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Abstract

Universities are increasingly positioning sustainability as a core institutional commitment,
often publishing annual reports that showcase their contributions to the 17 Sustainable
Development Goals (SDGs). Yet these documents frequently go unnoticed by the academic
community, limiting their educational impact and their potential to inspire informed, respon-
sible, and sustainable behaviors. To address this gap, this study explores how participatory
and technology-enhanced educational approaches can transform sustainability reporting
into an accessible, engaging, and pedagogically meaningful learning experience. Engaging
121 university students during a participatory process, we developed an interactive digi-
tal system that integrates innovative strategies, including interactive data visualizations,
gamification, and a chatbot capable of dialoguing with the university’s sustainability report,
to foster environmental awareness and promote sustainable practices. The system aims to
empower learners on two intertwined levels: (i) understanding the institution’s sustain-
ability actions and commitments, and (ii) recognizing concrete, everyday opportunities to
contribute to environmental wellbeing, thereby counteracting feelings of eco-powerlessness
and supporting agency-driven behavioral change. Findings highlight the effectiveness of
participatory design in shaping impactful digital tools for sustainability education and
demonstrate how interdisciplinary design principles can enhance student engagement with
complex environmental issues. The study contributes to ongoing scholarly discourse by
proposing six key guidelines (technology, content, data producer, learning strategy, gamifi-
cation, and data visualization) for designing interactive systems that support education for
a more resilient and sustainable future.

Keywords: education for sustainability; participatory design; digital learning environments;
sustainable HCI; university

1. Introduction

Sustainability has emerged as a critical issue in modern society, capturing the attention
of policymakers, businesses, and individuals, especially after the release of the 2030 Agenda
for Sustainable Development (United Nations General Assembly, 2015). In this agenda,
the United Nations identified 17 Sustainable Development Goals (SDGs) encompassing
environmental, social, and economic perspectives to improve sustainability by 2030. As
the effects of climate change, resource depletion, and environmental degradation become
increasingly evident, the urgency to adopt sustainable practices has never been greater.
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According to the United Nations, global CO; emissions reached a record high of 57.4
gigatons in 2022 (United Nations Environment Programme, 2023), underscoring the need
for immediate action to mitigate environmental impact. At the same time, it is important not
to lose sight of the social and economic aspects of sustainability. As proof of this, alarming
data from the 2023 Sustainable Development Goals Report show that the probability that
young women were not in education, employment, or training was 32.1%, compared to
15.4% for young men (United Nations, 2023).

In this context, universities play a pivotal role in the transition towards sustainable
development (Filho, 2011; Monzé-Martinez et al., 2024; Parr, 2022) not only as producers of
knowledge but also as key actors in fostering Education for Sustainable Development (ESD).
Higher education institutions are increasingly expected to create learning environments
that support the development of sustainability-related competencies, such as critical think-
ing, systems thinking, and responsible action, while responding to growing demands for
accountability and transparency (Moggi, 2023). Universities, therefore, represent privileged
spaces in which sustainability can be experienced, discussed, and critically reflected upon
through educational practices that actively engage students (Tripon et al., 2023). Within this
educational perspective, the public dissemination of sustainability-related data linked to
the 17 SDGs can serve not only accountability purposes but also pedagogical ones. Making
such information accessible and understandable supports learning processes that empower
students to interpret institutional practices and reflect on their own role in promoting sus-
tainability. This approach aligns with the broader trend of data democratization (Awasthi &
George, 2020; Lefebvre et al., 2021), which seeks to enable both technical and non-technical
audiences to access, interpret, and meaningfully engage with data as part of an informed
and participatory learning experience.

The discourse on university campus sustainability and students’ perceptions of sus-
tainability has garnered significant attention in academic research (Emanuel & Adams,
2011; Prandi et al., 2021). Numerous studies have explored institutional policies, infrastruc-
ture developments, student engagement programs, and the integration of sustainability
principles into academic curricula (Pereira Ribeiro et al., 2021). Scholars have emphasized
that fostering a culture of sustainability requires not only structural improvements but also
innovative educational practices capable of engaging students in meaningful ways. The
recent literature highlights how interactive, technology-supported learning environments
can influence students’ attitudes and behaviors towards sustainability (Celik et al., 2014;
Ulkhaq & George Joseph, 2023). These findings align with the growing interest in leverag-
ing digital platforms and immersive tools to enhance environmental literacy and promote
active participation in sustainability initiatives.

Building on the broader framework of Education for Sustainable Development, recent
scholarship has begun to articulate a more specific construct: Digital Education for Sustain-
able Development (D-ESD), which refers to the intentional use of digital technologies to
mediate, scaffold, and deepen learners’ engagement with sustainability-related knowledge
and competencies (Garcia-Herndndez et al., 2022; Ricard et al., 2020). D-ESD moves beyond
digitizing content; it uses interactive, data-driven learning environments to cultivate sys-
tems thinking, critical reflection, and informed agency in learners (Jackson, 2016). Within
this emerging paradigm, a growing body of work has begun examining how advanced
digital tools, including Al-assisted systems and data visualization platforms, can make
complex ESG (Environmental, Social, and Governance) data more accessible to non-expert
audiences (Chen, 2024; Vieru & Plugge, 2025). While some scholars have explored the po-
tential of Generative Artificial Intelligence in this regard (Baskara, 2024), our work focuses
on co-designed interactive systems as a means of bridging the gap between institutional
sustainability data and student awareness. This perspective underscores the need to design
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digital learning environments that not only present sustainability data but actively support
students in interrogating, contextualizing, and connecting such information to their own
lived experiences and institutional contexts.

The United Nations Educational, Scientific and Cultural Organization has reinforced
the importance of universities in implementing and conveying sustainability practices
by releasing the General Guidelines for the Implementation of Sustainability in Higher
Education Institutions (Galan-Muros, 2023). According to these guidelines, the university
community (students, academics, and administrative staff) must be actively involved in
multiple stages of the transition toward sustainability, from developing a shared under-
standing of the concept to participating directly in sustainable actions. However, based on
a preliminary survey conducted with students enrolled in courses taught by the authors,
we found that 37 out of 41 students (90.2%) were not aware of the sustainability report
released by the university (Ceccarini et al., 2023). This lack of awareness and knowledge
highlights a gap that digital tools could help bridge by making sustainability information
more accessible, interactive, and engaging.

Hence, to ensure active participation, students need to be informed and educated
about the university’s initiatives and practices, as well as ways they can contribute to
sustainability both on and off campus. Providing such information through interactive
digital environments is crucial, as these tools can help reduce feelings of powerlessness and
environmental anxiety, particularly among younger people (Brophy et al., 2023). Building
on this perspective, our work examines how digital and interactive tools, specifically
those co-designed with students, can contribute to raising environmental awareness and
encouraging more sustainable behaviors.

Beyond digital approaches, place-based education (PBE) has emerged as a compelling
pedagogical strategy for fostering students’ connection with nature and addressing sustain-
ability challenges through direct, situated experiences in local environments (Gruenewald,
2003; Sobel, 2004). By grounding learning in real contexts, PBE has demonstrated effective-
ness in developing environmental identity, ecological awareness, and pro-environmental
values (Caiman & Kjillander, 2023). The potential of combining such experiential, place-
based approaches with interactive digital tools represents a promising and underexplored
direction, one in which technology can scaffold, extend, and deepen the learning that begins
in the natural world (Wals, 2014).

Our study aims to answer the following research question: RQ1: Can co-design with
students (who are part of the younger generation and part of our target community) help in
identifying features for creating interactive systems able to raise awareness about the practices
carried out by the university and improve their own sustainable behavior? and, in particular,
RQ1.1: Which of these features can actually work?

To answer these questions, we designed and implemented an interactive system based
on six guidelines that emerged from a co-design session with 19 students, and evaluated
the prototype with the community of interest.

