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Abstract
This exploratory study examines how youth critically engage with
artificial intelligence (AI)/machine learning (ML) and sustainability
through an activity inspired by future scenario archetypes. We
analyze a workshop in which 20 teens (aged 15–17) collabora-
tively designed speculative AI/ML-based services related to love
and friendship. Our analysis focuses on interactional dynamics and
the technology- and sustainability-related discourses that emerged
during the design process. The findings show how speculative,
playful, and cooperative engagement supported youth in situating
AI/ML within broader sociotechnical worlds, questioning data de-
pendencies, and developing critical perspectives on sustainability
and social justice. Based on these insights, we propose recommen-
dations for child-computer interaction (CCI) activities, including
fostering awareness of data construction, encouraging reflection
on the interdependence of AI/ML and data, situating designs in
complex sociotechnical systems, and using metaphors to explore
various futures.

CCS Concepts
• Human-centered computing; • Computing methodologies
→ Machine learning; Learning paradigms; Supervised learn-
ing; Unsupervised learning; Reinforcement learning;
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1 Introduction
Artificial Intelligence (AI)/Machine learning (ML)–powered services
are increasingly embedded in young people’s everyday lives and are
expected to become even more pervasive as datafication intensifies
across social, educational, and economic domains [38, 48]. These
systems shape what information young people encounter, how their
actions and performance are assessed, and what futures appear
possible or desirable, with implications for issues ranging from
opportunity and participation to sustainability and social justice.
As a result, researchers and educators have raised growing concerns
about how to support young people’s understanding of AI and ML
[23, 59, 98], leading to a range of initiatives aimed at promoting
critical AI/ML and data literacies among youth [3, 28, 45, 70, 98].

Within this body of work, many scholars argue that young peo-
ple should have meaningful opportunities to participate in shaping
the futures imagined and enacted around technology, rather than
being positioned solely as end users of systems designed according
to the interests and assumptions of large technology companies
[39, 79]. This position aligns with the participatory design (PD) tra-
dition, which emphasizes the right of those affected by a technology
to have a genuine say in its design and in the societal arrangements
it supports [15, 17, 85, 86]. PD with children and youth has ex-
tended these commitments to child–computer interaction (CCI),
foregrounding children’s and young people’s meaningful involve-
ment in the design of digital technologies and recognizing them
as legitimate contributors to debates about technology and society
[31, 41, 42].

While this work establishes a strong normative and methodolog-
ical foundation, less is known about how specific design arrange-
ments support young people’s critical engagement with AI/ML,
particularly when that engagement is oriented toward imagining
alternative futures. If we assume that futures are not predetermined
but actively constructed through present-day decisions, then criti-
cally reflecting on the kinds of futures being produced by AI/ML
systems becomes an important design challenge [35, 53]. Futures
research has long attended not only to the plurality of possible
futures, but also to questions of who gets to imagine, articulate,
and influence them [4, 30, 34, 44]. For CCI, this raises a practical
question about how design activities might be structured so that
young people can meaningfully explore, contest, and reimagine
AI/ML-driven futures through interaction.
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We take this as the high-level aim of this study: to understand
what kinds of design arrangements and practices support youth
critical engagement with AI/ML through interaction, particularly in
enabling critical reflection on sociotechnical implications and imag-
ined alternative futures. This aim brings together three mutually
reinforcing orientations: sustainability as a concern for intergen-
erational futures, participatory design as a commitment to giving
voice to those who will inhabit them, and speculative design as
a practice for making those futures tangible and open to critique.
Youth are uniquely positioned at the intersection of all three.

Recent CCI research has begun to explore speculative and futures-
oriented approaches with children and youth, positioning imaginar-
ies as a site of empowerment and critique [39, 55, 83]. At the same
time, a growing body of research in CCI and the learning sciences
has begun to reposition youth not only as learners of AI/ML, but as
designers, evaluators, and critical interlocutors in its development.
For example, [48]’s discussion on K–12 students creating AI/ML
applications frames design as a pedagogical space where youth
grapple with data practices, model behavior, bias, and accountabil-
ity. [67] similarly show how adolescents, acting as peer auditors of
AI/ML applications, learned to identify algorithmic bias and con-
nect it to dataset and model design choices. However, much of this
work remains oriented toward present-day systems and system-
level critique (see e.g. [13, 74, 84]. Less attention has been paid to the
design arrangements that might support young people in engaging
with AI/ML as a future-oriented sociotechnical phenomenon—one
entangled with broader questions of social relations, sustainability,
and justice (e.g. [5, 58]). Emerging work on speculative design with
youth suggests that practices such as worldbuilding and futures
imagination can help learners interrogate dominant assumptions
about AI and ML and articulate competing visions of what could be
otherwise ([52, 53, 91, 92]. Yet, we still lack detailed accounts of the
interactional dynamics throughwhich such critical futures-oriented
engagement unfolds in practice.

The present study contributes to this line of work by explor-
ing young people’s critical and situated understandings of AI/ML
through interaction in a speculative design activity. We examined
a design activity in which 15–17-year-olds were invited to envi-
sion sociotechnical futures of love and friendship using futures
archetypes, with AI/ML algorithms as a central mediating tech-
nology. Our analytic focus is on the interactional dynamics that
emerged during the activity—that is, the social and material pro-
cesses through which participants collaboratively made sense of
AI/ML futures, negotiated values, and developed critiques in in-
teraction with peers and workshop materials—and on how these
dynamics supported critical engagement with AI/ML in relation to
social and environmental futures. We adopt a situated perspective,
viewing the learning activities and materials as introduced into,
and intermingled with, a complex fabric of practices, relations, dis-
courses, and histories that shape interaction moment by moment
(e.g., [80]).We see this exploratory study as foundational for examin-
ing youths’ critical engagements with AI/ML, with implications for
the design of activities that support informed and justice-oriented
AI/ML literacy.

As our research question we ask: What kinds of interactions
emerge when youth engage in futures archetype–based AI/ML de-
sign activities, and how do these interactions support their critical

thinking about sociotechnical futures, including sustainability and so-
cial justice? Based on our analysis, we articulate recommendations
to guide CCI research and practice aimed at fostering children’s
and young people’s empowerment with AI/ML through futures-
oriented design.

2 Related Background
2.1 Youth as Designers of Machine Learning

Systems
In response to growing calls to support youth AI/ML literacies,
curricula and pedagogical designs aimed at fostering understanding
of AI concepts, such asML, have proliferated [12, 78, 95]. Across this
work, a recurring challenge is that young people often struggle to
grasp abstract AI and ML concepts despite initial curiosity [36]. To
address this, researchers have increasingly engaged youth as active
designers of AI/ML systems, using hands-on design experiences to
scaffold conceptual understanding. Most of these efforts, however,
focus on howAI/ML systemswork in the present—how they classify,
predict, and potentially discriminate—rather than on how they may
shape future social and material worlds.

Research positioning youth as designers of AI/ML systems has
explored diverse design activities through which young people
engage with data-driven technologies [14, 60, 69, 76, 82]. These
studies situate learning within hands-on design practices, allowing
youth to engage with data, models, and system outputs. They con-
sistently highlight the close relationship between data literacy and
algorithmic literacy [47, 57], showing that understanding AI/ML
systems requires attention not only to algorithms but also to the
origins, structure, and representativeness of datasets [29, 72]. Yet
a systematic review of 34 AI/ML education tools found that most
simplify this complexity, showcasing AI/ML capabilities while ob-
scuring key design decisions such as data curation and trade-offs
between performance and fairness [12]. Similarly, a review of 43
K-12 AI/ML education studies found that while pedagogical devel-
opment dominates the field, critical reflection on the societal and
ethical implications of AI/ML remains limited [78].

To encourage ethical reflection, some initiatives have engaged
youth in design, evaluation, and reflection activities [9, 13, 77, 96].
Others have involved youth in evaluating and auditing AI/ML sys-
tems [67, 71], demonstrating how evaluation can function as a
design practice that helps participants connect data, models, and
social consequences. Such capacities have been framed as part of
AI/ML agency, emphasizing young people’s ability to critically use,
examine, and produce ML applications [2].

