
Possibly, but I'm not sure = 10%
I don't think it's useful in this context 0%

the hackathon?
90% :> Solution Presentation EEE————— 55%
Impact Evaluation —Ee————— 71.67%
Solution Structuring ————————— 75%
Idea Generation —EEEE————————— 75%
Idon’t think luse Al 1 1.67%

e Male Female e 17-20 years = 21-24 years >25 years
I don’t think | I don’t think |
use Al gféz use Al J1a%
0%
Solution . Solution
X Idea Generation i
Presentation Presentation Ideiggréi/:atlon
4 58% Tras G ans 2iss
. .44% .67%
70.83% 42:86% o
Impact Solution Impact Solution
Evaluation Structuring Evaluation Structuring
71.43% 80% 77.78% 81.08%
70.83% 67% 72.97% 77.78%
64.29% 57.14%
Figure 9. Survey 1: Expectations regarding AI (7-8).
(11) Do you think the SDGs have an impact on engineering?
Yes, and | believe they should be an essential part of an engineer's work. 62.50%

Yes, but I'm not sure how to implement them. IEEE———  32.14%
Maybe, but | don't know how they are related. 1 1.79%

No, engineering focuses on technical aspects. ™ 3.57%

w+25years w21-24 years 17-20 years

Yes, and | believe they should be an essential part of an engineer's 5:753':‘%
A
work. 78.57%

) E— 22.22%
Yes, but I'm not sure how to implement them. m 39.39%

Maybe, but | don't know how they are related. -2;23.03%

. . . 22.22%
No, engineering focuses on technical aspects. 8&

Figure 10. Survey 1: Perceived relevance of SDGs in engineering (11).

(12) Do you think the following SDGs are significant in engineering?

Very Significant Somewhat Significant I Neutral Slightly Significant ~ ® Not Significant ™ No Answer
SDG 1: No Poverty 44.64% 33.93% 16.07% 5.36%
SDG 2: Zero Hunger 42.86% 28.57% 19.64% 7.14%"
SDG 3: Good Health and Well-being 64.29% 23.21% 7.14%5.36%
SDG 4: Quality Education 42.86% 32.14% 14.29% 7.14%
SDG 5: Gender Equality 28.57% 26.79% 32.14% 10.71%
SDG 6: Clean Water and Sanitation 80.36% 8.93% 5.36% I
SDG 7: Affordable and Clean Energy 73.21% 17.86% 5.36% I
SDG 8: Decent Work and Economic Growth 46.43% 32.14% 14.29% 3.57%
SDG 9: Industry, Innovation, and Infrastructure 67.86% 19.64% 7.14%
SDG 10: Reduced Inequality 28.57% 42.86% 21.43% 5.36%
SDG 11: Sustainable Cities and Communities 69.64% 16.07% 8.93% [
SDG 12: Responsible Consumption and Production 62.50% 28.57% 5.36% [
SDG 13: Climate Action 66.07% 23.21% 5.36% [
SDG 14: Life Below Water 48.21% 26.79% 21.43% 3.57%
SDG 15: Life on Land 46.43% 35.71% 12.50% 3.57%
SDG 16: Peace, Justice, and Strong Institutions 30.36% 32.14% 26.79% 7.14%00
SDG 17: Partnerships for the Goals 50.00% 30.36% 8.93%5.36% |

(13) what do you hope to learn at IndusHack about the SDGs?

I'm not interested in learning about the SDGs at this event. * 1.79%
1 just want to better understand the relationship between the SDGs and engineering. ™= 7.14%
How to practically apply the SDGs in engineering projects, == 25%

How to develop innovative projects with a real impact on the SDGs. 66.07%

Figure 11. Survey 1: SDGs considered significant in engineering (12) and expectations about SDG
learning (13).

https://doi.org/10.3390 /knowledge6030018


https://doi.org/10.3390/knowledge6030018

Knowledge 2026, 6, 18 11 of 24
(18) Has your team identified which SDG the project addresses?
Yes, and it is a key factor in our solution. ———— 50.85%
Yes, and we are working on aligning it with the problem. m———— 38.98%
Yes, but we don’t yet know how to integrate it. ™ 6.78%
No, we haven't discussed it. 1 3.39%
(19) How easy or difficult has it been to incorporate the SDGs into the project?
W 17-20 years m21-24 years >25 years
28.57%
14.29%
42.86% %
14.2! 7%
Very difficult, we don’t Somewhat difficult, but we Relatively easy, we already Very easy, it has been fully
know how to do it. are finding a way. had a clear idea. aligned from the start.

Figure 12. Survey 2: Identification of the SDG addressed by the project (18) and perceived difficulty
of SDG integration (19).

(20) Has the focus on the SDGs changed the direction of the project?

= All = Female m Male

0 3.39%
Yes, completely, we transformed our initial idea. Bl 4%
B 2.94%

[ 18.64%

Yes, we have made significant adjustments to align better. N 22%

e 17.65%

I 40.68%
Yes, it made us reconsider some aspects. I 43%
I 38.24%

I 37.29%
I 30%
I, 41.18%

No, we are sticking to our initial idea without changes.