The findings of this study (Section 4) show that participatory design is an effective ap-
proach for identifying meaningful digital features that can support sustainability education
and foster students’ engagement with complex environmental issues. Building on this, the
study expands current research by outlining six key guidelines (i.e., technology, content,
data producer, learning strategy, gamification, and data visualization) that should inform
the design of interactive systems aimed at raising awareness and promoting education on
sustainability topics.
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2. Related Work

Human-Computer Interaction (HCI) research has increasingly focused on how tech-
nology can support and enhance environmental awareness and education, an area often
referred to as sustainable HCI (DiSalvo et al., 2010; Dourish, 2010). Within this domain, dig-
ital tools have emerged as powerful educational scaffolds capable of catalyzing behavioral
shifts and fostering pro-environmental agency in users’ everyday lives (Adaji et al., 2024;
Hajj-Hassan et al., 2024). Through personalized recommendations, gamification elements,
and real-time feedback, these platforms engage learners in adopting eco-friendly habits,
such as reducing energy consumption or minimizing waste, while providing a digital
space for informal environmental education (Bitridn et al., 2021; Soares et al., 2024). By
empowering individuals to monitor their progress and reinforcing a sense of accountability,
technology-enabled solutions strengthen the impact of sustainability initiatives and fos-
ter the widespread adoption of environmentally responsible practices (Dash et al., 2024;
Deepthi, 2025; Uda & Basrowi, 2024).

At the same time, HCI scholarship has turned its attention toward the psychological
and sociocultural barriers that inhibit sustainable action, particularly the phenomenon
of eco-powerlessness among university students (Ceccarini et al., 2023; Nilan, 2017). Eco-
powerlessness, defined as a sense of helplessness in the face of global ecological crises, is
deeply intertwined with a lack of critical consciousness regarding one’s role within systemic
structures (Kennedy & Givens, 2019). Evidence shows that lower-status participants experi-
ence more pronounced feelings of disempowerment (Kennedy & Givens, 2019), whereas
pro-environmental digital awareness can serve as a transformative force to strengthen
engagement (Ruiu et al., 2024). Despite high levels of awareness (Abbas & Singh, 2014),
students frequently report a “knowledge-action gap,” feeling unable to make meaning-
ful contributions to systemic change (Kleres & Wettergren, 2017; Novotny et al., 2021). In
this context, education must move beyond knowledge transmission to foster a critical
understanding of how individual actions intersect with institutional and global challenges.

A key theoretical framework informing the design of motivational effective digital
interventions is Self-Determination Theory (SDT) (Ryan & Deci, 2024), which posits that
sustained intrinsic motivation depends on the satisfaction of three basic psychological
needs: autonomy, competence, and relatedness (Deci et al., 1999). SDT has been increasingly
applied to gamified educational systems, where research consistently shows that game
elements are most effective when they jointly address all three needs rather than targeting
any single one in isolation (Mekler et al., 2017; Sailer et al., 2017). In sustainability education
contexts, this distinction is particularly consequential, as systems relying solely on extrinsic
reward mechanics risk producing short-lived compliance rather than the reflective, values-
driven engagement that ESD frameworks demand. Grounding the design of sustainability-
oriented digital environments in SDT, therefore, represents a meaningful step toward
fostering genuine and enduring pro-environmental agency.

In response to these challenges, HCI interventions have increasingly sought to mitigate
eco-powerlessness by designing interactive systems that promote environmental education,
engagement, and activism (Dourish, 2010). Gamified applications, participatory platforms,
persuasive technologies, and data-driven feedback tools aim to enhance students’ sense
of agency and efficacy (Ceccarini et al., 2023). Leveraging principles of user engagement
(Plitt, 2019), behavioral feedback (Rossitto et al., 2022), and data-informed decision-making
(Brain & Newcombe, 2015), these tools help transform eco-anxiety into proactive envi-
ronmental stewardship. Integrating such strategies within sustainable HCI represents a
promising pathway for enabling young adults to take meaningful action in response to
global environmental challenges.
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However, despite the demonstrated potential of digital tools in fostering environmen-
tal literacy, supporting behavioral change, and enhancing student engagement, existing
systems often prioritize individual actions without adequately embedding them within
structured educational processes. In particular, few digital interventions in the sustainable
HCI domain leverage real institutional sustainability data as learning resources, nor do
they integrate participatory and co-design approaches that position students as active con-
tributors to sustainability education. This gap limits the ability of such systems to support
deeper learning, critical reflection, and a sustained sense of agency, highlighting the need
for educationally grounded, participatory digital environments that empower students to
understand, interpret, and act upon sustainability practices within their university context.

3. Materials and Methods

In this section, we describe the multi-phase methodology adopted for this study. The
process began with an exploratory phase of interviews designed to elicit participants’ per-
ceptions and needs (Section 3.1.1), which subsequently informed the co-design activities
(Section 3.1.3). During these activities, participants contributed to the development of low-
and medium-fidelity prototypes. Rather than iteratively refining these prototypes into a
single solution, we analyzed them to extract a core set of design guidelines. These guidelines
served as the foundation for the actual system implementation, detailed in Section 3.2. Fi-
nally, Section 3.3 reports on the evaluation of the implemented system. This evaluation was
not conceived as an iterative refinement; instead, it aimed to assess the effectiveness of the
derived guidelines and to verify whether the vision that emerged from the co-design phase
could be generalized to a broader student population beyond the original participants.

3.1. Methodology

The overall process adopted in this study unfolds across three interconnected phases:
Design, Development, and Evaluation. The Design phase began with exploratory inter-
views aimed at understanding students’ perceptions of sustainability. Insights from these
interviews, together with an examination of institutional sustainability reports and exter-
nal rankings, informed a structured data analysis that served as the foundation for the
subsequent co-design workshops, where participants were provided with a leaflet with a
summary of the findings. The outcomes of this participatory phase guided the Develop-
ment stage, in which a functional prototype was created by translating the co-designed
concepts into an interactive digital solution. Finally, in the Evaluation phase, the prototype
was assessed through a questionnaire administered to university’s students, enabling us to
gather evidence on the effectiveness of the proposed features and to validate the design
guidelines derived from the earlier stages. The process is visible in Figure 1.

Design Development Evaluation
5 y H -
' n 36 students 19 students A o
Interviews ~ [r=====mmmmsmsmsneng > Co-design oo 3 | =0 D1 66 students i

Interviews
Rankings

H E /:‘ ;'") Prototype |'---> Questionnaire :
E I, »| DataAnalysis [=========-sseceonne : H . :
H |¢pn_J-| Report ' H
: Q ' :

Figure 1. The overall process adopted in this study, which unfolds across three interconnected phases:
Design, Development, and Evaluation.
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3.1.1. Interviews

To explore sustainability awareness, we opted for semi-structured interviews as our
primary research method. We chose this approach for its flexibility, allowing us to adhere
to a set of predetermined questions while also providing the freedom to delve into any
emerging topics of interest during the interviews (Corbetta, 2003). This method fosters a
more informal conversation, helping interviewees feel at ease and encouraging them to
discuss what they consider important (Qu & Dumay, 2011). The relaxed atmosphere of
the interviews also facilitates the discussion of sensitive topics, such as critiques, authority,
relationships with peers or academic staff, and even personal emotions or potentially
embarrassing subjects.

Given the interview setting on a university campus and the participants being students,
we decided to use a concise set of questions to maximize participation, as visible in Table 1.
Thus, we conducted 36 of what we termed “quick interviews”, which comprised four key
questions and concluded with a bonus request for a small drawing.

Table 1. Interview question list.

ID Question

What does sustainability mean to you?
2 In what ways do you perceive sustainability being implemented on campus?

What actions do you personally take to support sustainability while you are on

3 ?
campus?
4 Do you have any suggestions for improving sustainable behaviors within the
campus community?
Bonus Could you draw something that represents sustainability on campus? If you

wish, you may describe your drawing during the process.

