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ABSTRACT

Body perception transformation technologies augment or alter our
own body perception outside of our usual bodily experience. As
emerging technologies, research on these technologies is limited
to proofs-of-concept and lab studies. Consequently, their potential
impact on the way we perceive and experience our bodies in ev-
eryday contexts is not yet well understood. Through a speculative
design inquiry, our multidisciplinary team envisioned utopian and
dystopian technology visions. We surfaced potential roles, goals
and values that current and future body perception transformation
technologies could incorporate, including non-utilitarian purposes.
We contribute insights on such roles, goals and values to inspire
current and future work. We also present three provocations to
stimulate discussions. Finally, we contribute methodologically with
insights into the value of speculative design as a fruitful approach
for articulating and bridging diverse perspectives in multidisci-
plinary teams.

CCS CONCEPTS

« Human-centered computing — HCI theory, concepts and
models.
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1 INTRODUCTION

The way we perceive and experience our bodies shapes our inter-
actions with the surrounding environment, with others and with
ourselves [30]. Technological advances in sensing and actuating
capabilities, and the integration of body technologies in everyday
contexts are revolutionizing how we humans perceive, relate to
and engage with our body [37, 60, 89, 99]. This article concerns an
emerging type of body technologies: Body Perception Transforma-
tion technologies. These technologies augment or alter the own
body perception outside of our usual bodily experience through
e.g. sensory augmentations [95], perceptual illusions of one’s body
changing [63, 64], or even direct manipulation [42]. These technolo-
gies include VR (e.g. [47]), wearables (e.g. [50], implants (e.g. [99]),
and robotic devices (e.g. [76]) and bring the promise of having sig-
nificant effects on humans in health, entertainment, sports, and arts
[31, 50, 60, 79, 89]. Yet, as emerging technologies, most research on
them is still confined to proofs-of-concept (e.g. [60]) or controlled
experimental studies in lab settings (e.g. [71, 79, 84]), and there is a
need to address numerous open questions concerning the potential
impact of these technologies on everyday contexts. These include
understanding the roles they will play in shaping our interactions
with the world, ourselves, and others; the goals people will pursue
with them and the values that these technologies will incorporate.

Our group, a multidisciplinary team researching body perception
transformation technologies, engaged in a series of workshops
and exercises to start thinking about these questions and inspire
future research that addresses them. We employed a speculative
design methodological approach [22] to articulate, surface and
explore implications, potentials, hopes and concerns for the body
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perception transformation technologies we are researching. Each
one of us imagined and created our own utopian and dystopian
technology visions, which we contrasted and discussed together
towards surfacing commonalities and di erences.

The speculative exercise yielded common themes regarding the
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is, altering the multisensory or sensorimotor signals related to the
body and in turn alter motor and social behavior, emotional state
and self-identity L3 17, 55 67, 68 81, 8. For example, altering

the frequency of the own footstep sounds can in uence perceived
body weight and impact gait, emotional state, and feelings of being

roles (e.g. enhance human capabilities, empower humans, or control quicker and more feminine [17, 84, 86].

body experiences), goals (e.g. improve people's lives, connect with

others, non-instrumental goals) and values (e.g. agency, reinforce 2.1.1 Technological Approaches to Transform Body Percéption.

or challenge status-quo) that we envision for these technologies. It
also helped surface frictions and di erences in approaches, values
and goals among the team members. Both were helpful for us to
better understand the diversity within our multidisciplinary team
and to identify issues we might need to address.

The contribution of our work is twofold. First, we contribute
to research on body perception transformation technologies (e.g.
[31,49 50 59 60, 73 76, 79 84, 86 89) with a characterization of

HCI, we nd current approaches for body perception transforma-
tion that are relevant to our work and that we will use to ground
and discuss our results.

