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ABSTRACT

This paper presents two design fiction workshops exploring future eating scenarios in 2040. A
narrative workshop with 116 participants and an ideation workshop with 68 participants utilised
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a pre-researched matrix framework as the core design fiction material. In total, 97 narratives and

60 design outcomes were collected and analysed around three key themes: Efficiency,
Entertainment, and Ecology. A more-than-human lens is applied to interpret the speculative
outcomes, with particular attention to tech-driven food alternatives, sensory-enhanced eating
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experiences, and ecologically resilient food innovations. Follow-up feedback suggests that
participants from diverse backgrounds were able to generate coherent and consistent visions of
the future when supported by the structured framework and workshop process. We conclude
by discussing key tensions and design opportunities for future food technologies, and reflect on
the integration of design fiction with more-than-human perspectives.

1. Introduction

Eating is a fundamental aspect of human life, and the
integration of digital technologies—such as robotics
(Berezina, Ciftci, and Cobanoglu 2019; Moley Robotics
2025; Zhu and Chang 2020), 3D food printing (Ashok
Khot et al. 2017; Sun et al. 2015), virtual reality (Arnold,
Ashok Khot, and Mueller 2018), capacitance sensing (Y.
Wang et al. 2020), and genetic mold-arrangement algor-
ithms (Y. Wang et al. 2018) - has opened up new pos-
sibilities in the Human-Food Interaction (HFI) field.
These innovations offer promising approaches to trans-
forming how people grow, prepare, cook, eat, dispose of,
and interact with food (Ashok Khot et al. 2017). Fur-
thermore, the exploration of future HFI from an envi-
sioning perspective is an important emerging topic. It
appears to be shifting toward an increasing emphasis
on factors such as accessibility and imaginability
(Grimes and Harper 2008). Notable examples include
Niijima and Ogawa’s (2016) method for simulating vir-
tual food textures using electrical muscle stimulation,
Wang et al.’s (2017) 2D edible sheets that morph into
3D shapes when hydrated, and Vi et al.’s (2017) Tasty-
Floats, an acoustic levitation-based system that delivers
food directly to the user’s tongue. These innovations
reflect a deepening exploration of the relationship
among humans, food, and technology, which lies at

the heart of HFI research (Altarriba Bertran et al.
2019). The growing body of experimental future studies
within the HFI field is essential for uncovering and
articulating the values, desires, and imaginative possibi-
lities that shape food-tech futures and future eating
practices (Dolejsova et al. 2020).

Regarding the conceptualisation of future eating
scenarios and alternative practices, Design Fiction
(DF) (Dunne and Raby 2013) has been used as a com-
mon approach (Grand and Wiedmer 2010; Linehan et
al. 2014). DF creates a discursive space (Dunne and
Raby 2013; Lindley and Coulton 2015) that lies not
only in envisioning future possibilities or proposing
technological solutions but also in serving as a dual-pur-
pose method for design and research (He, Wu, and Qin
2024). Recently, DF has been applied to speculate on
sustainable futures (Hauser, Desjardins, and Wakkary
2014; Tanenbaum, Pufal, and Tanenbaum 2016), inves-
tigate food futures (Hebrok and Mainsah 2022; Oogjes,
Bruns, and Wakkary 2016; Tarik Celik et al. 2024), and
imagine technological futures (Baumann et al. 2018;
Johnson 2011). While the number of studies adopting
DF workshops in the context of future food technologies
has been growing, there remains a lack of critical reflec-
tion on how these workshops are prepared and
implemented structurally (Amer, Daim, and Jetter
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2013; Dahlstrom 2019; Gruen et al. 2002; Vilk, Thabsu-
wan, and Mougenot 2023), i.e. how research is incorpor-
ated into the design/development of DF materials.
Furthermore, existing DF studies have often overlooked
non-designers (e.g. engineers) compared to designers
(Ng, Lee, and Wu 2021; Tsekleves et al. 2017). From a
broader perspective, previous studies point to a gap
that non-designers themselves should be empowered
to actively imagine futures for themselves, rather than
merely responding to designer-led visions (He, Wu,
and Qin 2024). Building on this, we also see an oppor-
tunity to engage both non-design participants and
designers in exploring their perspectives on future eat-
ing through DF workshops.

Recently, noting the tension of DF in tackling future
food technologies and eating practices, some scholars
have introduced a More-than-Human (MTH) lens to
incorporate nonhuman perspectives and deepen the
understanding of speculative outcomes (Eriksson et al.
2024; Yanli¢ and Cogkun 2024). While DF often centres
on human needs and technological innovation, this
focus risks reducing nonhuman entities (such as
microbes or ecosystems) to mere functional elements,
overlooking their intrinsic roles (Biggs, Bardzell, and
Bardzell 2021; S.-Y. Liu 2019). In contrast, HFI
researchers have argued that humans should extend
their understanding of nonhuman life and exceed
these binaries (Clarke et al. 2019; Heitlinger, Bryan-
Kinns, and Comber 2019; J. Liu, Byrne, and Devendorf
2018; S.-Y. Liu 2019; Smith, Bardzell, and Bardzell
2017), promoting a more inclusive approach to design
that acknowledges the interconnectedness of all life
forms. However, integrating MTH perspectives directly
into the DF process poses challenges, as participants
may find it difficult to empathise with or design for non-
humans. Instead, scholars have seen value in applying
the MTH lens as a post-hoc analytical approach rep-
resented or marginalised in participants’ visions of the
future (Eriksson et al. 2024; Poikolainen Rosén, Nor-
mark, and Wiberg 2022; Rodgers et al. 2023). Rather
than embedding nonhuman concerns within the design
process, this approach enables critical reflection on
speculative outcomes, offering a pathway to enrich DF
outcomes with greater reflective depth and relational
awareness (Coulton and Lindley 2019; Giaccardi 2020;
J. Liu, Byrne, and Devendorf 2018; Smith, Bardzell,
and Bardzell 2017).

We address these gaps and opportunities through a
case study. Our aim is to demonstrate how DF can be
employed to explore future food-tech scenarios while
applying an MTH lens to gain a deeper understanding
of the outcomes. Specifically, we seek to investigate
how a structured DF framework enables participants

from diverse backgrounds to articulate and develop
future eating scenarios, and how the MTH lens enriches
understanding of the ecological, technological, and
societal interconnections within the future eating con-
text. First, we conducted research to develop workshop
materials and structure the workshop process. Second,
two workshops were held: one with 116 participants
and another with 68 participants, where the pre-
researched matrix framework was utilised as DF
material. Moreover, we contribute to demonstrating
how DF, guided by a structured framework, generates
consistent and diverse future eating scenarios across
participants within two workshops. We also reflect on
how the MTH lens provides new insights into future
food technologies, focussing on food alternatives, sen-
sory experiences, and ecological sustainability. We
hope the findings from this case study can further
guide researchers interested in applying DF and the
MTH lens in future eating studies.

2. Related work
2.1. Future eating in human-food interaction

The increasing interest in food within the Human-Food
Interaction (HFI) discipline underscores the importance
of merging interactive technology with food to envision
future eating experiences (Altarriba Bertran et al.
2019). Numerous workshops have been conducted to
explore how technological innovations can transform
everyday food practices. For example, Designing Recipes
for Digital Food Futures (Dolej$ova et al. 2018) explored
the creation of future recipes using digital tools, while
Handmaking Food Ideals: Crafting the Design of Future
Food-Related Technologies (DolejSova et al. 2019) inves-
tigated human-food automation through Al-based food
technologies. Similarly, Future of Food in the Digital
Realm (Ashok Khot et al. 2017) examined the potential
of food printing technologies, and Fantastic(e)ating
Food Futures: Reimagining HFI (Davis et al. 2020) con-
tributed novel ideas for how technology can support
future food practices. These workshops have successfully
brought together designers, researchers, and artists to
explore creative food-tech possibilities. However, there
is a growing need to broaden this interdisciplinary
space by involving participants from diverse fields
beyond design, fostering a more inclusive discussion
on the future of HFI in food (Deng et al. 2021).

