i_mBODY Lab Demonstrates: Body Transformation Experiences
with Multisensory Wearables

Elena Marquez Segura
Department of Computer Science and
Engineering
Universidad Carlos II de Madrid
Leganés, Madrid, Spain
elena.marquez@uc3m.es

Inés Fernandez Vallejo
Department of Computer Science and
Engineering
Universidad Carlos II de Madrid
Madrid, Spain
ineferna@inf.uc3m.es

Karunya Srinivasan
Department of Computer Science and
Engineering
Universidad Carlos III de Madrid
Leganés, Madrid, Spain
ksriniva@inf.uc3m.es

Marte Roel Lesur Amar D’Adamo Joaquin R. Diaz Duran
Department of Computer Science and Department of Computer Science and Department of Computer Science and
Engineering Engineering Engineering

Universidad Carlos III de Madrid
Leganés, Madrid, Spain
Department of Psychology
University of Zurich
Zurich, Switzerland
mroel@inf.uc3m.es

José Manuel Vega-Cebrian

Universidad Carlos III de Madrid
Madrid, Madrid, Spain
adadamo@inf.uc3m.es

Universidad Carlos III de Madrid
Leganés, Madrid, Spain
jodiazd@pa.uc3m.es

Ana Tajadura-Jiménez

Department of Computer Science and Department of Computer Science and

Engineering
Universidad Carlos III de Madrid
Leganés, Madrid, Spain
jovegac@inf.uc3m.es

Abstract

Body perception is plastic, continuously shaped by multisensory
and sensorimotor cues that technology can leverage to influence
body experience, behavior, and emotion. This demo presents Body
Transformation Experiences (BTEs) enabled through multisensory
wearables, supporting perceptual changes of body weight, size,
boundaries, and movement qualities like effort. We bring four wear-
able prototypes from the i_ mBODY Lab: SoniWeight Shoes changes
footsteps sounds to alter perceived weight; SoniBand sonifies ex-
ertion movements, modulating perceived weight and physical ef-
fort; SoniStretch produces a pitch glide when pulling a body part,
creating elongation or shrinking sensations; and VibrOut uses tar-
geted muscle vibration to create the illusion of movement while
remaining still. This demo is relevant to researchers working on
body-based and multisensory experiences. Our prototypes act as
sensitizing artifacts leveraging body plasticity as a design mate-
rial, prompting discussion on which BTEs are worth designing for,

This work is licensed under a Creative Commons Attribution 4.0 International License.
CHI EA °26, Barcelona, Spain

© 2026 Copyright held by the owner/author(s).

ACM ISBN 979-8-4007-2281-3/26/04

https://doi.org/10.1145/3772363.3799377

Engineering
Universidad Carlos III de Madrid
Leganés, Madrid, Spain
UCL Interaction Centre
University College London
London, United Kingdom
atajadur@inf.uc3m.es

and how to design/study them to shape future human-technology
relationships.
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1 Introduction

Body perception is not fixed but highly plastic, continuously shaped
through the integration of proprioceptive, tactile, auditory, visual,
olfactory, and motor cues [4, 14, 34, 45]. Cognitive neuroscience has
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shown that body illusions in which perceptual changes related to
size, weight, configuration, movement, and beyond, can be rapidly
altered through multisensory manipulations [7, 15, 35, 52, 77]. These
changes also influence cognition [24], action [8, 72], affect [42, 68],
social functioning [36] and even identity [11, 53, 64, 73]. While
much of this work has relied on visual dominance and has been
tested in controlled laboratory paradigms [7, 27, 80], it has increas-
ingly informed HCI design and research focusing on the lived ex-
perience of one’s body, and on integration in situated everyday
practices and contexts [12, 13, 32, 85].

In our work, we focus on multisensory technologies and how
they can momentarily transform the way people experience their
own bodies. Through targeted sensory cues, a person may mo-
mentarily feel lighter or heavier [12, 19, 68, 71], sense their limbs
moving differently [30], perceive their body size or boundaries shift-
ing [43, 46, 74, 76], or experience an exercise as more or less effortful
[30, 32, 56]. We refer to those moments as Body Transformation
Experiences (BTEs) [85]: experiential shifts in how one’s body is
felt, enacted, or understood, enabled by multisensory technologies
and body illusions. These subtle—or sometimes striking—changes
reveal how fluid and adaptable our bodily self-perception can be.
We focus on wearables, which offer a particularly intimate site for
such experiences given their proximal position to the body, and by
that virtue may also be more comfortable for in-the-wild settings.
Through sound, vibration, and other sensory feedback, they can
transform how users attend and experience their body sensations,
and capabilities.