Quick interviews offer the benefit of being time-efficient for participants, allowing us
to conduct interviews during students’ breaks. However, this time constraint may limit the
depth of information gathered. Nevertheless, interviewees are always welcome to elaborate
on any topic they feel strongly about. The primary objective of these interviews was to
gain a broad understanding of students’ personal experiences with sustainable practices on
campus, rather than a deeper understanding of the modalities and values behind personal
sustainable practices.

For these reasons, we find quick interviews to be a suitable and effective method for
this study.

Participants and Results

We engaged 36 students with different backgrounds during their break in the campus’s
bar. Participants were asked to provide informed consent prior to their involvement. The
consent form explained the purpose of the study, the nature of their participation, and how
the collected data would be used. All data were collected and processed in an anonymous
and aggregated form, ensuring that no personally identifiable information was retained.
The study was conducted in compliance with GDPR regulations. The aim was to extract
key insights to compile an informative leaflet. This leaflet is intended to communicate
the perceived experiences of sustainability in daily campus life and illustrate how these
perceptions influence personal behaviors. The interview findings, which informed the
subsequent stages of this study, are extensively presented in (Ceccarini et al., 2023).
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3.1.2. Data Analysis

In the second phase of our process, we aimed to equip the university community
with concrete data sourced directly from the university and other external entities. These
data focus on evaluating the performance of various universities in terms of sustainability
and the SDGs. To provide more context, we began by identifying the SDGs highlighted
through the interviews and then extracted corresponding data from official sources. This
approach enabled us to develop a comprehensive leaflet. One section of the leaflet presents
the community’s perceptions of the most relevant SDGs within the university and campus
environment, while the other section displays official data for comparison. We utilized
three primary sources for the official data. The first source is the annual official report
published by the authors’ university, which details the contributions of various institutional
activities towards achieving the 17 SDGs. Since 2016, the report has detailed the direct
and indirect impacts of the university’s activities, categorized into four key dimensions:
education, research, third mission, and institutional operations. The second source we
utilized is the World University Rankings provided by UI GreenMetric'. Launched in 2010
by Universitas Indonesia, this ranking assesses the environmental sustainability and green
initiatives of university campuses. It specifically evaluates six key dimensions: setting
and infrastructure, energy and climate change, waste management, water conservation,
transportation, and education and research.

Lastly, the third source we considered is the Times Higher Education Impact Rankings’.
Starting from 2019, this ranking analyses and evaluates universities in terms of SDGs and
exploits four dimensions: research, stewardship, outreach, and teaching. For the data, we
considered the calendar year 2021, as it was the closest year with rankings and reports.

3.1.3. Co-Design

Following the data analysis phase, we engaged the university community in a co-
design activity. As articulated by Sanders and Stappers, co-design involves the collaborative
creativity of both designers and non-designers throughout the design development pro-
cess (Sanders & Stappers, 2008). The primary objective of our co-design session was to
develop low-fidelity mock-ups. These mock-ups were intended to represent an interactive
application aimed at increasing awareness of individual contributions to sustainability on
university premises. Additionally, the application was designed to inform users about the
university’s existing sustainability initiatives and efforts towards achieving the SDGs.

The activity was planned to span one and a half hours and was structured as follows:

Introduction (15 min): We began by introducing the project and the session’s objectives
to the participants, which included a brief overview of co-design principles and low-fidelity
mock-ups. We also provided suggestions on techniques they could use to raise awareness,
such as data visualization, gamification (Deterding et al., 2011), and eco-feedback. After
this phase, participants were divided into five groups of three to four people.

Co-design (50 min): This phase involved the actual co-design activity, where four groups
composed of 4 participants and one group made of 3 participants (19 in total) each created
paper-based, low-fidelity mock-ups. To facilitate this process, we supplied the informative
leaflet summarizing the information gathered from the first two steps (interviews and data
analysis). Specifically, it withheld this information:

* A summary of the interview outcomes;

* Reports from the university, focusing on the dimensions highlighted during the
interviews;

¢ Information on external rankings comparable to university reports.

Presentation and Questions (5 min per group): Each group presented their mock-ups to the
other participants, followed by a Q&A session to further explain their ideas and outcomes.
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Participants

We recruited 19 students enrolled in the “Mobile Systems Programming” class (Bach-
elor’s Degree in Computer Science and Engineering). Students were asked to provide
informed consent prior to their involvement. The consent form explained the purpose of
the study, the nature of their participation, and how the collected data would be used. All
data were collected and processed in an anonymous and aggregated form, ensuring that no
personally identifiable information was retained. The study was conducted in compliance
with GDPR regulations. All the information about this phase can be found in (Ceccarini
et al., 2023).

Guidelines for Prototypes

The paper-based low-fidelity mock-ups have been analyzed and compared on the
basis of six different categories: content, data visualization, gamification, data producer,
technology, and learning strategy (Ceccarini et al., 2023). Through this categorization, we
identified the core features necessary for a system designed by and for campus students
to enhance knowledge and awareness about environmental sustainability on campus. In
particular, six guidelines (G1-6) emerged:

*  GI: Technology. The system should make use of some kind of technology, in addition
to the main application, to increase engagement and daily life usage;

*  G2: Content. The system should display information and data about all 17 SDGs to
convey a more complete idea of what sustainability is (highlighting that it includes
social, economic, and environmental aspects) and what can be done to improve it in
daily life;

*  G3: Data producer. The system should display individuals” data to make them aware
of their impact and to mitigate feelings of eco-powerlessness;

*  G4: Learning strategy. The system should include at least one explicit learning
strategy (e.g., fun facts or quizzes) to make the users learn directly through the
system’s usage;

e G5: Gamification. The system should make use of gamification strategies as a way to
engage the community, exploiting a sense of competition between individuals;

*  G6: Data Visualization. The system should make use of data visualization techniques
to make the data easier to understand.

These features directed the development of our system, which is detailed in the next
Section 3.2. The co-design session also highlighted the necessity to address sustainability
awareness on two fronts: (i) what the university has done and is currently doing for
each SDG; and (ii) what each member of the community can do in daily life to improve
sustainability inside and outside the campus premises and to promote a more responsible
and sustainable behavior.

3.2. The System

Taking into account the established guidelines and the objectives identified during the
research process, a system was developed and subsequently evaluated (see Section 3.3).
This section provides a detailed analysis of how each guideline aligns with the twofold
objective identified earlier.

3.2.1. G1: Technology

Considering the technological aspect derived from G1, we opted for a solution that
integrates a public display version and a mobile version. We chose these two versions for
their intrinsic nature. The public display, situated at the entrance of the campus, allowed
us to have a public visualization accessible to everyone. This visualization has all the basic
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information (as shown in the upper part of Figure 2), allowing each community member to
learn something about (i) the SDGs, (ii) what the university is doing, and (iii) what they
can do in daily life. The advantages are twofold. On the one hand, the users do not have to
install anything to have the basic information, and, on the other hand, based on its position,
it can reach a larger population, which can casually explore the visualization.

What does the university do?
N Discover what the university does since 2016. If you
want to see more about the number, tap on the case.
[} % [ )
= ~ —|
- T ' -
CLEAN WATER Tl
AND SANITATION ‘ ‘ - 201 730
\\ courses publications
S E »\
7 (o Ve
o
. .
= 6 - Clean water and sanitation
X Ensure ilability and i of water and itation for all
[72) o ' ) ) What can we do?
Goal 6 aims to improve water quality and reduce water pollution, especially the
9 type caused by hazardous chemicals. It also advocates cross-border @ Teke a short shower (5--10 min)
4 cooperation as the key to managing water resources in an integrated fashion at
all levels. &) Wash your car at ial car washers
@) Use biodegradable household products
7 0 % 3 9 70 8 44 . Turn off the tap while brushing your teeth
million @) Use a reusable watter bottle
of natural wetlands o R et T
was disappeared had safe sanitation people lac
in 2015 drinking water
< <« Hil k=) <~ Hil <
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Vv What can we do?
Clean water and What does the university do?
sanitation 5 Discover what the university does since 2016.
If you want to see more about the number, Advices
tap on the case.
LI @ Use areusable watter bottle
c
o v E & Wash your car at commercial car washers
) & Use biodegradble household products
—
() @ Turn off the tap while brushing your teeth
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E wetlands was § safe sanitation [l people lack
isappeare i drinking wats
= NE0I5 DL s Fill your Time your Made liquid
project o wEET reusable bottle shower laundry
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What does the What can we do?
university do?
[ [ 3 [
()] 2 ! (0] 2 ! (0] a 2

Figure 2. The interface of one SDG (SDG 6), both in the kiosk version (above) and in the mobile
version (below). (A) represents the general information about the SDG; (B) the data on what the
university is doing in terms of courses related to that SDG, publications, projects, and significant data;
and (C) some advice on what a person can do to improve their behavior in relation to that SDG.