2.2. Design fiction workshop

Design Fiction (DF) is a speculative method that facili-
tates the exploration of near-future possibilities,



allowing for the imagination and speculation of future
technologies in flexible and subjective worlds (Dunne
and Raby 2013). DF serves as an anti-solutionist
approach, focussing on inspiration, context, and specu-
lative thought for future design rather than solving
hypothetical problems that may not arise (Wakkary et
al. 2013). It emphasises imaginative world-building,
using diverse media like narratives, artifacts, and videos
to craft alternate futures that challenge norms, explore
emerging technologies, and provoke reflection (Coulton
et al. 2017; Markussen, Knutz, and Lenskjold 2020). The
artifacts and narratives produced not only embody the
questions and concerns of the creators but also generate
new insights and open up novel design possibilities
(Blythe 2014). The performative and narrative nature
of DF engages audiences viscerally, bridging fiction
and reality to envision how future relationships with
technology and society might unfold. Besides, a well-
structured DF process and carefully prepared materials
are critical to achieving the intended outcomes (Dunne
and Raby 2013). Since diverse drivers shape the future
and lead to varying DF outcomes (Amer, Daim, and Jet-
ter 2013), prior research (Benton 2019; Ringland and
Schwartz 1998) emphasises identifying at least two sig-
nificant drivers and incorporating them into a cohesive
framework before creating future scenarios. Moreover,
DF workshops were also suggested to broaden partici-
pation beyond designers to include diverse stakeholders
such as customers, technologists, and engineers, foster-
ing multidisciplinary collaboration and leveraging crea-
tive storytelling to generate innovative insights and
actionable ideas (Dahlstrom 2019; Gruen et al. 2002;
Vilk, Thabsuwan, and Mougenot 2023). Thanks to the
prior studies, we see an opportunity to refine DF work-
shops with thoughtfully designed processes and inclus-
ive participation, particularly in specific future-oriented
topics such as future eating and food technologies.

In the realm of HFI domain, DF allows for the cre-
ation of food futures, focussing on how emerging tech-
nologies might reshape our relationship with eating
practices (Cho, Devendorf, and Voida 2021; Heitlinger,
Bryan-Kinns, and Comber 2019; Heitlinger et al. 2019;
Lyle, Choi, and Foth 2014; Raturi et al. 2017; Rodgers
et al. 2023). A few past works have leveraged DF to
explore topics related to future eating and food. For
example, Rutzerveld’s project on edible growth (Rutzer-
veld 2025) showcases speculative design as a means to
imagine sustainable food cultivation systems. Some
studies (Gomez-Corona, Wathelet, and Minvielle
2024; Wathelet and Minvielle 2023) explored how DF
can be employed as a methodological tool to engage sta-
keholders in imagining and critically reflecting on sus-
tainable futures in food systems. While these studies
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demonstrate the utility of DF in imagining future food
practices and engaging stakeholders, there remains a
noticeable emphasis on human-centred approaches.
Emerging research in HCI and DF increasingly advo-
cates for integrating MTH perspectives, which include
nonhuman species such as plants, animals, and fungi,
to address sustainability challenges (Clarke et al. 2019;
Heitlinger, Bryan-Kinns, and Comber 2019; J. Liu,
Byrne, and Devendorf 2018; S.-Y. Liu 2019). Building
on this direction, further exploration is needed to
understand how DF can incorporate these perspectives
to envision food futures that account for broader eco-
logical and systemic interdependencies.

2.3. More-than-human lens

Over the past few decades, HCI scholars have increas-
ingly embraced MTH lens in both design and research
(Clarke et al. 2018; Coskun et al. 2022; Dew and Rosner
2018; Fritsch et al. 2023; Kuijer and Giaccardi 2018).
These perspectives highlight the inclusion of nonhuman
entities—such as robotics, artificial intelligence, smart
products, and digital platforms-as stakeholders in the
technologies being designed, acknowledging their inte-
gral role in shaping and being shaped by technological
futures (Cheatle et al. 2019; Clarke et al. 2019; van
Beek et al. 2025; Wilkie and Michael 2025). Central to
this line of research is the idea of relationality between
humans and nonhumans, which emphasises fostering
ethical, intimate connections with the natural world to
promote sustainable action (Poikolainen Rosén, Nor-
mark, and Wiberg 2022; Rodgers et al. 2023). For
example, the concept of ‘noticing’ encourages design
that heightens awareness of the complexities of nonhu-
man life, fostering recognition of the interdependencies
and temporalities within ecosystems (Biggs, Bardzell,
and Bardzell 2021; J. Liu, Byrne, and Devendorf 2018;
S.-Y. Liu 2019).

According to a previous review (Eriksson et al. 2024),
HFI is a key domain within the MTH research field
(Heitlinger et al. 2021; Prost et al. 2021), with DF in
speculative design being widely used to engage both
human and nonhuman stakeholders in imagining sus-
tainable futures (Eriksson et al. 2024). Research on
DIY tools for urban interventions illustrates how specu-
lative fabulation can inform citizens about urban issues
involving nonhuman entities, such as plants and ani-
mals (Nijs et al. 2020). Similarly, Rodgers et al. integrate
co-design fictions with MTH perspectives in workshops
that foster relational thinking and speculation on sus-
tainable futures (Rodgers et al. 2023). These examples
demonstrate how DF can address ecological and sus-
tainability ~ challenges by  emphasising  the
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interdependencies between humans and nonhumans.
Furthermore, incorporating DF creates a discursive
space for questioning anthropocentric assumptions, fos-
tering relational thinking, and exploring ethical futures
for all life forms (Coulton et al. 2017; Rodgers et al.
2023). This approach has influenced the exploration of
future food practices, where DF is used not only to
speculate on future technologies but also to engage
with the broader ecological systems that are shaped by
these technologies (Coulton and Lindley 2019; Giac-
cardi 2020).

3. Method and process

This case study aims to construct speculative scenarios of
future eating in the year 2040 with DF workshops (Pan
2024). The study consisted of two main phases. In the
first phase, we developed DF materials guided by scenario
planning principles (Amer, Daim, and Jetter 2013; Ring-
land and Schwartz 1998) to support a deeper exploration
of the future eating topic. This preparation included the
development of a matrix-based framework structured
around two key drivers: eating objectives and the relation-
ship between humans and technology. The framework
served as a conceptual foundation for the subsequent
DF workshops, ensuring the relevance and depth of the
insights generated. In the second phase, drawing on a pro-
cess similar to that outlined in Wu, Pan, and Yu (2024),
we conducted two DF workshops and analysed the results
through thematic analysis. Notably, the findings revealed
themes resonant with a MTH perspective. The detailed
research process is illustrated in Figure 1.

3.1. Exploring design fiction materials

To ensure methodological rigour, the framework used
in this study was grounded in established scenario plan-
ning approaches and design futures research. Scenario
planning provides a structured way of identifying criti-
cal drivers and visualising alternative futures (Amer,
Daim, and Jetter 2013; Benton 2019; Ringland and
Schwartz 1998), while design futures and science and
technology studies (STS) emphasise discursive and par-
ticipatory engagement with emerging technologies
(Dunne and Raby 2013; Wu, Pan, and Yu 2024). Build-
ing on these traditions, and aligning with recent work
on food futures (Wu, Pan, and Yu 2024), we developed
a two-axis matrix to guide the workshops. Rather than a
stand-alone construction, the matrix was derived from a
systematic review of food-tech drivers and validated
through iterative team discussions. This grounding
ensured that the framework was theoretically supported
and provided participants—especially those without

prior design training-with a structured yet open design
space to envision food futures.

Given that the future is shaped by a range of factors
that could lead to divergent outcomes, it is essential to
carefully understand and select the appropriate drivers
before constructing DF scenarios (Amer, Daim, and Jet-
ter 2013; Benton 2019). The DF materials were devel-
oped by identifying key drivers, based on an initial
review conducted by two researchers (the first and
third authors) in a three-step process: (1) Literature
and Design Platform Review: The initial step focussed
on extensive research of existing designs and technol-
ogies associated with future eating. This research
encompassed academic platforms (i.e. ACM digital
library and Scopus) and design-oriented platforms
(e.g. Pinterest, Dezeen, and Future Food Design
Awards). The search employed targeted keywords:
(‘human-food interaction” OR ‘dietary technology’ OR
‘food technology’) AND (‘future eating’ OR ‘future
food’), enabling the collection of a comprehensive data-
set. (2) Screening and Identification of Key Drivers: After
gathering a broad range of materials, the same two
members meticulously screened the gathered results to
identify drivers central to the research topic. (3) Visual-
isation of Selected Drivers: Through iterative delibera-
tion and discussions with other coauthors, a
consensus was reached on the two most significant dri-
vers: Eating objective (spanning from entertainment-
centred to health-centred) and Relationship between
human and technology (ranging from people relying
on technology to technology empowering people).
These two drivers were subsequently visualised within
a two-axis matrix (Figure 2), offering a clear and struc-
tured framework for capturing diverse potential direc-
tions for future eating.

The visualised two-axis matrix served as a founda-
tional material for the subsequent DF workshop, pro-
viding a clear framework to guide scenario building.
Also, tangible examples were provided in the matrix
to illustrate the potential implications of the key drivers,
enabling a more focussed and insightful exploration
during the DF workshop.

