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The Mar Menor through
the eyes of children
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Figure 1: Kids by the Mar Menor sketched their hopes for the lagoon and its sea life. One jellyfish journeyed from paper to
interactive visualization, bringing their creative vision to life and calling to protect the lagoon’s ecosystem.

Abstract

Marine ecosystems are vital for human survival and the well-being
of our planet. Educating children about marine conservation and
environmental preservation is essential for fostering future gener-
ations that value and adopt sustainable practices, particularly in
fragile ecosystems like the Mar Menor, a coastal saltwater lagoon
in Spain severely affected by climatic and anthropogenic pressures.
To enhance engagement in learning about the lagoon’s ecosystem
and challenges, we developed an interactive system that integrates
children’s drawings into a narrative visualization, combined with a
conversational interface powered by generative Al. We conducted
an evaluation with 52 children aged 10-12, where the system was
framed in an environmental education activity. Results demon-
strated a 33.3% increase in children’s understanding of the lagoon’s
critical condition and a 23.1% improvement in their awareness of
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key contributing factors, particularly climate change. Additionally,
the activity fostered curiosity about the lagoon, concern for its
situation, and attitude toward conservation efforts.
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1 Introduction

Water is essential for life: it is the very foundation that sustains
all living beings on our planet, enabling survival and shaping civi-
lizations. Healthy marine ecosystems are a vital force in our world,
regulating the climate and preserving the biodiversity that makes
Earth a thriving home [34]. Similarly, saltwater lagoons are of
significant ecological and economic importance, but they are in-
creasingly threatened by human activities [15, 57, 77]. The Mar
Menor, the largest coastal saltwater lagoon in Europe and a Ramsar-
listed wetland for its invaluable ecosystem, exemplifies this duality
of importance and vulnerability. Situated in the Mediterranean
basin, it has suffered severe environmental degradation over recent
decades due to agricultural expansion, tourism development, and
industrial activities such as mining and fishing [85]. Since 2016,
eutrophication — a process driven by excessive nutrient accumula-
tion — has drastically reduced water transparency and triggered
catastrophic events, such as mass fish die-offs along the lagoon’s
shores [46]. Preserving the Mar Menor has such importance from
an environmental, economic, and social point of view, that in Sep-
tember 2022, following the collection of half a million signatures
from residents of nearby communities, the Mar Menor became
the first ecosystem in Europe to be granted legal personality [53].
Despite this widespread support from local communities and the
Spanish government, misinformation persists about the lagoon’s
critical condition, its underlying causes, and the actions required
to mitigate the damage. Addressing these gaps in understanding
is crucial to ensure effective sustainable practices [70]. Environ-
mental education for children plays a vital role in this context to
foster environmental awareness and equip younger generations
with the tools to tackle pressing ecological challenges [24]. Beyond
its direct benefits, such education has the potential to extend its
impact through a “ripple effect”, where children share their new-
found knowledge with their families and communities [11, 58].
This process can be particularly powerful in raising local aware-
ness and generating community support for conservation efforts
[59]. Moreover, children offer a unique lens through which to view
the world, perceiving their environment and living spaces in ways
that differ from adults [39]. Collaborating with them can introduce
fresh questions, innovative ideas, and novel perspectives into the
creation, interpretation, and dissemination of scientific informa-
tion. This approach may yield a deeper understanding of current
environmental challenges and inspire alternative solutions [38].
However, effectively engaging young learners in discussions about
complex environmental issues remains a significant challenge [6].
Difficulties arise from the abstract and systemic nature of ecological
problems, which can be hard for children to grasp [33], and from
the lack of emotional connection or perceived agency that often
limits motivation and engagement [65, 99]. Making such topics
relatable and captivating is crucial to sustain interest and foster
meaningful involvement.

In this work, we document a Research through Design approach
we adopted to tackle the challenges of engaging and educating
children about an ecosystem in danger, which we applied to the
case of the Mar Menor. Our methodology begins with a drawing ac-
tivity in which a group of children was invited to express their view
of the ecosystem, turning abstract concepts into familiar imagery
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to better internalize them. These drawings were then integrated
into a system that combines an interactive narrative visualization
with a conversational generative Al, allowing other children to
explore the illustrated ecosystem and engage in dialogue with it. By
incorporating creative expression, visual storytelling, and playful
interactions, the system aims to gradually build up understanding,
encourage active exploration, stimulate emotional connection, and
raise willingness to act. We framed our system in an environmental
education activity, where we conducted an evaluation with two
classes of children living near the Mar Menor area. On an educa-
tional level, our goal is to make learning about the lagoon’s beauty
and fragility engaging for younger audiences, using familiar, cre-
ative elements to deepen the connection between young users and
the environment and bridging the gap between scientific informa-
tion and public understanding. From a research perspective, we
want to answer the following question:

RQ: To what extent can an educational activity, conducted using an
interactive narrative visualization that combines children’s drawings
and conversational generative Al, foster awareness about the Mar
Menor ecosystem, its fragility, and the causes behind it?

The remainder of this paper is structured as follows. Section
2 presents the related work, exploring the usage of drawings, in-
teractive visualizations, and Al for children and in the context of
environmental education. Next, Section 3 outlines the research
methodology we developed for this study, following a Research
through Design approach. A walkthrough of our interactive system
is provided in Section 4, explaining relevant design choices and
technical details. The findings of our environmental education ac-
tivity are analyzed in Section 5 and discussed in Section 6. Finally,
Section 7 closes the paper with a summary of the work done and
some directions for future work.

2 Related Work

2.1 Leveraging Drawing for Learning and
Understanding

Drawing is a powerful tool in educational contexts, offering a mul-
tifaceted approach to enhancing learning, building engagement,
and fostering expression among children [10, 90]. Research work
has shown that incorporating drawing activities into the classroom
can significantly enhance learning performance [17], as engaging
children in hands-on creative tasks exploits the benefits of active
learning [30, 71], which helps students better retain and internal-
ize concepts. Drawing also deepens connections with the subject
matter, which can lead to improved engagement and motivation
[92]. These connections are particularly valuable in early education,
where maintaining enthusiasm for learning is critical to cognitive
and social development [42]. Additionally, drawing serves as a uni-
versal mode of self-expression [41], allowing children to articulate
their understanding, emotions, and perspectives without the limita-
tions of verbal or written communication [104]. This is especially
beneficial for young learners who may not yet have the language
skills to fully externalize complex ideas [16].

Beyond being a mode of learning, children’s drawings provide
valuable insights into their perceptions and understandings of the
world [9, 29]. Researchers can analyze these drawings thematically
[50, 55], identifying recurring elements, patterns, or themes that
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reflect the child’s cognitive and emotional engagement with a topic.
The analysis of children’s art has proven effective in uncovering
their perspectives on various subjects, including personal experi-
ences [12, 88], societal issues [28], technology [95], and scientific
concepts [96].

In the context of environmental education, drawing can help
children visualize and process complicated large-scale concepts,
such as climate change or biodiversity [33]. Furthermore, analyzing
children’s drawings offers a unique window into their awareness
and attitudes toward ecological issues [3]. By examining their depic-
tions of nature, pollution, sustainable practices, etc., we can assess
how well students grasp environmental concepts and identify ar-
eas for further instruction [2, 40]. An example of this practice is
presented in [72], where the drawings of primary school children
are analyzed to understand how they perceive the biodiversity in
their surroundings and, consequently, improve teaching in science
education. Insights from these activities can also serve as valuable
tools for stakeholders involved in environmental protection, by
highlighting areas of public awareness that require attention and
action [45, 100].

