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Abstract

Two of the most socially consequential issues facing today’s chil-
dren are the rise of artificial intelligence (AI) and the rapid changes
to the earth’s climate. Both issues are complex and contested, and
they are linked through the notable environmental costs of Al use.
Using a systems thinking framework, we developed an interac-
tive system called Ecoprompt to help children reason about the
environmental impact of Al. EcoPrompt combines a prompt-level
environmental footprint calculator with a simulation game that
challenges players to reason about the impact of Al use on natu-
ral resources that the player manages. We evaluated the system
through two participatory design sessions with 16 children ages
6-12. Our findings surfaced children’s perspectives on societal and
environmental tradeoffs of Al use, as well as their sense of agency
and responsibility. Taken together, these findings suggest opportu-
nities for broadening Al literacy to include systems-level reasoning
about AI's environmental impact.
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1 Introduction

The rapid rise of generative Al (genAl) has renewed public atten-
tion to the environmental costs of large-scale computation. Across
both media coverage and academic work, genAl is increasingly
recognized as resource-intensive, with substantial energy, water,
and material demands associated with training and operating large
models [50, 51]. Recent estimates help ground these concerns. For
example, Jegham et al. [51] report that the 700 million daily queries
made to the GPT-40 model alone required “electricity use compa-
rable to 35,000 U.S. homes, freshwater evaporation matching the
annual drinking needs of 1.2 million people, and carbon emissions
requiring a Chicago-sized forest to offset”

Concerns about the ecological footprint of computation are not
new. Other data-intensive technologies, such as cryptocurrency
mining, cloud gaming, and large-scale data storage, have long relied
on energy-hungry data centers and globally distributed infrastruc-
tures [48, 60, 72]. What distinguishes genAl, however, is not only
the scale of its infrastructure, but the breadth and immediacy of its
adoption by the public. Since late 2022, genAlI tools have moved
rapidly from specialized applications into everyday use, embedded
in search engines, productivity tools, educational platforms, and
consumer-facing applications [59, 76, 78, 93]. This expansion has
dramatically increased the number of people who interact directly
with genAl systems. For example, ChatGPT alone grew from about
1 million users within five days of its launch in November 2022 to
over 800 million weekly active users by late 2025, reaching roughly
10% of the world’s adult population [8, 83].

Despite the accumulating evidence of genAI’s environmental
impact, these costs remain largely invisible to end users. At the
same time, genAl is increasingly embedded in the tools children use
for learning, creativity, and play [24, 110, 113], bringing a growing
population of young users into routine contact with Al systems
without clear information or opportunities to engage with those
impacts. This invisibility is especially consequential given that prior
work shows that children are already attentive to climate change
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and environmental sustainability, often expressing concern about
environmental futures and a desire to act responsibhg[58 109.

Yet far less is known about how children perceive, interpret, and
reason about the environmental impacts of Al systems. This gap
motivates us to ask the following research questions:

RQ1:How do children (ages 6 - 12) understand and reason
about the environmental costs of genAl systems?

RQ2: What are some best practices for designing interactive
systems that make the ecological footprint of genAl visible,
relatable, and actionable for children?

Recognizing that children are often drawn to games and simula-
tions as ways of exploring complex idea3] 35 81], we developed
EcoPrompt, a web-based system that invites children to explore
how everyday interactions with genAl are connected to underlying
environmental costs. In designing EcoPrompt, we drew on prior
work in systems thinking b, 45, which emphasizes helping learn-
ers understand how individual actions are connected to broader
systems and how their e ects accumulate over tim2q. We then
conducted two participatory design sessions with 16 children (ages
6 12). Our ndings show that as children engaged with EcoPrompt
they developed increasingly systems-oriented explanations that
connected genAl use to broader infrastructures such as electricity,
data centers, and water-intensive cooling. Making genAl's resource
use legible also prompted children to set limits on their genAl use,
debate whether particular questions were worth their environmen-
tal cost, and evaluate genAl use in terms of its informational return
relative to resource expenditure. Through these discussions, chil-
dren began negotiating responsibility for shared resources (e.g.,
energy and water) and critiquing forms of genAl use they viewed
as wasteful or unproductive.