3.2. Design fiction workshops

3.2.1. Narrative workshop

Participant. Given that different outcomes may be
produced across various demographics and cultural
contexts (Itenge-Wheeler et al. 2016; Taylor, Soro, and
Brereton 2018), the participants’ similar age and cultural
backgrounds were expected to ensure a focus primarily
on the results themselves. We engaged 116 young indi-
viduals, all aged in their early 20s, from non-design
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Figure 1. A visual outline of DF workshops, including three steps, participants, and main outcomes.

backgrounds and second-year students at a Tier-A
engineering university in China. Despite not being
trained in design, participants demonstrated the ability
to imagine innovative food technology functions and
critically consider a wide range of societal, environ-
mental, and ethical consequences.

Procedure. Guided by the DF method (Dunne and
Raby 2013), a 90-minute workshop was conducted on-
site at a Tier-A university in China, aimed at envision-
ing future scenarios around emerging eating technol-
ogies through a narrative approach.

We began by briefly explaining the DF method to
participants and introduced two key prompts: (1)
The first prompt presented a framework with two dri-
vers, outlined by the scenario planning method (Figure
2), which served as a backdrop for participants to
explore possible plots, settings, and themes for future
eating. (2) The second prompt included a range of
exemplary scenarios and food-technology innovations
to help participants familiarise themselves with the
framework (Figure 2) and inspire their creative
narratives.

After the introduction, participants started random
pair discussions of the two prompts, during which
they developed potential scenarios, technologies, and
themes. Considering participants’ limited experience
in storytelling and imaginative thinking, we provided
a suggested story structure based on previous research
(Borjeson et al. 2006; Van Notten et al. 2003), which
included three key components: Why (background
settings in 2040), How (future plots and persona
development), and What (design concept or future
eating scenario). Moreover, in alignment with the
provocative nature of the DF, participants were
encouraged to draw inspiration from their own daily
experiences while considering both the positive and
negative insights of the proposed future scenarios.
Once completion, the narratives, along with partici-
pants’ feedback (including open-ended questions
such as ‘What do you think of the idea of creating

scenarios with Design Fiction method?, ‘What do you
like or dislike about the workshop?, and ‘What are
your main reasons for like/dislike?’), were submitted
as PDF files to the research team and compiled as
raw data for further analysis.

Data Analysis. A total of 116 narratives were col-
lected after the workshop. Two team members (the
first and third authors) screened the 116 narratives,
selecting 97 (identified as P1 through P97) that pro-
vided sufficiently detailed visions of future eating scen-
arios, including both specific technologies and
reflective insights. The analysis followed a two-stage
process. (1) The narratives were transformed into
quote statements and organised in Microsoft Excel
for systematic coding and content analysis (Stemler
2000). An inductive thematic coding approach
(Braun and Clarke 2012; Thomas 2006), supported
by word frequency analysis (Silge and Robinson
2017), was applied to identify salient patterns and
emerging scenario codes. Initial codes were indepen-
dently generated and iteratively refined through team
discussions, ensuring both consistency and analytical
depth (Birt et al. 2016). (2) The refined codes were
clustered into broader conceptual categories that cap-
tured the underlying design intentions. Through
further team deliberation, these categories were conso-
lidated into three overarching themes: Efficiency,
Entertainment, and Ecology. While some narratives
contained elements spanning multiple themes (e.g. an
edible poster combining entertaining visualisation
with efficient information delivery), each case was
assigned to the theme that best represented its primary
intention. This approach provided analytic clarity
while acknowledging overlaps, ensuring that the diver-
sity and creativity of participants’ ideas were preserved
in the analysis. Additionally, a MTH perspective was
applied as an analytic lens throughout the analysis.
Moreover, the feedback data were analysed by the
first author using thematic analysis with MAXQDA
software, following an inductive analytic approach.
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Entertainment-Centered
(Food Alternative)

People Technology
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Figure 2. The matrix based on two drivers with future scenario exemplars: (1) Quadrant 1: 1-1 Edible Growth (Rutzerveld 2025), 1-2 In
Vitro Meat (van Mensvoort and Grievink 2014); (2) Quadrant 2: 2-1 The restaurant of the future (Future Rroof 2020), 2-2 Immersive
interactive restaurant (teamlLab 2025), 2-3 Phora (Katharina Unger 2025b); (3) Quadrant 3: 3-1 Moley Robotics (Moley Robotics
2025), 3-2 Visualising the Future of Shopping (Patio Interactive 2016); (4) Quadrant 4: 4-1 Fungi Mutarium (Katharina Unger
2025a), 4-2 Human Hyena (Gong 2025), 4-3 Algaculture (Burton Nitta 2010).

3.2.2. Ideation workshop

Participant. In total, 68 volunteer designers (41 females,
27 males; Age: M = 24.72, SD = 3.11) were recruited
from two Tier-A universities in China through conven-
ience sampling. Inclusion criteria required participants
to have (1) at least one year of design experience and
(2) proficiency in both digital tools (e.g. Rhino, Photo-
shop, and Generative AI) and tangible design tools
(e.g. 3D modelling/mockups and sketching). The recruited
designers, identified as D1 to D68, had design experience
ranging from 1 to 10 years (M = 3.60, SD = 2.20). Due to
the geographical locations of the two universities, the 68
designers were divided into two groups, each participating
in separate venues. In the workshop, both groups followed
an identical process, generating future eating scenarios
through the DF method.

Process. The one-day DF workshop, following the
same process as the narrative workshop described in
Section 3.2.1, was held separately at two Tier-A

universities in China. Participants were introduced to
two prompts: a framework with two drivers (Figure 2)
and reviewed future eating examples. A structure-
Why (2040 background), How (future plots and perso-
nas), and What (design concepts or scenarios)-was
also provided to help participants generate future eating
scenarios. Since all participants had a design back-
ground, they were asked to present these scenarios as
design reports using digital or tangible tools. After the
workshop, participants submitted their design out-
comes and feedback (addressing the same questions as
in the narrative workshop) as PDF files to the research
team for analysis.

Data Analysis. A total of 68 submitted design reports
were collected and first screened for completeness,
resulting in 60 outcomes (D1-D60) that provided
sufficiently detailed concepts and reflective insights for
analysis. We applied a parallel analytic procedure to
that of the narrative workshop, combining inductive



thematic analysis (Braun and Clarke 2012; Thomas
2006) with iterative team discussions (Birt et al. 2016)
to derive higher-level themes from the raw data. This
ensured consistency across both datasets. As with the
narratives, several outcomes exhibited cross-theme
qualities. For consistency of reporting, each outcome
was positioned within the theme most strongly reflected
in its description, and the results were consolidated into
three overarching themes: Efficiency, Entertainment,
and Ecology. The MTH was used as an analytic lens,
reflected in our findings, while the feedback data were
analysed using thematic analysis with MAXQDA soft-
ware and a grounded theory approach, following an
inductive coding process (Thomas 2006).

3.2.3. Data collection and exemplars

The study generated a diverse corpus of raw data across
the two workshops, encompassing textual, visual, and
hybrid formats (Figure 3). In the Narrative Workshop,
97 speculative stories were produced, averaging 535
words each. Written individually, these narratives
articulated future eating scenarios through short stories,
dialogues, and metaphorical descriptions. They often
displayed imaginative extremes—for example, Sadize
Bread and Happilize Milk, which induced emotional
states through edible media, or Edible Chess, where
nutrition was embedded in a gamified setting. In the
Ideation Workshop, 60 design reports were created,
combining written descriptions with sketches, dia-
grams, and, in some cases, Al-generated visuals. These
outcomes typically described future artefacts, services,
or systems in more structured terms, such as a VR-
assisted dining table simulator for immersive eating or
a Smart Jellyfish system that repurposed marine
micro-organisms into edible matter. All outputs were
digitally collected-narratives submitted as text files
and design reports documented through scanned
sketches and photographs—-and systematically catalo-
gued into a dataset that informed the subsequent coding
and thematic analysis, ensuring transparency and
enabling traceability from raw outputs to thematic
abstraction.

4, Findings

We conducted two DF workshops: the Narrative Work-
shop and the Ideation Workshop. Prior to the work-
shops, we developed a matrix using a scenario
planning approach to guide participants in creating
future eating scenarios. In the Narrative Workshop,
116 participants developed narratives, resulting in 97
selected narratives for further analysis. In the Ideation
Workshop, 68 participants were invited to explore
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potential design outcomes using the same matrix frame-
work and process as the Narrative Workshop and 60
design reports were selected. The findings from both
workshops were consistently aligned and grouped into
three key themes: Efficiency, Entertainment, and Ecol-
ogy. In the context of MTH insights, key findings high-
lighted the significance of tech-driven food alternatives,
sensory-enhanced eating experiences, and ecologically
resilient food innovations. We present the detailed
findings of both workshops below.

4.1. Narrative workshops - narrative analysis

A total of 116 narratives were collected after the
workshop, with a combined word count of 60,849
(mean = 524.56; max = 1014; min = 199). Among
these, 97 narratives providing detailed explanations of
future scenarios were selected for further analysis, com-
prising 51,872 words (mean = 534.76; range: 199-1014
words). Specifically, content analysis focussing on
word frequency revealed that participants frequently
referenced words related to eating experience (e.g.
‘Entertainment Industry’ and ‘Multi-sensory’), environ-
ment (e.g. ‘Global Environmental Deterioration’), and
eating quality (e.g. ‘Efficiency’ and ‘Balanced Nutrition’)
when describing future eating scenarios in 2040.