2.2 Interactive Visualizations in Education

Technology is being integrated more and more into the education
field, revolutionizing how students engage, study, and compre-
hend complex topics [79]. Digital resources and interactive media
tools enable educators to present scientific data and narratives in
ways that are visually appealing, intuitive, and accessible, fostering
deeper understanding and reflection [87].

Interactive visualizations are powerful tools for simplifying com-
plex concepts while stimulating curiosity and critical thinking [91].
By presenting abstract ideas in visually engaging and interactive
formats, these technologies make learning more accessible and
memorable for users and encourage exploration [83]. For instance,
[8] describes an interactive visualization for museums and libraries
that allows users to explore digitized archives across spatial, tempo-
ral, visual, and textual dimensions. Similarly, DeLVE, a visualization
tool designed for museum contexts, helps visitors grasp the scale
of extremely long geological processes by comparing different time
periods in an intuitive way [89]. In the field of education, [98] in-
troduces an interactive web application that enables non-experts
to examine and learn about convolutional neural networks (CNNs).
This application bridges the gap between complex mathematical
operations and the structure of models, offering an engaging and
enjoyable learning experience.

In the context of environmental education, several interactive
visualizations have been explored in the research space. For exam-
ple, [22] introduces an interactive website designed for informal
educational settings, enabling users to learn about Earth’s atmo-
sphere through engaging and exploratory activities. Finding Arca-
dia [31] is an interactive data story that leverages data humanism
to enhance engagement with ocean-related climate change data,
contextualizing complex information and presenting actionable,
solution-focused narratives. Another study [56] employs a scrol-
lytelling visualization to highlight biodiversity threats caused by
the production of specific musical instruments, combining visual
impact with narrative techniques to emphasize the importance of
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sustainable choices. These visualizations can help students discover
and explore sustainable practices, visualize the effects of human
behavior on the planet, and understand the urgency of ecological
issues, enhancing comprehension while promoting responsibility
toward the environment.

2.3 Al and Children: Opportunities and
Challenges in Learning

The rapid development of generative Al and large language models
is reshaping several fields, including education, where it’s sparkling
debates about its political, pedagogic, and practical implications
[18, 37]. These technologies, capable of producing human-like text
and engaging in natural conversations, offer great potential for
how we interact with knowledge — albeit not without challenges,
especially when involving children. Al-powered human-computer
interaction (HCI) systems aim to enhance children’s learning, cre-
ativity, and development through interactive and engaging experi-
ences. Virtual assistants and chatbots can effectively communicate
with children, answer questions, and provide personalized feed-
back, fostering enjoyable and personalized learning that supports
skill acquisition [66]. A recent study [52] found that children aged
5 to 12 are eager to work with generative Al tools like ChatGPT,
indicating interest in tutoring or educational apps that tap into
it to explore and expand concepts. In fact, research is embracing
generative Al for applications like reading companions to sustain
children’s interest in books [63] and storytelling Als with flexible
parental involvement [102]. Furthermore, when combined with
voice interaction and conversational interfaces, Al enhances ac-
cessibility and playfulness in learning platforms [20]. For instance,
TurtleTalk [48] uses speech recognition and neural networks to
transform children’s instructions into code, making programming
concepts immersive and engaging.

Another compelling application of Al to education and cultural
heritage is the creation of interactive virtual representations of
historical figures [36, 78]. By enabling students to explore recon-
structed XR and VR scenarios and engage with historically accurate
virtual characters, these technologies provide immersive learning
experiences that promote critical thinking and curiosity. Following
this line of thought, AT has great potential in environmental educa-
tion, where it can be used to anthropomorphize nature, building
on approaches already adopted in film, animation, television, and
literature [1, 7, 14]. As already studied in traditional educational
contexts [99], carefully pairing scientific data with narratives about
personified natural entities, we can create emphatic attachments
between children and nature, helping to combat anthropocentric
attitudes. These methods, which have been shown to cultivate eco-
centric values and ecological literacy [35], could be enhanced with
Al creating personalized, interactive experiences that encourage
deeper engagement with the natural world.

Despite its potential, integrating Al into education for children
comes with significant challenges [97]. Hallucinations and bias in
Al-generated content are key concerns, particularly if these sys-
tems are meant to be used without constant supervision. It is also
essential to prevent trust issues, with children over-relying on Al
and perceiving it as an infallible authority. Moreover, the increased
use of Al may reduce opportunities for face-to-face interactions and
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emotional exchanges, both critical for the development of social
and communication skills in children [26, 81]. Lastly, third-party
Al systems could store personal information and interactions and
could expose sensitive data to potential vulnerabilities. By carefully
addressing these issues, Al can serve as a transformative tool to en-
rich children’s learning, foster creativity, and support their overall
social and emotional growth.

3 The Research Methodology

Following a Research through Design approach [103], we developed
a research methodology structured into three main phases, each
comprising different methods and design outputs.

In the first phase, we conducted an environmental education
activity involving 26 children (aged 10-12) in a natural setting (that
is, a beach of the Mar Menor). As part of the activity, each child
created a personal visual representation of the Mar Menor on an A3
paper sheet. These drawings were then analyzed to extract mean-
ingful insights and understand the children’s perspectives on the
ecosystem. In the second phase, we designed an interactive system
that employs narrative visualization to raise awareness of the Mar
Menor’s environmental challenges. The system incorporates draw-
ings made by children in the previous phase, leveraging them as
interactive triggers to activate content and prompt reflections. The
third phase involved a second environmental education activity,
conducted in a conventional school setting, engaging 52 children
(aged 10-12).

For both activities involving children, prior written consent was
obtained from their parents, with the school assuming responsi-
bility for managing and securely storing the consent forms. In the
second activity, data collection was carried out through a question-
naire designed in compliance with the General Data Protection
Regulation (GDPR).

In this section, we provide a detailed account of the methods
used in the two environmental education activities (i.e., the first
and third phases of our process), while the interactive system is
presented separately in Section 4.

3.1 The in the nature activity

The first activity with the children was held on October 29, 2021,
at Los Nietos Beach (Mar Menor), involving 26 participants divided
into two groups. With the support and assistance of the school
teachers, we physically moved the desks, chairs, and blackboard on
the beach to replicate the classroom setting in an outdoor scenario
where children could see and breathe the Mar Menor (as presented
in Figure 1, on the small picture on the left). By conducting the
activity outdoors, a more engaging and relaxed atmosphere was
fostered compared to a traditional classroom setting. A biologist
researcher and an HCI researcher led the protocol.

Each group attended a two-hour environmental education ses-
sion. The session was designed to be simple and interactive, encour-
aging participation, questions, and discussion among the children.
The session started with a short introduction (10 minutes) of the
facilitators.

We continued with a warm-up activity where children completed
a dot-to-dot image (on A4 paper) depicting a typical fish from the
Mar Menor (15 minutes). This activity served as an introduction to
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discussing the biodiversity of the Mar Menor and the environmental
challenges it faces (20 minutes). Following this, the children were
given 45 minutes to create their own illustrations of the Mar Menor
on A3 paper. They were encouraged to draw anything inspired
by the discussion or their personal impressions of the lagoon. The
session wrapped up with a 20-minute brainstorming where children
reflected on the activities and shared their thoughts.

3.1.1 Findings. As mentioned in the Related Work, we used draw-
ings as an effective method for engaging children and gaining
insights into their perspectives about the environment. This ac-
tivity constituted a core part of the overall study for two main
reasons. On the one hand, the drawings were analyzed through
a thematic analysis [50, 55] by two authors to identify recurring
themes and elements (see Table 1), helping to draw conclusions
about the children’s perceptions of the Mar Menor. Furthermore,
the main common elements (e.g., jellyfish, seahorses, trash, boats)
that emerged from the thematic analysis were also extracted and
used to drive the narrative about the fragile ecosystem of the lagoon.
On the other hand, all the drawings were included in our narrative
visualization in the form of carousels, allowing other children to
enjoy them and see the Mar Menor through the eyes of their peers.