On the contrary, the mobile version is a way to uniquely target a community member
and increase their engagement through techniques connected to gamification and data
humanism, with the final aim of promoting a more responsible and sustainable behavior
both inside and outside the campus premises. As visible in the lower part of Figure 2, the
mobile version has all the information provided by the public version in order to always
have that information at hand, but, at the same time, it provides some tasks that the user
has to complete to obtain a badge. Moreover, following a suggestion that emerged from
one of the groups, we also integrated a chatbot feature capable of conversing with the uni-
versity’s sustainability reports (PDFs). This addition leverages emerging natural language
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processing technologies to enhance user engagement, enabling community members to
explore the sustainability documents in a more accessible, conversational, and personalized
manner. Building upon this idea, we designed a complete pipeline for transforming the
university’s sustainability reports into a machine-interpretable format: each page of the
PDF is converted into an image and processed through a multimodal language model able
to interpret textual, graphical, and structural components, thereby producing coherent
and structured outputs. In particular, we employed Google’s Gemini model, specifically
the gemini-2.0-flash variant, which offers low-latency inference and stable performance
while remaining accessible through a free API tier, thus supporting a scalable and fully
automated workflow without requiring high-end local hardware. Cloud-based inference
was preferred over running a local large language model (LLM) through platforms such
as Ollama or LM Studio, as local execution would have required significantly more com-
putational resources and would have resulted in processing times of several minutes per
page, in addition to the accuracy degradation associated with quantized models. Each
page is processed together with a carefully engineered prompt that defines extraction
rules, constrains the JSON output structure, and instructs the model to focus exclusively
on relevant quantitative information, helping reduce inconsistencies and formatting vari-
ability. The resulting data are then aggregated into a unified representation that feeds
an interactive application through which users can access visual summaries and initiate
conversational queries. Within this environment, the chatbot interprets natural-language
questions, identifies the most relevant topics from the extracted dataset, and generates
context-aware explanations that may include dynamically generated charts, as shown in
Figure 3. The conversational component of the system is implemented using a pre-trained
LLM, specifically a vision-capable model (named Gemini 2). While LLMs provide signifi-
cant advantages in terms of flexibility and natural language understanding, their use raises
well-known concerns regarding the generation of inaccurate or “hallucinated” information.
To address this limitation, the proposed system adopts a grounded architecture in which
the chatbot does not directly access the original PDF documents, but instead operates on
a structured dataset obtained through a dedicated extraction pipeline. In particular, the
extraction process converts each report’s page into images and processes them to produce
structured JSON outputs, which are subsequently aggregated into a unified data reposi-
tory. This separation ensures that all information used by the chatbot is explicitly derived
from the source document and can be verified independently. Furthermore, the use of
constrained prompt engineering, low-temperature settings, and predefined output schemas
reduces variability in the extracted data. A manual validation phase is also included to
ensure the correctness of critical indicators, exploiting a human-in-the-loop Validation.
Within the chatbot, responses are generated by conditioning the LLM on the structured
data only, effectively limiting its role to interpretation and contextualization rather than fact
generation. Hence, the chatbot is prompted to answer only using the available structured
data and to avoid speculation when information is missing. This integration of automated
PDF data extraction with conversational interaction not only improves the navigability
and comprehension of the reports but also demonstrates how advanced Al-driven tools
can support transparent and inclusive communication of sustainability information. To
further support users, especially those less familiar with conversational interfaces, an initial
set of example questions has been integrated into the interface, helping them start the
interaction and discover the range of possible queries. This integration of automated PDF
data extraction with conversational interaction not only improves the navigability and
comprehension of the reports but also demonstrates how advanced Al-driven tools can
support transparent and inclusive communication of sustainability information.
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Figure 3. An example of a conversation with the chatbot.

3.2.2. G2: Content

There is a tendency to identify sustainability as a monolithic concept, often identified
with just the environmental sphere. As emerged from the interviews we conducted during
a preliminary phase of this study, the word “sustainability” was strictly linked to Earth
and the environment, conscious consumption, and renewable energy, often ignoring the
economic and social sphere. Hence, in our system, we decided to include all 17 SDGs to
display all the different facets of sustainability. For each one, we arranged an explanatory
section (part A in Figure 2) with a few lines of text to introduce the SDG and its main goal
and three key numbers to make people reflect on its importance. All the data and informa-
tion displayed are from the United Nations’ official site about SDGs (United Nations, 2015).
Moreover, since sustainability is something that can be achieved at different levels, from
the “upper” level of bigger organizations or universities to the “lower” level of individuals,
we structured our system’s interface in a way that is able to display: (i) information on
what our university is doing for each SDG, shedding light on the reports released each
year (part B in Figure 2), and (ii) advice to accomplish a sustainable behavior in relation
to each SDGs (part C in Figure 2). This advice is strategically designed to bridge the gap
between different spheres of a student’s life, since they are not restricted to the campus
environment; they also target the personal life context, such as the home and the city. For
instance, while some prompts encourage in situ learning through campus-specific activities,
others guide users toward adopting sustainable habits in their daily routines outside the
university. This dual focus aims to foster a holistic transition toward sustainability, ensuring
that the behavioral change triggered by the system generalizes across multiple social and
physical contexts. Considering the university section, we analyzed the report released and
selected four types of data that reflected the complexity of this kind of institution, which
revolves around teaching, research, third mission, and the institution. For the teaching
aspect, we displayed the number of courses related to that specific SDG. These data came
from a survey conducted by asking all professors about the link between their course units
of a study program and the SDGs. For the research side, we selected the total number
of publications taken from the Scopus database, considering all articles since 2016 that
contain a specific sequence of keywords (related to each SDG) and an author affiliated with
the university. For the third mission, we selected the number of cooperation and social
engagement projects active, providing some information in the form of a word cloud for
each of them, to convey a general idea to the user. Finally, for the institution part, we
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selected a key number indicating what the university (institution) has done in order to
achieve that SDG (e.g., reducing water consumption for SDG 6).

3.2.3. G3: Data Producer

The third guideline is partially connected with the previous one. In this case, the focus
is on the users themselves, who will be the data producers for a section in the app, and
their impact in relation to sustainability and SDGs. Since the attention is on the individual
user, we included this section only in the mobile version of the system (visible in the lower
part of screenshot C in Figure 2). In particular, we asked the users to complete certain tasks
(e.g., fill their reusable water bottles or put a timer on their shower). We identified three
kinds of tasks, as visible in Figure 4: (i) a practical activity that should be done (e.g., go
to a museum or reuse a water bottle), (ii) answer a questionnaire to test their knowledge
on the topic (e.g., green power) and the connection with the topic and their daily life,
and (iii) read a fun fact on a topic (e.g., the negative impact of common detergents). The
first two types of tasks will be the source of the individual data we will display in the
application to make the users more aware of their impact. We had two reasons for choosing
the tasks as a form of data production inside our system. Firstly, we aimed to create practical
and achievable tasks that people can incorporate into their daily lives to help them improve
their behavior. Secondly, we wanted to address the feeling of eco-powerlessness that people
often experience when it comes to sustainability issues. By completing these tasks, people
can see that they have the ability to make a positive impact on the environment in their
own small way. The tasks that appear in the mobile application are strategically designed
to be completed in the campus environment and in the personal life context of the students,
such as the home and the city. For instance, while some prompts encourage in situ learning
through campus-specific activities, others guide users toward adopting sustainable habits
in their daily routines outside the university.
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Figure 4. Examples of tasks (read a fun fact about common detergent—in blue, take a quiz on green
power—in yellow, and visit a museum at least three times—in red), which, once completed, make
the users earn badges. The second screenshot represents the badges page, where users can see their
achievements and how to collect the missing badges.