Youth have also been positioned as co-designers of AI/ML educa-
tion programs, helping shape curricula through cooperative inquiry
[9, 95]. Across K-12 contexts, studies show students collecting and
labeling data, training models, and iteratively refining performance
[48]. These activities often generated unexpected outcomes, such as
biased or inaccurate predictions, prompting participants to revisit
design decisions and consider issues of fairness and accountabil-
ity [48]. However, such engagements remain largely grounded in
existing technologies and contemporary problems. AI/ML is typi-
cally treated as a present-day artifact to be understood or critiqued,
leaving underexplored how future trajectories might be imagined,
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redirected, or evaluated in terms of the values and social conditions
they may reproduce.

A smaller body of work has combined AI/ML education with
speculative approaches. Speculative design grounded in young peo-
ple’s lived experiences has positioned youth as co-designers and
generated social justice-oriented design principles [90]. Likewise,
[5] used design fiction to introduce teenagers to ML, showing how
speculative methods can support both learning and critical reflec-
tion. Yet even these approaches remain largely focused on existing
systems and their current shortcomings.

Despite growing interest in critical and speculative AI/ML de-
sign [53], explicitly exploring AI/ML as sociotechnical systems
that could unfold differently across possible futures remains un-
derdeveloped [10]. This points to a need for youth-as-designers
approaches that support speculative and future-oriented engage-
ment with AI/ML, attending to how materials, prompts, and so-
cial configurations can scaffold critical reflection and collaborative
sense-making.

2.2 Speculation and Worldbuilding for Youth
Engagement with Sociotechnical Futures

Over the past two decades, HCI research has increasingly engaged
with speculative design [33]. As a futures-oriented practice, specula-
tion complements participatory design with youth: if participatory
design establishes the right of those affected by technology to shape
it, speculative design provides means to exercise that right in rela-
tion to the futures technology produces. Approaches such as design
fiction, critical design, and design futuring seek to question dom-
inant assumptions, imagine alternatives, and provoke reflection
on sociotechnical trajectories [11, 16, 32, 33, 56, 75, 87]. Within
HCI, speculative design has been used to probe and envision digi-
tal futures through artifacts, prototypes, and scenarios that make
possible worlds tangible and discussable.

Research characterizes effective speculative design as both specu-
lative—fictional, critical, and sociopolitical—and discursive, inviting
reflection and dialogue [75]. Although speculative designmay incor-
porate critical perspectives, it does not necessarily address injustice,
power, or oppression directly [99]. Recent work also emphasizes
process qualities such as grounding, participation, and playfulness
[75]. While speculative design was not historically participatory
[99], contemporary practice increasingly involves stakeholders as
active contributors [75], aligning well with long-standing CCI con-
cerns.

CCI research has only recently begun to draw explicitly on spec-
ulative design to support young people’s engagement with digital
futures [43]. Existing studies show its value for enabling youth
to probe, debate, and imagine sociotechnical futures [40, 81, 99].
This includes work addressing AI/ML systems as sociotechnical
phenomena rather than purely technical artifacts [53, 62, 89]. For
example, [53] found that combining speculative design with AI/ML
learning enabled adolescents to imagine AI/ML in alternative socio-
cultural contexts and examine its political, ecological, and cultural
implications. Such activities encouraged participants to consider
diverse stakeholder perspectives and challenge dominant AI/ML
narratives [53, 89].

Overall, speculative approaches show strong potential for sup-
porting critical engagement with power relations and the societal
implications of intelligent technologies [40, 53, 62]. They may also
encourage youth to move beyond critique toward imagining inter-
ventions and alternatives [40, 53, 62]. However, questions remain
about how speculative activities can be designed to support engage-
ment with complex sociotechnical entanglements. Closest to our
study, [53] used materials such as cards and dioramas to support
worldbuilding but left open how youth can be systematically scaf-
folded to examine AI/ML interrelations with social, political, and
ecological dimensions. Our study addresses this gap by combining
non-digital AI/ML materials with worldbuilding techniques, specif-
ically futures archetypes, to support explorations of AI/ML futures
and their societal implications.

To conceptualize this approach, we draw on worlding, or world-
building, a concept that has received limited explicit attention in
CCI despite its promise. Worlding refers to an active, productive
practice of co-creating worlds (e.g., futures, imaginary realms, lived
realities, and ways of being), acknowledging that no single, given
world exists [24, 25, 88, 100]. In this framing, young people are spec-
ulative designers who create imaginative projections of alternative
presents and futures [100]. Unlike linear narratives, worldbuilding
creates coherent worlds that surface possibilities, tensions, desires,
and uncertainties [25, 100]. It can also support critical agendas by
foregrounding the power relations, assumptions, and ideologies
embedded in imagined worlds, thereby opening space for reflection
and challenge [24]. While speculative design and worldbuilding
have been explored with youth, little research has examined how
worlding practices shape engagement with complex sociotechnical
relations, particularly in the context of AI/ML systems.

2.3 Sustainability and Social Justice in the
Design of Digital Technologies

Sustainability has become an important concern in CCI, understood
not only as an environmental goal but as a sociotechnical design
concern. It provides the normative horizon connecting the two pre-
ceding threads: if youth are legitimate designers of AI/ML systems
and speculative design enables alternative futures, sustainability
concerns whether those futures will be liveable and just for future
generations.

Although the Brundtland Report defines sustainability as meet-
ing present needs without compromising those of future genera-
tions [51], later work has expanded it to include environmental,
social, economic, political, cultural, and technological dimensions
[65]. In CCI, sustainability has thus shifted from a policy objective
to a design-oriented concern that shapes how futures are imagined
and enacted through sociotechnical practices [18, 27]. It focuses
not only on technological performance or ecological outcomes, but
also on how design practices structure relations among humans,
non-humans, data, and infrastructures, and how benefits, risks, and
responsibilities are distributed [93].

A growing body of CCI research has explored sustainability
through participatory design with young people. Vasalou and Gau-
thier’s review shows that environmental sustainability research,
while still limited, increasingly seeks to make hidden environmental
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processes visible, support understanding of cause–effect relation-
ships, and foster affective connections with ecological systems [97].
Similarly, [26] highlight the need to strengthen research on how
digital technologies support youth learning and participation in
sustainability-oriented action.

Beyond environmental sustainability, CCI research has also ad-
dressed social and economic dimensions, emphasizing healthy
habits, community cohesion, ethical reflection, and equitable ac-
cess to resources and opportunities for long-term well-being [1,
8, 63, 79, 94]. More recently, researchers have called for systemic
approaches that recognize the interdependence of ecological, social,
and economic concerns [54]. Despite these advances, sustainability
in CCI remains predominantly framed through designed outputs
rather than as a quality of the design and participation processes
themselves. In this regard, Kinnula et al. argue that sustainability
with AI requires systems thinking, whereby young people develop
holistic understandings when interdependencies, power relations,
and long-term consequences are foregrounded [54]. Similarly, Om
et al. emphasize the need for methods that support young people
in reasoning about environmental issues as systemic and relational
[73].

Another limitation is the limited attention to justice and power.
Although sustainability is often associated with ethics and respon-
sibility, few studies explicitly address social inequities, structural
power, or whose futures are prioritized. Albar et al. show that
many sustainability-oriented games overlook connections between
environmental, social, and economic dimensions, marginalizing
questions of equity [6]. Vasalou and Gauthier similarly argue that
sustainability is often treated as an application domain rather than
a critical lens for examining broader sociopolitical relations [97].
Consequently, sustainability risks becoming technocentric, em-
phasizing individual behavior over questions of justice and the
distribution of risks and benefits.

This study extends this literature by conceptualizing sustainabil-
ity as a processual, justice-oriented sociotechnical practice enacted
through young people’s participation in designing with and about
AI/ML. It examines how sustainability emerges through specula-
tive, collaborative, and critical design processes in which youth
negotiate environmental concerns alongside questions of power,
responsibility, and future-making. As the primary inhabitants of
the futures being designed, young people are central participants
in this conversation.

3 Methodology
3.1 Research Setting and Participants
This exploratory study focuses on a two-hour workshop entitled
Questioning the future: Futures archetypes conducted as part of the
AI Ambassador program (see Table 1 for the full program overview),
a two-week paid summer traineeship organized by university re-
searchers in collaboration with city-level partners at a Nordic uni-
versity in 2025. The purpose of the study was to explore salient
learning processes and forms of critical engagement that emerged
during the activity and to generate qualitative insights to inform
the design of future CCI activities.