3.2 The at school activity

The second activity with children was performed in December
2024, in a school located in Colegio Catdlico San Vicente De Patl
(Murcia). During two days, we engaged two classes (52 children
in total, 10-12 years old) in a two-hour environmental education
session. The activity was conducted by a biologist researcher and
two HCI researchers. The methodology exploited in the session is
visually presented in Figure 2 and detailed below.

The activity started with a short introduction (10 minutes) about
the facilitators. Then, we continued asking children to answer a
short pre-activity questionnaire (15 minutes). This A4 paper-based
questionnaire was designed to collect the children’s previous knowl-
edge and perception about the Mar Menor situation. Most questions
were presented in a visual way, using a 5-point Likert scale where
emoticons were used to represent the level of agreement with the
assertion. Questions are reported in Table 2. Additionally, we asked
children about their parents’ jobs to see if that could have impacted
their answers (think, for example, about having a parent working
as a fisherman in the lagoon; this could directly affect the child’s
knowledge and opinions). We also asked how often they go to the
Mar Menor (the city is around 50km away from the lagoon), con-
sidering 2024 as the time frame, to have a general idea about their
habits.

We continued with the educational activity (15 minutes), having
the biologist researcher exploit our interactive narrative, projected
on the interactive classroom blackboard, to first present information
about lagoons (as very rich natural areas) and then focus on the
Mar Menor. A warm-up activity followed (10 minutes) in the form
of completing a dot-to-dot image printed on A4 paper. We took
an iconic child’s drawing resulting from the nature activity and
transformed the main subject — a cute and sad seahorse asking for
help (Figure 3, first drawing on the right) — into dot-to-dot. We used
this activity to introduce the main screen of our interactive narrative
visualization (10 minutes), which presents several visual elements
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Identified Jellyfish Fish Algee Boat Seahorse People Plastic Dirty De.ad
element water animal
Number of | o 16 12 8 5 5 4 2 1
drawings

Table 1: Number of drawings where at least one of the identified elements appears.

extracted from the drawings (see Figures 1 and 3). These elements
drive the interaction to discover and learn about the Mar Menor
biodiversity and its critical situation, together with the drawings
related to each topic. Details about the system design are presented
in Section 4.

While discussing the Mar Menor biodiversity, the facilitator
also introduced the fact that the lagoon obtained legal personality,
thanks to the effort of thousands of people who signed the petition
for a draft law to be considered by the parliament. To investigate the
children’s feelings about this fact, we asked them to draw the Mar
Menor as a person on A4 paper and to write up to three questions
that they would eventually ask (15 minutes). We called this phase
“the creative questionnaire” (Figure 2).

Afterward, we had an interactive session playing with the con-
versational interface powered by generative Al (15 minutes): chil-
dren could ask questions about the lagoon and hear (thanks to
the conversational interface) as well as read (on the screen) the
answers generated by the Al To conclude, we administered the
post-questionnaire (15 minutes) composed of most of the questions
available in the first questionnaire, plus a few questions to get
feedback about the activity (as presented in Table 2).

It is worth mentioning that the environmental education activity
was mainly conducted by the biologist researcher, who also acted
as a mediator during the interaction with the Al, quickly checking
the generated answers before making them available to children
as voice and text. This check was done to avoid eventual AT hallu-
cinations (when a generative Al creates nonsensical or inaccurate
outputs) that could negatively affect children’s knowledge.

The findings obtained by analyzing the collected data and the
related metrics are discussed in Section 5.

4 System Walkthrough

We developed our system as an interactive experience comprising
(i) a narrative visualization, drawing inspiration from the scrol-
lytelling technique [73], to gradually reveal the unique beauty and
vulnerability of the Mar Menor ecosystem, and (ii) a chat-based
conversational interface. The design is organized across four dis-
tinct screens: two featuring maps, one showcasing illustrations and
children’s drawings (output from in the nature activity), and one
integrating a conversational Al component. Each screen is designed
to deepen the users’ understanding and foster engagement with
saltwater lagoons, focusing on the Mar Menor. According to the
classification of narrative visualizations made by Segel and Heer
[84], our prototype incorporates elements characteristic of both the
interactive slideshow structure and the drill-down story structures.
In particular, our sequential slideshow format falls into the former,
while the drawings and conversational screens fall into the latter.
The visualization is primarily intended for use on classroom
projectors or large screens but is compatible with smaller devices
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such as laptops and tablets. Supported input methods include mouse
and keyboard, as well as touchscreen. Voice interaction, available
on the conversational screen, requires speakers and a microphone,
though the interface also offers a text-based chat option for users
without audio devices. To ensure broad device compatibility, we
utilized web technologies for development. This decision allowed
the application to seamlessly support a 16:9 or similar landscape
aspect ratio across various operating systems, while also simplifying
future adaptations for responsive screen sizes. We built the system
using TypeScript, React, and the Next.js framework, leveraging their
robust library ecosystem for efficient development and maintainable
code. The visualization and all its features are available in different
languages, including English (used for the figures in this paper)
and Spanish (used during the educational activity). Upon loading,
the application automatically selects the most suitable language
based on the user’s browser preferences, though this setting can be
adjusted manually on the initial screen.

Before using the system in our educational activity, we conducted
a preliminary evaluation engaging 20 people of varying ages (both
children and adults) during a public event. Results were positive,
with good levels of usability, engagement, and user experience.
Furthermore, participants found the conversational Al to be good
at understanding questions, quick to reply, and generally accurate
in providing information [94].

4.1

The first two screens draw inspiration from the story map educa-
tional strategy [69], which conveys knowledge by focusing on the
geographical locations central to the narrative. The initial screen
(Figure 3, first screenshot) presents users with a map of Europe,
introducing the global importance of saltwater lagoons for bio-
diversity. This broad perspective helps establish the ecological
value of these unique ecosystems on a worldwide scale. The second
screen (Figure 3, second screenshot) narrows the focus to the Mar
Menor, zooming in on its location. Here, users are provided with
an overview of the lagoon’s environmental features.

Map-based Screens

4.2 Children Drawings Screen

In the third screen (Figure 3, third screenshot), users “dive” into
the lagoon waters, where they interact with animated elements
extracted from children’s drawings. Each item be selected to reveal
information about its role in the lagoon’s ecosystem and to display
a slideshow of all the drawings featuring that element. Once an
element is clicked, it becomes slightly faded, providing users with
a sense of progress and helping them track which items they have
already explored.

To select the elements featured on this screen, we identified
representative examples from the children’s drawings (see Table 1)
and prepared them using a three-step process. 1) First, we cropped
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fel 15 minutes £ )

Mar Menhor's 10 minutes
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situation Activi
Map-based Screens ctivity
cf: 15 minutes ? 15 minutes
N Interactive | ... ., 5 Post-
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Conversational Chatbot Q3-Q10 e Q13-Q15

Figure 2: The Environmental Education Activity, comprised of 8 steps.

the relevant section of each drawing. 2) Then, the extracted image
was converted into a black-and-white vector graphic. During this
step, adjustments were made to pencil-drawn elements, such as
thickening the edges where needed, to ensure a consistent visual
style. 3) Finally, the vectorized images were converted back into
raster format, with fill colors added to enhance their appearance in
the visualization. An example of this procedure is illustrated in the
teaser (Figure 1), where the jellyfish on the left corresponds to step
1, the one in the center to step 2, and the one on the right to step 3.