Multisensory Body lllusions. In addition to investigating the
connection between the mind and body, HCI researchers have ex-
panded their focus to explore multisensory body illusions in the
context of various applications. There is an emergence of social
VR applications (e.g.6H, VRChat fL]) and VR games (commercial,

roles, goals and values that these technologies may incorporate e.g. Ready Player M&], or research games e.¢69]) that build on
(Section 5). Some of these can already be seen in current researchembodiment research. The embodiment of virtual avatars is an ef-

but in particular we contribute with others that can help open up
new lines of research in which body perception transformation
technologies are designed and used for non-utilitarian purposes
(e.g., fostering connections beyond the individual, playfulness, joy
and dissidence). We also provide three provocations to stimulate
further discussions in the eld (Section 6.1.2). Secondly, we con-
tribute methodologically with insights on how speculative design
can be a fruitful approach for multidisciplinary research teams
to articulate and share individual technology visions, to identify
similarities and di erences among team members and to spark

fective approach to support motor learning and rehabilitatiodq,

or to change people's attitudes and social behavior (e.g. in relation
to racial or age bias), 57 (see review by Mottelson et a]59]). Be-
yond the use of VR, an emerging approach (e31, #9 50, 84 86)
focuses speci cally on developing wearable technology thatinduces
multisensory body illusions as a way to transform body perception
to tackle speci c user needs in real-contexts of use through the use
of sensory signals rather than visual ones. This approach builds
on the principle of altering the multisensory or sensorimotor sig-
nals related to the body, for example, through sourgd] altering

conversations towards shared roadmaps (Section 6.2). We believefootstep soundsg4 or sonifying people's movements through dif-

that our work can help others in body perception transformation
communities to critically examine their own technology visions,
and inspire research that expands on the current state of the art.

2 THEORETICAL UNDERPINNINGS AND
RELATED WORK

2.1 Body Perception and Body Perception
Transformations

From a cognitive neuroscience perspective, own-body perceptions
refer both to perceptions of one's own body appearance, includ-
ing shape, size, and con guration, often referred to as body image
[19 51], as well as to perceptions of one's body motor capabilities,
such as body part position and kinematics, often referred to as body
schema {8 54, which are used for reaching for objects, walking,
and tool manipulation. These perceptions in uence the way we
move [46 54, our emotional statesg7, 6§, and are key to self-
awareness, self-identityd7, 93 and for social behaviourj2, 56.
Critically, despite the fact that a person's physical body may not
generally change quickly, the perceptions people have about their
own body are highly plastic9]. The key to body perception trans-
formations through technology is the alteration of multisensory
or sensorimotor signals related to the bod9, R0 51, 77, 90 91].

For instance, visual feedback on one's moving body can be manip-

ulated using immersive VR, to create illusions of having longer
arms [47] or a shorter/taller or slimmer/wider body §6 83 97].

These transformations can be designed and supported by technol-

ogy that exploits the mechanisms underlying such experiences, that

ferent metaphorical sounds (e.g. water, wind, metal gears) has been
shown to transform how people perceive their body image (e.g.
feeling bigger, or smaller) and capabilities (e.g. feeling more or less
agile) 49 50. Recent studies have demonstrated the e ectiveness
of such an approach in motivating physical activity in physically
inactive people, or in rehabilitation in people with chronic condi-
tions [31, 49 50 84 8§. Haptic feedback has also been explored
in this context, for instance, a force illusion that creates the illu-
sion of limbs drifting and favours a movement re ex’g or haptic
metaphors combined with textiles to alter body perceptio@s[
Even olfactory cues have been shown to in uence body perception
both in VR ([7Q, 71]) and in combination with auditory cues ([1]).
Human-Computer Integration.  Another approach includes
those body-based user interfaces that integrate interactive devices
directly into the human body, e.g. by utilizing implanted haptic
stimulation or touch interfaces, so that the body becomes the in-
terface. This approach often builds on altering body perception
by altering the very physical body through technology. Recent ad-
vances in the eld suggest that such human-computer integration
interfaces may be used to alter people's body's morphology and
abilities to act, providing additional skills or limbs to accomplish
complex tasks; their perceptions, such as experiencing non-existent
stimuli; and even the experience of having a body, as they may af-
fect the user's sense of body ownership, location, or age&/99.
For example, electrical muscle stimulation or mechanical actuators
can be used to move the user and perform tasé§ [ Its latest
conceptualizations emphasize the importance of understanding the
user's physiological and mental state in in uencing the sense of
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agency when integrating computers with the human body, leading
to symbiosis and fusion outcome8(@. Symbiosis involves collab-
oration between humans and digital technology, sharing agency
(i.e. sense of ownership over actions), particularly in collaborative
and creative tasks. Fusion extends the human body through de-
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[98] that, by moving thehumanaway from the centre, could shed
light on current predicaments such as climate and ecological col-
lapse, global-scale pandemics, and late-stage capita&B8f. In
these perspectives, approaches that foreground the use of low-tech
[1g and already-existing hardwareq3 aim to minimise the energy