Figure 13. Survey 2: Perceived influence of SDG focus on the direction of the project (20).

(21) How are you validating that the project has a real impact on the SDGs?
wAll = Female mMale

Our project is designed with specific SDG targets and their impact in L 34.48%

ind 48%
mind. —— 27.27%

_ 44.83%
— 48.48%

We have reviewed some SDG targets to guide our project.

We have identified which SDGs relate to our project, but without E‘V 17.24%

analyzing their specific targets. —o 18.18%

0 3.45%
0%
N 6.06%

We are not evaluating its impact.

Figure 14. Survey 2: Validation of the project’s real impact on the SDGs (21).
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3.70%

(25) How would you rate the impact of Al on the (26) Do you think Al has improved the quality of your
creativity of the solution? solution? 5.56
m Excellent W Yes, it was essential
m Good m Yes, but only in certain aspects
W Average It didn’t have much impact
Poor It didn’t help me at all

(31) How would you rate your learning about the SDGs

| was already an expert and didn’t learn anything new. mmm 3.7

during the hackathon?

0%

I had prior knowledge, but learned new ways to apply them. I 24.07%

I learned how to integrate the SDGs into real-world projects. GGG 24.07%

| learned the basic concepts of the SDGs. IEEEEG—————— 16.67%

| already knew about the SDGs, but learned some additional concepts. T8 22.22%

I didn't learn anything new, | already knew about the SDGs. Im—_8N 9.26%

w 17-20years = 21-24 years >25 years

I
| was already an expert and didn’t learn anything new. =5 2.86%

I had prior knowledge, but learned new ways to apply them. =smss  17.14%

I learned how to integrate the SDGs into real-world projects.

[
I learned the basic concepts of the SDGs. =i 14.29%

I 23.08%

7.69%

33.33%

28.57%

23.08%

16.67%
7.69%

| already knew about the SDGs, but learned some additional concepts. =SS 22.86%

| didn't learn anything new, | already knew about the SDGs. s 14.29%

38.46%

50.00%

Figure 15. Survey 3: Perceived Al impact (creativity and quality) and SDG learning (25-26, 31).

(22) which SDG do you think your project is MAINLY addressing?

SDG 17 Partnerships for the Goals

. SUSTAINABLE

SDG 12 ble C and Prodi a DEVELOPMENT
P~
: OALS
SDG 11 Sustainable Cities and C iti
22.81%

&

SDG 9 Industry Innovation and Infrastructure
1.72%

No SDGs are being considered

1.72%

SDG 3 Good Health and Well-being

172% v ,
N @%\—

27.59%

SDG 6 Clean Water and Sanitation

18.97%

SDG 7 Affordable and Clean Energy

22.41%

(23) How much have the mentors influenced the integration of the SDGs into your project?

A lot, without their help we wouldn't have been able to integrate the SDGs properly.
Quite a bit, they gave us specific ideas to improve alignment with the SDGs.
A little, they only gave us general suggestions.

Not at all, we haven't worked with the mentors.

B 10.53%

I ——— 66.67%

—— 22.81%
0%

(24) Up to this point in the hackathon, how has your perspective on the SDGs in engineering changed?

WAl mFemale = Male

| already considered them fundamental, and this hackathon gave me
concrete tools to apply them better.

| always thought they were important, but now | see they should be a
central part of engineering.

I’'ve come to understand their impact and believe they can be useful in
certain projects.

I now understand better what they are, but I'm still not convinced of their
importance.

My perspective hasn't changed; | still don't see their relevance in
engineering.

D 17.54%
. 9.38%

30.43%

I 21.5%
E— 17.39%
—— 25%

P 4
I

D 12,28%
. 8.70%
I 12.50%
e 7.02%

. 9.38%

Figure 16. Survey 2: SDG integration during the challenge (22-24).

2.11%
43.48%
43.75%
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(27) what impact do you think Al had on the creativity of the solution?

® Increased creativity Facilitated the process but did not impact creativity Had no impact on creativity
Al s — 50% 11.11%
Male IENSEE7— 60% 3.33%
Female IATE7%—— 37.50% 20.83%
17-20 years NN23108% 46.15% 30.77%
21-24 years 0 ——— 54.29% 5.71%
>25years e 7 — 33.33%

(28) How do you think Al influenced the time it took to develop the solution?

It made me faster W It didn’t significantly affect the time M It made me slower

Al 72.22% 7
Male 86.67% | 1333%
Female 54.17% - 4s8%
17-20 years 76.92% o 23.08%
21-24 years 71.43% - 2857%
>25 years 66.67% S 3333%

Figure 17. Survey 3: Perceived Al impact on creativity (27) and time required (28).

(29) Would you recommend using Al in future hackathons?