The call was advertised through a range of channels, including
the city website, university channels, local education networks, and

teachers connected to the researchers, who distributed the infor-
mation to their students. Following this campaign, 20 teenagers
aged 15–17 who applied voluntarily were selected to take part in
the program. The researchers facilitating the activities selected
participants to ensure a diverse group in terms of gender, cultural
background, and socioeconomic circumstances. The participant
group included nine boys and eleven girls, representing African,
Asian, American, and European backgrounds. All resided in the
city where the program took place; several had migration experi-
ences. Positioned as a form of non-formal education, the program
framed youth as active contributors and “ambassadors” rather than
passive learners. The program was delivered in English, and all
participants demonstrated sufficient proficiency to participate fully
in discussions and collaborative activities.

Before data collection, participants completed an informed con-
sent process in which they learned about the research purpose, the
personal data collected, and their rights as research participants.
They were clearly informed that they could withdraw from the
study at any time without consequences. Information on data pri-
vacy and consent forms were provided in both English and one
of the official national languages. The research adhered to ethical
guidelines for research with children formulated by the National
Board for Research Integrity, and the informed consent process was
overseen by an external ethics advisory board composed of inter-
nationally recognized experts in research ethics involving youth.

Prior to the workshop, participants filled a background question-
naire probing their motivations, expectations, and prior experiences
with AI and ML, and digital technologies. Responses indicated a
broad range of interests: some expressed interest in technical as-
pects such as model training, testing, and real-world applications,
while others voiced concern about AI/ML’s societal impacts, includ-
ing environmental sustainability and everyday life implications.
Most participants reported spending several hours per day on digi-
tal media platforms, particularly TikTok, YouTube, Instagram, and
online games. While many recognized common AI and ML-driven
systems (e.g., chatbots, recommendation algorithms, and ChatGPT)
this awareness often stemmed from peer discussion or media expo-
sure rather than direct hands-on use. Besides ChatGPT, no other
large language models were explicitly mentioned in their open-
ended responses. Participants’ definitions of AI and ML ranged
from technical (“a program that learns from data and algorithms”)
to anthropomorphic (“a smart computer that thinks for you”) and
critical (“the most dangerous technology because it mimics humans
and can steal identity”), reflecting varied and sometimes conflicting
mental models.

3.2 Workshop Outline and Supporting Materials
At the workshop, participants were invited to collaboratively envi-
sion the futures of love and friendship through AI/ML speculative
designs in five groups of four, pre-formed with them in prior ses-
sions to balance self-identified skills and participation styles consid-
ering a range of competencies, including research skills, teamwork,
creativity, and technical skills. Each group designed a ML-driven
service set in the year 2065, situating their designs within a pos-
sible future and considering social, economic, and environmental
implications alongside technical choices. The focus on love and
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Table 1: Overview of the AI Youth Ambassador programme activities

Day Focus Activities

D1 Grounding Programme welcome and orientation (2 h); team formation and community building (1 h); introduction to ML concepts and
algorithms (1 h 15 min); AI in media and society (1 h).

D2 Exploring
and question-
ing

Energizer (15 min); imagining ML futures with futures archetypes (2 h); digital storytelling and video production workshop
(2 h 30 min); reflection and social media engagement (30 min).

D3 Questioning Energizer (15 min); hands-on ML with Teachable Machine (2 h); AI, democracy, and decision-making (2 h 30 min); reflection
and social media engagement (30 min).

D4 Analysis Energizer (15 min); understanding ML through decision trees I (2 h 15 min); exploring societal consequences of AI through
the futures wheel (2 h 15 min); reflection and social media engagement (30 min).

D5 Analysis and
envisioning

Energizer (15 min); understanding ML through decision trees II (2 h 15 min); exploring plausible AI futures with the futures
triangle (2 h 15 min); reflection and social media engagement (30 min).

D6 Envisioning Energizer (15 min); video production: Voices of Youth on AI (2 h 15 min); design fiction ideation and brainstorming (2 h 15
min); reflection and social media engagement (30 min).

D7 Envisioning Design fiction storytelling and world-building (2 h 15 min); creating design fiction artefacts (2 h 30 min); reflection and social
media engagement (30 min).

D8 Envisioning Producing design fiction artefacts (2 h 15 min); creating short films based on future AI scenarios (2 h 30 min); reflection and
social media engagement (30 min).

D9 Sharing and
advocacy

Editing and refining design fiction films (2 h 15 min); developing social media stories and final presentations (2 h 30 min);
reflection and social media engagement (30 min).

D10 Sharing and
advocacy

Finalising social media stories and presentations (2 h 15 min); showcasing outcomes and exchanging insights with fellow AI
Ambassadors and broader audience (3 h).

friendship was selected by the researchers facilitating the program
based on their knowledge of topics relevant to this age group and in-
sights from previous workshops. The theme was also timely, given
recent claims byMeta’s CEO that AI companions could increasingly
play a role in people’s social relationships, making it a potentially
provocative topic for youth.

To scaffold this process, participants were provided with three
sets of cards. The first set visualized four futures archetypes—growth,
collapse, constraint, and transformation—drawing on Dator’s ty-
pology [30] and serving as metaphoric lenses for imagining diverse
socioeconomic and environmental conditions. Growth refers to
futures driven by continued economic and technological expansion;
collapse depicts breakdowns of systems due to crises or unsus-
tainable trajectories; constraint envisions futures shaped by limits,
where resources and behaviors are regulated to maintain stability;
and transformation represents radical systemic change, often in-
volving shifts in values, technologies, or social organization (Figure
1).

The second set introduced three broad AI/ML paradigms: su-
pervised (learning from labeled data), unsupervised (discovering
patterns in unlabeled data), and reinforcement learning (learning
through trial and error based on rewards and penalties), supporting
participants’ discussions about technical functionality (Figure 2).
The rationale for using current AI/ML paradigms in the design of fu-
ture services stemmed from the view that design is a future-making
activity, through which possible futures are imagined, explored,
and materialized [64].

Figure 1: Cards visualizing the four future archetypes con-
sisting in growth, collapse, constraint and transformation.

The third set consisted of dataset cards describing potential train-
ing data, including scope, biases, and relevant metadata such as
geographical origin, language, and user engagement metrics (see
Figure 3). These materials were inspired by prior kits such as “I
Love Algorithms” [22], designed to demystify AI/ML and to support
hands-on ideation without requiring computational infrastructure.
At the beginning of the workshop, participants were introduced
to different types of futures and AI/ML paradigms. As participants
reported, this information was new to them. Following this in-
troduction, they engaged in a one-minute-per-idea brainstorming
activity using the Crazy 8’s method, generating sketches of multiple
potential futures for each archetype. Participants then shared their
sketches within their groups and selected ideas to develop a future
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Figure 2: Cards representing visually the AI/ML paradigms
the participants could select: supervised learning, unsuper-
vised learning and reinforcement learning

Figure 3: Dataset cards containing information about the
metadata included and one embedded bias.

scenario aligned with their assigned archetype. During the group
design phase, a future archetype was randomly assigned to each
group to ensure diversity in the scenarios developed and encourage
participants to imagine futures beyond their initial assumptions
and preferences. With this basis, participants chose one AI/ML par-
adigm and two dataset cards to inform their speculative design. The
workshop concluded with short group presentations, followed by
peer questions and a whole-group discussion (Figure 4).

Figure 4: Participants working on their future AI/ML services
for supporting love and friendship in a particular future

3.3 Data Collection and Analysis
Data for the current study included background questionnaires,
audio and video recordings from the workshop, three facilitators’
observation notes, and the materials and artifacts produced during
the activities. Participants’ feedback on the impact of the activity
was collected through video-recorded focus groups conducted one
week after the workshop and reflective essays submitted five weeks
after completion of the AI Ambassador program. The focus groups
explored participants’ experiences of the workshop process, their
expectations, and the relevance of learning about AI algorithms
and decision-making. Using a visual timeline activity, participants
reflected on their engagement across sessions, identified the most
and least meaningful activities, and discussed the development
of key competencies, changes in their understanding of AI, and
the impact of the workshops on their attitudes toward technology
and future interactions with AI. Finally, participants shared key
takeaways and suggestions for improving future iterations of the
programme. This approach aimed to capture participants’ insights
by allowing time for reflection and supporting diverse forms of
expression, producing a dataset that captured both immediate and
retrospective perspectives (see Table 2).