vices, such as a limb, or a sense, and can vary in terms of agency.consumption of computational endeavours (ibid.) and challenge

Fusion may present varying degrees of agen6¢j[e.g.: an arti -
cial arm that feels like a natural extension of the body grants the
user nearly complete agency, whereas a device controlling body
movements through muscle stimulation may reduce human agency
signi cantly.

Robotics. Similar re ections are recently found within robotics
[76. in particular in scenarios with tight physical human-robot

sensorimotor interactions (e.g. assistive robotic devices). In those,

bridging cognitive models of sensorimotor integration and an un-
derstanding of body experience into the robotics development can
facilitate a seamless integration of these devices into the user's body
schema, promoting a sense of embodiment, agency and control.
Works within these approaches aim to enhance physical, cog-
nitive, and emotional abilities using technology, which aligns with
transhumanist perspectives on the relationship between humans
and technology 7, 8, 58 75 92. These share a positive belief in
progress and technology that by leveraging technological advance-
ments, humans can surpass their natural abilities, bodily limita-
tions and vulnerabilities 8. Often, such perspectives fall shortin
considering the material and subjective nature of bodies and the
self, elevating dualistic ideals of mind-body and anthropocentric
progress pg. These yield a gap in body perception transformation

technologies research: the research and use of these technologies

to foster experiences beyond enhancement, for non-instrumental
goals, and considering the human body not as generalizable and
isolated but rather as a living, interconnected and interdependent
with others. There exist HCI approaches that o er alternative tech-
nology visions that can help address this gap in body perception
transformation research.

Soma Design.Rooted in somaesthetic3§, soma design em-
phasizes the living body in design and us&7[ 41]. Avoiding gen-
eralization goals of previous approaches and renouncing dualistic
views on body experiencet], soma design addresses individuals'
body perception in their situated contexts and favours subjective,
vulnerable, rst-person accounts of somatic experiences. As a de-
sign program, it aims to develop and train one's aesthetic ability,
that is, the capacity to bodily appreciate what one experiences in
everyday contexts37, 41, 80. As such, the body perception trans-
formations of its designs promote meliorative cultivation of how
we experience our body as a site of sensory appreciation towards
ourselves, others, and the world [78, 80].

More-than-human Perspectives. Another alternative approach
to technology for body experiences consists in more-than-human
perspectives, which reframe théauman from an independent ac-
tor that manipulates the world to a constitutive aspect of a complex
set of more-than-humarntanglementg25 3. Such perspectives
embrace ambiguity and blurry boundaries, transcending dualist
views of e.g. nature and culture, human and nonhuman, organic and
technological, mind and body, animal and machiri@[25 35 9§.
They "o er starting points for ethical approaches and analytical abil-

a narrative of technological solutionism, planned obsolescence and
consumer capitalishj1§. Others in unconventional computing
research have suggested exploring the use of living materials, like
slime mould B], fungi [21] and bacteria 1§, to develop computing
systems that are responsive, adaptable, sustainable, and biocompat-
ible.