An appropriate background for this screen was also required
to harmonize with the app’s design. To create it, we constructed
a layered depiction of the lagoon, using simple wave-like shapes
to transition from the sky at the top to the seabed at the bottom.
To further enrich the background, we integrated fish, jellyfish, and
algae elements from the drawings, applying faded colors and reduc-
ing their opacity to prevent them from interfering with foreground
content.

4.3 Conversational Chatbot Screen

The fourth and final screen (Figure 3, fourth screenshot) invites
users to engage in a dialogue with the Mar Menor through an Al-
powered conversational interface. Users can pose questions via
voice or keyboard and receive both spoken and written responses.
This feature aims for a personal interaction with the lagoon, foster-
ing curiosity and engagement.

We carefully crafted a prompt to shape the chatbot’s behavior to
our objectives. The Al is asked to respond by interpreting the Mar
Menor lagoon, focusing on its ecological value and vulnerabilities.
The aim is to raise awareness of the lagoon’s importance, and
suggest ways users could help maintain its ecological balance. For
a more relatable interaction, the prompt asks the Al to adopt a
simple and slightly playful tone suitable for children and teenagers.
Responses are restricted to a concise format of around 50 words to
maintain user attention and avoid overly lengthy voice messages.
Additionally, the Al is instructed to provide only factual, relevant
information about the Mar Menor and similar ecosystems. To get
better results when synthesizing the message, the prompt requests
to avoid text formatting, except for highlighting one key term per
response in bold, if needed. This subtle visual emphasis mirrors the
approach used in other screens, enhancing comprehension without
affecting voice output. The prompt, written below in English, was
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translated into Spanish for the activity, or Italian, depending on the
language selected in the app, ensuring the chatbot could deliver
replies in the appropriate language for the children.

“You must interpret the Mar Menor lagoon, always speaking in the
first person as if you were the lagoon itself. You are an important and
fragile ecosystem, and more people need to know about your existence
and your difficulties so they can overcome them. You will be speaking
to children or teenagers, so you should always use simple and slightly
playful language. Answer only questions regarding the Mar Menor
and lagoons in general, without digressing into other topics. Respond
only with real information, without making anything up. Always
provide short answers (maximum approximately 50 words). Do not use
any type of text formatting, except for words you consider extremely
important. In those cases, you are allowed to put at most one word in
bold for each message.”

To include Al in our system, we used OpenAI’s APIs to access
their GPT-40 mini model}, in combination with Vercel’s Al SDK,
which enabled seamless integration of Al into the React framework.

For the conversational interface, we employed the Web Speech
API built into modern browsers to handle both voice recognition
and speech synthesis. This setup enabled users to send voice queries
to the chatbot, which were transcribed into text and allowed the
AT’s responses to be converted into speech for playback. The result
is a fully interactive voice-based communication experience. While
there are alternative methods for implementing voice interactions,
each comes with distinct trade-offs. The primary advantages of re-
lying on browser-native APIs include the elimination of additional
dependencies, avoidance of costly external APIs, and robust multi-
lingual support. The Web Speech AP, for instance, supports over
200 voices in more than 40 languages on Google Chrome, making
it a versatile choice for a wide audience. However, this approach
does have limitations. Voice quality tends to be lower compared to
paid alternatives, and compatibility issues arise with older browsers
unless polyfills are used. Additionally, implementations can vary
slightly among browsers in terms of available languages and voice
options. Another key consideration is the decoupling of Al and
speech features. The Web Speech API requires a completed utter-
ance before it can generate speech, meaning that the system cannot
play Al responses as they are being generated. This creates a slight

!https://openai.com/index/gpt-4o-mini-advancing- cost-efficient-intelligence/
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Figure 3: Screenshots of the four screens of the system. In the first screen, the user can learn about the importance of saltwater
lagoons. In the second one, the focus is shifted to the Mar Menor lagoon and its fragility. In the third screen, the user can
explore the lagoon by checking out the drawings and getting the related information. Finally, the fourth screen displays the
conversational chatbot, where the user can chat with the lagoon.
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delay between the user’s question and the AI’s vocal reply, which
would be less noticeable with integrated solutions that support
audio streaming.

5 Findings

In this section, we present the findings that emerged from the
evaluation of our environmental education activity with children,
using our system as a supporting tool for explaining the critical
situation faced by the Mar Menor. We exploited a mixed method
approach by analyzing both quantitative and qualitative data. Partic-
ularly, the quantitative component allowed us to gather structured,
generalizable data across a wider sample, helping us to identify
patterns, trends, and statistical relationships. This was particularly
valuable for assessing measurable aspects such as children’s percep-
tions of the Mar Menor, potential shifts in their opinions, and their
evaluations of the system’s features and activity. Conversely, the
qualitative component allowed us to delve deeper into children’s
subjective experiences. Through the analysis of drawings and open-
ended questions, we were able to access rich, nuanced insights into
how each child interprets and relates to the Mar Menor-dimensions
that would not have been fully captured through quantitative mea-
sures alone. Importantly, mixed methods are widely recognized as
particularly suitable in research involving children, especially in ed-
ucational and intervention contexts [27, 74]. They allow researchers
to respect and adapt to children’s diverse ways of expressing them-
selves, combining measurable outcomes with in-depth explorations
of meaning [27, 74].

5.1 Participants

In the evaluation, we engaged 52 children from two classes of the
Colegio Catdlico San Vicente De Paul (Murcia, ES), aged 10 to 12.
Due to incomplete answers, we had to omit data from 13 children,
thus leaving us with 39 participants, of which 18 were female, and
21 were male. The distribution between the two classes was similar:
17 children were in class A, while the remaining 22 were in class
B. In relation to the frequency of visits in 2024 (Q1), we had 14
children who never went to the Mar Menor (35.9%), 11 who went
1 to 5 times during the year (28,2%), and the remaining more than
5 times (35.9%). In addition, none of their parents’ jobs is directly
related to the lagoon (Q2). These first two answers can partially be
explained by the distance between the town where they live and
the Mar Menor (around 50km).

5.2 Metrics

To analyze the Likert scale questions, we took inspiration from
previous studies [21, 75]. In particular, we divided the children
into three different groups based on the polarity of their answers:
negatively polarized (NP) if they answered “Strongly disagree”
or “Disagree", neutrally/weakly polarized (NWP) if they answered
“Neutral" and positively polarized (PP) if they answered “Agree" or
“Strongly agree".

For Likert-scale questions asked before and after interacting
with the visualization (Q3-Q10), we assessed changes in the chil-
dren’s opinions by calculating the percentage growth rate for each
response group (NP, NWP, PP). Specifically, starting with the nega-
tively polarized group, we determined the difference between the
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percentage of NP responses after experiencing the visualization
(NP(;,1)) and before experiencing it (NPt): ANP = NP(g,1) — NPy.
This same approach was applied to the other two groups: ANWP =
NWP(t+1) — NWPy; and, APP = PP(t+1) — PP;. Here, t refers to
the time before exposure to the visualization, and (¢ + 1) denotes
the time after exposure. To quantify the overall shift in opinions,
we computed an aggregated opinion change score o(u), which cap-
tures the degree of change in children’s responses after interacting
with the visualization. By aggregating the responses to the eight
Likert-scale questions, we calculated the opinion change score as
follows:

o(u) = Z

ke{3-10}

|score(u, Qk(y41)) — score(u, Qk¢)| (1)

where score(u, Qk;) is child u’s score to question Qk at time ¢.