No, | think it should be avoided =~ 0%
Yes, but with limitations. = 20%
Yes, definitely. IEEEEES—————— 80%

(32) How do you plan to apply what you learned at IndusHack in your professional future?

| want to specialize in engineering with SDG impact. ——  7.41%
| will incorporate it into my future projects. I 61.11%
Maybe in specific projects. I 27.78%

| won’t apply it, | don’t find it relevant. W 3.70%

(33) Do you think hackathons like IndusHack are a good way to learn about the SDGs in engineering?

Yes, and more events like this should be organized. IEEEEEEEEEEEEEEEEEEEENN— 37.04%
Yes, it’s an effective and motivating methodology. I 31.48%
Yes, but some aspects could be improved. I 25.93%

No, | think there are better ways to learn about them. M 5.56%

Figure 18. Survey 3: Students’ post-event reflections on SDG learning, future application, and percep-
tions of hackathons (29, 32-33).

(34) Do you think companies should integrate the (35) Do you think SDG training should be mandatory
SDGs into their business strategy? in engineering curricula?
3.70% 5 569 ) )
N m No, it's not necessary. Yes, it should be a dedicated subject. M 7.41%
22.22%
M Yes, but only in specific Yes, it should be integrated into several courses. [N 50%
sectors.
Yes, it’s key for sustainability Yes, but only as complementary content. [ 35.19%
and competitiveness.
68.52% ®I’'m not sure. No, it should be optional. M 7.41%

(36) Have you identified concrete opportunities to apply the SDGs in future projects outside the hackathon?

Yes, and | want to work on projects aligned with the SDGs. E———————— 22.22%
Yes, and | already have ideas on how to implement them. —————————— 24.07%
Yes, but | need more training to apply them. 50%
No, | don’t see it as applicable. === 3.70%

(37) What has been the biggest challenge you’ve faced when incorporating the SDGs into the project?

There were no difficulties, it was easy. 44.44%
They didn’t fit with the technical challenge. === 3.70%
Difficulty applying them in a practical way. 38.89%

Lack of knowledge about the SDGs. m— 12.96%

Figure 19. Survey 3: Students’ post-event reflections on SDGs in professional practice and curricula,
and barriers to SDG integration (34-37).
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(38)

Clarity and structure of the idea

It is clear, with logical and well-argued steps I 25%

Presents a solid and well-organized approach

It is clear, with logical and well-argued steps

The idea is explained with a basic structure

The intention is understood, but lacks development

Vague or confusing, no clear proposal

(39)

—— 15%
I 25%
—— 20%
— 15%

0%

Contribution to the SDGs

Great potential impact with a strong sustainable approach M 6.67%

Clear focus and well aligned with the SDGs
Moderate impact on one or more SDGs
Superficial relation to an SDG

Not clearly aligned with any SDG

R 53.33%
I 33.33%
N 6.67%

0%

Figure 20. Expert committee evaluation (Survey 3): (38) clarity and structure of the proposed solution;
(39) contribution of the proposal to the SDGs.

(40) SDGs contributed to directly

SDG 1: No poverty

SDG 2: Zero hunger

SDG 3: Good health and well-being

SDG 4: Quality education

SDG 5: Gender equality

SDG 6: Clean water and sanitation

SDG 7: Affordable and clean energy

SDG 8: Decent work and economic growth
SDG 9: Industry, innovation and infrastructure
SDG 10: Reduced inequalities

SDG 11: Sustainable cities and communities
SDG 12: Responsible consumption and production
SDG 13: Climate action

SDG 14: Life below water

SDG 15: Life on land

SDG 16: Peace, justice and strong institutions

SDG 17: Partnerships for the goals

I 2.56%
0%

e L 15.38%
0%
0%

e m— 10.26%

12.82%
PR 10.26%

17.95%
s [EE e 12.82%
a*m 2.56%

0%

o 256%

0%

5.13%

Figure 21. Expert committee evaluation (Survey 3): (40) SDGs directly addressed by the proposal.

3.5. Expert Committee Evaluation

The final evaluation of the projects was conducted by an expert committee composed

of 13 faculty members from different areas of knowledge, all with experience in engineering
and sustainability, and without direct academic relationships with the participating stu-
dents. The purpose of this evaluation was to provide an external perspective on the quality
of the proposals and their alignment with the Sustainable Development Goals (SDGs).

To enhance consistency and reduce subjectivity, the evaluation was guided by prede-
fined criteria (e.g., clarity of the idea, coherence of the solution, and contribution to the
SDGs) and supported by a brief guideline for evaluators. Projects were reviewed collectively
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by the committee, and the use of common criteria contributed to a balanced and coherent
assessment across teams, reducing the influence of individual bias.

4. Results

This section synthesizes the main findings derived from the graphical evidence and
survey responses collected before, during, and after the hackathon. It is organized into sev-
eral subsections that mirror the sequence of measurement moments and analytical focuses:
first, participants’ baseline profile regarding Al familiarity and SDG awareness is described
(Section 4.1); second, patterns of Al use across the hackathon are reported (Section 4.2);
third, the integration of SDGs into the design process is examined (Section 4.3); fourth,
the complementary role of Al within the integration workflow is discussed (Section 4.4);
finally, perceived impact and learning outcomes (including post-event reflections and the
expert committee’s evaluation) are summarized (Sections 4.5-4.7).