In this work, we speculated possible utopias and dystopias for
future body perception transformation technologies, several of
which build on current approaches and others that yield novel
perspectives regarding the type of experiences that body perception
transformation technologies can foster.

3 METHODOLOGY AND METHODS

We employed a speculative design approa2[to articulate, sur-
face and explore implications, potentials and concerns of the body
perception transformation technologies we are researching. Specu-
lative approaches involve imagining alternate realities and possi-
bilities, and envisioning di erent worlds and circumstances (ibid.).
In our work, we focused on hypothetical future technologies for
body perception transformation and scenarios of use. Our futuring
inquiry centred around the year 2053, which we collectively chose
to allow for plausible but signi cant technological advancements
while maintaining some resemblance to our current society to avoid
complete science- ction speculations.

Our speculative exercise involved 3 workshops and 2 home exer-
cises, which we describe below. The exercise was organized inter-
nally by the rst author of this paper within a multidisciplinary re-
search team at the Computer Science and Engineering Department
of Universidad Carlos Il de Madrid. As a team, we are working on
an European Research Council-funded project focused on engineer-
ing body perception transformation technologies. Us researchers
participating in the speculative exercise consisted of the project's PI,
3 post-docs, 2 PhD students, and a research technician (3 women, 4
men). Our team members bring about expertise from various elds,
including cognitive neuroscience, computer science, engineering,
HCI, interaction design, arti cial intelligence, and interactive arts.
Most of us perform positivist, experimental and quantitative re-
search in our work, with only some of us having more extensive
knowledge of qualitative approaches such as e.g. soma design. For
some of us, this marked our rst exposure not only to speculative
design as a research approach but also to a more critical inquiry
into computer science research.

3.1 Speculative Exercise: Process and Methods

The whole exercise involved three collective workshop sessions
(WS), each lasting approximately one and a half hours, plus two
individual home exercises (HE). The goal of the exercise was to
imagine and articulate individual utopian and dystopian visions

regarding body perception transformation technologies and col-

ities to engage with contingent entanglements and multiple dthers lectively discuss them, as a way to foster a re ection within the
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group on e.g. the implications they carried for our present work,
underlying values, perspectives and individual technology visions,
and so forth.

WS1: Future storming. The rst workshop aimed to foster a
future-oriented and idea-generation mindset. It involved a brain-
storming session focused on a hypothetical 2053 future (i.e. a fu-
turestorming), facilitated by two of us authors. The futurestorming
covered various aspects of the relationship between the self and
the body, the body and other bodies, the body and practices, the
body and the environment, and the body and organisms of power.
These were selected by the rst and sixth authors (the workshops'
facilitators) as potentially interesting, framing, areas to ideate upon,
from a tight connection with one's own body to other aspects that
shape our body experience in a variety of ways. We considered one
by one each of these aspects in a thinking round. For each round, we
had a minute to write down ideas on sticky notes, rst envisioning
a utopian future and then a dystopian future. Inspirational images
from sources such a2p] were used to stimulate imaginative think-
ing related to technology, body shapes, and futuristic scenarios.
The futurestorming helped us trigger our imagination and get com-
fortable with placing our inquiry in the future, which paved the
way and o ered inspiration for the creation of our utopias and
dystopias.

HEZ1: Imagining Utopias and Dystopias. Individually, we en-
gaged in an imaginative exercise to envision future utopias and
dystopias body perception transformation technologies based on
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questions, the workshop had to be extended into a second 1h session,
to present and discuss the dystopias. After each presentation, we
discussed insights and implications. Finally, we re ected on the
speculative exercise methodologically. WS3 was video-recorded
and two of us authors also took live notes during discussions.