The analysis of the data followed Braun and Clarke’s six-phase
framework for reflexive thematic analysis (RTA) [19, 20] to qualita-
tively identify salient learning processes and discursive patterns in
youths’ engagement with AI/ML and sustainability (see Table 3).
Through four cycles of collaborative discussion with co-authors, the
first two authors compared, refined, and expanded interpretations,
aiming to deepen insights via reflexive dialogue [20] (see Table 3).

The two first-authors began by familiarizing themselves with
the dataset and inductive, semantic coding of the full data. This ini-
tial stage generated preliminary codes such as “future archetypes”,
“dataset choice”, “bias and limitations”, “ethical concerns”, “sus-
tainability”, and “emotional or relational dimensions” which were
discussed with all co-authors. During the second and third round
of analysis the initial codes were iteratively clustered and arranged
around the categories of “futures”, “social”, “technical” and “so-
ciotechnical” aspects that captured recurring and conceptually sig-
nificant patterns. During the fourth iteration, the collaborative
analysis examined patterns in interaction and discourses about sus-
tainability and justice embedded in participants’ work, leading to
the generation of themes such as “ethical tensions with AI/ML” and
“AI/ML threats to sustainability” (see Table 4 for examples). The
process also incorporated interpretive triangulation by connecting
insights across the different data sources. Subsequent phases in-
volved developing, reviewing, and defining themes to construct a
coherent narrative, which concluded in writing up the analysis in
relation to relevant literature. The insights gained in each cycle of
analysis were discussed with all co-authors which informed the
next round of analysis.

4 Findings
To address our research question, we report findings on how youth
engaged in futures archetype-based AI/ML design activities and
how these interactions supported critical thinking about sociotech-
nical futures, sustainability, and social justice. Our analysis distin-
guishes between critiques prompted by workshop scaffolds (e.g.,
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Table 2: Overview of data collection activities in chronological order

Activity Description Research data

Background question-
naire

Distributed at the beginning of the program to gather partici-
pant motivations, prior knowledge of AI and ML, and digital
habits

Questionnaire responses (n=20)

Group design activity Five groups of four spent 60 min developing AI/ML service
concepts using future archetypes, algorithms, and datasets

Verbatim transcription of the group discus-
sions’ audio recordings (5 h), Crazy 8s scenarios
(n=14), observation notes from three facilitators

Final presentations Each group presented and discussed their futures scenarios and
speculative designs of AI/ML services with the whole group

Verbatim transcription of the presentations
video recordings (30 min), presentation slides
(five sets)

Focus groups Two groups (one of 10 and another of nine) reflected on their
experience across the program

Audio recordings of focus group discussions
(four hours)

PechaKucha presenta-
tion

Each group presented their takeaways (20 slides, 20 s each) at
the end of the program

Video recordings of presentations (35 min), pre-
sentation slides (five sets)

Reflection essays Individual reflective essays about their experience during the
AI Ambassador Program (500-700 words)

Written essays (n=19)

Table 3: Summary of the data analysis process based on Braun and Clarke’s six-phase framework for reflexive thematic analysis

Phase
N.

Phase name Description

1 Familiarising yourself with the dataset The two first authors reviewed the data.
2 Coding The two first authors coded a portion of the data.
3 Generating initial themes Tentative codes were discussed with all co-authors, after which the two first authors

coded the remaining data.
4 Developing and reviewing themes Discussion of themes with co-authors. Two first authors conducted further analysis

rounds.
5 Refining, defining and naming themes Collaborative refinement, definition, and naming of fourth-cycle themes with all co-

authors.
6 Writing up The final themes were presented in findings section, and all co-authors reviewed them.

Table 4: Examples of the subcodes and quotes identified during the fourth cycle of analysis

Code Identified theme (example) Quote (example)

Interaction pattern Ethical tensions with AI/ML “Isn’t having such a device in your home kind of inhumane?”
Interaction pattern Critical engagement with algorithms

and data
“I think also the problem with algorithm is like they always like try to be
like nice so that means they might give you the information they like over
exaggerated”

Discourse AI/ML threats to sustainability “And it [AI/ML] uses or it takes really much resources from our nature,
because like, like for example, chatGPT, it uses really much water, every
time you use it."

Discourse Value-driven AI/ML design for sustain-
ability

“Hence, these [human] needs can be used as axioms for building a frame-
work of niceness.”

future archetypes, dataset cards, and AI/ML model cards) and those
that emerged as participants expanded or challenged these prompts
through discussion. We begin with an overview of the future sce-
narios created by participants, before examining how critical spec-
ulation emerged and how sustainability, social justice, and AI/ML
became intertwined in the futures they imagined.

4.1 Overview of the Futures Scenarios Created
by Youth

When ideating their services for supporting love and friendship, par-
ticipants were randomly assigned one of the four future archetypes.
This led to two groups focusing on collapse, two on constraint, and
one on growth future scenarios. Each group was tasked with not
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only imagining a future world but also designing a digital service in
that context, powered by AI/ML to recommend social connections.

Within one hour, all five groups successfully produced both a
scenario aligned with their assigned archetype and a conceptual
AI/ML-powered service. While all services shared the broad aim
of fostering love and friendship, they varied significantly in terms
of context, target audiences and geographic scope. Three were de-
signed for a global reach, while two focused on national or local
levels. The imagined social contexts reflected major challenges
such as societal polarization, misinformation and propaganda, cli-
mate change, as well as hate speech and violence (see table 5 for a
summary).

A notable feature across groups was the way youth envisioned
AI/ML models. The algorithms they described integrated diverse
metadata from multiple datasets—ranging from memes, library
records, and hobby club lists to social media activity and multi-
lingual interactions—to train the models powering their digital
services. Participants were free to choose the AI/ML paradigm they
considered most appropriate for their service. Most groups opted
for supervised learning, while one group selected reinforcement
learning.

In the following section, we present our findings on the in-
teraction dynamics that emerged during the activity, as well as
the key discourses on social justice and sustainability reflected
in participants’ conversations. To illustrate these themes, we in-
clude de-identified excerpts using a group–participant notation (e.g.,
G1P4), where G indicates the group number and P the individual
participant within that group.

4.2 Future Archetypes as Catalysts for Critical
Speculations

4.2.1 Ethical Engagements with Sociotechnical Systems through Col-
laborative Negotiation. Across groups, interactional dynamics were
shaped by ethical tensions that surfaced as participants engaged
with the future archetypes and imagined sociotechnical futures.
While the archetypes provided broad conditions for speculation,
many of the ethical concerns emerged through participants’ dis-
cussions of how AI/ML systems might shape social relations and
everyday experiences in those futures.

Instead of avoiding or quickly resolving disagreement, moments
of hesitation, discomfort, and critique became productive sites for
examining how data and AI/ML might reshape social relations.
Participants used these exchanges to question assumptions, weigh
trade-offs, and recalibrate proposed designs. Ethical reflection thus
unfolded through collaborative negotiation grounded in concrete
decisions about data collection, representation, and use.

A common pattern in three groups involved negotiating ethical
disagreements, especially when AI/ML features clashed with values
such as privacy or social justice. In Group 4, for instance, a proposal
for continuous behavioral monitoring immediately raised discom-
fort: “It just monitors like everything. . . it’s kind of dystopian” G4P4.
Rather than discarding the idea, participants reframed surveillance
as purposeful and socially beneficial: “It can connect to their page
and see what they’re interested in” G4P3; “It. . . monitors your online
footprint. . . and then it can match people with similar interests” G4P3.

Here, ethical tension prompted justification, with participants ac-
knowledging potential harm while articulating why such practices
might be acceptable within their imagined future.

Similar negotiations emerged when participants discussed sys-
tems that could reveal personal traits. When one idea involved an
AI/ML companion disclosing characteristics during an interview,
the suggestion prompted immediate resistance. As one participant
put it, “Imagine. . . your robot just tells the person how you are” G4P3.
Another followed by questioning the loss of control this would
entail, noting, “That’s a bit weird. Cause what if you wanna hide
something?” G4P4. Rather than dismissing the feature outright, the
group worked through contextual boundaries for disclosure, show-
ing how critique surfaced through friction and the need to define
conditions and limits. Participants also explicitly raised concerns
about AI/ML fallibility when imagining high-stakes scenarios such
as police use.