Here, we are presenting a "Demo of Demos," featuring four dif-
ferent prototypes developed in the i mBODY Lab that facilitate,
in seconds, a first person experience of the remarkable flexibility
of body perception. Each prototype targets a different BTE, and
explores a different pathway: SoniWeight Shoes manipulates the
sound of footsteps to shift how heavy or light the body feels while
walking [12, 19, 20, 66, 68, 71]; SoniBand produces sound during
squatting exercises, reshaping one’s experience of physical effort
and body capabilities, as well as the perception of body lightness
[30, 32, 56, 84]; SoniStretch uses sound coupled a pulling gesture
applied to a body part to elicit an illusion of size transformation of
that body part [37, 38, 43, 74]; VibrOut uses simultaneous vibration
of multiple synergist muscles involved in a particular movement to
induce illusions of such movement in static situations (See Figure
1, fourth prototype). Each of these prototypes has been previously
evaluated—or are currently being evaluated—in controlled, and/or
in-the-wild experiments [32, 84]. The novelty of this demo is that,
for the first time, these prototypes are presented as a coherent
experiential set in the context of a major international HCI and
interaction design venue.

Bringing these prototypes into a shared demo space allows at-
tendees to encounter multiple pathways to BTEs. These include
alterations of self-generated sounds (SoniWeight), artificial sounds
synchronized with action (SoniBand and SoniStretch), and vibro-
tactile stimulation of muscles (VibrOut). Participants may also com-
pare, through first-hand experience, how different forms of sensory
stimulation affect their bodies. For instance, the prototypes can
lead to similar perceptual changes (e.g., body size), but also differ-
ent ones (e.g. body weight in SoniWeight, and SoniBand; effort in
SoniWeight, and SoniBand; and body position in VibrOut). At CHI,
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these prototypes will be used as experiential probes, anchoring
reflections that will be shared in the demo space, and discussions
within the CHI community about how present and future Body
Transformation Experiences should be designed, interpreted, and
valued.

2 Background

Auditory and tactile wearables are promising means for eliciting
Body Transformation Experiences [65, 81, 85]. Sound and haptic
feedback are particularly powerful modalities for designing tech-
nologies that engage with the moving and sensing body, and with
the plasticity of body perception [33, 41, 56, 75, 77]. Unlike visual
feedback, which has historically been the primary means in systems
altering body perception [36, 44, 45], they can intervene directly
in sensorimotor loops without requiring visual fixation, which al-
lows users to remain engaged with their surroundings. Then, in
the case of touch, it is a primarily proximal modality, which makes
it particularly suitable for wearable systems that can be embed-
ded into dynamic real-world contexts, which opens up the tradi-
tional highly controlled lab settings historically used for altering
body perception [36, 44, 45]. Both modalities have a remarkable
capacity to evoke sensations, meanings, and associations that op-
erate across perceptual, emotional, and sociocultural dimensions
[11, 12, 20, 32, 33, 75, 77, 84-86].

Sound-based feedback has been widely explored in HCI, sports
science, and rehabilitation, particularly through movement soni-
fication systems that map aspects of bodily movement to real-
time auditory signals [9, 10, 25, 39, 47, 49, 50, 57]. Prior work has
shown how such systems can support motor learning, enhance
movement awareness, and shape movement qualities across do-
mains such as physical exercise, dance, and clinical rehabilitation
[6, 26, 40, 48, 63, 79].

Further, recent studies have shown that sound in conjunction
with other sensory modalities can directly alter body perception,
not merely inform movement execution [62]. E.g., manipulating
self-generated footstep sounds can alter perceived body weight,
gait, and emotion [19, 68], while auditory manipulations during
upper-limb interaction can induce illusions of altered limb length,
force, or stiffness [28, 51, 67, 69, 76]. This principle underpins the
design of SoniWeight Shoes (See Figure 1, first prototype), which
manipulates walking sounds to shift perceived body weight (more
on this illusion on section 3.1). Similarly, coupling sound pitch
and movement trajectories and/or touch can influence perceived
strength/effort, perceived size of a body part, and overall expe-
rience quality [30, 38, 43, 56, 74], suggesting that directional or
metaphorical sonifications [16] operate as more than "performance
feedback," shaping instead how the body is felt while acting. This
underpins the design of SoniStretch and SoniBand (See Figure 1,
second and third prototypes respectively), coupling an ascending
high-frequency tone with pinching and pulling a finger [74] or the
hips [38] for SoniStretch (More on this illusion on section 3.2); and
a movement (squat) for SoniBand (Section 3.3). Importantly, these
effects are often shaped not only by acoustic parameters but by
metaphorical sound qualities (e.g., mechanical, liquid, airy, elastic)
that evoke culturally grounded associations (e.g. a "creaky" sound
can make a person feel stiffer [61], and robotic sounds can make
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GONIWEIGHT 5HO

In a nutshell: Plays an upward or downward pitch glide when touching, stretching or
pulling from a body part to result in a feeling of shrinking or elongation.
Hardware: Force senstitive resistors (FSR) connected to an Arduino device which

sends digital data to a computer. Sound is played via headphones.
Body location: Finger/waist.
Body action: Pressure on corresponding body part.