Our contributions o er both design insights and an empirical
understanding of how children make sense of genAl's environ-
mental impact and develop strategies for deciding when to use
or refrain from using genAl. In the remainder of this paper, we
begin by reviewing related work. We then describe our study's
methodological approach, including our data collection, analysis
procedures, and the design of EcoPrompt. Finally, we present our
ndings and discuss their implications for supporting children's Al
literacy.

2 Background & Related Work

2.1 Environmental Impacts of Generative Al
The rapid expansion of large language models (LLMs) and other
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that data centers place on the power grid; recent estimates state that
data centers use about 4.4% of the U.S. domestic electricity supply,
with the number expected to double in the next few year.[
Furthermore, in many regions, this electricity is still predominantly
generated through fossil fuel based sources, including coal and
natural gas, linking genAl use to greenhouse gas emissions and local
air pollution[2, 79. Beyond electricity consumption, genAl systems
place considerable demands on freshwater resour®k Data
centers generate substantial heat during computation and require
continuous cooling to maintain reliable operation. In many facilities,
cooling is achieved through water-intensive systems, leading to
signi cant freshwater withdrawals [64].

These impacts are highly context-dependent and can be particu-
larly consequential in regions already experiencing water stress or
prolonged drought. Recent estimates suggest that Al-related data
center operations may consume billions of gallons of freshwater
annually, raising concerns about the sustainability of continued
infrastructure expansion in water-scarce are&i][73. The environ-
mental footprint of genAl also extends upstream to the production
of hardware and supporting infrastructure. The manufacture of
GPUs, servers, and networking equipment requires the extraction
and processing of critical minerals and rare earth elements, includ-
ing copper, cobalt, and lithium, which are often sourced through
environmentally destructive mining practice$g. Hardware pro-
duction is energy-intensive and contributes to emissions and mate-
rial depletion well before a model is deployed, while rapid hardware
obsolescence generates large volumes of electronic waste that are
frequently inadequately recycled [73].

While training a model is widely recognized as computation-
ally intensive [77], prior research emphasizes that the cumulative
environmental footprint of genAl is often shaped by the genera-
tion of outputs in response to user prompts, as repeated, everyday
interactions scale energy and water use across a model's lifetime
[64). Despite growing awareness of these issues within the Al and
sustainability communities, the environmental costs of genAl re-
main largely invisible to end users, particularly children. Unlike
other energy-intensive technologies, children have easy access to
genAl systems, which are becoming increasingly popular in ed-
ucational, creative, and everyday contex&d. Without support
for understanding how genAl systems are produced, powered and
sustained users may reasonably interpret Al interactions as imma-
terial or consequence-freetf]. Foregrounding the environmental
dimensions of genAl is therefore essential not only for supporting
informed and responsible us@%, but also for enabling children

genAl systems has been accompanied by unprecedented growth to situate Al within broader societal conversations about sustain-

in computational infrastructure 90 94. GenAl systems rely on

large-scale data centers equipped with specialized hardware, such

as GPUs and accelerators, which require signi cant amounts of
electricity to support model training and ongoing operatio2(.

It is notable that other energy-intensive technologies of the past
decade, such as cryptocurrency and cloud gami#g B0, 72, have

not made the same impact on the technology industry's energy
consumption as Al has; from 2005 to 2017, the amount of electricity
going to data centers was relatively unchanging, as increases in
e ciency mitigated energy consumption resulting from increases
in demand [77]. However, recent investments in data centers from
both governments and industry at large have increased the strain

ability, equity, and the environmental costs of digital technologies.

2.2 Al Literacy, Societal Impact, and Generative
Al

In the past decade, Al-enabled technologies have become increas-
ingly embedded in children's everyday lives, including interactive
toys [54, 103, voice assistants3g, social robots 103, and, more
recently, genAl systems such as ChatGRJ74. As these technolo-
gies have proliferated, researchers and educators have articulated
frameworks and guidelines for K 12 Al literacy, broadly de ned

as the knowledge, skills, and perspectives needed for learners to
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critically evaluate and meaningfully engage with Al technologies
[57,63 95 114. One such Al literacy framework is the Five Big
Ideas of Al, which includes societal impact as a core dimension,
emphasizing the potential positive and negative consequences of Al
systems for individuals, communities, and broader social structures
[95].