4.1. Baseline: Preparation and Starting Point (Al + SDGs)

To characterise students’ starting point—both in relation to Artificial Intelligence (AI)
tools and their prior knowledge and experience with the Sustainable Development Goals
(SDGs)—an initial survey was administered during registration, before teamwork began.
This ‘pre-event’ measurement allows for better interpretation of subsequent results, as it
establishes the level of familiarity, technological adoption, and sustainability background
with which participants approach the challenge.

Figure 4 presents the results of the pre-event survey related to participants’ prior
experience with artificial intelligence and their level of familiarity with the Sustainable
Development Goals (SDGs), providing an overview of the baseline profile before the start
of the challenge.

Complementarily, Figure 5 details the artificial intelligence tools known or used by
participants and their previous experience applying the SDGs in academic or professional
projects, making visible the gap between general awareness and practical implementation.

The cohort showed a high level of prior exposure to Al tools. A large majority reported
using Al either frequently (45%) or occasionally (43.33%), while only 11.67% indicated no
previous use, though even this group expressed interest in learning. This suggests that,
for most participants, Al already forms part of their typical academic workflow, reducing
the entry barrier for integrating Al-supported practices during the hackathon. Consistent
with this, the tool landscape was strongly dominated by text-based systems: ChatGPT was
known/used by all respondents (100%), followed by Copilot (50%) and a heterogeneous
set of other tools (41.67%). In contrast, image-generation tools such as Midjourney or
DALL-E were far less common (15%), indicating that participants’ prior experience was
primarily oriented toward conversational and code-assistance applications rather than
visual generative Al

Regarding sustainability, responses reveal broad awareness of the SDG framework
but a less uniform ability to operationalise it in engineering contexts. The largest share of
participants (44.64%) reported knowing some SDGs and understanding their importance,
while 25% stated they knew most of them but were unsure how to apply them within
engineering projects; 21.43% declared both high familiarity and the ability to apply SDGs
in engineering settings. Only small minorities reported limited understanding (5.36%) or
no knowledge at all (3.57%). However, when asked about practical experience, the data
confirm a noticeable implementation gap: 35.71% had considered SDGs in academic
projects, 26.79% had done so only at a very basic level, and 23.21% had never incorporated
them; only 14.29% reported experience in both academic and professional contexts. Taken
together, these findings depict a starting point where Al use is already normalized and
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relatively homogeneous across participants, whereas SDG knowledge is widespread but
application-oriented experience varies substantially. This baseline supports an event design
(and subsequent analysis) that emphasises not introductory Al literacy, but rather the
strategic use of Al for structured reasoning and evidence-building, alongside scaffolding
that translates SDGs from a conceptual reference into engineering requirements, criteria,
and verifiable impact considerations.

4.2. Al Use Across the Hackathon

The analysis of Al usage during INDUSHack reveals an almost universal adoption
of these tools within the challenge-based learning environment. According to the mid-
event survey, 96.61% of participants reported using Al at some point during the hackathon
(Figure 6), confirming that Al has become a normalised and readily accessible component
of students’ problem-solving workflows. In this sense, the event does not primarily reflect a
process of technological familiarisation, but rather an exploration of how Al is strategically
integrated into complex tasks under strict time constraints.

The Al ecosystem was strongly dominated by text-based tools: ChatGPT was the most
frequently used platform (93.22%), while other tools, such as Copilot or image-generation
systems, were used only marginally (Figure 6).

Al use was not evenly distributed across all phases of the hackathon (Figure 7). Instead,
it concentrated on specific stages of the workflow that require high cognitive effort under
uncertainty. Participants reported using Al mainly during the development phase (68.33%)
and, to a slightly lesser extent, during the initial phase (56.67%), whereas usage decreased in
the final phase (36.67%). This temporal pattern suggests that Al was primarily leveraged to
accelerate early exploration and support mid-process consolidation, rather than to automate
final deliverables.

Regarding specific purposes, the most frequent applications were idea generation
(61.02%), solution structuring (45.76%), and impact evaluation (38.98%) (Figure 8). This
distribution reinforces the interpretation of Al as a tool for expanding and organising
reasoning rather than replacing technical judgement. Under the intense time pressure
characteristic of hackathons, Al served as an external scaffold, helping students manage
complexity, reduce cognitive load, and maintain progress across parallel tasks such as
exploring alternatives, structuring information, and preparing coherent justifications.

These observed usage patterns are consistent with participants’ initial expectations
captured before the event (Figure 9). Most students anticipated using Al primarily for idea
generation (75%) and solution structuring (75%), followed closely by impact evaluation
(71.67%), suggesting a strong alignment between projected and actual integration within
the hackathon workflow.