In other groups, ethical tensions focused on visibility and exclu-
sion in data-driven systems. Group 3 initially proposed filtering out
“Swifties”, but peers challenged the implications of excluding an
entire fan community, prompting reconsideration of how algorith-
mic moderation could undermine the goal of fostering friendship.
Group 2 encountered similar tensions around inclusivity. Using
hobby-related data seemed promising until participants recognized
it would exclude older adults or people who do not engage in sports.
Exploring alternatives, such as library datasets, revealed further lim-
itations, as participants noted that relying on public library records
would exclude those who do not read books or engage with such
services. Ethical critique unfolded through iterative refinement as
participants debated what inclusive data practices might look like.

4.2.2 Critical Explorations of Data and AI/ML. Across groups, par-
ticipants relied on the material and conceptual scaffolds of the
activity to design their ML service ideas, especially the dataset and
AI/ML model cards. These materials frequently prompted discus-
sion about data sources, model types, and their implications. At
the same time, participants often extended these prompts through
their own reasoning, introducing concerns about representation,
consent, legitimacy, and exclusion that were not explicitly specified
in the materials. Together, the workshop scaffolds and participants’
interpretations shaped their envisionings of future sociotechnical
systems.

During the group work, participants used the dataset cards as a
starting point for evaluating which datasets would be meaningful
for training their AI/ML models. While the cards drew attention to
different forms of data, participants themselves expanded the dis-
cussion to questions of bias, representation, and exclusion. Rather
than treating datasets as neutral technical inputs, youth questioned
which practices and populations they made visible or invisible. In
Group 2, a discussion about using a hobby-based platform (“My
Club” ) raised concerns about inclusivity: “old people don’t really go to
clubs, right?” G2P1. This quickly shifted once participants imagined
themselves in 2065: “We are the old ones, then?” G2P4. Repositioning
themselves within the future helped them see that present-day data
infrastructures may not endure, prompting attempts to broaden
representation. As one participant noted, limiting data to sports
or reading was “not inclusive enough” G2P3, while another (G2P4)
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Table 5: Summary of participants’ envisioned future scenarios and the services shaped by specific future archetypes.

Group and
Archetype

Future scenario description Service ideated

G1: Col-
lapse

A future United States where democratic institutions
have collapsed, giving rise to a fascist regime marked by
authoritarian control, mass surveillance, and extreme
ideological polarization. A global economic crisis fuels
a new Cold War, with society pushed toward civil war
at home.

MAFA: A dual-use app functioning as a conventional
platform for romantic connections, and to facilitate dis-
creet networking for organizing a revolutionary move-
ment. Its matching AI/ML algorithm integrates meta-
data from memes shared across social media and online
celebrity fan groups to connect individuals discretely.
By using people’s digital traces, the system allows indi-
viduals to hide their involvement while helping resis-
tance networks coordinate in a divided society.

G2: Con-
straint

Climate change and finite resources have forced society
to embrace limits. Long-distance travel is minimized,
local consumption is prioritized, and technology is har-
nessed for ecological resilience while human agency
over AI/ML systems remains central.

LokaLove: a sustainability-driven mobile app that
helps local communities connect while promoting sus-
tainable living. It employs a reinforcement learning
model trained on metadata from public library borrow-
ing records and online leisure group activities to rec-
ommend nearby relationships and shared initiatives. By
encouraging nearby relationships and reducing long-
distance travel, the app helps lowering carbon emissions.
The technology behind the app runs on clean energy
and uses efficient systems to minimize environmental
impact.

G3: Col-
lapse

Society is characterized by the erosion of trust and the
spread of discourses based on fear. Uncontrolled mis-
information, amplified by platforms like TikTok have
severely damaged societal fabric. The prevalence of con-
fusion andmanipulationmakes it extremely challenging
to build authentic human connections.

Propaganda-free platform: an AI/ML-powered
friendship and dating app that aims to restore trust
through supervised learning trained on TikTok activity
metadata and fan community interactions. The model
actively detects and filters propaganda signals, enabling
authentic and safe human connections to flourish in a
landscape otherwise saturated by disinformation.

G4: Growth Society evolves under pervasive AI/ML surveillance,
where facial recognition and emotional tracking are an
intrinsic part of daily life. AI/ML systems monitor in-
teractions and guide decisions, even within institutions
like law enforcement. As AI/ML becomes embedded
in personal relationships, trust and connection are in-
creasingly mediated—and in some cases, replaced—by
intelligent systems that learn and adapt over time.

FACE (Facial Recognition and Cue Evaluation): A
dual-purpose companion robot and institutional tool
that uses facial recognition and social media data to
analyze behavior and provide real-time feedback on
social cues. Its supervised learning model integrates
multimodal metadata—facial recognition inputs, TikTok
and Netflix behavioral logs, and police interrogation
recordings—To deliver real-time social feedback.

G5: Con-
straint

After a period characterized by social division, society
embraces empathy and mutual understanding. Guided
by kindness and reflection on past mistakes, commu-
nities strive to cultivate relations based on respect and
cooperation. Though inequalities persist, authentic hu-
man connection and collective care are the center of
this future society.

NICELINGO: an AI/ML-powered app designed to help
people connect through compassion. Using supervised
learning on multilingual datasets containing social in-
teractions metadata from Meta platforms such as In-
stagram, Nicelingo filters and teaches kind, culturally
respectful phrases across languages—empowering users
to be nice to more people, wherever they go.

suggested that library data might capture a wider range of activities,
such as borrowing movies.

As participants looked for alternatives to the existing datasets,
their engagement with data shifted from selecting among the pro-
vided options to critically examining the broader conditions under
which data could be collected and used. Notably, concerns about
consent did not stem directly from the dataset cards themselves but
emerged through participants’ own attempts to imagine how new

datasets might be created. For instance, when Group 2 proposed
creating their own dataset, concerns about legitimacy were imme-
diately raised: “How can you. . . collect data without like [consent]?”
G2P3. Drawing on the dataset cards, participants discussed the
institutional arrangements and responsibilities involved in making
such systems possible. These discussions became sites of specula-
tive design in which participants articulated and negotiated ethical
considerations about the acceptability of data-driven futures.
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Group 4 similarly used the dataset cards as a stepping stone
for debating the appropriateness of different data sources. A dis-
missal of Spotify—“Definitely not Spotify” G4P3—elicited a challenge
that reframed music as socially expressive: “Music actually makes
a pretty big part of your personality” G4P4. While the cards fore-
grounded potential datasets, participants extended the discussion
by reasoning about how metadata such as location histories, fitness
tracking, and bodily indicators, might be used by AI/ML systems
to infer social traits through aggregated traces of everyday activity.
Such reasoning reflects a form of critical engagement with data
practices, where participants recognized how intimate aspects of
life could become legible, categorized, and acted upon by future
sociotechnical systems.

As with the dataset cards, participants used the AI/ML model
cards to think through possible service designs. When participants
struggled to align imaginative ideas with technical models, interac-
tion slowed and became more reflective. For instance, in Group 1,
participants showed uncertainty as they revisited algorithm defini-
tions: “Guys, we might have this all wrong. Wait, what does it say?
Unsupervised learning, supervised learning, reinforcement learning”
G1P4. Such pauses marked moments where speculative storytelling
gave way to re-engagement with algorithmic logic.

Through engagement with AI/ML materials participants also
reflected on the limits of automated classification. Group 1 ini-
tially proposed training a model on memes to detect extremist
content—“If you like these fascist memes you can’t enroll” G1P4—but
quickly recognized problems of interpretation: “They use very complex
dog whistle[s]” G1P1. Concluding “We don’t use the memes” G1P4,
the group abandoned the dataset entirely. This moment shows how
participants questioned the interpretability of data and deliberated
about what AI/ML can reliably parse—and where those capacities
break down.

Taken together, these examples illustrate how participants en-
gaged critically with data and AI/ML algorithms in their discus-
sions. Through their interactions, they raised questions about how
data-driven sociotechnical systems operate and considered theways
such systems could contribute to social exclusion and injustice.

4.2.3 Playful Interactions Supporting Critical Speculations. Humor
and exaggeration emerged as central interactional resources, en-
abling participants to explore sociotechnical future worlds in ways
that were playful, critical, and grounded in familiar digital experi-
ences. Rather than undermining the task, these modes of engage-
ment helped sustain participation, manage uncertainty, and open
space for imaginative speculation. Humor thus functioned as a
form of youth agency: participants appropriated the design brief
and reshaped it into futures that were meaningful to them, while
still engaging with contemporary sociotechnical concerns.