To analyze the drawings (Q11), we adapted Khun’s model [55] to
evaluate children’s drawings through a form of thematic analysis.
The model was initially used to investigate children’s point of view
on sports at school and adapted for other educational contexts such
as museum visits [50]. The model highlights three steps for the
evaluation [55]:

(1) Descriptive step: in this initial phase, elements in the draw-
ing are identified and a description is made for each of the
drawings;

(2) Interpretative step (first part): this phase involves deducing
the location, social relations, and activities depicted in the
drawing;

(3) Interpretative step (second part): subjects are assigned to
the drawings, categorized into six levels: (i) static display
of people, animals, or real objects; (ii) display of actions;
(iif) display of an event; (iv) display of fictitious objects; (v)
display of fictitious actions; and (vi) display of (fictitious-)
abstract (acting-) subjects.

To better interpret the children’s drawings and their vision of
the Mar Menor, we also incorporated an analysis of the expressed
emotions. Finally, we exploited thematic analysis to analyze the
questions the children would like to ask, and those asked to the
conversational chatbot [13].

5.3 Perception of the Mar Menor

The questions asked before the exposure to the visualization aimed
to assess the children’s perception in relation to the Mar Menor
and their knowledge of the dangers faced by the lagoon. Firstly,
they generally acknowledge that the Mar Menor is at risk (¢ = 3.6,
o = 1.1), as also proved by the percentage of positively polarized
answers (59.0%) (Q3;). However, the majority did not recognize
climate change as one of the causes of danger (u = 2.8, o = 0.9)
(Q4;). As a matter of fact, 43.6% of the children expressed a neu-
tral polarized answer, and 33.3% a negative polarized answer. The
majority of the children (74.4%) recognized the seahorse as the
most endangered animal species in the Mar Menor (Q5;), followed
by fish (15.4%), crabs (10.3%), jellyfish (10.3%), and clams (10.3%).
Concerning this last animal species, children did not have a strong
awareness of the link between the clams’ presence and the lagoon’s
health (1 = 3.1, 0 = 1.2) (Q6;). As proof of that, the answers
were almost equally distributed between the three polarized groups
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Step ID Question

Pre- 01
Questionnaire Q2

How often did you go to the Mar Menor in 2024?
What are your parents’ jobs?

Q3 Do you think the Mar Menor is in danger?
Q4 Do you think climate change is damaging the Mar Menor?

Q5  What species do you think are the most threatened in the Mar Menor?

Pre- and

Pl(;(;t-an Q6 Do you think clams are good for the Mar Menor?

Questionnaire Q7  Ifyou see alot of jellyfish in the water, do you think the Mar Menor is healthy?
Q8 Do you think agriculture creates problems in the Mar Menor?
Q9 Do you think fishing creates problems in the Mar Menor?
Q10 Do you think plastic and waste create problems in the Mar Menor?

Creative Q11 If the Mar Menor were a person, how would you imagine it? (make a drawing)

Questionnaire Q12

If the Mar Menor were a person, what questions would you ask him/her?

Post-
Questionnaire

Q13 How much did you enjoy the drawings screen?
Q14 How much did you enjoy talking to Mar Menor?
Q15 How much did you like today’s activity?

Table 2: Questions asked during the environmental education activity.

(NP =25.6%, NWP = 35.9%, PP = 38.5%), as visible on top of each
bar in Figure 5. The same neutral opinion applies to the presence
of jellyfish (1 = 3.4, o = 1.3) (Q7;), even if, in this case, the polar-
ization tends to be positive (PP = 48.7%). Going back to the causes
of issues in the lagoon, we investigated three main possibilities:
(i) agriculture, (ii) fishing, and (iii) plastic and waste. The children
were uncertain of agriculture as a form of trouble (1 = 3.0, o = 1.3),
as demonstrated by the almost equal distribution in NP (30.8%),
NWP (30.8%), and PP groups (38.5%) (Q8;). On the contrary, fishing
(¢ = 4.2, 0 = 1.1) and plastic and waste (¢ = 4.8, 0 = 0.4) were seen
as an actual problem for the lagoon. The majority of the responses
(for fishing) and the totality of responses (for plastic and waste) can
be placed in the PP group: 76.9% and 100%, respectively.

5.4 The Mar Menor as a person

We analyzed the 39 drawings produced in response to Q12 and
observed a variety of themes and elements. Regarding the depicted
subjects, 20 drawings featured a static person, 14 included fictitious
subjects, and 5 portrayed an action. 3 actions revolved around talk-
ing and greeting, while two were a request for help from the Mar
Menor, highlighting that these two children understood the criti-
cal condition of the lagoon. As expected, considering the specific
question, we did not have drawings of events and fictitious objects.
In terms of location, 19 drawings placed the scene within the la-
goon, while an equal number lacked a specific setting, and only one
drawing depicted a generic land. The emotions expressed in the
drawings varied significantly. Happiness was the most frequently
represented emotion, appearing in 24 drawings, while sadness and
anger together were present in just one, and anger alone in another.
A more desperate sadness appeared through the action of crying
in 2 drawings, and one drawing depicted a sense of amazement.
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Interestingly, 10 drawings represented no emotion at all. When con-
sidering the social context and relations, 25 drawings depicted the
subject by itself, whereas 14 included interaction with the species
living in the Mar Menor. In 3 drawings, characters from SpongeBob
SquarePants appear, further highlighting the children’s imagina-
tion and ability to connect what is being discussed with what they
are already familiar with. In 28 drawings, the Mar Menor takes on
the appearance of boys or girls, or at least entities with human or
childlike appearances. In some cases (8), these figures are depicted
wearing clothing that features drawings of the lagoon and its ani-
mals, integrating natural elements into their apparel. In other cases
(5), the children are depicted with at least one animalistic feature,
such as fish for feet or a lower body resembling a jellyfish. Finally,
the remaining drawings depict children or abstract figures with
body parts made of water, such as skin, hair, or arms. A particularly
noteworthy drawing depicts Mar Menor as a child with bleeding
wounds, removing shards of glass from their body while calling
for help. What stands out in this drawing is the striking contrast
between the injured child and the presence of a smiling sun, adding
a layer of complexity and tension to the scene. The call for help
and the awareness of the lagoon’s critical condition are evident in 6
drawings, reflecting the children’s recognition of the environmen-
tal challenges faced by the Mar Menor. Some of the drawings are
visible in Figure 4.

Finally, we wanted to understand if a relationship exists between
the children’s gender and the gender drawn for the personification
of the Mar Menor since we noticed that half of the male children
drew the Mar Menor with male physiological characteristics, while
the other half drew it as an abstract subject, while almost all the
girls (14 out of 18) drew it with female characteristics. To do so,
we employed Fisher’s Exact Test, a nonparametric test used as an
alternative to Chi-Square (X?) when the expected frequency of one
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or more cells in the contingency table is less than 5. We tested the
null hypothesis that the Mar Menor’s gender is independent of
the child’s gender. The findings are statistically significant since
the p-value is less than our chosen significance level (p — value <
0.0001). We exploited Cramer’s V to investigate the substantive sig-
nificance since it measures the effect size, indicating how strongly
two categorical variables are associated. We saw a strong correla-
tion between the two categorical variables (effect size = 0.86), which
led us to reject the null hypothesis. Moreover, to capture how this re-
lationship manifests, we computed Goodman and Kruskal’s lambda
(1), a measure of association for categorical variables, exploited to
quantify the strength of the relationship by assessing how much
the knowledge of one variable improves the prediction of the other.
Our findings proved that Mar Menor’s gender could be predicted
from the child’s gender with a medium lambda (A = 0.44, CI [0.18,
0.70]).