4.3. SDG Integration During Design

The results show that SDG integration evolved from early recognition to progressive
operationalisation during the hackathon. As illustrated in Figure 10, a strong majority
of students already considered the SDGs relevant to engineering practice, with 62.50%
affirming that they should be an essential part of an engineer’s work. However, prior
experience in applying them was considerably lower, revealing an initial gap between
awareness and implementation.

During the development phase (Figure 11), most teams were able to identify the SDG
addressed by their project (over 90%), yet impact validation proved more challenging.
Only 27.27% reported designing their proposal explicitly around specific SDG targets and
measurable impact, while 48.48% limited integration to reviewing targets without fully
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embedding them into decision criteria. This confirms that the main difficulty was not
“naming” SDGs, but translating them into verifiable design constraints.

Mentoring and external evaluation played a decisive role in this transition. As shown
in Figure 11, more than 75% of participants acknowledged that mentors significantly
influenced SDG integration. Furthermore, the requirement to justify sustainability align-
ment before an expert committee (Figure 12) reduced superficial references and mitigated
potential greenwashing tendencies, compelling teams to articulate concrete contributions.

Overall, the findings indicate that within a challenge-based learning environment,
the SDGs were progressively transformed from a declarative sustainability framework into
a design constraint shaping technical decisions. This transformation, however, required
structured guidance and accountability mechanisms to bridge the gap between conceptual
recognition and operational impact.

4.4. Al Integration

Artificial Intelligence was widely adopted during the hackathon, confirming its nor-
malised presence in students’ problem-solving workflows. As shown in Figure 13, 96.61%
of participants reported using Al in the development of their solution, indicating that the
event did not function as a space for technological familiarisation, but rather as a context
for strategic integration under time pressure. This aligns with research on explainable Al,
which highlights the need for transparency to support accountable decision making [24].

Aluse was not evenly distributed across phases. Most participants reported employing
Al during the development stage (68.33%) and during the initial ideation phase (56.67%),
while usage decreased in the final presentation stage (36.67%) (Figure 13). This pattern
suggests that Al primarily supported exploratory reasoning and structural consolidation
rather than final output production.

Regarding purpose (Figure 14), Al was mainly used for idea generation (61.02%),
solution structuring (45.76%), and impact evaluation (38.98%). These distributions reinforce
the interpretation of Al as a cognitive scaffold that expands and organises reasoning instead
of replacing technical judgement. Under the intense time constraints characteristic of
challenge-based learning environments, Al appears to reduce cognitive load and accelerate
iterative refinement processes.

However, integration remained largely tool-centred and text-based, with ChatGPT
dominating usage (over 90%), while image-generation and alternative platforms were
marginal. This concentration suggests that students relied primarily on conversational and
analytical support rather than multimodal generative exploration.

Overall, Al functioned as an enabling mechanism that enhanced creativity and effi-
ciency during critical design phases, but its educational value depended on how strategi-
cally it was embedded within the workflow rather than on mere access to the tool.

4.5. Perceived Impact and Learning Outcomes

The perceived impact results reveal a differentiated but complementary role of Al
and SDGs within the challenge-based learning experience. As shown in Figure 15, 90.74%
of participants rated the impact of Al on creativity as good or excellent, and 90.74% also
reported that Al improved the quality of their solution, either essentially (33.33%) or in
certain aspects (57.41%). In addition, 72.22% indicated that Al helped them complete the
task more quickly (Figure 17), reinforcing the perception of Al as an efficiency and creativity
enhancer under time pressure.

In contrast, the SDG dimension was associated less with efficiency and more with
purpose and learning. According to Figure 15, a substantial proportion of students reported
learning how to integrate SDGs into real-world projects (24.07%) or discovering new ways to

https://doi.org/10.3390 /knowledge6030018


https://doi.org/10.3390/knowledge6030018

Knowledge 2026, 6, 18

18 of 24

apply previously known concepts (24.07%). Furthermore, most participants acknowledged
that the focus on SDGs influenced project direction (Figure 16), confirming that sustainability
acted as a reflective and orienting framework rather than as a productivity tool.

However, SDG integration required structured guidance. Mentoring played a decisive
role in aligning proposals with sustainability criteria: 66.67% of participants reported that
mentors influenced SDG integration “quite a bit” by providing specific ideas, and a further
10.53% stated that, without mentors, they would not have been able to integrate the SDGs
properly (Figure 16). This contrast suggests that Al adoption was largely autonomous
and tool-driven, whereas SDG integration depended more heavily on scaffolding and
evaluative feedback.

As shown in Figure 17, minor descriptive differences emerged across gender and age
groups in perceived Al impact and time efficiency. Female participants more frequently
reported that Al increased creativity (41.67% vs. 36.67% for male participants), while
younger students more often perceived Al as accelerating development time (76.92% in the
17-20 group vs. 71.43% in 21-24 and 66.67% in >25). However, these variations were limited
in magnitude and did not substantially modify the overall trends observed in the sample.