3.2.4. G4: Learning Strategy

In line with the fourth guideline, in our final prototype, we included two explicit
learning strategies in the form of quizzes and fun facts (as shown in Figure 4). Based on
what emerged in the previous co-design session, almost all the groups that participated in
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the activity exploited fun facts or some sort of hint to inform the users about sustainability
notions and curiosities that can create the desire to improve their daily behavior. Moreover,
we added some quizzes to make the users learn in an interactive and engaging way. We
believe the system can be utilized as a powerful educational tool to inspire users to make
sustainable choices and act responsibly in their daily lives. By using the system, we want
users to gain knowledge and insights to make well-informed decisions that will have a
positive impact. Our system recognizes the importance of individual user knowledge,
which is why we have included these two learning strategies in the mobile version. This
ensures that users have access to personalized information relevant to their needs. On
the other hand, the kiosk version only displays “static information” (i.e., the general
explanation of SDGs, information on the university’s work, and the advice, as visible in the
upper part of Figure 2), which is suitable for more general purposes.

3.2.5. G5: Gamification

Based on the insights from the co-design session, we have identified four main gamifi-
cation elements that can drive user engagement and enhance the overall experience. These
elements include a ranking system, badges, and avatars, all of which leverage different
psychological mechanisms and motivations. Inspired by the taxonomy made by Schobel
et al. (2020), we exploit the leaderboard as intrinsic motivation in the sense that the users
will do something not for an expected outcome but for the pleasure or interest it brings.
Moreover, leaderboards also rely on the sense of competitiveness with other users who are
members of the campus community. We decided to include only the best three positions in
the leaderboard (visible in Figure 5). On the contrary, we exploited badges as an extrinsic
motivation, where the users are forced to do something to obtain an outcome (a badge).
All of our badges have a regular degree of surprise, in the sense that all of them are visi-
ble on the badge board inside the mobile version of the system (as visible in the second
screenshot in Figure 4). Although we implemented both static and developing badges.
The static badges (e.g., reading the fun fact on detergent or answering the green power
quiz in Figure 4) are obtained for doing quizzes or one-time actions. On the contrary, the
developing badges are obtained after doing a positive action a number of times (e.g., going
to a museum three times). Finally, we included an avatar, in the form of a plant with its pot,
to represent each user. The avatar relies on intrinsic motivation and, in our case study, we
exploit a developing user avatar, where the avatars became the visualization for the user’s
progress in the system. As a matter of fact, the users can personalize their plants and plots.
In particular, the users can change the color of the plot by choosing between the 17 solid
colors of the 17 SDGs and some colorful textures. The color is unlocked based on the badges
earned: once the users complete all the tasks for an SDG, its color is unlocked and can be
used for the plot. Moreover, the users can personalize the plant, choosing between different
kinds of leaves and flowers. This personalization is linked to the number of badges earned:
by increasing the number of completed tasks, the users increase the possibilities of choice.

3.2.6. G6: Data Visualization

As our system wants to convey a lot of data and information, we included different
kinds of data visualization techniques to make them more understandable and insightful
for the final user. In particular, we decided to exploit a word cloud to synthesize the
description of the different projects carried out by the university, highlighting the most
important keywords to give the users a general idea at first sight. At the same time, for
some SDGs, we have some historical trends to provide more details instead of just a key
number. For example, going back to Figure 2, we implemented a click on the block “—79%
of water consumption” that will show a line chart displaying water consumption data from
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2015 to 2021 (the year of the last report released at the time of the study, due to the long
release times of the report itself). Both the visualizations are visible in Figure 6, and the
users can see them through a click on the relative block to gain an explanation (the two
lower blue blocks in Figure 2B). Finally, we exploited the plant and the plot as a form of data
visualization, in line with the data humanism concept (Lupi, 2017) to show the progress
of the users and their positive behavior and impact, thanks to the actions undertaken: the
more the plant is personalized and thriving, the more the user has done good deeds. All
the data visualizations produced are visible in both the mobile and kiosk versions.
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Figure 5. On the left, the greenhouse visible in the kiosk version of the system, where every plant is
the avatar for each community member. In this interface, the leaderboard is also visible, showing just
the three best users. On the right, the mobile version, where every user can personalize their paint
and plot based on their progress in the system.
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Figure 6. Examples of two data visualizations to highlight project keywords (through a word cloud)
and the decreasing water consumption trend (through a line chart) due to some university policies.

3.3. Evaluation

To address our RQs and investigate the effectiveness of (i) the guidelines extrapolated
from the co-design session and (ii) our prototype, we designed an evaluation in two phases.
The first was the direct interaction with our prototype, and the second was an online question-
naire addressed to the university community to gain both quantitative and qualitative data.
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3.3.1. Interaction with Our Prototype

First of all, we made the participants interact with our prototype (both the kiosk and the
mobile version) using Maze®. In particular, we created some tasks to guide their interaction
and make sure that they will discover all the sections of our system. For both the kiosk and
the mobile version, we asked the participants to:

1.  learn more about SDG 6;

discover more about the course number and how this number is calculated;
discover more about the number of publications and how this number is calculated;
discover more about the projects;

ARl

discover more about the water consumption trend based on the university policies.

After that, for the kiosk version, we focused on the plant and the greenhouse. In
particular, we asked the participants to explore the greenhouse and discover more about
the user who is currently in second place on the leaderboard. For the mobile version, we
focused on the user, making the participants discover more about the task they should
complete in order to obtain badges (like “time your shower”), their user’s profile, their
plant with the options to customize it, and the badges page.

Once all the tasks were completed, we redirected the participants to our questionnaire.

3.3.2. Online Questionnaire

Our online questionnaire consisted of four sections, as visible in Figure 7. Prior to its
distribution, the questionnaire underwent a preliminary pilot phase with a researcher to
refine the wording and validate the overall structure before the formal data collection.

Section One: User Experience

In the first section, we investigated the user experience in both the kiosk (Q1-Q8) and
the mobile version (Q10-Q17). In particular, we exploited the short version of the User
Experience Questionnaire (UEQ-S), which consists of eight 7-point Likert scale questions to
evaluate pragmatic and hedonic quality (Schrepp et al., 2017). The pragmatic interaction
qualities encompass the product’s capacity to effectively assist users in completing their
tasks, its ease of use, which includes intuitive navigation and user-friendly features, its
efficiency in enabling users to achieve their goals in a timely manner, and its ability to
provide clarity and minimize confusion in the user experience. The hedonic qualities refer
to the emotional and experiential aspects of user interaction with a system, rather than its
ability to help users achieve specific goals. Specifically, the questionnaire aims to evaluate
the level of excitement and interest elicited by the system, as well as how cutting-edge and
inventive the users perceive the system. Finally, to complete this section, we included two
questions (one for the kiosk version and one for the mobile) related to the clarity of the
information communicated (Q9 and Q18).