As shown in Figure 4, each theme includes a sum-
mary of the 20 most frequently mentioned words, pre-
sented as a word cloud. The size of the words
represents the relative frequency, with larger words
appearing more frequently than smaller ones. Addition-
ally, column diagrams illustrate the top ten frequent
words in each theme. Specifically, in the Efficiency
theme (Figure 4(a)), participants frequently mentioned
words often in the context of future eating, such as
‘Balanced Nutrition’, ‘Robot’, ‘Artificial Intelligence’,
and ‘Save Time’. For the Entertainment theme (Figure
4(b)), terms like ‘Multi-sensory’ and ‘Virtual Technology’
were prominent, reflecting a focus on immersive and
engaging eating experiences. Besides, the Ecology
theme (Figure 4(c)) highlighted words such as ‘Pol-
lution’, ‘Dearth of Food’', and ‘Food Alternative’, empha-
sising environmental concerns and sustainable practices
in future eating scenarios.

Efficiency theme. There were 49 narratives envision-
ing 2040 where societal and technological shifts influ-
ence eating practices. The narratives depicted a 2040
where: (1) individuals adapt to working over 15 hours
daily to sustain social development, reflecting trends
in overworking scenarios commonly observed in Chi-
nese work culture; (2) eating processes are simplified
through the use of concentrated foods, streamlining
meal preparation and consumption; (3) advanced
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Data: Digital collection and Raw exemplars

(a) Narrative Workshop

Participants did...
« follow matrix framework
« create narratives

-> Sadize Bread & Happilize Milk (P8): ".. bite a piece of Sadize Bread and suddenly
you just feel sad, like a heartbreak, even though you never had a lover. Then you
drink some Happilize Milk, and immediately it's like happiness wraps you up. Some
people got addicted...”

Edible Chess (P34): “..The chess pieces are like different snacks — pawns are bitter
chocolate, the king is liquor candy, the queen is cream filling. When you capture a
piece you really eat it, the taste in your mouth goes with winning or losing. Later
when people played, it wasn't about winning anymore, it was just about tasting all
the flavors....”

Nutrient Tattoo Ink (P92): “Tattoo ink with nutrients inside, called Nutrient Tattoo
Ink. When it's tattooed on your skin, the nutrients go slowly into your body, so you
don't need to eat. ... Different colors mean different nutrients, like red is iron, green
is vitamins. Some people tattooed their whole body, said it looks cool and gives
energy, but then some had nutrient overload, the body couldn’t handle it...."”

Data: Digital collection and Raw exemplars

(b) Ideation Workshop AN

£ X

g

Participants did...
« follow matrix framework
« create design reports

VR Dining Simulator (D11): “..At the glowing table, | put on the
headset and plain rice turned into floating cubes of color. Each
bite burst into fireworks and music—flavor became something
| could see and hear. With a hand wave, dishes switched
instantly—hotpot, desserts, even ‘Nebula Soup.’ Dining felt like
a performance...”

Smart Jellyfish (D47): ..It drifts under the sea with tentacles |
can swap at will. One set picks up plastic bottles, another filters
out tiny microbes. The samples go back into its body and are
processed into soft, jelly-like food—transparent, glowing,
something we can swallow to survive in a ruined ocean...”

Figure 3. Workshop data collection and examples of raw outputs: Narrative (top) and Ideation (bottom).

technologies play a crucial role in ensuring accurate
dietary management and balanced nutrient intake; and
(4) personal health and eating patterns take precedence
over traditional societal customs, marking a significant
shift in priorities. Under the Efficiency theme, future
food technologies in 2040 were categorised into five
clusters based on the analysis: Nutrient Concentration,

Artificial Intelligence

Capsul
Div

. Addicted
Health

Concentrated Food

Sensory Experience

Balanced Nutrition Entertaining
Efficiency Multi-sensory
_§ Robot Eating Experience
E Al Addiction
-3 Health Virtual Tech
E Convenience Virtual Reality
e Customised Stimulation
;c Concentrated Food Taste
Capsular Food Emotinal
Energy Nutrition

0 5§ 10 15 20 25 30 35 0 5

(a)

Virtual R

Virtual Technology F

Artificial Intelligence Robots, Redesign of Existing Pro-
ducts, Virtual Intake, and New Modes of Transportation.
As shown in Figure 4, Nutrient Concentration (n = 19)
includes technologies like capsules and injections for
efficient nutrient delivery. Artificial Intelligence Robots
(n=15) involve AI and 4D-printing robots that create
personalised, nutrition-rich meals. Redesign of Existing

Quick-growing Food

d Regeneration

Stimulation Food Cloning R‘?fres‘h Food

Permanent preservation

Pollution

Dearth of Food

No Fresh Food
Environmental...
Food preservation
Refresh Food

Food Regeneration
Food Alternative
Quick-growing Food
Artificial Food

35 of S

20 25 30 35

(b) (c)

Figure 4. Word cloud (top panel) representing the most frequently mentioned words and corresponding 10 most frequent words
(bottom panel) for (a) Efficiency, (b) Entertainment, and (c) Ecology.



Products (n=8) focuses on innovations that optimise
tools, such as multipurpose ovens, for rapid meal prep-
aration. Virtual Intake (n =4) introduces concepts like
energy charging or virtual food consumption as alterna-
tives to traditional eating. And New Modes of Transpor-
tation (n=3) enable instant global food delivery
through internet-connected 3D printers.

Entertainment Theme. Twenty-seven narratives
envisioned 2040 where technological advancements
and the desire for enhanced eating experiences shape
the food industry. These narratives highlighted a future
where: (1) higher expectations for enjoyable eating
experiences emerge, driven by rapidly advancing
science and technology, including sensory simulation,
holographic images, and artificial food technologies;
(2) the eating entertainment industry intensifies, evol-
ving into a trend that encourages people to seek diverse
sensory stimulation-taste, vision, and smell-as well as
playful eating experiences. In response to this, the
future food technologies in 2040 were categorised
into three clusters: Neural Technologies for Sense Aug-
menting, Technology-Enabled Food Modification, and
Services for Immersive Eating. As shown in Figure 5,
Neural Technologies for Sense Augmenting (n=13)
provide multi-sensory eating experiences through
wearable technology that links consciousness to the
virtual world, allowing imagined food consumption.
Technology-Enabled Food Modification (n=38)
includes products that alter flavours, textures, or
shapes in real-time, offering interactive and personal-
ised eating experiences. And Services for Immersive
Eating (n = 6) use virtual reality and other immersive
technologies to create unique dining experiences,
where chefs experiment with emotional connections
to food.

Ecology Theme. In the Ecology theme, 21 narratives
envisioned 2040 shaped by severe environmental pol-
lution and ecological destruction, where: (1) fresh
food is scarce and expensive, accessible only to the
wealthy; (2) the general population struggles with hun-
ger, and technology plays a crucial role in addressing
food shortages. The future food technologies in 2040
were categorised into four clusters: Self-Growing Food,
Recycled Food, Programmable Food, and Black-box
Food. As shown in Figure 4, Self-Growing Food (n =
3) includes technologies like ‘Magic Refrigerators’ that
can grow food in minutes and preserve it indefinitely.
Recycled Food (n=10) focuses on technologies that
regenerate food, such as reviving ruined food or cloning
plant and animal cells. Programmable Food (n=6)
enables people to design and print food with customised
shapes, flavours, and smells through virtual program-
ming, helping to alleviate ecological pressures. And
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Black-box Food (n=2) represents government-regu-
lated food distribution, where the wealthy enjoy fresh
food while others survive on government-issued nutri-
ent bars.