Taken together, the results indicate a complementary dynamic: Al was primarily
perceived as enhancing creativity and efficiency, whereas SDGs strengthened purpose,
reflection, and sustainability awareness. The combined presence of both dimensions within
the same learning environment appears to support not only performance optimisation but
also value-oriented design thinking.

4.6. Students’ Post-Event Reflections

Students’ reflections after the hackathon are captured through Survey 3, focusing
on perceived learning, future application of the Sustainable Development Goals (SDGs),
and attitudes towards sustainability-oriented education. As shown in Figure 18, students
reported a strong intention to transfer SDG-related learning beyond the hackathon context.
In particular, 61.11% of participants stated that they plan to incorporate what they learned
into future projects, while an additional 7.41% expressed a desire to specialise professionally
in engineering with SDG impact. A smaller proportion indicated that they might apply
this knowledge only in specific projects (27.78%), whereas only 3.70% reported not finding
such application relevant.

In addition, students evaluated the hackathon format itself as a learning methodol-
ogy for sustainability. As reflected in Figure 18, 68.52% of respondents considered that
hackathons are an effective and motivating way to learn about the SDGs in engineering,
with a further 25.93% acknowledging their potential while suggesting room for improve-
ment. Only 5.56% of students expressed scepticism about the suitability of this type of
activity for SDG learning.

Further reflections relate to students’ views on the institutional and professional role of
sustainability, as well as the difficulties encountered during the challenge. As illustrated in
Figure 19, a large majority of participants (68.52%) agreed that companies should integrate
the SDGs into their business strategies as a key factor for sustainability and competitive-
ness, while only 5.56% considered such integration unnecessary. Regarding engineering
education, half of the respondents (50%) supported integrating SDG-related training across
several courses, and an additional 7.41% advocated for a dedicated subject, whereas 35.19%
preferred it as complementary content.

When asked about concrete opportunities to apply the SDGs beyond the hackathon,
24.07% of students reported already having ideas for implementation, and 22.22% expressed
a desire to work on projects aligned with the SDGs, while 50% indicated that they would
require further training to do so. Finally, the main barrier identified when integrating
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the SDGs into the project was the difficulty of applying them in a practical way (38.89%),
followed by a lack of specific knowledge about the SDGs (12.96%). Notably, 44.44% of
participants reported that they did not experience significant difficulties when incorporating
sustainability criteria.

4.7. Expert Committee Evaluation

Expert committee evaluation was used to provide an external assessment of the final
proposals and to complement self-reported evidence with an independent perspective.
Figures 20 and 21 summarise the committee’s ratings, focusing on (i) the clarity and structure
of the proposed solutions and (ii) their contribution to the SDGs, including the SDGs directly
addressed by each proposal.

As shown in Figure 20, the committee generally rated the solutions as well-structured
and aligned with sustainability objectives, supporting the overall consistency observed in
students’ self-reported learning and design decisions. Importantly, these external ratings
suggest that SDG integration was not merely declarative, but visible in the way teams
articulated, organised, and justified their proposals.

Figure 21 complements this assessment by detailing the SDGs identified as being
directly addressed by the final projects. The distribution of SDGs suggests that teams con-
verged on a subset of goals that are more readily actionable within an engineering hackathon
context, while other SDGs were less frequently targeted. Taken together, committee-based
evaluation strengthens the external validity of the study and points to a potential gap be-
tween students’ intentions and the depth of operational SDG integration achieved in the
final deliverables.

5. Discussion

This discussion is organised around the two research questions posed in the Intro-
duction. RQ1 examined how students operationalise the SDGs in their projects and what
difficulties emerge when translating SDG principles into concrete design criteria and deci-
sion justifications. RQ2 explored how students incorporate Al tools during INDUSHack
to support this process, and how they perceive its influence on their design process (e.g.,
creativity, solution quality, and time efficiency).

RQ1 (SDG operationalisation and challenges). With respect to sustainability, the find-
ings suggest a persistent translation gap between SDG awareness and operational integra-
tion. Teams were generally able to identify an SDG alignment for their projects; however,
fewer were able to embed SDGs as measurable targets and decision criteria, and impact
validation emerged as the main difficulty. This implies that, in short and intensive for-
mats, the challenge is not motivating students to value the SDGs, but supporting them in
converting SDG principles into verifiable engineering requirements, indicators, and justi-
fication narratives. Mentoring and the expert committee evaluation appear to be decisive
for this operationalisation step, as they introduce structured feedback and accountability
that can reduce superficial SDG references and encourage evidence-based argumentation.
These findings are consistent with previous work in challenge-based engineering education,
where the integration of Al and SDGs has been associated with improvements in creativity,
decision-making, and sustainability awareness [8]. However, our results suggest that, de-
spite this increased awareness, students still face difficulties in translating SDG principles
into measurable design criteria. This is also in line with research on hackathon-based learn-
ing, which highlights its effectiveness for rapid ideation and engagement, but also points to
limitations related to time constraints and the depth of solution development [25]. This inter-
pretation is further supported by recent work on SDG integration in engineering education,
which emphasises that sustainability-related competences require intentional alignment
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between learning activities, professional contexts, and assessment practices. From this
perspective, the difficulties observed in INDUSHack do not necessarily reflect a lack of
student engagement with sustainability, but rather the need for pedagogical structures that
help students transform broad SDG aspirations into technically grounded and assessable
design decisions [26].