Section Two: Guidelines Effectiveness

In the second section, we focused on testing the effectiveness of the guidelines extrapo-
lated from the co-design session by exploiting a 5-point Likert scale. In particular, focusing
on the system’s content (G2), we wanted to verify the benefit of displaying (i) general
information about each SDG to give a context for our system (Q19), (ii) information and
data on what the university is doing toward sustainability (Q20), and (iii) information on
what an individual can do to improve its behavior in terms of sustainability (Q21). Then, we
focused on the technological aspect (G1), asking an opinion on the usefulness of having both
a kiosk version, which will be made available for everyone at the entrance of the campus,
and a mobile version, which will be customizable for the individual (Q22). Concerning the
learning strategy (G4), we included two questions on the effectiveness of quizzes and fun
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facts as a way of learning new things (Q23-(Q24). For the guideline on gamification (G5),
we investigated the influence of badges and leaderboards on the system’s usage (Q27 and
29) and on the improvements in users’ behavior (Q28 and Q30). Concerning G3 (“data
producer”), we did not include any particular question, but we exploited a combination
of the previously mentioned questions, and, in particular, Q21 and Q27-Q31. As a matter
of fact, the way for the individual to “produce” data or see their impact is through the
information on what they can do and through the badges obtained with the task. Finally,
to test the guideline on data visualization (G6), we included two questions on the effects
of plant visualization and greenhouse. In particular, we investigated whether this kind
of visualization can foster the system’s usage (Q25) and can eventually create a sense of
community inside the campus (Q26).

Q1-

Q8 User Experience Questionnaire [Kiosk version]

Q9 How clear is the information communicated? [Kiosk version]

Q10—

Q17 User Experience Questionnaire [Mobile version]

User
Experience

Q18 How clear is the information communicated? [Mobile version]

Q19 How useful is it to have general information on each SDG?

Q20 How useful is it to have information and data on what the UNIVERSITY does for each SDG? Content

Q21 How useful is it to have information on what YOU can do for each SDG?

How useful is it to have both the KIOSK version (available for everyone) and the MOBILE version

Q22 (customizable for the individual)? Technology
Q23 How useful is it to have QUIZ as a way to learn new things about SDGs? .
Learning
» g Q24 How useful is it to have FUN FACTS as a way to learn new things about SDGs? Strater
o D
c C
< g Q25 How much the VISUALIZATION with the plants and the greenhouse will influence the use of the
= ?
_1% g system? Data
a2 X -
@ Q26 How much the plants and the greenhouse can create a sense of community? Visualization
Q27 How much BADGES can influence the use of the system?
Q28 How much BADGES can improve the user behavior in daily life?
Gamification
Q29 How much LEADERBOARD can influence the use of the system?
Q30 How much LEADERBOARD can improve the user behavior in daily life?
Q31 How useful is it to have TASKS connected to BADGES to get feedback on your behavior? Data Producer

Q32 Did you know that the university releases reports every year on what it does for each SDG?

Could knowing that the university is moving towards sustainability be a criteria for choosing a

(Gl university?

Does the fact that the university context promote sustainability influence your behavior on campus
(or off)?

User-University
relationship

Q34

Q35 Please, share any comments you might have on the project

Q36 What degree are you enrolled in?

Q37 What gender do you identify with?

General
questions

Q38 How old are you?

Q39 What is your background?

Figure 7. Questions asked in the online questionnaire. The first section (Q1-Q18) revolves around
the user experience, the second one (Q19-Q30) wants to test the effectiveness of the guidelines
extrapolated from the co-design session with students, the third one (Q31-Q33) investigates the
relationship between the university (and its sustainable practices) and the community member, and
the last one (Q34-Q38) asks for feedback on the project and demographic information.
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Section Three: Relationship Between the User and the University

The third section wanted to investigate the relationship between the user, as a univer-
sity member, and the university. In particular, we were interested in discovering whether
the users already knew the existence of sustainability reports released by the university
(Q32), as also a way to improve the importance of this system inside the community. Then,
we wanted to investigate if the sustainability actions and practices carried on by the univer-
sity can be a way to help teenagers in their choice of the university, as a form of discernment
(Q33). Finally, we explored whether studying in a context that emphasizes improving
sustainability would positively impact individuals, both on and off campus (Q34). These
two last options are only possible if the university’s sustainability efforts are clearly and
effectively communicated to everyone.

Section Four: General Questions

Finally, in the last section, we asked the participants for qualitative feedback on the
project (Q35) and their demographic data, like their degree (Q36), gender (Q37), age (Q38),
and background (Q39).

4. Results

In this section, we present the results of the evaluation of our prototype. The testing
was conducted in an informal setting at the campus bar to actively engage university
students. Two researchers facilitated the process by encouraging students to interact with
the prototypes and complete a questionnaire.

4.1. Participants

Participants involved in the evaluation phase were recruited through a combination
of convenience and snowball sampling strategies. We first invited students enrolled in
our courses to take part in the study on a voluntary basis. In addition, we approached
students informally during their breaks at the campus bar, asking them to test the prototype
and complete the questionnaire. To further broaden participation, initial participants were
encouraged to share the study with peers who might be interested, following a snowball
sampling approach. This mixed recruitment strategy allowed us to involve participants
with diverse academic backgrounds. The students who participated in the first phases
of the study were not involved in this evaluation. Prior to their involvement, students
were asked to provide informed consent. The consent form explained the purpose of the
study, the nature of their participation, and how the collected data would be used. All data
were collected and processed in an anonymous and aggregated form, ensuring that no
personally identifiable information was retained. The study was conducted in compliance
with GDPR regulations. We engaged a total of 66 potential users, aged between 18 and
34 years old, ensuring gender balance with 50% male and 50% female participants. The
participants came from diverse academic backgrounds, with a majority representing fields
such as architecture (30 participants) and computer science (20 participants).

4.2. User Experience

We obtained positive results after analyzing the User Experience Questionnaire (UEQ)
for the kiosk version (Q1-Q8). Specifically, for the pragmatic qualities, which measure
usability and effectiveness in supporting user goals, we achieved a score of 1.89 on a scale
ranging from —3 to 3. Similarly, the assessment of hedonic quality, which captures the
app’s aesthetic appeal and the satisfaction it provides beyond basic functionality, resulted
in a score of 1.57. In terms of the mobile version (Q10-Q17), we also achieved positive
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results, with even higher scores than the kiosk version. Notably, we obtained scores of 2.03
for pragmatic qualities and 1.63 for hedonic qualities.

Furthermore, we received very positive results regarding the clarity of the information
presented in both the kiosk version (¢ = 6,20, ¢ = 0.96) (Q9) and the mobile version
(y =6,21, 0 = 0.87) (Q18).

4.3. Guidelines Effectiveness

In this subsection, the results for each guideline will be presented to assess their
effectiveness and validate their impact.

G1: Technology

Considering the technological aspect derived from G1, we evaluated our solution of
engaging users with a solution that integrates a public display version and a mobile version
for their intrinsic nature. Based on the result on a 5-point Likert scale, we can deduce that this
solution was appreciated by the participants (¢ = 4.30, ¢ = 0.89) (Q22). From the comments
that emerged during the interaction with our prototype, users generally appreciated mobile
for having their own personalized version but recognized the usefulness of having a kiosk
version with the more generic and important information (P12: “I appreciate the mobile version
so I can have my own profile to update” or P4: “I think the kiosk version can reach more people by being
placed at the entrance of the campus”). The approach of combining multiple technologies was
appreciated but also seen as a starting point for a more pervasive technology, as mentioned
by P57: “In addition to the kiosk put at the entrance, taking the goal on water consumption as
an example, if feasible I would put similar devices in areas of relevance such as in bathrooms
so the user is in the best position to be more aware of certain behaviors”.

G2: Content

Based on G2, we have made information about all 17 SDGs available, a choice that the
participants highly valued (¢ = 4.27, o = 0.80) (Q19). In particular, analyzing the feedback
gathered during the interaction, participants generally appreciated having information
on all 17 SDGs to better understand what they can do for each one, going beyond just
environmental impact to include social and economic aspects as well. Moreover, partic-
ipants appreciated having information on what the university is doing relating to the
SDGs (u = 4.03, 0 = 0.89) (Q20) and advice on what individuals can do in their daily life
(n = 445, 0 = 0.79) (Q21).