Software: Max/MSP processes data to trigger a sound when the signal reaches a

threshold

Interactivity: Plays an upwards (700 to 1200 Hz) or downwards pitch (1200 to 700 Hz)

glide upon pressure on the corresponding location.

sound pitch.

In a nutshell: Supports a sensation of increased body volume through muscle vibrations.
Hardware: 8 speaker driver exciters. (2.5 cm, 10 W) x 6 and (23.2 cm, 20 W) x 2 connected

via audio cable to an amplifier and computer.

Body location: Wrist flexors, biceps brachii, pectoralis major, trapezius inferior.

Body action: Standing still.
Software: Max/MSP processing to trigger vibration.

Interactivity: Transmits a simultaneous vibration of all 8 vibrators at 70 Hz and 6 dB.
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In a nutshell: Alters frequency of self-generated footstep sounds.

Hardware: Wireless microphones audio from the feet is sent to Bela.io board and then to cabled headphones.
Body location: Microphones placed on ankles.

Body action: Walking/Climbing Step.

Software: SuperCollider code to filter the audio signal.

Interactivity: Alters footstep sounds with low latency (1.6 ms) allowing the user to choose between three
sound conditions: high frequency, amplifying 1-4 kHz components and attenuating 83-250 Hz by 12 dB; low
frequency, amplifying 83-250 Hz and attenuating above 1 kHz by 12 dB; and Control, a flat frequency response
maintaining natural footstep characteristics.

FSR sensor §

GONISTRETCH

In a nutshell: Couples ascending and descending movement with an ascending and descending

Hardware: Battery-powered R-IoT module with 9-axis STMicro sensor (accel/gyro/mag, 16-bit res)
and silicone band. Wireless WiFi transmission via TP-Link.

Body location: On the thighs for squats.

Body action: Squatting.

Software: Max/MSP processing for motion sonification.

Interactivity: Maps calibrated angle data to dynamic upwards (600 to 1200 Hz) or downwards (600
to 300 Hz) pitch glide.

VIBROUT

Figure 1: Overview of the four wearable prototypes presented in this demo, with images and technical specifications.

someone feel like having mechanical gears instead of human joints
[28]. These sounds can guide how people sense and move while
amplifying bodily illusions in ways that are situated and contingent
rather than universal.

Haptic feedback has similarly expanded across applications in
posture, physical training, guidance, and rehabilitation, with in-
creasing attention to its capacity to influence bodily awareness
and perception rather than solely convey corrective information

[3,5, 23,54, 58, 83, 89] (see overviews in [22, 55]). Vibrotactile stimu-
lation, in particular, has been used to bias proprioceptive experience
and movement perception, including modulating perceived motion
direction, speed, or effort [56]. Tendon and muscle vibration are
well established means for eliciting movement illusions in neuro-
science. This foundation directly informs VibrOut (See Figure 1,
fourth prototype), which uses localised muscle vibration to elicit
illusions of movement along the direction of muscle lengthening,



CHI EA °26, April 13-17, 2026, Barcelona, Spain

such as sensing the arms opening while they remain still (more
about this illusion on section 3.4).

3 BTEs - Prototypes and Illusions

The prototypes in this demo illustrate how auditory and haptic feed-
back can be strategically intertwined with movement and touch to
elicit diverse Body Transformation Experiences, leveraging bodily
plasticity as a core design material. Figure 1 features images and
technical descriptions of the prototypes. Here, we first introduce
them, and then focus on the body illusion they elicit.

SoniWeight Shoes (Figure 1, first prototype) is a wearable de-
vice featuring wireless microphones worn on the ankles that cap-
ture footstep sounds in real time, which are then manipulated and
amplified enabling auditory feedback via headphones during walk-
ing. This is a novel prototype, wireless and more ergonomic than
earlier versions [19, 20], to support long term in-the-wild studies.
SoniStretch (Figure 1, second prototype) is a lightweight sound-
based wearable that detects touch and pulling gestures applied to
the body and triggers corresponding pitch-modulated sounds via
headphones. SoniBand (Figure 1, third prototype) is a wearable au-
dio interface designed to be worn anywhere in the body providing
real-time sound feedback synchronized with movement. Currently,
we are using them on the thighs to sonify squats. VibrOut (Figure
1, fourth prototype) is a new vibrotactile wearable in our lab. It
delivers muscle stimulation through multiple actuators, designed to
be worn on the upper body to support vibration-based interaction
during static and dynamic postures.