RQ2 (Al as a supporting tool and perceived effects). The results indicate that Al
use was highly normalised among participants and concentrated in the early and mid-
development phases, where uncertainty and time pressure are highest. Students primarily
relied on Al for idea generation and solution structuring, suggesting that Al functioned
as a cognitive scaffold to expand the design space, organise information, and sustain
progress rather than to automate final deliverables. Consistent with this workflow role,
participants reported a high perceived impact of Al on creativity and quality, and a sub-
stantial share perceived time savings, reinforcing the interpretation of Al as a supporting
tool that facilitates reasoning and productivity within the SDG-oriented design process.
Importantly, the dominance of text-based tools (particularly ChatGPT) suggests that
perceived benefits were mainly linked to conversational support for ideation and organi-
sation, not to multimodal generation. This pattern is consistent with recent evidence from
open, distance, and blended learning contexts, where students report high familiarity
with Al tools, a marked preference for ChatGPT, and frequent use of Al for answering
questions, supporting self-learning, organising academic work, and saving time [27].
In line with technology adoption studies in blended learning, these findings also suggest
that students’ use of generative Al is strongly connected to its perceived usefulness for im-
proving task performance and managing learning demands [28]. Similarly, recent studies
on generative Al in engineering education emphasize its role in enhancing productivity,
creativity, and efficiency while also highlighting challenges related to ethical use and
overreliance [16]. However, these perceived benefits should be interpreted cautiously.
Evidence from studies on Al-supported academic writing suggests that Al use does not
automatically translate into higher overall quality; rather, it may redistribute specific
writing resources, such as lexical choice, cohesion, and organisation, depending on how
the tool is used within the learning process [29]. This supports the need to distinguish
between Al as a scaffold for student reasoning and Al as a crutch that may reduce au-
thorship, critical engagement, or authentic agency [30]. Taken together, these findings
highlight a complementary dynamic: SDG integration shapes purpose and constraints in
the design process but requires explicit scaffolding to become operational and defensible,
whereas Al can facilitate rapid exploration and structured reasoning during design. In this
context, Al acts as a supporting tool rather than an end in itself, helping students navigate
complexity but not replacing the need for guidance in translating sustainability principles
into verifiable engineering criteria. These results also point to ethical and pedagogical
considerations (especially fairness, transparency, and verification) that should accom-
pany Al-supported challenge-based learning so that efficiency gains do not compromise
critical judgment or the credibility of sustainability claims. Therefore, the educational
value of Al-supported challenge-based learning depends not only on students” individual
choices, but also on the institutional conditions that shape responsible use. Recent reviews
argue that ethical and effective engagement with generative Al requires coordinated
interventions across curriculum integration, policy and governance, faculty development,
student-centred strategies, assessment adaptation, and technological infrastructure [31].
For short, intensive formats such as INDUSHack, this implies that explicit guidance on
acceptable Al use, verification of Al-generated outputs, transparency in decision-making,
and critical Al literacy should be embedded into the activity design rather than treated as
external recommendations.
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5.1. Curricular Implications and Integration into Traditional Academic Programmes

The findings also have implications for the design of future curricula, including ques-
tionnaires during the hackathon, and therefore reflect participants’ perceptions of Al use,
learning, and SDG integration rather than objective measures of opportunities to translate
them into technical requirements, measurable indicators, and justified design decisions.
This is particularly relevant because participants were generally able to identify SDG
alignment, but found it more difficult to validate impact and embed sustainability criteria
into the structure of their solutions. From a curricular perspective, this suggests that SDG
training should not be limited to isolated introductory sessions or complementary content,
but progressively embedded across project-based subjects, design courses, innovation
modules, and final-year projects.

In practical terms, curricula could incorporate short challenge-based activities in
which students are required to map selected SDG targets to engineering constraints, define
impact indicators, justify trade-offs, and critically assess feasibility. SDGs were recognised
as relevant to engineering, although their integration appeared to remain uneven: teams
could generally identify SDG alignment while operationalising it. Al literacy, verifica-
tion routines, and responsible prompting practices should be part of engineering design
education. The combination of SDG rubrics, Al-use guidelines, mentoring checkpoints,
and external evaluation could help students develop more robust socio-technical reasoning
while maintaining accountability for the final decision.