G3: Data Producer

To assess the effectiveness of the third design guideline, which focuses on engaging
users as data producers through sustainability-related tasks, we analyzed responses to Q31.
This question evaluated how useful participants found the opportunity to complete tasks
and earn badges as a form of feedback on their sustainable behavior. The results indicate a
generally positive perception (# = 4.13, o = 0.87). This suggests that users appreciate the
integration of interactive activities and gamification elements to enhance their awareness
of sustainability.

G4: Learning Strategy

The fourth design guideline focused on integrating learning strategies within the
system to enhance user engagement and knowledge acquisition on sustainability topics.
To evaluate this aspect, we analyzed user feedback on two key learning features: quizzes
(Q23) and fun facts (Q24).

Participants rated the usefulness of quizzes with an average score of y = 4.23
(0 = 0.99), indicating a generally positive perception of this interactive learning approach.
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The higher standard deviation suggests some variability in user opinions, possibly reflecting
differences in learning preferences. Fun facts received an even stronger positive response
(4 = 4.58, c = 0.61), highlighting their effectiveness in engaging users and providing easily
digestible sustainability-related information. The lower standard deviation suggests a more
consistent agreement among participants regarding the value of this feature.

G5: Gamification

To assess the influence of gamification elements on user engagement and behavioral
change, we analyzed participants’ responses regarding the perceived impact of badges and
leaderboards on system usage and real-life sustainability behaviors. The results indicate a
moderately positive perception of badges. Participants rated the influence of badges on
system usage at y = 3.85 (0 = 0.93) (Q27) and their impact on behavior change at = 3.86
(c = 0.89) (Q28). While these findings suggest that badges are a useful motivational
tool, qualitative feedback from participants highlights some limitations. One user noted
that “the badge mechanic has limited use because once a badge is obtained, there are no
further in-app incentives to continue performing the required actions.” This suggests that
badges alone may not be sufficient to sustain long-term engagement unless combined
with additional motivators. Leaderboards, on the other hand, received higher ratings.
Users perceived leaderboards as more influential in encouraging system usage, with an
average score of = 4.17 (¢ = 1.05) (Q29). Similarly, their impact on real-world behavior
change was rated at = 4.06 (¢ = 1.04) (Q30). The slightly higher standard deviation for
leaderboards suggests more variability in user opinions, possibly reflecting differences in
competitive engagement among participants. Several users expressed enthusiasm for the
leaderboard feature, with one stating, “I really like the idea of badges and leaderboards,
but I'm not sure how points can be assigned fairly without affecting the system’s integrity.”
Another participant, identifying as a competitive player, noted, “As a collector, I love the
idea of earning badges, but if it’s too easy (e.g., unlimited quiz attempts), it would lose
its appeal.” These insights emphasize the importance of designing a balanced reward
system that maintains engagement without diminishing the challenge. Additionally, users
suggested that leaderboards could be further personalized to enhance engagement. One
participant proposed: “Creating internal rankings for different courses and competing with
friends would make the experience even more enjoyable.” This highlights an opportunity
to leverage social and peer-based competition to increase motivation.

G6: Data Visualization

To evaluate the effectiveness of using data visualization as an engagement tool, we
analyzed user perceptions regarding their influence on system usage and sense of com-
munity. The results indicate a generally positive response. Participants positively rated
the impact of plant visualizations on system usage (¢ = 4.11, ¢ = 1.04) (Q25) and their
role in fostering a sense of community (¢ = 4.06, ¢ = 1.08) (Q26). These findings suggest
that the visual representation of sustainability progress through plants is an engaging and
meaningful approach for users. Qualitative feedback further supports this insight, with
multiple participants expressing enthusiasm for the plant-growing mechanic during the
demo of the mobile application. Some users even indicated that they would be motivated
to use the app specifically for this feature, stating that they would appreciate the ability to
“have the app for the plant” and “customize it”. This highlights the potential of personalization
as a key factor in maintaining long-term engagement.

4.4. Relationship Between the User and the University

To assess the relationship between users and the university regarding sustainability
efforts, we explored participants’ awareness of the sustainability reports, the potential
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influence of sustainability actions on their choice of university, and whether the university’s
initiatives affect their own behavior.

The results indicate that the majority of participants (66.7%, 44 out of 66) were un-
aware that the university publishes annual sustainability reports. This suggests a gap in
communication or visibility of these initiatives among students. Increasing awareness of
such reports could help strengthen the connection between students and the university’s
sustainability efforts.

Regarding the role of sustainability in university selection, responses were mixed.
27 participants stated that sustainability actions would influence their choice, 27 answered
“maybe”, and 12 responded negatively. This suggests that while sustainability initiatives
can be a deciding factor for some students, for others, they may not be a primary criterion.

A stronger impact was observed when examining the influence of university-led
sustainability efforts on students’ own behavior. A significant 86.4% of respondents (57 out
of 66) reported that knowing about the university’s sustainability actions influences their
behavior on campus or beyond. This finding underscores the potential of institutional
sustainability policies not only to improve campus practices but also to foster individual
behavioral change among students.

5. Discussion

Grounded in a participatory process involving over 121 students across two campuses
(36 in the quick interviews, 19 in the co-design phase, and 66 in the evaluation phase),
this project invited participants to devise, design, and evaluate every aspect of a system
aimed at educating about sustainability while increasing awareness of the sustainability
practices carried out by the university. From an educational perspective, the co-design
process itself functioned as a learning experience, enabling students to critically reflect on
sustainability issues, institutional responsibilities, and their own potential role as agents of
change, emphasizing active involvement and knowledge co-construction.

The findings demonstrate that digital systems constitute a promising avenue for en-
hancing environmental education and engaging students with sustainability-related content.
The positive usability and hedonic scores obtained for both the kiosk and mobile versions
indicate that well-designed digital tools can effectively support students in navigating com-
plex ecological topics. These results align with the growing body of research suggesting that
interactive and user-centered digital platforms can improve accessibility of information and
comprehension when dealing with multifaceted issues such as climate change, biodiversity
loss, and, more broadly, SDGs (Mondejar et al., 2021; Rist & Masoodian, 2022).

A key contribution of this study is the integration of complementary technologies,
namely a public kiosk and a personalized mobile application, which participants con-
sistently evaluated as useful. This multi-platform approach echoes the need for more
pervasive digital ecosystems capable of meeting learners in different contexts and offering
layered entry points to environmental topics. The qualitative feedback further suggests that
contextual placement of technologies (e.g., kiosks positioned in strategic campus locations)
can strengthen situational awareness and foster everyday engagement with sustainability
practices. Moreover, having a public display and situated data representation also increases
the possibility of reaching a new audience, not necessarily part of the community or ini-
tially interested in the topic (Van Den Bosch et al., 2024), and creating new opportunities to
explore ecological issues through place-based learning (Caiman & Kjallander, 2023).

The potential of digital tools to support place-based learning (Caiman & Kjallander,
2023) deserves deeper elaboration, as the two approaches need not be conceived as alter-
natives but rather as mutually reinforcing pedagogical strategies. Place-based education
(PBE) grounds learning in direct, sensory engagement with local environments, fostering
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ecological identity, a sense of belonging, and sustainability values through authentic en-
counters with the natural and social world (Gruenewald, 2003; Sobel, 2004). The interactive
digital system presented in this study can function as a meaningful preparatory or reflective
layer within such experientially grounded approaches. For instance, the data visualiza-
tions presenting the university’s environmental indicators (e.g., water consumption trends,
biodiversity-related projects) could serve to scaffold students” conceptual understanding
before a field-based inquiry on campus green spaces, or to deepen their critical reflection
after direct contact with the local ecosystem. Similarly, the actionable tips embedded in
the system for each SDG could be activated and tested in situ during place-based learning
activities, transforming digital awareness into embodied, context-specific action. This artic-
ulation between digital and place-based modalities aligns with emerging calls for hybrid
pedagogies in Education for Sustainable Development, in which technology amplifies rather
than replaces the affective, relational, and situated dimensions of learning in and about
nature (Wals, 2014). Designing learning sequences that deliberately alternate between digital
engagement and direct environmental experience may therefore deepen students’ sense of
place while simultaneously building the critical digital literacy increasingly required for
sustainability citizenship in the twenty-first century.