4.2. Ideation workshops - design outcomes
analysis

A total of 60 design reports were collected following the
workshop. Then, 60 design reports, which illustrated
detailed explanations of future scenarios, were selected
for further analysis. Content analysis revealed that
many reports went beyond surface-level descriptions
by identifying specific target groups, defining clear
design purposes, and developing functional systems
and products. This demonstrated an extension of
food-tech possibilities in envisioning future eating scen-
arios for 2040. Coincidentally, consistent with the
findings from the narrative workshop, the results from
the ideation workshop were also categorised into three
main themes: Efficiency (n=20), Entertainment (n=
20), and Ecology (n=20). Exemplar design outcomes
among the three themes can be found in Figure 6.
Efficiency Theme. In the Efficiency theme, 20 design
outcomes were generated. The most popular target
group identified by the participants included ‘working
individuals’, ‘the young generation’, and ‘common
people’. These groups were considered across various
contexts, such as ‘workplace’, ‘home kitchen’, ‘supermar-
ket, ‘car, ‘growing farm’, and even ‘outer space’.
Additionally, one participant (D18) identified patients
as target group with eating-related diseases in their
daily routines. Furthermore, the design purposes across
the outcomes were generally similar, focussing on the
accurate intake of nutritional components, providing
easy-to-eat solutions such as ‘virtual food’, ‘nutrient cap-
sules’, and ‘edible smoke’, as well as ‘building individual
ecosystems to promote healthier food and lifestyles’. To
support these goals, the participants mentioned technol-
ogies like ‘3D printing, ‘food compression techniques’,
‘robotic assistants’, ‘space shuttle transportation technol-
ogy’, and ‘data recognition and auto-collection technol-
ogy’ to facilitate customised eating practices.
Entertainment Theme. In the Entertainment theme,
20 design concepts were generated. Many designers
identified ‘children’ and ‘young adults as key target
groups due to their potential to improve picky eating
habits, alleviate negative emotions, and promote healthy
eating knowledge through playful eating practices.
‘Patients’ (D34) were also explored as an important tar-
get group, with food technologies offering potential
treatments for diseases such as anorexia nervosa
through creative future approaches, such as ‘edible



10 &) S.PANETAL

Scenario 1: Efficiency (n=49)

17

;

Nutrient Concentration (n=19):
and
% enabled by food compression
technology, provide individuals
with balanced daily diets through
essential nutrients (e.g., sugars,
amino acids, vitamins). While these
innovations enhance personalized
and efficient food consumption,
participants expressed concerns
about potential psychological
impacts, reduced chewing ability,
and the loss of cooking skills.

Redesign Existing Products
(n=8): The focus is on upgrading
workplace appliances to

to busy schedules. Examples
comprise an advanced oven

with automatic sterilization and a
versatile pot breaking down food

reducing unnecessary waste.

Artificial Intelligence Robot i
(n=15): With advanced | an
prepare balanced
meals by scanning the host’s body
data. They handle food storagge,
i d printing for
transportation, an
diverse tastes and shapes. Hc{wever,
s arise about the decline
Kills as robots

Virtual Intake (n=4): In 2040,
a wearable gadget replaces
traditional eating,

Virtual or actual batteries serve
as meal replacements, boosting
brain energy and productivity.
Moreover, technology converting of human ¢ ooking §
text into edible food facilitates replace che fs.
efficient learning, offering ‘ v
innovative food alternatives.

New Mode of Transpartqtian
(0=3): Participants imagined
a future where foods can be

concern:

with 3D printers receiving recipes
from anywhere t0 print fO(}d fc_)r
customers. The swift dishjlbutmn
of food, while enabling (.hverse
consumption in a short time,
may diminish social ir_neracnons,
potentially leading toAmcreased
psychological issues in 2040
due to a lack of emotional
communication.

o
%

Recycled Food (n=10): In 2040,

synthesizing air elements into food

into small bits for quick digestion,

Pragrammable Food (n=6): In
response to severe food shortages

in 2040, people turn o -
for alternative

innovation focuses on
for food production, Participants
further underscore the exploration

of transformation techn, i
i 0lo,
solutions. One example is fo -

“Food++7, allowing individuals to
design the shape, flavor, ar}d smell
of food by importing data into
virtual programming software.
This shift towards programmed
food is seen as @ potential means
to alleviate environmental
pressure and contribute to the ]
recovery of the Earth’s ecological
environment.

> addressing survival

cl?allenges in a world contending
with restricted food availability.
Yet, the enduring scarcity of fresh
food detrimentally affects the health
of the impoverished, foreseeing
a'p(_nlential socioeconomic class
division between the affluent and
the underprivileged in 2040,

Scenario 2: Entertainment (n=27)

Technology-Enabled Food
Modification (=8): It introduces

, catering

- Examples include spoons

changing taste and texture upon

touching food, and pens drawi £
and altering the shape of foodl?ng 3D \\\\/7
real space. Participants emphasized g
tbat' human imagination is the sole
hr.mt to the future eating experience
with DIY food becoming a norm i
However, the high cost of these '
technologies and products may
c_onfribute to wealth polarization,
.hmm'ng access to only affluent '
individuals in 2040.

ive Eating
S~ ices for Immerst 5
f:;ve)- Food entertainment £33
e hasizing
Neural Technologies for Sense popularitys emp! " Examples
Augmenting (n=13): In 2040, using

. taurants .
include res for immersive

V\rt\)a\ eating scenes. Addmonauy,

chefs establish connections

eating experiences integrate
taste, smell, hearing, sight, and
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imagination, dreams, and hopes, is food flavors and emotions,
consumed via brain wave or nerve between ! 'f(,’“ ducing an exciting
stimulation. However, concerns like a Ch_‘hni ing experience after ]
about the potential for addiction bungee JuT ‘:‘ However, the growing
and the transformation of pleasure consumptio .sory eating experiences
saingiuto & g Higliphros focus4‘§‘;z‘; 1ead to neglecting the
need to consider their impact on in 20 £ food.
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Figure 5. lllustrated narrative analysis results for (a) Efficiency, (b) Entertainment, and (c) Ecology.

chess’, where eating the lost pieces provides necessary
neutrinos. Family dynamics were another motivating
factor for enjoyable eating, including ‘using the singing
of family members to create food (D1), ‘emulating the
taste of home-cooked meals for remotely living family
members (D56)’, and ‘previewing the taste and appear-
ance of new recipes before cooking (D19)’. Additionally,

other designers (D6, D7, D11, and D37) proposed that
common people in the future could stimulate sensory
experiences during eating through visual, auditory, gus-
tatory, olfactory, and tactile perception using AR, VR,
and other augmented technologies.

Ecology Theme. In the Ecology theme, all 20 devel-
oped ideations identified ‘human beings’ as the target
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Virtual Bomb

Fresh food can be
digitized and stored
online for later use. By
converting this data
into edible AR food,
... Peoplecanorderand
“died  enjoy meals via the
Internet with high

ENTERTAINMENT (n=20)

Edible Emotions

Emotions are no longer
intangible mysteries
but exquisite flavors to
be tasted, shared, and
understood. "Edible
Emotions” had brought
anew richness tolife,
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ECOLOGY (n=20)

Trian-food
Menuoffesh
Idone mode
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items, and maintain
food freshness, offering
a sustainable and long-
term solution for
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1SeeU Eco-health Home Eat myself

By scanning individuals'
physical data, a 3D
printer can create
personalized food with a
variety of flavors,
tastes, and shapes, all
derived from the
gathered data.

Home environments in
the future, with nature-
inspired elements
responding to human
physiological and
environmental changes,
can provide a diverse
range of foods and a
more authentic path to
healthy intake.

People grow nutrients
on nails, transforming
them into edible
substances with
personalized flavors
based on their genetics,
ensuring a continuous
and sustainable food
source.
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Green+

A holistic space that
combines a healthy-
food supply room,
intelligent kitchen,
fitness area, workspace,
all designed to facilitate
ahealthy lifestyle in the
most efficient means.

MSEES

The Multi-sensory
Eating Experience
System integrates
custom visual, smell,
sound, and tactile
enhancements to create
amore immersive and
= enjoyable eating
experience in the future.
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Super Pill

The outer shell, made of
cellulose, expands a
hundredfold in the
stomach to enhance
satiety, while the inner
core supplies essential
daily nutrients (e.g.,
fats, amino acids,
vitamins, and sugars)

Nutrdion

2 Edible Poster

The poster is designed
to adjust the colors of
nutrients based on
individual nutritional
needs. These nutrients
can be consumed
directly or added to
food or everyday items
(such as chess pieces),
adding a playful aspect
to eating.

Desert Honeyant

Converts household
waste into renewable
materials like
nanoplastics and
bricks, 3D-printing
ready-to-use products
directly from the
processed materials.

Interstellar Kitchen

A portable smart
kitchen designed to
help interstellar
travelers and engineers
overcome time
constraints, maintain
health, and embrace
future challenges.

MetaCooking

Through a VR headset,
individuals can choose
ingredients, spices, and
cooking methods in a
virtual world, with the
resulting foods being
3D printed and
delivered to the user.

Stop it!

Understanding when to
stop eating is also
crucial for health. This

SR 4,  concepttransforms the

taste (to something
undesirable) and the
wafnill color of food (to black

o Ao orblue) into aless
1 i appealing form when
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Vocal Snacks

In the future, users'
voices are converted
into snacks with
different flavors (e.g.,
spicy by sharp sounds,
creamy by gentle
tones). This adds
unexpected surprises
to eating practices.

Nuclear Food Crisis

Aninteractive
installation highlighting
the ecological and
dietary threats of
nuclear-contaminated
water, inspiring
awareness and action
for sustainable
environmental
protection.