In Group 3, exaggerated scenarios about platforms like TikTok
became tools for reasoning about systemic risk and information
manipulation. While discussing a future dominated by algorithmic
control, participants joked about moderator collapse and platform
takeover. One participant suggested: “So, systemic failure. . . the Tik-
Tok mods just. . . go to sleep” G3P4, prompting another to playfully
escalate, “They take over. Oh my god” G3P3. This humorous fram-
ing continued as they imagined misinformation sparking global
conflict: “All the, like, big world powers. . . create a really convincing

narrative that they’re all fighting each other” G3P4. Although deliv-
ered jokingly, these exchanges revealed awareness of propaganda,
platform governance, and algorithmic amplification, with humor
serving as a low-stakes way to surface shared concerns.

Humor also enabled reflection on participants’ own digital depen-
dencies. While imagining a scenario involving North Korean propa-
ganda and restricted access to platforms, one participant of Group
3 joked, “Imagine not to be addicted to TikTok!” G3P4. The comment,
though lighthearted, surfaced tensions between state-controlled
information environments and everyday media habits.

In Group 4, exaggeration became a mechanism for probing
surveillance and control. Ideas escalated quickly toward total mon-
itoring, including an app that “monitors just like everything you do”
G4P4 and “takes over the whole world” G4P4. Other members of
the group expanded on this with visions of invisible scanning and
lie detection through facial recognition. These extreme scenarios
allowed participants to test ethical limits and consider trade-offs
between safety, privacy, and autonomy by pushing concepts far
beyond realistic boundaries. Group 1 relied heavily on humor to
navigate the social implications of algorithmic matching. Jokes
about a dating app based on shared interests included imagining
users meeting only to realize, “Damn, you’re ugly!” G1P4, followed
by the quip, “Love is blind!” G1P4. Humor later took a political turn
as participants riffed on potential branding: “I wouldn’t be surprised
if some MAGA had developed (...) a dating app called Making Dating
Great Again” G1P4.

Across groups, humor and exaggeration formed a distinctive
interactional mode marked by imaginative freedom and critical re-
flection. By amplifying trends such as surveillance, misinformation,
and algorithmic governance, participants used playful exaggeration
to engage seriously with sociotechnical futures while maintaining
ownership of the process.

4.3 Interweaving Sustainability, Social Justice,
and AI/ML in Future Worlds

4.3.1 AI/ML Challenges to Social Sustainability. Participants’ dis-
cussions about the negative impacts of AI and ML focused on how
these systems can undermine democratic governance and erode
individuals’ fundamental rights. In particular, challenges related to
privacy, the right to information, and freedom of expression were
actively discussed when participants reflected on aspects connected
to social sustainability.

Two groups envisioned future societies in which surveillance
enabled by data-centric technologies had become a normalized
social practice (see G1 and G4 in Table 5). In both cases, partici-
pants highlighted continuous monitoring and data extraction as
defining features of technologically advanced societies where in-
dividuals’ right to privacy had been sacrificed. While in Group 1
participants described a totalitarian regime using mass-surveillance
technologies to suppress dissent, in Group 4 surveillance performed
by data-driven systems was framed as serving the common good
- “It doesn’t necessarily (...) spy on people. It’s just trying to (...) help
you maintain friendships” G4P4.

Narratives about misinformation and societal polarization also
appeared in future scenarios of the participants (see G1, G3, and G5
in Table 5), where these dynamics were framed as threats to social
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sustainability because they eroded trust and social relations. In
Group 3 for example, societal polarization is fueled by AI/ML algo-
rithms supporting the spread of propaganda and misinformation in
social media platforms such as TikTok. Yet the discourse underlying
these scenarios also revealed a complex relationship to data itself, as
participants recognized that it is not straightforward to determine
which data should be labeled as misinformation or propaganda.
As one participant noted, “propaganda is in our everyday life, in
the news and everything” G3P2, followed by agreement from peers.
Although the group chose not to follow this thread further to avoid
getting “stuck in debates about what is propaganda and what is not”
G3P4, the moment nonetheless reflected a nuanced understanding:
the criteria for deciding what data is valid, trustworthy, or harmful
are not fixed, and may be contested.

AI/ML ability to identify and filter data was linked to discourses
about technology-enabled societal control (see G1, G3, and G5
in Table 5). These future scenarios explored different facets of
technology-enhanced moderation and its impacts on freedom of
expression and social sustainability. For instance, Group 1 mem-
bers envisioned a unique encoding system designed to bypass
conventional moderation mechanisms, allowing individuals criti-
cal of the autocratic regime to express themselves and connect
with like-minded peers. In contrast, Groups 3 and 5 described
AI/ML-assisted moderation as a valuable strategy for managing neg-
ative phenomena such asmisinformation and hate speech spreading
in social media: “We’re focused on banning like all forms of propa-
ganda, so we’d like train the AI to recognize propaganda and recognize
the characteristics of propaganda, so it doesn’t allow it to say” G3P4
(during their presentation to the whole group). These speculative
designs sparked debates about freedom of speech, the challenges
of misinformation, and the extent to which technologies could
contribute to more sustainable societies.

4.3.2 Integrating Sustainability into AI/ML Processes. Participants’
reflections on sustainability extended beyond the end-impacts of
AI/ML and data-driven technologies on societal development. As
shown in their group discussions and future scenarios, they also
considered qualities related to the processes through which these
technological outcomes were produced. For instance, groups focus-
ing on social sustainability (see G4, G5 in Table 5), i.e., technology
supporting an inclusive and equal society where wellbeing of citi-
zens is taken care of, envisioned designs that foster hybrid intelli-
gence. In these cases, the AI/ML algorithms powering the services
generated models designed to guide human interactions while still
preserving human agency. In both scenarios, the emphasis was on
providing real-time feedback to support conflict-free and respectful
communication between humans, with agency distributed between
the AI/ML algorithms and the humans involved.

While participants acknowledged the role of AI/ML algorithms
in mediating and shaping social relations, they emphasized the
importance of preserving human agency. According to participants,
human agency could be maintained by ensuring that humans had
the final say in decisions - see for instance G4 member clarification:
“So, the robot is (...) not giving absolute solution, it’s giving just sug-
gestions” G4P3 - and by involving them in the process of creating
the models on which the AI/ML systems based their decisions -

see G1 member explanation: “So we could keep a close eye on it be-
cause it would be, it’s very important that (...) that the AI doesn’t (...)
match people incorrectly” G1P4. Four of the groups (G1, G3, G4, G5)
pointed at human supervision in the data labelling process. They
justified their choice through rationales such as “The model type,
we decided to use supervised learning, since in supervised learning,
we can tell it what kind of language to filter out, and thus it can teach
the nice language to the users” G5P3, “We were gonna supervise it...
We were gonna give it (...) different human emotions. So we’re gonna
say, (...) this picture means happy, this picture means sad” G4P4. In
the single instance where participants used reinforcement learning
to train their service’s AI/ML algorithm, they also underscored how
human input shaped the process: “And we’re using the reinforcement
learning method because (...) then people can give (...) feedback like
if they liked the person, the app matches you with. So it learns by
that” G2P4. In all these cases, participants pointed at human over-
sight and the possibility to intervene in the training of the AI/ML
algorithm as crucial for ensuring the social sustainability of their
service design. They associated social sustainability with designing
services that support fairness, inclusion, accountability, and the
well-being of the people interacting with them.

Participants’ understanding of sustainability as a concern with
underlying processes also surfaced in discussions about the en-
vironmental cost of training the AI/ML models that supported
their services. Environmental sustainability was a central theme
in Group 2 envisioning, where participants highlighted the chal-
lenges of accessing reliable information about the carbon footprint
of processing large datasets and emphasized the need to prioritize
smaller but more relevant datasets for model training: ”It could be,
like, a sustainable nature-friendly app that collects only (...) local
information” G2P3.

Taken together, these reflections show that participants didn’t
view sustainability as a fixed end goal. Instead, they saw it as con-
tinually shaped through the everyday practices, choices, and inter-
actions involved in developing AI/ML-driven services. They empha-
sized the importance of human judgment, transparent and inclusive
ways of building models, and an awareness of the environmental
costs tied to data and computation. In doing so, they treated sustain-
ability not as a box to tick at the end of a project, but as an ongoing
responsibility woven into every stage of creating technology.