In existing Al literacy research, the societal impact big idea
has most often been taken up through attention to issues of algo-
rithmic fairness and bias. For example, prior work has supported
children in examining gender bias in supervised machine learn-
ing, foregrounding the role of training data, and exploring how
biased datasets shape system outp@&§ [L0]. Others have used
games B(, participatory design activities25, and constructionist
approaches37, 57 to integrate technical Al concepts with discus-
sions of ethics and social responsibility. Together, this body of work
has been instrumental in demonstrating that children are capable of
engaging with Al not only as users, but as critical thinkers attentive
to issues of harm, responsibility, and power.

Building on prior work, we argue that the societal impact big
idea can also be extended to include the environmental impact of
genAl. Increases in general digital literacy are thought to support
the adoption of eco-friendly behaviors such as recycling, energy
conservation, and reduction of single-use plasti¢§|[ However, Al
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that encouraging re ection on how children situate themselves
within these systems, shaped by social, cultural, and intersectional
contexts, can deepen engagement and support more meaningful
forms of understanding [53].

Within climate and sustainability education, systems thinking
is frequently enacted through interactive simulations and serious
games 65 75 8§, which allow children to explore how individual
actions interact within shared systems in engaging ways. Early
sustainability-focused serious games often took the form of table-
top modalities such as card and board gam&sifl, 8§, with digital
games becoming increasingly prevalent in more recent waBg |
Across both formats, sustainability-focused serious games typically
employ role-play or management simulation mechani&§[91]
and commonly address themes such as resource management, irri-
gation, carbon emissions, and deforestatian§5 109. Through
repeated interaction, such games can support systems thinking by
enabling children to observe how individual decisions accumulate
into collective outcomes, often producing unintended or emergent
e ects [106].

A systems thinking lens is also well-suited to the case of genAl,
as its environmental impact is largely invisible to end users and
distributed across distant infrastructures such as data centers, en-
ergy grids, and water systems. As a result, children's reasoning

consumer usage and large industry investments in increased scaling about genAl's environmental footprint requires bridging everyday
are exacerbating ecosystem degradation and resource depletion at interactions with abstract, system-level processes that unfold across

an unprecedented scale that existing eco-literacy frameworks do
not address [49].

Itis crucial for children to understand Al's multifacted impacts to
become conscientious consumers of the technold8g 57, 63 80.
As Al literacy seeks to support learners in reasoning about how Al
systems shape the world around them, attending to material and

space and time. Given the growing role of genAl in children's ev-
eryday learning and creative practice$4 23 2§, this raises an
important question: how might we support children in connecting
their own genAl use to these distributed environmental impacts
and reason across both individual and collective scales? Guided by
prior work on systems thinking and Al literacy, the next section

ecological aspects of genAl, such as energy use, water consump-introduces EcoPrompt, an interactive system designed to support

tion, and infrastructure demands, o ers an additional dimension
for re ection. Prior scholarship in CCI and sustainability education
provides design precedents for supporting this kind of reasoning,

emphasizing children's engagement with technologies as embed-

ded within interconnected social, material, and ecological systems
rather than as isolated tool€lh 87,10Q. Drawing on this tradition,

in the next section we introduce systems thinking as a framework
for helping children reason about the environmental impact of
genAl.

2.3 Systems Thinking in Sustainability and
Environmental Education

children's reasoning about genAl's environmental footprint.

3 EcoPrompt: System Design & Development

EcoPrompt is an interactive system designed to support children
in reasoning about the environmental impacts of genAl. Children
interact with EcoPrompt through two complementary but separate
interfaces: (1) a Footprint Calculator, which provides real-time esti-
mates of energy, water, and carbon use associated with children's