Ocean Era

The "Deep Sea
Fortress" is an
underwater community
with modular housing,
oxygen pipelines,
farms, and biomimetic
architecture for
sustainability and
connectivity.

Figure 6. Exemplar design outcomes of future eating and technologies for (a) Efficiency, (b) Entertainment, and (c) Ecology.

group, leading to two main design objectives: ‘ensuring
an adequate supply of fresh food and ‘exploring nutri-
ent-rich food alternatives in response to future environ-
mental pollution’. Regarding ‘adequate supply of fresh
food’, almost half designers devised future-oriented sol-
utions, including ‘the extraction and conversion of waste
into nutritious food (D4, D37, and D60)’, ‘purification of
nuclear wastewater into potable water (D29)’, ‘food clon-
ing (D10 and D41)’, ‘food compression technology aimed

at reducing volume and extending shelf life (D15 and
D28)’, and ‘the cultivation of plants either through
hydroponics (D43) or within in-home greenhouses
(D16)’. Regarding ‘nutrient-rich food alternatives’,
other designers envisioned ‘edible insects and processed
foods (D1 and D12)’, ‘growing food from the human
body, such as nails (D2) and skin (D31)’, ‘transforming
everyday items into food, e.g. hair/fur (D5, D20, and
D52) and tableware (D14)’, ‘lab-grown seafood (D3)’,
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and ‘artificial meat protein (D6 and D18)’ as potential
future choices.

4.3. Thematic findings of both workshops with
more-than-human lens

In the following sections, we further analyze the findings
through a MTH lens, reorganising the insights around
the interconnectedness of humans, technology, and
nonhuman entities. By adopting this perspective, we
aim to highlight the complex relational dynamics
embedded in the narratives and design outcomes devel-
oped during our two workshops. The three themes
identified not only reflect the participants’ hopes and
concerns about future technological challenges but
also underscore the importance of considering nonhu-
man insights in the process of shaping future eating
practices. More details are presented below.

4.3.1. Efficiency - tech-driven food alternatives

Keywords. As shown in Figure 7(a), the MTH key-
words derived from the Efficiency theme across the
Narrative and Ideation workshops include Synthetic
Nutrients, Human-Technology Symbiosis, Personalised
Food, AI Food Creation, and Technological Customisa-
tion, which together reflect the role of advanced technol-
ogies in reshaping food systems, creating individualised
food experiences, and transforming the relationship
between humans, technology, and ecosystems.

Narrative Workshop. Regarding the findings of the
Narrative workshop, the Efficiency theme highlights
five technological groups that incorporate advanced
technologies and MTH elements, showcasing evolving
interactions between humans, technology, and ecosys-
tems: Nutrient Concentration involves tailored synthetic
nutrients optimised for individual needs, which
detaches from traditional food practices and raises con-
cerns about human physiology and culture. Artificial
Intelligence Robots use Al and 4D-printing to create per-
sonalised meals, shifting food expertise from humans to
machines, with potential ecological impacts due to
resource-intensive processes. Redesign of Existing Pro-
ducts focuses on advanced food appliances that optimise
resources but risk further detaching humans from eco-
logical food practices. Virtual Intake proposes wearable
devices or energy technologies that replace digestion,
challenging the relationship between humans and natu-
ral ecosystems. New Mode of Transportation introduces
rapid and automated food delivery systems that offer
convenience but reduce communal eating and cultural
connections. Taken together, these five groups illumi-
nate the multifaceted MTH dynamics within the

Efficiency Theme theme. Key elements include the inte-
gration of human-technology symbiosis, the disruption
of cultural and traditional practices, the transformation
of biological processes, the redistribution of resources,
and the detachment from emotional and interpersonal
connections. These findings underscore the need for a
balanced approach to future food design that not only
prioritises efficiency but also considers ecological and
cultural sustainability.

Ideation Workshop. The Ideation workshop findings
within the Efficiency theme reveal a deep integration of
MTH elements, where technological advancements
reshape food systems and human-environment
relationships. Innovations like virtual food, nutrient
capsules, and edible smoke detach food from traditional
biological and cultural processes, while technologies
such as 3D printing, robotic assistants, and data recog-
nition create personalised, efficient eating experiences.
These developments shift food consumption to a bio-
digital exchange, raising concerns about the loss of cul-
tural connections and ecological ties to food. The vision
of building individual ecosystems for healthier lifestyles
further challenges traditional notions of nourishment,
suggesting a redefined human-technology relationship.
Overall, these findings highlight the need for a balanced
approach to future food design, prioritising both
efficiency and ecological, cultural, and emotional
sustainability.

Conclusion. The findings from both the Narrative
and Ideation workshops under the Efficiency theme
demonstrate the transformative potential of advanced
technologies in future food alternatives. These inno-
vations integrate MTH elements and reshape the
relationship between humans, technology, and ecosys-
tems. From personalised synthetic nutrients to AI-pow-
ered meal creation and rapid automated delivery, these
advancements promise efficiency as well as raise con-
cerns about detachment from traditional food practices,
cultural connections, and ecological sustainability. As
food consumption becomes more bio-digital and indivi-
dualised, it is crucial to consider the broader impli-
cations of these changes, ensuring that technological
progress is balanced with respect for ecological, cultural,
and emotional values. Future food design must embrace
not only efficiency but also sustainability and human
connection to maintain a harmonious balance between
technological innovation and the natural world.

4.3.2. Entertainment - sensory-enhanced eating
experiences

Keywords. As shown in Figure 7(b), the MTH key-
words derived from the Entertainment theme across
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Figure 7. Thematic mapping of keywords from both workshops, analysed through an MTH lens across three themes.

the Narrative and Ideation workshops include Neural
Technologies for Sense Augmenting, Technology-
Enabled Food Modification, Immersive Eating, Multi-
Sensory Experiences, and Playful Eating, which together
reflect the integration of advanced sensory technologies
into food systems, creating immersive and interactive
eating experiences, and transforming the relationship
between humans, technology, and food consumption.
Narrative Workshop. The Entertainment theme
identifies three technological groups that integrate
MTH elements into future eating experiences. Neural
Technologies for Sense Augmenting (n=13) offer
immersive multi-sensory experiences through wearable
devices that simulate food consumption, separating it
from traditional practices. Technology-Enabled Food

Modification (n=8) enables real-time alteration of
food properties, fostering playful personalisation but
distancing food from cultural and ecological roots. Ser-
vices for Immersive Eating (n = 6) leverage virtual reality
to create emotional connections via virtual eating,
which challenges conventional eating practices.
Together, these three groups demonstrate the blending
of human and technological elements, enriching eating
experiences while raising concerns about emotional,
cultural, and ecological detachment. Future food
designs must balance innovation with sustainability to
ensure meaningful and connected experiences.
Ideation Workshop. The Ideation workshop findings
within the Entertainment theme reveal a deep inte-
gration of MTH elements, where technologies reshape
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food systems and enhance sensory and emotional eating
experiences. Playful food concepts target groups such as
children, young adults, and patients to improve habits,
ease emotional distress, and foster healthier relation-
ships with food. Examples like ‘edible chess’ combine
interactive play with nutrition, creating both entertain-
ment and emotional connections. Technologies like AR
and VR further enrich sensory experiences, making
food consumption an immersive activity. These findings
highlight a future where food extends beyond suste-
nance to become a multifaceted experience, addressing
psychological and health needs while intertwining
human biology, emotions, and technology.
Conclusion. The findings from both the Narrative
and Ideation workshops underscore the transformative
role of advanced technologies in reimagining future eat-
ing experiences. By integrating MTH elements, these
innovations reshape the interactions between humans,
food, and technology, from neural technologies simulat-
ing food consumption to real-time modifications and
immersive eating. While these advancements enrich
sensory and emotional engagement, they also raise con-
cerns about detachment from natural food processes,
cultural traditions, and emotional connections. To
ensure a harmonious integration of innovation and tra-
dition, future food design must balance entertainment
and sensory enhancement with sustainability and the
preservation of meaningful human connections.

4.3.3. Ecology - ecologically resilient food
innovations

Keywords. As shown in Figure 7(c), the MTH key-
words derived from the Ecology theme across the Narra-
tive and Ideation workshops include Self-Growing
Food, Recycled Food, Programmable Food, Marine-
Desert Ecosystems, Food Cloning, and Nutrient-Rich
Alternatives. These concepts illustrate the role of
advanced technologies in reshaping food systems,
addressing environmental challenges, and exploring
new ways to produce and consume food in a drastically
altered ecological landscape.

Narrative Workshop. The Ecology theme in the
Narrative workshop highlights four technological
groups that reshape food systems in response to eco-
logical challenges: Self-Growing Food (n=3) features
technologies like ‘Magic Refrigerators’ that rapidly
grow and preserve food, detaching from traditional
agriculture. Recycled Food (n=10) includes technol-
ogies that regenerate food, such as food revival and
cell cloning, utilising waste and reducing dependence
on conventional production. Programmable Food (n
=6) allows for customisable, eco-friendly food

production through digital controls. Black-box Food
(n=2) envisions a dystopian future with government-
issued nutrient bars, where fresh food is reserved for
the wealthy. These groups highlight the tension
between innovation and ecological, cultural, and bio-
logical ties to food, suggesting the need for future sys-
tems that balance technological progress with
sustainability and equitable access.