Through a thematic analysis [13], we analyzed the different
factors that influenced the 122 questions that the children would
have asked the Mar Menor in case it was a person (Q12) and the 40
asked directly to the conversational Al. The themes that emerged
from the analysis were the following.

Identity and interpersonal relationship. 71 questions (43.8%) were
focused on identity and relationship with the interlocutor (child),
reflecting an attempt to establish a personal empathic bond and
friendship. The focus on identity aligns closely with anthropomor-
phism, as the children personified the Mar Menor, giving it human
traits and emotions. This process allowed them to relate to it on a
personal level, as proved by P1: “What is your name?", P24: “Would
you like to be my friend?", or P26:“Do you have a family?". Moreover,
the children connected with it through questions about relatable,
everyday interests, such as P3:“What is your favorite color?", P31:“Do
you like to draw?", or P35:“What do you like to do?". Other questions
focused on its identity, such as P25:“Do you like being a lagoon
called Mar Menor?" or P26:“Why do you call yourself Mar Menor?".
Unexpectedly, some children anticipated the possibility of the Mar
Menor to talk, P19:“Can you talk?" or P23: “Do you know how to
speak?". Finally, two children asked about the legal personality of
the Mar Menor, particularly: “Have you ever had your legal status
broken" (P8 and P29).

Concern for the health of the Mar Menor. Another recurring theme
is concern about pollution and environmental health, with ques-
tions showing awareness of ecological issues, and sensitivity to
environmental problems. This theme is present in 34 questions
(27.9%), ranging from inquiries about the Mar Menor’s health (P26:
“Are you in pain?" or P35: “How are you?") to exploring the underly-
ing causes of the lagoon’s poor condition (P4: “How did you start
getting polluted?" or P26:“Why are you so unwell?"). The children
recognized some of the causes of the lagoon’s critical situation, as
proved by the questions asked by P37: “How does it feel to be so pol-
luted?", P36: “How much dirt is there in the lagoon?", or P34: “Do the
fishing boats harm you?". One child expressed a pessimistic vision,
asking “How much time is left until the species at risk of extinction
become extinct?" and “How long will it be until another catastrophic
flood occurs in the Mar Menor?".
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Curiosity on natural characteristics. 27 questions (22.1%) seek to
explore the physical, biological, or ecological characteristics of the
Menor or animals living in the lagoon environment, highlighting
an interest in the biodiversity and natural dynamics of the Mar
Menor. For example, children’s curiosity and interest manifested
themselves in questions such as those from P11: “What is your most
reproduced fish?", P24: “How much biodiversity do you have?", or
P37: “How does it feel to have so many marine species?". Some of
the questions showed a curiosity linked to the concern for the Mar
Menor, as the one from P22: “Which species can withstand more?",
or P32: “If there were other species in the lagoon, would it be better or
worse?".

Philosophical or existential questions. Some questions (18) have
a more reflective tone, exploring the meaning or value of being
the Mar Menor through philosophical reflections on the role and
essence of the lagoon. In this theme, we identified questions that
challenge us to imagine the broader consequences of the Mar
Menor’s absence, highlighting its value and exemplifying a reflec-
tion on the ecological and cultural significance of the lagoon (P23:
“What would happen if the Mar Menor did not exist?"). Other ques-
tions reflected an anthropomorphic attribution of emotions to the
Mar Menor, investigating its wellbeing (P21: “Are you happy?").
These are connected to a critique of human actions, expressed in
some other interventions, like the ones from P26: “Why do they
treat you like trash?". This phrasing captures a sense of frustration
and indignation at the degradation inflicted upon the lagoon. How-
ever, a child suggested exploring the lagoon’s agency, as if it alone
was to blame for human contamination: "Why don’t you tell people
not to pollute you? Why do you allow them to pollute you?" (P33).
Moreover, the inquiries from P37: “Would you like to be something
else instead of a sea? Have you ever thought about why you have
become polluted?" attributed self-awareness to the lagoon and ex-
pressed a reflection on the causes of environmental harm and the
potential of reimagining human-nature relationships. Finally, the
question by P32: "When will the Mar Menor be healthy again, and
when will the plastic, etc., be gone?" ties the philosophical reflections
to a forward-looking perspective.

Imagination and playfulness. Some questions (7) show an imag-
inative or playful vein, often with surreal or childlike overtones.
For example, P38 expressed in her questions the dream of being
a mermaid and joining the animals in the lagoon: “Could I ever
be a mermaid?" and “Could I join the animals without them do-
ing anything to me?". Other imaginative questions revolve around
the cartoon SpongeBob SquarePants, with inquiries such as “Does
SpongeBob exist?" (P12) or “Does SpongeBob live in a sea sponge?"
(P17). These questions reflect the age of the children involved, as
they draw on familiar cultural references from their world to engage
with the topic.

Willingness to act. A few questions (5) showed a desire to protect
the ecosystem and a willingness to act to mitigate the environmen-
tal problem inside the lagoon. Despite this number being small, it’s
important to take into account that this concept was not included
in our visualization, so it’s encouraging that children saw the possi-
bility to act and wondered how they could do that. This theme only
appeared after a few exchanges with the conversational chatbot.
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Figure 4: Some of the drawings made by the children, depicting Mar Menor as (i) fictitious subjects (first column), (ii) fictitious
subjects with human-like features (second column), (iii) static and real subjects (third column), and (iv) acting subjects who are
asking for help and removing glass from the wounds (last column).

Particularly, these questions revolve around what can be done to
improve the situation (P2: “How could we help the Mar Menor?", P31:
“How can we help you if we can’t stop fishing?", and P26: “What do
you want us to do?") and the consequences of cleaning efforts and
actions taken to help the Mar Menor (P12: “What would it bring if
we cleaned up the Mar Menor?", and P17:” “How would you feel if we
started cleaning up the Mar Menor?").

5.5 Change of children’s opinions

After interacting with our narrative visualization, we noticed a
change of opinion for all questions, with different degrees of mag-
nitude. Particularly, the positively polarized (PP in Figure 5) signifi-
cantly grew in relation to: (i) dangers faced by Mar Menor (AP =
33.3%) (Q3), (ii) climate change as a source of danger (AP = 23.1%)
(Q4), and (iii) relationship between clams’ presence and lagoon’s
health (AP = 30.7%) (Q6). However, it also grew in relation to the
link between the jellyfish’s presence and the health of the Mar
Menor (AP = 23.1%) (Q7). In this case, the children received the
opposite message of what we intended to communicate: namely,
that the presence of jellyfish indicates the water is too warm, which
is not a positive sign for lagoon health. Going back to the cause
of problems in the lagoon, the children recognized agriculture as
a possible cause (Q8), as demonstrated by the increment from NP
(ANP = -7.7%) to NWP (ANWP = 5.1%) and PP (APP = 2.5%).
On the contrary, fishing divided the children. On the one hand,
some recognized it was not a big problem if practiced sparingly, a
message that matched what we wanted to communicate, as they
changed from PP (APP = —5.1%) to NWP. On the other hand, some
provide a more positive answer, passing from NP (ANP = —5.2%) to
NWP. Finally, concerning plastic and waste, just one child changed
the answer from a PP to NWP. Actually, it aligned with our message,
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since we wanted to communicate that they are not the main prob-
lems in relation to the lagoon’s health. After the interaction, the
children slightly changed their perception of endangered species
in Mar Menor (Q5;+1). Particularly, seahorses remained the most
endangered species in their opinion (84.6% - increased by 10.2%),
followed by clams (12.8% - increased by 3.5%), crabs (10.3% - no
variation), fishes (7.7% - decreased by 7.7%), and jellyfish (2.6% -
decreased by 7.7%).