4.3.3 Future Worlds Guided by Values of Social Justice, Care, and
Sustainability. In their future scenarios, youth recognized the ten-
sions and frictions between economic expansion, environmental
degradation, and social well-being. The relationalities they envi-
sioned - tighter friendships, increased reliance on community, or
new patterns of interaction - were shaped directly by these intersect-
ing pressures, which they perceived as challenges to sustainability
(see Table 5 for a summary of participants’ future scenarios and
service designs).

Participants’ sensitivity to how different pressures shape every-
day life also informed how they approached sustainability more
broadly. A central feature of participants’ future scenarios was the
way they brought together social, economic, and environmental
concerns. Such multi-dimensional understanding of sustainability
was characterized by the intertwinement of ecological, social, and
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economic conditions shaping everyday life and interpersonal rela-
tions. A member of G4, working within a growth-driven scenario,
explained this in detail: “We got growth, and you can see how growth
is going today, it’s not going very well. The more we try and grow
our economy in society (. . . ) the more it destroys, it continues global
warming and stuff like that. So, the society we’re thinking of (. . . )
it’s become pretty toxic outside. It’s dangerous to stay outside for too
long [. . . ]. So (. . . ) friendships are just more important” G4P4. This
systemic way of thinking was evident in worlds where social justice
required economic reorganization, or where environmental limits
reshaped political and cultural practices.

Many groups challenged mainstream assumptions about eco-
nomic growth, resource use, or technological progress, experiment-
ing with futures that not only felt possible and plausible but also
pushed against dominant narratives. As Group 5 members argued,
imagining alternative futures required questioning long-standing
global relationships and considering more just, if imperfect, ways of
relating: “So perhaps theremight not be equality in all of the world, but
as for the colonial relationships, [...] in the interest of being nice, there
might be some other way” G5P4. In this case, the rejection of world-
views reproducing exploitative relations was expressed through
a conscious choice of alternative sustainability-oriented values
such as fairness, care, and mutual respect even when discussing
large-scale political or historical dynamics. Another example of
critiquing the continuous-growth paradigm—and highlighting the
need to embrace limits—can be seen in Group 2 proposal for a digi-
tal service that supports local love and friendship by using smaller
but highly relevant datasets to reduce the environmental footprint
of large-scale data processing.

Across all scenario archetypes—whether framed around collapse,
constraint, or growth—the workshop materials prompted partici-
pants to consider broad sustainability challenges. Participants then
elaborated these conditions in different ways, connecting them to
issues such as colonial relationships, fairness, democratic partic-
ipation, and care, themes that were not explicitly prescribed by
the materials. Even when futures appeared difficult or undesirable,
they did not treat these conditions as fixed. Instead, each archetype
became an opening for rethinking and transforming unsustainable
dynamics. Their narratives frequently positioned technology as a
means to foster more democratic practices, protect fundamental
rights, and support more caring relationships among individuals,
communities, and the environment.

Through collectively envisioning future worlds, participants re-
flected on how social, environmental, and economic forces could
reshape everyday life while exploring how these trajectories might
be redirected. Even when their visions highlighted difficult cir-
cumstances, they approached them as contexts in which change
remained possible. Rather than accepting unsustainable dynamics
as inevitable, they considered alternative arrangements of social
relations and technology aimed at fostering more equitable and
caring futures. Their discussions therefore emphasized not only
potential risks but also the roles of collective action, creativity, and
everyday care in shaping more sustainable ways of living.

5 Discussion
In this study we inquired what kinds of interactions emerge when
youth engage in futures archetype–based AI/ML design activities,
and how these interactions support their critical thinking about
sociotechnical futures, including sustainability and social justice.
Through this exploratory study, we show that as youth imagined
future scenarios from the perspective of a particular archetype,
they collaboratively engaged in rich, critical, and ethically attuned
conversations about the futures they envisioned. These interactions
were characterized by collaborative negotiation, as participants ar-
ticulated, compared, and revised ideas in response to one another.
Through these exchanges, youth considered differing viewpoints
while examining how sociotechnical systems shape—and are shaped
by—human values and social dynamics. They probed the roles of
data and AI/ML in their imagined worlds, questioning how data
are produced, how models function, and how algorithmic choices
influence social outcomes. Playful interactions, including joking,
exaggeration, and teasing, supported fluid shifts between specu-
lative imagination and critical reflection. Our analysis indicates
that the futures archetype method fostered interactions centered
on critical questioning, speculative exploration, and reflections on
sustainability within sociotechnical systems. We argue that these
interactional dynamics emerged both from the method and activity
design and from the distinctive perspectives and contributions that
youth brought to the work. Next, we discuss these findings along-
side recommendations for practice in relation to recent literature
in CCI research.

Our exploratory research findings align with recent CCI studies
advocating critical AI and ML literacy [50, 53, 98] and the computa-
tional empowerment of young people in relation to AI/ML systems
[13, 49, 53, 66, 68]. Within this literature, critical and ethical aspects
of AI/ML systems have been explored with children and youth,
including agency, responsibility, bias, transparency, and the social
implications of algorithmic decision-making. We extend this work
by attending to interaction dynamics that reveal youths’ adoption
of a protagonist role as they explore the complex relations between
AI/ML, society, and possible futures. In line with prior research
on youth’s protagonist role in design activities [46, 61, 101], our
analysis showed participants taking an active role in the design
work: they took ownership of the AI/ML design brief, exercised
agency through collaborative negotiation, and engaged in critical
exploration by questioning assumptions and critiquing the futures
they envisioned. In these accounts, the protagonist role is under-
stood not as something youth simply possess, but as something
that emerges through interaction, collaboration, and recognition.
Our study contributes to this body of research by providing a case
focused on AI/ML design through speculative activities.

Our findings show that a central aspect in participants’ critical
engagement with AI/MLwas their attention to data and questions of
representation, inclusion, and fairness. Their discussions frequently
moved beyond AI/ML system outputs to consider the datasets that
underpin such systems and the assumptions embedded within them.
This finding points to the importance of supporting youth in criti-
cally examining data as part of AI/ML literacy activities. Based on
this, we offer the following design recommendations:
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Recommendation 1: Trigger awareness of the situated and
constructed character of datasets in AI/ML-powered services.
Speculative design activities with youth can be strengthened by
making explicit that datasets used in AI/ML systems—and the meta-
data that describe, organize, and delimit them—are not neutral
representations of the world but are produced within specific social,
historical, and political contexts. Facilitators should emphasize that
simply collecting more data does not resolve issues such as bias,
exclusion, or discrimination, as these problems are often embed-
ded in how datasets are constructed, documented, and maintained,
whose experiences are represented, and whose are left out. Encour-
aging youth to reflect on the limitations, gaps, and assumptions
encoded in datasets and their metadata can surface questions of
power, representation, and fairness early in the design process,
shifting attention from technical performance toward the broader
social consequences of data-driven systems.

In our study, this reflection was supported through dataset cards
that described not only the intended use and content of each dataset,
but also its limitations, omissions, and constraints. Although social
justice was not explicitly named in the activity brief, participants’
discussions around dataset selection frequently revolved around
whomight be excluded, whose data weremissing ormisrepresented,
and how such absences could shape system behavior and reinforce
existing inequities. This approach is novel in the context of specula-
tive AI/ML design with youth, as it moves beyond treating datasets
as abstract or given resources and instead invites youth to engage
critically with datasets and metadata as socially situated artifacts.
By foregrounding dataset limitations and documentation as sites of
inquiry, the activity supported early forms of critical data literacy,
enabling young people to reason about AI/ML systems in relation to
fairness, accountability, and social justice rather than optimization
alone.

Recommendation 2: Encourage thinking about the interde-
pendence of AI/ML and data.Much CCI research on AI/ML liter-
acy has focused on helping youth understand the impacts, ethics, or
outcomes of AI/ML systems, while the relationships between data,
learning paradigms, and model behavior often remain abstract or
implicit. As a result, core questions about how AI systems come to
know, classify, or predict—and how these processes are shaped by
data choices—can remain invisible. Our findings suggest that mak-
ing these relationships explicit is essential for supporting deeper
critical understanding. Using concrete materials, such as dataset
cards and AI/ML-paradigm cards, helped surface how data actively
shapes model construction, interpretation, and deployment, shift-
ing attention from AI/ML as a “black box” toward the underlying
logics of learning from data.