Ideation Workshop. The Ideation workshop findings
within the Ecology theme emphasise ensuring an ade-
quate supply of fresh food and exploring nutrient-rich
alternatives. Pariticipants proposed solutions like
waste-to-nutrition conversion, food cloning, nuclear
wastewater purification, and hydroponics to secure
fresh food. Nutrient-rich alternatives included edible
insects, lab-grown seafood, artificial meat proteins,
and unconventional ideas like growing food from
human-derived materials and repurposing everyday
items. These innovations challenge traditional food pro-
duction, addressing ecological challenges and food scar-
city, but raise concerns about cultural acceptance,
ethical issues, and long-term ecological effects. The
focus on alternative food sources underscores the need
for sustainable solutions that respect cultural traditions
and biological diversity.

Conclusion. The findings from both the Narrative
and Ideation workshops under the Ecology theme
emphasise the role of advanced technologies in reshap-
ing food systems amidst environmental degradation.
From self-growing food and recycled nutrients to pro-
grammable and alternative foods, these innovations
promise solutions to food scarcity and ecological
destruction. However, they also raise significant con-
cerns about cultural detachment, ecological impacts,
and ethical considerations. To ensure a sustainable
and inclusive food future, future food designs must inte-
grate technological advancements with ecological and
cultural sensitivity, fostering systems that promote
both sustainability and meaningful human connections
to food.

4.4. Follow-up feedback

According to the follow-up feedback after the Narrative
and Ideation workshops, most participants expressed a
positive attitude toward the participant process using
the DF method and our pre-researched materials.
More detailed findings from the feedback are presented
below.

Prepared DF Material. The introduction of the
matrix, with its two key drivers, was strongly empha-
sised by participants in both the Narrative and Ideation
workshops. They highlighted the importance and



necessity of incorporating this framework (illustrated in
Figure 2) at the beginning of each workshop session to
guide the development of future eating scenarios. The
reasons provided by participants were as follows: (1) A
clarified structure: The matrix, which includes two cen-
tral drivers-Eating objective and Relationship between
humans and technologies—as outlined in Section 3.1,
facilitated ‘a rapid and comprehensive mapping of the
food-tech future’ and provided participants with ‘a
clear sense and a well-defined envisioning direction’.
The development of the matrix as a DF workshop
material was regarded by most participants as ‘trust-
worthy’, ‘scientific’, and ‘supportive’. (2) Enhanced work-
shop efficiency: Many participants noted that the
introduction of the two drivers as a framework with
accompanying examples ‘provided various background
knowledge without requiring additional time and effort
from participants’ and ‘helped to quickly locate imagina-
tive directions for future eating’ This efficiency was
praised for streamlining the envisioning process and
enabling participants to focus on creativity without
the need for extensive preparatory work. (3) Rapid Scen-
ario Development and Reflection: Numerous partici-
pants highlighted that the structure-Why (2040
background), How (future plots and personas), and
What (design concepts or future scenarios)—enabled
them to quickly establish a narrative or design draft,
offering the opportunity to explore various perspectives
within a short workshop timeframe and to deeply reflect
on how their envisioned outcomes might influence the
future. For instance, P114 mentioned, ‘Having this
structure gave me the confidence to think more holisti-
cally about the scenarios, pushing me to not only develop
new ideas but also critically reflect on how my concepts
would play out in the future” Similarly, D19 stated,
‘The structure provided me with a clear raw storyline
that helped me quickly focus my thinking and efficiently
generate diverse design concepts in a short amount of
time, something I wouldn’t have achieved otherwise.”
Extra Findings. Participants from both workshops
described their experiences as ‘exciting, ‘interesting,
‘impressive, and ‘creative’. They also offered three key
suggestions for improving future workshop experiences:
(1) Some participants recommended extending the dur-
ation of the workshop process, noting that ‘a longer
timeslot would afford additional opportunities to refine
narratives with deeper and more speculative insights
(P92)’ and ‘exploring how these concepts could be effec-
tively translated into practical applications and products
within the industry (D39)’. (2) There was a shared
aspiration for the implementation of advanced generative
tools, such as ‘Artificial Intelligence content generation
tools’, to expedite the ideation process and assist in
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developing future eating fictions. (3) While the work-
shop offered participants an opportunity to communi-
cate, the potential formation of smaller groups was
viewed favourably, as it could facilitate more in-depth
discussions and the development of more detailed con-
cepts compared to working individually.

5. Discussion

5.1. Reflection on participation and future-eating
outputs in design fiction workshops

Reflecting on the DF workshops, the preparation of
materials appears to have been instrumental in facili-
tating effective participation and outputs (Bleecker
2022; Dunne and Raby 2013). By providing a struc-
tured matrix and clear instructions, participants were
equipped with a flexible framework that allowed
them to engage with the workshops using approaches
aligned with their individual strengths (Amer, Daim,
and Jetter 2013). This structure supported diverse par-
ticipation, enabling individuals from various back-
grounds-whether or not they had prior design
expertise—to contribute meaningfully. Participants
could express their ideas through narrative storytelling
or design reports, fostering critical thinking and crea-
tivity. While this method appeared effective in enga-
ging a range of participants, further studies could
explore how variations in preparation materials might
impact the inclusivity and quality of outputs in similar
workshops, especially those addressing future-eating-
oriented topics.

While our findings were reported under three over-
arching themes-Efficiency, Entertainment, and Ecol-
ogy-many narratives and design outcomes displayed
qualities that cut across these themes. For example,
playful edible posters could be interpreted as both
Efficiency (communicating health information effec-
tively) and Entertainment (engaging users through
visual playfulness), while concepts addressing eating
disorders intersect issues of efficiency, wellbeing, and
affective experience. These overlaps underscore the
richness of participants’ imaginaries and the entangled
nature of technological, social, and ecological concerns
in future food scenarios. By presenting the findings
through three overarching themes, we provide a struc-
tured analytic lens while recognising that the bound-
aries between these themes remain fluid and
interdependent.

As previously noted, DF workshops often rely heavily
on designers, which limits the inclusion of non-designer
perspectives (Dunne and Raby 2013; Ng, Lee, and Wu
2021; Tsekleves et al. 2017). In our case, by organising
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two distinct participant groups (non-designers and
designers) and employing a structured process with
carefully prepared materials, we observed limited differ-
ences in the quality of outputs between groups. This
suggests that a structured DF approach can effectively
support meaningful participation from diverse back-
grounds, bridging the gap between designers and non-
designers (Amer, Daim, and Jetter 2013; Dunne and
Raby 2013; He, Wu, and Qin 2024). Our workshops
thus demonstrate the viability of this approach, offering
valuable guidance for future studies on future eating
that seek to engage broader participant demographics.

An additional observation from the workshops was
the notable use of AI tools (e.g. MidJourney, Stable
Diftusion, ChatGPT) by participants to assist in generat-
ing outputs. Data from the submitted PDFs suggests
that AI-supported outputs often exhibited greater detail
and cohesiveness, particularly in design reports. More-
over, participants who incorporated Al tools frequently
used Al-generated videos to supplement their concept
presentations, which appeared to enhance their ability
to communicate ideas effectively. This observation
points to the possibility of Al tools enriching the out-
comes of DF workshops by enabling participants to
explore and present their ideas more comprehensively
(Rezwana and Maher 2023). However, it also raises
questions about the implications of Al use on the orig-
inality and depth of participant engagement. Further
examination of this phenomenon could provide a
more nuanced understanding of the role AI might
play in shaping creative and collaborative processes
within DF.

Taken together, these reflections suggest that our
study contributes by showing how structured prep-
aration materials, the inclusion of both designers and
non-designers, and systematic archiving of raw data
with an MTH lens can enhance creative future food
scenarios in DF workshops. By framing the findings
through three overarching themes, we aimed to balance
analytic clarity with respect for the diversity of partici-
pants’ ideas. We hope this approach can serve as a useful
reference that future studies on food futures and related
domains may further adapt and refine.

5.2. Tension of more-than-human insights

The integration of MTH perspectives into DF highlights
both opportunities and challenges in envisioning future
eating (Heitlinger et al. 2021; J. Liu, Byrne, and Deven-
dorf 2018; Prost et al. 2021). The tension between DF
and the MTH perspective arises from their differing
focal points in addressing future food systems. DF
often prioritises human needs and technological

innovation, emphasising how novel technologies like
programmable food systems or waste-to-nutrition tech-
nologies can address ecological and societal challenges.
However, these approaches frequently reduce nonhu-
man entities—such as ecosystems or microorganisms-
to functional tools, overlooking their intrinsic value
and complex roles within ecological systems. This
reductionist approach risks oversimplifying ecological
challenges and undermining sustainability efforts
(Biggs, Bardzell, and Bardzell 2021; S.-Y. Liu 2019).