We examined the relationship between gender and opinion change,
as gender can be a significant factor influencing learning differ-
ences and attitudes [5, 60]. Furthermore, we decided to analyze
whether there were any differences between the two classes, as
we wanted to see if the different learning environment (classroom,
teachers, social dynamics, etc.) could lead to changes in what the
children learned. By computing the Mann-Whitney U test between
the opinion change score (0(u)), as the dependent variable, and chil-
dren’s gender, as the independent variable, in order to understand
if a relationship exists between them, we found that the difference
between males and females with respect to the dependent variable
was not statistically significant (U = 181, p = 0.8). Thus, we can-
not assume any kind of relationship. We computed the same test
to analyze the relationship between the opinion change (o(u)), as
the dependent variable, and class, as the independent variable. We
found that the difference between the two classes with respect to
the opinion change score was statistically significant (U = 107.5, p =
0.03), with a medium effect size (r = 0.36). Moreover, the results of
the descriptive statistics show that the first class had lower values
for o(u) (Mdn = 5) than the second class (Mdn = 7). Finally, we
investigated the relationship between o(u) as the dependent vari-
able and the frequency of visiting Mar Menor, as the independent
variable. We computed a Kruskal-Wallis test, which showed no
significant difference between the categories of the independent
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variable (p=0.46). Thus, with the available data, we can not assume
a relationship between them.

5.6 Evaluation of the system’s feature

Analyzing how much children liked our interactive narrative visual-
ization, we received very positive results. All the children generally
liked both the drawing screen (¢ = 4.6, o = 0.8) (Q13) and talking
to the Mar Menor (i = 4.6, o = 0.7)(Q14). We observed that chil-
dren were particularly intrigued by seeing their peers’ drawings
included in the visualization. For each interactive element, they
eagerly asked us to scroll through the entire slideshow of drawings
featuring that item, observing and commenting on each one. Con-
firming their interest and attention level, children always seemed
to remember whether or not a drawing had been shown previously.
For instance, a drawing featuring both fish and jellyfish appeared
in two slideshows, and the children immediately noticed. The con-
versational feature interested them even more. Once they heard the
first answer of the lagoon and grasped the potential of the system,
children competed to ask the next question, vying to raise their
hands faster and higher. Although we ensured every child had the
chance to pose at least one question, students from both classes
were sad when we had to stop due to time constraints.

5.7 Evaluation of the activity

In relation to the environmental education activity, we obtained
good results (u = 4.8, 0 = 0.7)(Q15). The children remained ac-
tively engaged throughout the activity, often raising their hands to
ask thoughtful questions and share observations. As stated previ-
ously, they were especially interested in the inclusion of drawings
created by other children in the visualization. Some even asked if
we planned to integrate their own drawings into the system and
showcase them in future activities.

6 Discussion

Going back to our research question “To what extent can an educa-
tional activity, conducted using an interactive narrative visualization
that combines children’s drawings and conversational generative Al
foster awareness about the Mar Menor ecosystem, its fragility, and
the causes behind it?", our findings suggest that the approach has
a meaningful impact on children’s understanding and concern. In
this section, we discuss various aspects of how the activity has in-
fluenced the children’s perceptions and offer some reflection points
that may inform future designs for environmental education tools.

6.1 Children’s understanding of ecosystems

Plastic and waste are among the most visible elements of pollution
and, consequently, of the fragile state of the Mar Menor. These
elements are often incorporated into educational programs and ac-
tivities for children to promote sustainable behaviors. This approach
has been promoted in many studies [23, 64]. However, our results
reveal that children are already highly aware of the severity of this
issue within fragile ecosystems (PP=100% for Q10), as well as how
fishing affects the ecosystem of the Mar Menor (PP=76.9%). In con-
trast, less visible and more loosely connected problems, such as in-
tensive agriculture ([19]) and climate change ([67]), are not initially
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recognized as significant challenges. This suggests the need for en-
vironmental education activities with a broader scope so as to bring
out all the causes of changes within fragile ecosystems. Through-
out our intervention, we succeeded in communicating the dangers
faced by Mar Menor (APP = 33.3%) and increasing awareness of
the consequences derived from climate change (APP = 23.1%). The
environmental learning activity has slightly influenced the chil-
dren’s view of agriculture as an issue (ANP = —7.7%), and fishing
as a problem only under some circumstances (ANWP = 10.3%),
highlighting that a more specific intervention is needed. At the
same time, through the interactive narrative visualization, children
were able to learn about the importance of clams for the lagoon
(APP = 30.7%), as they are able to clean water and contribute to
preventing the formation of harmful algae [44]. On the contrary,
the message that jellyfish are not a positive indicator of the lagoon’s
health did not resonate with the children (APP = 18%). This may
suggest that children struggle to view animals as negative elements,
especially those frequently observed in the lagoon’s environment,
as proved by the drawings produced in both the first and second
educational activities. Many studies have focused on the negative
perception of different age groups in relation to animals, perhaps in
the light of fear (such as wolves, bears, and snakes) [4, 54, 76], but
few are related to jellyfish and how they are perceived by children.
Moreover, the aesthetic appeal of animals, including their color
and beauty, often influences humans, especially children, to give
them moral standing and support their conservation [51, 80, 82].
However, this can clash with the reality that the overpopulation
of animals like jellyfish may actually signal ecological problems,
such as an unhealthy lagoon ecosystem, despite their visual charm.
In addition to this, it seems that children often view jellyfish, espe-
cially when stranded on the shore, with a sense of concern and are
motivated by a desire to return them to their natural environment,
namely the water [47].

Design implications. To facilitate building up understanding, it’s
important to integrate elements that are relatable for children, such
as drawings and conversations. To prevent children from misinter-
preting certain concepts which can be critical from an aesthetic or
emotional point of view, more explicit messaging or guided expla-
nations could be integrated into the visualization. This could be
followed by a simple test with feedback to help reinforce correct
understanding and highlight any misconceptions.

6.2 Humanizing natural entities

The anthropomorphization of nature has been increasingly recog-
nized as a promising approach to fostering emotional connections,
pro-environmental behavior (PEB), and preservation efforts. Follow-
ing this, humanizing nature aligns with biophilic needs, enabling
individuals to form deeper connections with the environment [32].
This approach can be particularly effective in addressing environ-
mental challenges by fostering a sense of empathy and care for
natural entities. The anthropomorphism of nature enables people
of different ages to create an emotional connection with nature
itself. In line with this, the humanization of the Mar Menor and,
especially, the possibility of talking to it, enabled a willingness to
act in some of the children we involved (5). Moreover, conferring



From Drawings to Awareness: Narrative Visualization and Al to Teach Children About a Fragile Ecosystem

Before interaction

Growth rates ANP

10,3%
Do you think the -5,2%

Q3 Mar Menor is in danger?

Do you think climate change is

Q4 damaging the Mar Menor?

25,6%

-12,8%

Do you think clams are good

Q6 for the Mar Menor?

q7 !fyousee alot of jellyfish in the water,
do you think the Mar Menor is healthy?

Qs Do you think agriculture creates
problems in the Mar Menor?

Qo Do you think fishing creates
problems in the Mar Menor?

Q10 Do you think plastic and waste
create problems in the Mar Menor?