These tangible, non-digital materials enabled youth to reason
about AI/ML paradigms (e.g., supervised, unsupervised, or rein-
forcement learning) in relation to the available data and the as-
sumptions those paradigms encode. By requiring participants to
justify their design choices—such as why a particular AI/ML par-
adigm made sense given the dataset they selected—the activity
encouraged reflection on representation, labeling, and agency. To-
gether, the dataset and paradigm cards supported participants in
reasoning about how data and models shape one another. This
approach goes beyond many existing AI/ML literacy activities by
foregrounding the interdependence of data and learning paradigms

rather than treating models as neutral or universally applicable. In-
tegrating such materials into collaborative and creative design work
can therefore foster more nuanced forms of critical data literacy,
helping young people articulate how AI/ML systems are shaped
by data practices and modeling choices, rather than viewing out-
puts as purely technical or inevitable consequences of “intelligent”
systems.

In addition to contributing to work supporting youth’s critical
reflection on AI/ML and its social impacts, our study illuminates
how young people engage with speculation as a space for inquiry
rather than solution-finding.While prior studies have demonstrated
the promise of speculative approaches and worldbuilding for invit-
ing children and youth to critique and envision AI- and ML-based
systems as complex sociotechnical phenomena with entangled po-
litical, ecological, and cultural dimensions [53, 62, 89], our findings
show howworldbuilding sessions became sites where young people
grappled with sociotechnical complexity in practice—articulating
contested futures, negotiating values, and making sense of uncer-
tainty through collaborative negotiation, critical exploration, and
playfulness. These findings point to the importance of supporting
youth in situating technologies within broader social, political, and
environmental contexts, which we express through the following
recommendation.

Recommendation 3: Invite youth to situate their designs
within complex sociotechnical worlds. Speculative design ac-
tivities on AI/ML can be strengthened by explicitly encouraging
youth to imagine not only individual technologies, but the broader
worlds in which those technologies exist. Worldbuilding offers a
powerful way to scaffold this thinking by prompting participants
to consider how imagined AI/ML systems relate to social relations,
economic arrangements, environmental constraints, cultural norms,
and geopolitical conditions. By constructing future worlds rather
than isolated artifacts, young people are supported in envisioning
AI/ML as part of interconnected sociotechnical ecosystems—where
technologies both depend on and reshape societal structures. This
approach helps surface questions about what conditions make cer-
tain innovations possible, whose interests they serve, and how tech-
nological possibilities are shaped by broader material and social
realities.

Within these imagined worlds, facilitators should encourage re-
flection on governance arrangements, power relations, and rights,
asking how different futures enable or constrain individual and
collective agency. For example, youth might explore how AI/ML
systems operate under different types of government, or how rights
related to privacy, freedom of speech, and information are upheld
or eroded. While prior speculative design work has often empha-
sized ethical concerns or individual impacts, it has less frequently
engaged youth in considering how AI/ML technologies intersect
with governance arrangements and structural inequalities. Attend-
ing these dimensions through worldbuilding can support deeper
critical reflection, enabling young people to think about AI/ML not
only as a technical or ethical artifact, but as a force entangled with
political authority, social justice, and collective futures.

In our study, the value of worldbuilding was closely tied to
the use of futures archetypes as scaffolds for imagining alterna-
tive worlds. Through this study, we illustrate how participants
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created rich, controversial, and debatable possible futures that es-
caped flat binary (utopian/dystopian) descriptions. The futures
archetypes—growth, collapse, constraint, and transformation [30]
—served as broad framing devices for imagining alternative so-
cioeconomic, environmental, and cultural conditions. As youth
developed speculative AI/ML designs responding to a particular
futures archetype, they engaged in critical reflection on how ideas
might unfold differently across societal contexts, considering how
social, political, and ecological assumptions shape technological
possibilities. This resonates with prior CCI scholarship emphasiz-
ing critical imagination as a collaborative practice through which
young people create cohesive, plausible, and socially embedded
future worlds that account for ecological, political, cultural, and
technological dynamics [24, 25, 68, 88, 100]. Consistent with spec-
ulative design traditions, situated and imagined scenarios helped
render abstract AI/ML concepts tangible, fostering dialogue, cri-
tique, and reflection grounded in collective sense-making [75]. The
role of the archetypes in shaping participants’ thinking further sug-
gests their value as practical scaffolds for futures-oriented AI/ML
design activities. We capture this insight through the following
recommendation:

Recommendation 4: Use metaphors to guide consideration
of various futures. When running speculative design activities
on AI/ML with youth, facilitators should intentionally introduce
metaphors that frame futures as plural and contingent rather than
singular or inevitable. Even when youth focus on developing one
future scenario, metaphors of varying futures (e.g., growth, collapse,
constraint, transformation) can help open up their thinking about
how social, political, ecological, and technological conditions might
differently shape AI/ML systems, including questions of environ-
mental limits, resource use, and long-term sustainability. These
metaphors provide an accessible shared language that supports
“what if?” reasoning, enabling youth to reflect on values, trade-offs,
unintended consequences, and the sustainability implications of
technological choices without requiring advanced technical knowl-
edge.

In practice, metaphors can be introduced through short nar-
ratives, visuals, or prompts and revisited throughout the activity
to encourage comparison and reflection. Facilitators might invite
youth to briefly consider how their designs would change under
a different future metaphor. Such reflections support critical dia-
logue and help prevent overly deterministic or techno-optimistic
visions of AI/ML detached from sustainability concerns. While such
metaphors are well established in futures research, their use as scaf-
folds in speculative design with youth remains underexplored. Our
findings suggest that working with futures metaphors can help
young people situate AI/ML within broader sociotechnical and
ecological contexts, fostering critical imagination and openness to
multiple possible—and more or less sustainable—futures.

The importance of these scaffolds became particularly visible
in participants’ discussions of sustainability. Our study highlights
how youths’ engagements with various futures archetypes brought
sustainability-related questions to the fore in concrete and situ-
ated ways. As participants worked across futures characterized by
differing ecological conditions, resource constraints, governance
arrangements, and societal priorities, sustainability emerged as
something they actively wrestled with rather than a predefined

theme. For instance, when imagining futures based on the growth
or collapse archetype, youth raised concerns about environmental
limits, extraction, and long-term viability, while discussions situ-
ated in the constraint archetype leaned towards more regenerative
or social justice-oriented alternatives. Across these engagements,
participants came to articulate sustainability as an entanglement of
environmental, social, and economic considerations, rather than
as isolated dimensions. These discussions also foregrounded how
AI/ML technologies—depending on the values they embody and
the contexts in which they are deployed—might intensify exist-
ing inequities or contribute to more equitable and sustainable so-
ciotechnical trajectories. Our findings resonate with [7] argument
that imagining futures is a values-laden social practice that ben-
efits from layered scaffolding to guide collective envisioning. In
this vein, the futures archetypes supported participants not only in
generating diverse future scenarios—much like futures-envisioning
games such as The Thing from the Future [21]—but also in recogniz-
ing sustainability as an ongoing negotiation between technological
possibilities, ecological conditions, and social justice [37].

6 Conclusion
This study contributes to CCI research by introducing a world-
building activity inspired by the futures archetypes, in which 15–17
years-old participants envisioned sociotechnical futures of love and
friendship by designing speculative AI/ML services. Our analysis
examines the interactional dynamics that emerged during the activ-
ity and how these dynamics supported youth’s critical engagement
with AI/ML in relation to social and environmental futures. We
situate our findings within scholarly work on critical AI/ML and
data literacies, speculative futures, and sustainability. Drawing on
these insights, we propose several recommendations to guide future
CCI design work with youth: (i) trigger awareness of the situated
and constructed character of data in ML-powered services, (ii) en-
courage thinking about the interdependence of AI/ML and data, (iii)
invite youth to situate their designs within complex sociotechnical
worlds, and (iv) use metaphors to guide consideration of various
futures. Future work could build on this approach by exploring
its long-term impact, adapting it to other age groups and cultural
contexts, and examining how similar worldbuilding activities might
support sustained critical reflection and civic engagement around
emerging AI/ML technologies.
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