Systems thinking is a framework that supports reasoning about genAl prompts (see Figure 1); and (2) a Farm Game, in which chil-
complex phenomena by foregrounding relationships among inter- dren manage virtual farms and can choose whether and when to
connected components, resource ows, and feedback processes thatuse genAl to support their farming activities (see Figure 2). While
unfold over time and across scalées p8 99. Within sustainability the Footprint Calculator foregrounds prompt-level resource use and
and environmental education, systems thinking has been widely individual decision-making, the Farm Game supports re ection on
adopted to help learners understand environmental challenges such collective dynamics, accumulation, and longer-term environmental
as climate change, resource depletion, and pollution as outcomes consequences. Together, these interfaces broaden children's inquiry
of interacting social, material, and ecological systerh§ B5 82. from What resources does this single genAl interaction use? to
Prior research emphasizes the importance of supporting children's How do patterns of genAl use interact with shared ecological sys-
ability to shift between local and global viewpoints, enabling them tems? Below, we describe the design considerations that guided
to connect everyday actions and practices to distributed, cumu- EcoPrompt's development, followed by an overview of its two core
lative, system-level consequencd$[4. Scholars further argue components.
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Figure 1: Footprint Calculator interface, including (1) user
prompt entry box, (2) an "Ask Al" button that submits the
prompt to the model, (3) an output box in which the Al's
response is displayed, (4) a display of the last prompt's esti-
mated water, carbon, and energy costs, and (5) a display of
the total water, carbon, and energy costs across the session,
with status-bar style indicators of cumulative use.

Figure 2: Farm game interface showing (1) initial welcome
screen, (2-4) gameplay across three levels. In each level, play-
ers face various challenges. For example, in (4), pest attacks
introduce critical decision points where players can use Al

to make crop protection more manageable as levels progress.

3.1 Design Considerations

Dangol et al.

Footprint Calculator. By providing real-time estimates of energy,
water, and carbon use associated with children's genAl prompts,
the system foregrounds otherwise hidden infrastructural costs of
Al use. This immediate feedback supports children in attending
to speci ¢ system elements and their relationships, encouraging
re ection on how di erent prompts are associated with di erent
environmental implications.

3.1.2 Scaolding Systems Thinking across Individual and Collec-
tive Perspectivekinderstanding environmental systems requires
attention not only to individual actions, but also to how e ects
accumulate over time within systems shaped by multiple actors
[10 1€. For children, this means relating their own genAl use
not only to shared environmental resources, but also to the ac-
tions and constraints of others operating within the same system.
While the Footprint Calculator foregrounds individual prompt-level
decision-making, the Farm Game situates genAl use within a shared
environment where outcomes emerge from the interplay of many
actors, not all of whom are under the child's control. This shifts
attention away from immediate, isolated cause-and-e ect relation-
ships toward longer-term and collective consequences that unfold
even when children make careful or restrained choices. In doing so,
the Farm Game supports reasoning about responsibility and impact
in contexts where agency is distributed and outcomes are uncertain.
By separating these perspectives across complementary interfaces,
EcoPrompt allows children to engage with both the individual and
collective dynamics of genAl use without requiring them to reason
about all aspects simultaneously.

3.1.3 Encouraging Deliberation and Trade-O Reasoning in Deci-
sions about GenAl UsBrior work in HCI has characterized decision-
making around genAl use as a wicked problem, emphasizing that
such decisions involve competing values and no single correct so-
lution [18 71]. Therefore, EcoPrompt is designed to foreground
re ection, and trade-o reasoning across multiple levels of decision-
making. At the prompt level, the Footprint Calculator supports de-
liberation as children can set limits on their genAl use and receive
feedback when those limits are approached or exceeded, creating
opportunities to pause, reconsider, and renegotiate their choices.
The Farm Game extends this deliberative framing to a broader,
collective context. Within the game, children are not required to
use genAl, but can choose whether and when it is appropriate to
do so in support of shared goals, positioning genAl as one option
among many within a dynamic system. Together, these mechanisms
promote ongoing deliberation rather than one-time judgments, sup-
porting children in reasoning about genAl use as a situated and
evolving decision shaped by both individual actions and collective
outcomes.

3.1.4 Choice to Use a Real Generative Al\WPIfaced the dif-
cult choice of whether to create a system that 1) connected to
a real generative Al system, dynamically displaying outputs to

3.1.1 Making GenAl's Environmental Impacts Visible through Prompthe player, or 2) attempted to mimic the output of such a system

Level FeedbacPRrior work in systems thinking and Al literacy em-

without actually calling the API. The former option would provide

phasizes that learners often struggle to reason about complex sys- children with a more faithful and reliable experience, a ording

tems when key processes remain invisible or abstr&g @5 101.

the opportunity to interact directly with a generative model while

EcoPrompt addresses this challenge by making the environmental reasoning about its environmental impact, while the latter would

impacts of genAl visible at the moment of interaction through the

avoid the environmental costs associated with using the model. We
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