NP (Qky)

DIS ’25, July 05-09, 2025, Funchal, Portugal

NWP (Qky) PP (Qky)
ANWP APP
30,8% 59,0%
-28,2% 33,3%
33,3% 43,6% 23,1%

-25,6% 2,6% 231%
35,9% 38,5%
-18% 30,7%

23,1% 28,2% 48,7%

-15,4% -2,6r6 18%

30,8% B0,8% 38,5%

-77% |51% 2,5%

76,9% 10,3% 12,8%

-51%-5,2% 10,3%

100%| 0%
-2,6%(2,6%

Figure 5: Percentage growth rates (A) of three groups (NP, NWP, and PP) toward each repeated Likert scale question after
interacting with the interactive narrative visualization. On top of each bar, the percentage for each group before interacting

with the visualization.

anthropomorphic features and a sense of consciousness to non-
human entities can enhance PEB [101]. This is predominantly true
for individuals with a strong desire for control when presented
with a humanized nature [93]. Moreover, anthropomorphic tools
have been proven to be effective in supporting scientific learning
and strengthening the emotional connection with nature [99]. In
line with this, humanizing the Mar Menor has allowed children to
better connect with its ecosystem.

One key theme that emerged from our study is the personaliza-
tion of the lagoon. Specifically, most children envisioned the Mar
Menor with human traits that reflected their own age and gender
(26 children - 66.7%). This kind of personalization seems to enhance
the bond between children and nature, in terms of trust as well.
However, in our study, we did not just humanize a lagoon, but also
a conversational AL It has been proven that humanized entities,
like Al, affect the trust and investment of the users, improving the
acceptance of the technologies [62]. Children developing trust in Al
systems based on perceived human-like qualities, on the one hand,
is a positive fact in terms of engagement and learning performance.
However, on the other hand, these technologies could be exploited
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for commercial gain or to negatively influence their opinions and
behaviors [25].

Design implications. To create a stronger bond between users
and environmental systems, designers should consider personify-
ing entities by incorporating customizable, relatable avatars. This
approach can enhance children’s emotional connection to nature,
encouraging greater care, empathy, and stewardship.

6.3 Generative Al and The Need for Supervision

Our system employed generative Al to personify the lagoon, engag-
ing children in conversations from its perspective to foster curiosity
and a connection to the environment. Despite the fact that the AI
consistently provided accurate responses during the activity, our
prior testing revealed occasional hallucinations - a common limi-
tation of current generative Al models [43]. This underscores the
need for adult supervision to ensure a safe and effective learning
experience. Supervision is crucial for two primary reasons. On a
practical level, an adult intermediary is needed to verify the accu-
racy of the AI's responses. Generative Al models are not inherently
reliable, and without oversight, there is a risk that children might
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receive incorrect or misleading information. On a more nuanced
level, adult supervision helps frame the Al interaction appropri-
ately. Children might perceive Al as some infallible authority, but
by guiding interactions, adults can encourage them to see it as an
engaging and playful tool for exploration rather than a definitive
source of knowledge. This approach fosters critical thinking while
balancing the educational potential of Al with its limitations.
Design implications. When designing Al-powered educational
tools, it is crucial to balance engagement with safeguards, especially
when targeting children. Designers should implement guardrails to
reduce inaccuracies and ensure the experience supports adult facil-
itation. Framing the Al as a playful, imperfect companion, rather
than an all-knowing expert, can also foster critical thinking and en-
courage children to ask questions, verify facts, and remain curious.

6.4 Environmental Impact of Al Tools

While our goal is to foster environmental awareness through digital
experiences, we recognize the importance of critically examining
the environmental footprint of the technologies we use. Genera-
tive Al models, particularly large-scale ones, consume substantial
computational resources and contribute to water usage in multiple
ways, from cooling data centers, to generating the energy that pow-
ers them, to manufacturing their hardware components [61, 86].
This is particularly relevant given the context of our work and the
broader importance of protecting aquatic ecosystems like the Mar
Menor. To mitigate these concerns, we took specific precautions to
minimize the environmental impact when designing our system.

First, we use GPT-40 mini, a much smaller model compared
to popular alternatives like GPT-40 or GPT-4 Turbo, as research
shows that lightweight models consume substantially less energy
compared to larger ones [68]. This choice ensures more efficient
processing without big compromises in the quality of interactions
needed for our educational activity. Second, our system is designed
for short, focused conversations. Children’s questions tend to be
brief, and we intentionally limit the AI’s responses to around 50
words not just to preserve clarity, but also to reduce processing
demands, as performing inference on a large context consumes
considerably more energy compared to a small one [68]. Finally,
we rely on OpenAl’s services hosted on Microsoft Azure, a shared
cloud infrastructure with some of the industry’s best on-site Water
Usage Effectiveness (WUE) ratings [61]. Microsoft Azure has also
committed to running on 100% renewable energy by 2025 and
becoming water positive by 2030%3.

Design implications. Designers integrating Al should consider
measures to reduce the environmental impact of these technologies,
such as using lightweight models, limiting interaction length, and
prioritizing platforms with clear sustainability commitments. Small,
strategic choices can meaningfully reduce both energy and water
footprints of Al-powered solutions and are especially relevant when
designing tools to support ecological preservation.

6.5 Limitations

This study has some limitations that should be acknowledged. First,
the participants were exclusively Spanish children, considering

Zhttps://azure.microsoft.com/en-us/explore/global-infrastructure/sustainability
3https://www.microsoft.com/en-us/corporate-responsibility/sustainability/report
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the location of the Mar Menor. However, cultural differences may
influence how children perceive and humanize nature, and their
environmental knowledge. Additionally, the content of the draw-
ings is influenced not only by the children’s perceptions of the Mar
Menor but also by their individual graphic abilities. Variations in
drawing skills may have impacted how effectively children were
able to express their ideas [50]. Moreover, the activity we framed
our interactive system into was conducted by a researcher, who
also acted as an intermediary between the children and the con-
versational Al Despite the activity being almost entirely driven
by the interactive system, the presence of a facilitator may have
introduced some degree of bias based on literature [49]. Finally,
despite providing us with some statistically significant results, our
sample size was somewhat limited, involving 26 children in the first
activity and 52 in the second one, which may not provide a fully
representative sample.

7 Conclusion

In this work, we explored the potential of combining children-made
drawings, interactive narrative visualizations, and generative Al to
engage children in environmental education. Following a Research
through Design approach, we designed an interactive system that
we evaluated on an activity focused on the Mar Menor, observing
significant changes in children’s understanding of the lagoon’s
ecological challenges and their attitudes toward conservation. By
integrating children’s drawings and conversational Al the activity
fostered curiosity and concern while making complex environmen-
tal issues relatable.

Building on the findings in this paper, future work could in-
volve conducting the educational activity with different popula-
tions, such as children outside the Mar Menor region or even outside
Spain, with the appropriate adjustments. Additionally, reapplying
the methodology to a different ecosystem could provide valuable
insights into its adaptability and effectiveness across varied en-
vironmental contexts. Collaborations with schools and museums
could also enable large-scale validation and increase the real-world
impact of our solution. These directions aim to refine and expand
the system’s design and reach, further enhancing its potential to
foster environmental awareness and stewardship among young
learners. As suggested by some children during our activity, their
drawings of the Mar Menor as a person could be integrated into
our visualization, thus providing the lagoon not just a voice but
also a body. This approach raises intriguing questions, such as how
to personalize the visual representation to suit individual users and
how to ensure the Al model is aware of its appearance. Expanding
on this idea, dynamic illustrations could be generated in real time
based on the conversation and adapted according to previous inter-
actions, allowing for a more personalized and engaging experience.
To address specific interests and special needs of individual users
(e.g. accessibility and unique learning needs), adaptive learning
paths with questions and visual content tailored to the user could
be implemented with the help of AL
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