Additionally, DF typically emphasises scalability and
universality, proposing solutions that aim for broad
applicability. In contrast, the MTH perspective stresses
the importance of contextual sensitivity, highlighting
the need to account for local ecosystems, cultural tra-
ditions, and the interdependencies between humans
and nonhuman entities (Clarke et al. 2019; Poikolainen
Rosén, Normark, and Wiberg 2022). For example, pro-
posals in our findings, such as food cloning or insect
protein production, demonstrate technological promise
but also raise concerns about cultural acceptance and
ecological balance. This tension challenges participants
to balance global solutions with localised needs and rela-
tional complexities.

Moreover, the narrative frameworks in DF are often
anthropocentric, positioning nonhuman entities as tools
or background elements rather than active participants.
The MTH perspective, however, advocates for recognis-
ing nonhuman entities as influential agents in shaping
design outcomes. For instance, designs for ecological
restoration or circular food systems must consider the
agency of nonhuman actors, rather than solely focussing
on human-driven control (Clarke et al. 2018; Eriksson et
al. 2024). Shifting to this narrative approach not only
challenges conventional notions of agency but also fos-
ters richer, more inclusive discussions about the ethical
and ecological implications of future food-tech
innovations.

In summary, DF must navigate the dynamic balance
between technology-driven innovation and ecological
sensitivity. Incorporating the MTH perspective allows
to better understand the complexities of food systems,
fostering solutions that are not only speculative and
innovative but also inclusive and sustainable.

5.3. Possible future eating technologies

Contemporary HFI research increasingly focuses on
leveraging innovative approaches to enhance eating
experiences through the integration of emerging tech-
nologies (Velasco et al. 2018). In both narrative and
ideation workshops employing the DF method, partici-
pants generated 97 future narratives and 60 design



outcomes. These outputs informed the conceptualis-
ation of future food-tech ideas, which were categorised
into three overarching themes: Efficiency, Entertain-
ment, and Ecology. The analysis of these narratives
and design outcomes offers valuable MTH perspectives
on the potential of envisioned food-tech futures. This
potential aligns with recent advancements in HFI
research, which have highlighted several promising
food-tech implementations, including:

* Robotics. Recent HFI studies propose integrating
robotics into future eating innovations to create
nutrient-balanced meals tailored to individual
needs. Advancements such as ‘personal service
robotics’, expected to grow significantly (Thrun
2004), and food printing technology for customised
meal production (Yang, Zhang, and Bhandari
2017), provide a strong foundation for enhancing
personalised eating experiences. These technologies
also invite consideration of the ecological impact of
ingredient sourcing and the sustainability of pro-
duction processes, fostering a more interconnected
and ethical approach to food-tech futures.

e Virtual Food. Emerging studies highlight the poten-
tial of augmented reality (AR) and digital food tech-
nologies to transform eating experiences by altering
food’s visual qualities, such as texture and colour
(Nishizawa, Jiang, and Okajima 2016), displaying
full-size 3D representations of food in restaurants
(HoloLamp 2020), and utilising a 2D-3D hydration
process to accelerate delivery times (W. Wang et al.
2017). However, developing edible AR and digital
food on a scalable and evidence-based foundation
requires significant time and an interdisciplinary
approach. Encouragingly, recent efforts have
focussed on turning speculative concepts into practi-
cal innovations, with ‘Digital Gastronomy’ (Zoran
and Coelho 2011) standing out as a notable example.

e Multisensory Eating Experience. Augmentation
technologies have the potential to transform the
future of eating by enhancing various sensory
aspects, including the visual characteristics of food
(e.g. texture Okajima and Spence 2011, colour
modifications via AR Narumi 2016; Nishizawa,
Jiang, and Okajima 2016 and VR Bruijnes, Huisman,
and Heylen 2016), auditory experiences (e.g. chewing
sounds Zampini and Spence 2004, environmental
noise Woods et al. 2011; Yan and Dando 2015,
music Crisinel et al. 2012, eating sound intervals
Kadomura et al. 2011, and interactive sounds with
food Kadomura, Tsukada, and Siio 2013), and tactile
interfaces (e.g. for the lips Tsutsui et al. 2016, biting
Iwata et al. 2004, cutlery and tableware Hirose et al.
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2015; Spence 2017). HFI researchers, who seek to
replicate real-life eating experiences, emphasise that
the development of dietary technologies enhanced
by these sensory augmentations is expected to grow
rapidly, providing a strong foundation for more
immersive eating experiences in the future (Kita
and Rekimoto 2013).

¢ 3D-Printing Technology. Advanced food-tech inno-
vations, such as 3D and 4D printing, have emerged
as promising tools for creating novel flavours and
food structures, offering high-quality and customisa-
ble eating experiences. One key advantage of 3D
printing is its ability to tailor ingredients, tastes,
forms, and textures to meet individual health con-
ditions, lifestyles, and preferences (Yang, Zhang,
and Bhandari 2017). However, the slow pace of tech-
nological development means that such techniques
are still limited, with some applications, like 3D
printing for oral medication (Pandey et al. 2020;
Vithani et al. 2019), only being intermittently used
in the medical field. Despite this, these technologies
present a promising design space for future HFI
research.

o Food Alternatives. Ecological changes are expected
to reduce global agricultural yields (Nelson et al.
2010; Rosenzweig et al. 2014), while altering dietary
composition and impacting population health
(Springmann et al. 2016). Furthermore, deforestation
contributes to meat production accounting for 15%
to 24% of global greenhouse gas emissions. As agri-
cultural resources are optimised, meeting future
meat demand becomes increasingly challenging
(Steinfeld et al. 2006). Recently, the development of
meat alternatives, such as in-vitro meat and myocyte
culturing, has gained momentum and shows poten-
tial in alleviating the ecological burden while meeting
meat demand more sustainably (Datar and Betti
2010; Hocquette 2016). The design concepts pro-
posed in this study aim to offer potential solutions
to the agricultural challenges posed by environmental
changes.

5.4. Limitation and future work

The research findings should be interpreted with the fol-
lowing limitations in mind. First, the DF method priori-
tised open-mindedness, amplifying social and
environmental issues without being constrained by cur-
rent technological advancements. As such, the resulting
narratives and design outcomes for food-tech futures
are not intended as practical solutions but rather as
speculative references and potential pathways for future
eating. Second, the workshops did not consider detailed
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demographic variations within participant groups, such
as the sex ratio. Additionally, the findings, rooted in a
Chinese urban context, may have limited applicability
to other cultural or geographical settings. Third, the
study did not delve into specific topics for future eating;
instead, the scenario planning matrix (Figure 2) served
as the foundation for both the narrative and ideation
workshops. Finally, although for analytic clarity each
case was reported under a single dominant theme, this
involved some simplification of their multidimensional
qualities. Future research could further explore methods
that explicitly capture such overlaps, providing richer
accounts of the interconnections between efficiency,
entertainment, and ecological concerns in food futures.

For future research, it may be beneficial to explore
topic-specific and/or MTH-based workshops to
expand the scope of inquiry and refine design orien-
tations. Additionally, incorporating tools like AI-gen-
erated content into the workshop process could
enhance the efficiency and quality of outcomes. More-
over, sharing the findings and proposed future scen-
arios with HFI researchers and experts could also
provide valuable insights, enabling refinement and
further development of narratives and design out-
comes for food-tech futures.

6. Conclusion

This paper explored potential future eating scenarios for
2040 through two design fiction workshops, guided by a
structured matrix framework. A narrative workshop
with 116 participants and an ideation workshop with
68 participants generated 97 narratives and 60 design
reports, which were analysed into the themes of
Efficiency, Entertainment, and Ecology. These outputs
highlighted innovative concepts such as programmable
foods, sensory-enhanced eating experiences, and ecolo-
gically adaptive food systems, showcasing the potential
of advanced technologies to address societal and eco-
logical challenges. The workshops also demonstrated
the effectiveness of the matrix framework in engaging
participants from diverse backgrounds, allowing them
to generate creative and critical visions of reimagining
future eating.

Adopting a more-than-human lens revealed ten-
sions, including the balance between scalability and
contextual sensitivity and the challenge of incorporat-
ing nonhuman perspectives into traditionally human-
centric design fiction. The use of AI tools by some
participants further enhanced the quality and comple-
teness of their outcomes, suggesting opportunities for
integrating generative technologies into future work-
shop processes. This study underscores the value of

embedding more-than-human insights into design
fiction outcomes, advocating for more inclusive and
reflective approaches to envisioning sustainable and
equitable food futures.
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