The hackathon format could be integrated into the traditional academic programme
through different complementary models. First, it could be incorporated as an intensive
module within existing engineering courses, particularly in subjects related to design,
innovation, sustainability, industrial organisation, energy systems, or project management.
In this model, the hackathon would function as an applied synthesis activity in which
students use course knowledge to address an open-ended challenge. Second, it could be
implemented as a transversal activity shared by several subjects or degree programmes,
promoting interdisciplinary collaboration around sustainability-oriented problems. Third,
it could be linked to bachelor’s and master’s theses by helping students identify project
ideas, define sustainability criteria, or test early-stage concepts before developing them in
greater depth. Finally, it could remain a complementary or co-curricular activity, but with
formal academic recognition through participation credits, micro-credentials, or assessment
rubrics aligned with programme learning outcomes.

For such integration to be educationally coherent, the hackathon should be connected
to the curriculum through three phases: a preparatory phase introducing the challenge,
the relevant SDG targets, Al-use guidelines, and evaluation criteria; an intensive challenge
phase focused on teamwork, mentoring, prototyping, and justification; and a post-event
phase in which students reflect on the quality of their proposal, the validity of their
sustainability claims, and the role played by Al in the design process. This structure would
allow the motivational benefits of hackathons to be preserved while addressing one of their
main limitations: the limited time available for technical depth and impact validation.

5.2. Limitations

These findings should be interpreted in light of the study’s methodological scope.
The data are based on self-reported responses collected through questionnaires during the
hackathon, and therefore reflect participants” perceptions of Al use, learning, and SDG
integration rather than objective measures of actual performance or outcomes. While
this approach provides valuable insight into students” experiences and decision-making
processes, it may be subject to biases such as subjective interpretation, social desirability,
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or overestimation of effects. Consequently, the reported impacts should be understood as
perceived effects rather than validated outcomes.

6. Conclusions

This study explored the combined role of Al tools and the Sustainable Development
Goals (SDGs) in a challenge-based learning hackathon setting. The results suggest four
main conclusions. First, Al use was highly normalised among participants and was primar-
ily perceived as a cognitive scaffold that supports ideation, structuring, and efficiency under
time constraints rather than as a mechanism for automating final outputs. Second, SDGs
were recognised as relevant to engineering, although their integration appeared to remain
uneven: teams could generally identify an SDG alignment, while operationalising that align-
ment into targets, indicators, and verifiable impact criteria was more challenging. Third,
mentoring and the expert committee evaluation appeared to function as accountability
mechanisms that supported coherence and reduced the risk of superficial SDG references by
requiring explicit justification of sustainability contributions. Fourth, students’” post-event
responses suggest positive transfer intentions and favourable perceptions of hackathons as
a motivating format for learning sustainability-oriented engineering practices.

From an educational perspective, these findings suggest that AI and SDGs can be
mutually reinforcing when embedded with appropriate scaffolding: Al appears to support
structured reasoning and rapid iteration, while SDGs can orient design decisions toward
purpose and societal relevance. In this sense, the integration of Al and SDGs in engineering
education should not be understood merely as a technological upgrade, but as a pedagogi-
cal design choice that requires intentional scaffolding, accountability structures, and the
development of critical Al literacy.

For future implementations, we recommend (i) providing structured guidance for
responsible and strategic Al use (e.g., prompting templates and verification checkpoints),
(ii) strengthening SDG operationalisation through rubrics that map SDG targets to design
requirements and impact indicators, and (iii) incorporating external feedback (e.g., commit-
tees or stakeholders) to increase accountability and the quality of sustainability claims.

This study has limitations, including reliance on self-reported survey data, a single-
event design, and a limited sample size, which constrain generalisability and prevent causal
claims about learning gains. In addition, potential measurement error associated with
self-reported instruments should be considered when interpreting the results. Future work
should include multi-cohort replications, objective performance measures, and comparative
designs to better quantify how Al-supported workflows and SDG scaffolding influence the
quality of engineering solutions and sustainability impact reasoning.

Future work should include multi-cohort replications, objective performance mea-
sures, and comparative designs to better quantify how Al-supported workflows and SDG
scaffolding influence the quality of engineering solutions and sustainability impact reason-
ing. In particular, future studies could incorporate more detailed external expert evaluation,
rubric-based assessment of SDG integration, and longitudinal tracking of learning outcomes
to better capture actual performance and impact.

These implications are particularly relevant for curriculum design in polytechnic
schools. The results suggest that oriented hackathons can serve as curricular bridges between
theoretical instruction and professional engineering practice, provided they are linked to
learning outcomes, supported by mentoring, assessed using sustainability-oriented rubrics,
and followed by structured reflection. This type of hackathon could be integrated into tradi-
tional academic programmes as an intensive module within existing engineering courses,
as a transversal activity shared by several subjects or degree programmes, as a preparatory
experience for bachelor’s and master’s theses, or as a formally recognised complementary
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learning activity. In all cases, its educational value would depend on connecting the event
to a preparatory phase, the intensive challenge itself, and a post-event reflection stage in
which students critically analyse the technical feasibility, SDG alignment, and Al-supported
reasoning behind their proposals. In this way, hackathons may complement traditional
academic programmes as flexible pedagogical formats that reinforce project-based learning
and interdisciplinary collaboration.
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