3.1.1 Data Analysi§Ve analyzed the created artefacts in conjunc-
tion with 1) the sheets that participants created in HE1, which
provided greater detail into the envisioned utopia and dystopia;
and 2) the written notes and videos from WS3, which captured
our discussion points and re ections. Our analytical approach was
inspired by thematic analysis3d and focused on identifying re-
curring themes in our data sources that would represent recurring
ideas. The rst author performed an initial inductive, open cod-
ing of the data focusing on the content and type of considerations
present in each utopia and dystopia, and constructed initial group-
ings of the codes, in a manner resembling a nity diagrams. Both
the coding and the groupings were discussed and polished with
the second and last authors of the paper, who collectively derived
a nal set of shared themes and subthemes across the utopias and
dystopias, which we present in Section 5.

4 UTOPIAS AND DYSTOPIAS OF FUTURE
BODY PERCEPTION TRANSFORMATION
TECHNOLOGIES

We present ve utopias and dystopias created by ve participants

our knowledge, research experiences, values, desires, and personain the speculative exercise. Two participants’ contributions were

backgrounds. Thinking in terms of utopias and dystopias was in-
tended to help surface explicitly both hopes and concerns for the
technologies an approach also found in other work$p, 92. The

rst author provided a structured sheet with di erent sections and
questions to guide our ideas, facilitating the creation of utopian and
dystopian technologies and scenarios. The sheet included prompts
about our vision of the future in 2053, a description of the imagined
technology, the people impacted by it (bene ciaries or those expe-
riencing challenges), potential contexts of use and e ects, and how
the technology would in uence the body's relationship with other
bodies, practices, the environment, or power structures. We also had
access to materials from the rst workshop, such as inspirational
images and sticky notes, to inspire our thinking.

WS2: Moving Towards Design. The second workshop had two
parts, aiming to create captivating and thought-provoking artefacts
that would provoke discussions and open questions. In the rst
part, in couples, we shared and re ned the utopian and dystopian
ideas we had captured in the sheets, e.g. by checking the level of
detail and plausibility of our speculations. In the second part, the
rst author introduced the rest to di erent types of artefacts they
could create to illustrate such utopias and dystopias (e.g. audio-
visuals, tangible prototypes, narratives, fanzines/comics, collages,
drawings or sketches and illustrations). We aimed at being savvy in
terms of our own creative abilities and resources to put content and
media together. We also started to design each individual illustrative
artefact in WS2.

HE2 and WS3: Creating, Sharing and Discussing Utopias
and Dystopias. We completed our artefact designs at home. In the
third workshop, we shared our artefacts and narratives, engaging in
discussions. We started with the utopias and due to the number of

excluded from the results due to one participant's inability to nish
the exercise due to time constraints and another contribution's lack
of relevance to body perception transformation. Here, we provide
a concise description of each utopia and dystopia, while a more
detailed version with a table relating scenarios and participants is
available in the supplementary material.

4.1 Utopias (Figure 1)

4.1.1 MindHarmonyMindHarmony a neuroimplant with direct
connections to the nervous system, aims to enhance reality percep-
tion. It can be turned on and o as desired. By altering sensorimotor
perception, such as body sensations, sounds, or smells, MindHar-
mony profoundly impacts emotional states. It can positively in u-
ence movement perception, such as creating a sense of uidity, and
evoke a soothing sense of freedom through customized soundtracks
or body sounds. With its widespread use, MindHarmony enhances
everyday activities, work, leisure, and artistic experiences.

4.1.2 SoundBod$oundBodis an a ordable and accessible app
that uses phone sensors to understand individuals' body percep-
tions. It updates a real-time body image blueprint" based on data
like motion, heart rate, and breathing. Through manipulating sen-
sorimotor loops, the app provides customized sound feedback to
alter body image. It helps users, for example, young individuals
concerned about appearance, transform their perception both when
alone or in social situations. The app helps them to increase body
satisfaction, experience and save "favourite” body images and body
ideals, which could be rooted in individuals', groups' or societal
body standards, allowing them to feel e.qg. lighter, more elegant, and
ultimately more con dent.
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