Another insight emerging from the results concerns the role of content breadth and
relevance. The inclusion of information on all 17 SDGs, together with data about the
university’s own sustainability actions and actionable advice for daily life, was highly
appreciated by participants. This reflects the growing need for educational tools that
not only transmit sustainability-related knowledge but also support the development of
environmental literacy and sustainability competencies by connecting global frameworks
to local institutional practices and individual agency. By linking abstract sustainability
goals to concrete, everyday actions, the platform helped bridge the persistent gap between
knowledge and action, encouraging more informed, reflective, and responsible decision-
making. The inclusion of tasks and actionable tips is consistent with the literature, where it
is important not only to present and explain the data, but also to provide options that can
support more sustainable behaviors (Perera et al., 2024).

Interactive and participatory features, such as quizzes, fun facts, tasks, and badges,
proved particularly effective in supporting engagement and learning. The strong positive
evaluations of quizzes and fun facts highlight that micro-learning strategies embedded
within digital interfaces can facilitate knowledge acquisition in a lightweight and moti-
vating manner. Gamification elements yielded more nuanced results: while badges were
perceived as moderately useful, leaderboards showed stronger potential for influencing
both system usage and real-world sustainability behaviors. These findings suggest that
competitive or socially driven mechanisms may foster deeper involvement, especially
when personalized or adapted to peer groups. This aligns with the works on digital tools
that promote active participation and collaborative engagement in environmental issues
(Hafferty et al., 2024; Zawieska et al., 2022).

The gamification results can be interpreted more deeply through the lens of SDT (Ryan
& Deci, 2024), which posits that sustained intrinsic motivation requires the simultaneous
satisfaction of three basic psychological needs: autonomy, competence, and relatedness
(Ryan & Deci, 2024). Read in this light, the divergence between badge and leaderboard
ratings is theoretically meaningful rather than incidental. Badges, as implemented in our
system, primarily address competence by providing feedback on task completion and
sustainable behavior. However, as one participant noted, once a badge is obtained, there are
no further in-app incentives to continue performing the required actions, which is consistent
with SDT-informed research showing that competence support alone is insufficient to
sustain motivation unless accompanied by a perceived sense of autonomy (Deci et al.,
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1999). Leaderboards, by contrast, received higher scores for both system usage and behavior
change, likely because they engage in relatedness more actively by situating individual effort
within a social and peer-based context. This aligns with SDT predictions that relatedness,
the sense of feeling connected to others through shared activity, can amplify and sustain
engagement beyond what individual reward mechanisms alone can achieve (Sailer et al.,
2017). Furthermore, the autonomy need appears to be addressed more broadly across the
system rather than within gamification alone: the mobile personal profile, the freedom to
choose which SDGs to explore, and the personalized plant visualization all provide users
with a sense of agency over their own sustainability journey. Taken together, these findings
suggest that the effectiveness of gamification in sustainability education contexts depends
less on the presence of game mechanics per se, and more on the extent to which those
mechanics jointly support autonomy, competence, and relatedness in an integrated way.

The plant-based data visualizations also contributed meaningfully to student engage-
ment and understanding of ecological dynamics. Participants reported that the visualization
of progress through virtual plants fostered a sense of connection and community, emphasiz-
ing the potential of metaphor-driven analytics to create emotional bonds with sustainability
practices. Personalization emerged as a recurring theme in the feedback, indicating that cus-
tomizable visual representations may further enhance long-term engagement and learning
outcomes. This is in line with the current literature (Sou et al., 2024). Furthermore, the choice
of a plant as the central avatar may carry additional pedagogical resonance, as it gently coun-
ters the well-documented phenomenon of plant blindness (Wandersee & Schussler, 1999),
fostering greater attention to plant life as part of students’ broader environmental awareness.

Finally, the findings related to the relationship between students and the university
highlight a critical area for environmental education: awareness of institutional sustainabil-
ity actions. Despite the fact that most participants were initially unaware of the university’s
sustainability reports, a substantial majority indicated that knowing about these initiatives
influences their own behaviors. This underscores the transformative potential of digital
tools not only to disseminate information but also to make institutional actions visible,
relatable, and impactful. Such visibility can strengthen students’ sense of belonging and
responsibility toward campus sustainability, fulfilling an important goal of environmental
education frameworks emphasized in the call for papers.

Overall, this study illustrates how a combination of digital approaches, including
multi-platform access, interactive content, chatbots, gamification, and engaging visualiza-
tions, can support Education for Sustainable Development in higher education contexts.
By fostering environmental literacy, enhancing students’ sense of agency, and making
institutional sustainability practices visible and meaningful, such digital environments can
contribute to more dynamic, participatory, and transformative learning experiences.

5.1. Policy and Practice Implications

The findings of this study offer several implications for both institutional policy and
educational practice in higher education. From a policy perspective, the results highlight
the importance of moving beyond static sustainability reporting toward more transpar-
ent, accessible, and educationally oriented forms of communication. Universities seeking
to advance their commitments to sustainability and the SDGs should consider treating
institutional sustainability data not only as accountability tools but also as pedagogical
resources that can be integrated into everyday campus life. Embedding such data within
interactive and participatory digital systems can enhance students” awareness of institu-
tional actions while strengthening their sense of responsibility and belonging within the
university community.
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From a practice-oriented standpoint, the study underscores the value of participatory
and co-design approaches as effective strategies for sustainability education. Involving
students in the design of digital learning environments supports learner-centered ped-
agogies, fosters critical reflection, and enhances the relevance of sustainability-related
content. The results further suggest that multi-platform solutions, combining public and
personal interfaces, can extend learning beyond formal instructional settings and support
informal and place-based learning across campus spaces. For educators and practitioners,
integrating interactive features such as micro-learning activities, gamification, and mean-
ingful data visualizations can facilitate engagement while supporting the development of
environmental literacy and sustainability competencies. Collectively, these insights point
to the need for institutional policies and educational practices that recognize students not
merely as recipients of sustainability information but as active partners in shaping and
enacting sustainable futures within higher education institutions.

5.2. Limitations and Future Directions

Despite the promising findings, this study presents several limitations that should be
acknowledged. First, the system was evaluated with a limited number of participants (66
students) relative to the size of the overall university community. While the results provide
valuable insights into students’ perceptions and engagement, future studies involving
larger and more diverse samples would be necessary to assess the educational impact of
the system at scale and across different learner profiles.

Second, the tasks assigned to users relied on self-reporting, as no direct verification
mechanisms were implemented to confirm task completion. Although self-reporting is com-
monly used in educational and behavioral research, this approach introduces uncertainty
regarding actual engagement. Future iterations of the system could explore alternative
strategies, such as reflective prompts, peer validation, or integration with institutional data,
to better capture meaningful learning and action without undermining learners” autonomy.

Third, while the findings suggest that the system can positively influence students’
awareness and self-reported behaviors, the study did not examine the long-term sustain-
ability of these effects. Longitudinal research is therefore needed to understand whether
such digital and participatory educational interventions can support enduring learning
outcomes, habit formation, and sustained engagement with sustainability beyond the
immediate context of use.

Fourth, the system was co-designed within the specific context of two campuses at
a single university, which may limit the generalizability of the findings. As with many
community-based and participatory educational initiatives, the approach’s strength lies in
its contextual grounding. Nevertheless, by providing a detailed account of the co-design
process and design guidelines, this study supports the transferability and replicability
of the approach across other higher education contexts seeking to integrate participatory
digital tools into sustainability education.

Finally, the system was evaluated as a standalone tool, without integration with real-
context, nature-based learning experiences. Future research should explore how combining
our digital approach with place-based education (Gruenewald, 2003; Sobel, 2004), such
as field-based ecological inquiry or campus garden activities, can produce synergistic
learning outcomes and enrich the transformative dimensions of Education for Sustainable
Development (Wals, 2014).
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