3.1 The Footstep Illusion by the SoniWeight
Shoes

The Footsteps Illusion demonstrates that altering the frequency of
footstep sounds can rapidly reshape how people perceive and move
their bodies. Low-frequency (LF) feedback sounds induce sensations
of increased body weight, greater masculinity/dominance, and a less
dynamic gait, including reduced foot acceleration [11, 19, 66, 68].
In contrast, high-frequency (HF) feedback produces sensations of a
lighter and slimmer body, greater femininity, and perceived weak-
ness, while also enhancing positive mood (e.g., happiness) and pro-
moting faster, more upright walking [11, 19, 66, 68]. HF feedback
also generates measurable physiological and behavioural changes,
including higher leg muscle activation, lower heart rate, and higher
heart-rate variability [19, 68], which together suggest increased
relaxation and positive affect [1, 17, 18]. These effects are not uni-
form across individuals: responses vary depending on factors such
as eating-disorder symptomatology, physical activity level, pain
condition, gender aspirations, body concerns, and sensory imagery,
indicating that sound-based bodily illusions interact strongly with
personal traits and baseline body representations [19, 20, 66, 70, 71].
Long term effects of the illusion are being tested in four-week stud-
ies involving participants with low levels of physical activity and
high levels of symptomatology of eating disorders. Preliminary
results suggest that core effects are consistent over time, opening
to possible interventions for health, rehabilitation in everyday life
contexts.
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3.2 The Auditory Pinocchio Illusion with
SoniStretch

Hearing an upward or downward pitch glide together with tactile,
kinaesthetic, or motor cues on a body part has been consistently
shown to result in a perceived elongation or shrinking of the corre-
sponding body part [37, 43, 74]. This phenomenon has been termed
the Auditory Pinocchio Illusion [43]. Though this has been primar-
ily tested on fingers changing their vertical but not horizontal elon-
gation [37], recent studies have proposed performing the illusion on
the waist to generate the experience of horizontal extension [38].
This phenomenon has been consistently tested according to ex-
plicit questionnaire measures and implicit behavioural measures in
which participants must locate the limits of their visually occluded
limbs [37, 43, 74]. The illusion arguably works due to a potentially
cross-cultural [16] association between pitch and verticality, and
cross-modal conceptual mappings [59, 60, 88] that link different
sensory features for which the same conceptual labels exist (e.g.,
the relation between low and high pitch and the respective terms
for visuospatial elevation).

3.3 The "Pushed by Sound" Illusion by the
SoniBand

The SoniBand has been studied with inactive population while walk-
ing, stretching and doing squatting exercises (e.g. [31, 32, 56]); also
with the general population (e.g. [30, 32, 56]); and currently with a
population with depressive symptomatology while doing squatting
exercises. These studies show that high-frequency ascending tones
make movements feel lighter and easier [30-32, 56]. Conversely, a
descending tone when moving up, generates a sensation of heavi-
ness and resistance, often described as the sound "pulling" the user
down [30, 56]. Interestingly, this sense of burden can paradoxically
cause participants to accelerate their movements to compensate for
the perceived weight [56]. Prior results also show an association
with positive emotions, such as happiness and confidence, with the
sound acting as a reward that seemingly facilitates the movement
[32, 56]. In particular, with ascending pitch sounds while moving
up in a squat, participants consistently report feeling lighter, while
descending pitch sound evoked feelings of heaviness and negative
emotional valence.

Studies using metaphorical sounds instead of tonal sounds, like
"wind,' "water," and "mechanical” noises have shown they influence
the experience creating interesting effects [31, 32, 84]: "wind" sup-
ported increased feelings of control and joy; "mechanical” sounds
evoked visceral feelings of stiffness akin to "rusty gears" or bro-
ken bones; and "water" sounds gave feelings of fluidity and made
people feel less tired. Furthermore, rich musical chords in contrast
to simple tones, have been found to increase user confidence, yet
they can sometimes cause proprioceptive interference that reduces
accuracy [30].

Collectively, these results demonstrate that SoniBand is not just
a feedback tool but a platform for shaping embodied perception,
proving that sound can profoundly modulate the physical reality
of effort, weight, and agency.
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3.4 The Expanding Body Illusion by the VibrOut

VibrOut shows that the apparent position of our body can be altered
using muscle vibration, which creates proprioceptive misinforma-
tion. In particular, the simultaneous vibration of synergist muscles
involved in arm abduction creates the illusion that the arms are
lifting laterally, moving away from the trunk.

This is due to the fact that vibration applied over the body or
tendon of a muscle activates primary afferents (sensory nerve fibers
that send information from your muscles to the central nervous
system) in muscle spindles [78]. In response to the vibration, the
muscle may reflexively contract. If its movement is inhibited or
resisted (i.e. the body part is maintained stationary), the activity
in the muscle spindles is perceived as movement in the opposite
direction. This means that the direction of the illusory movement
is consistent with the stretch or extension of the vibrated muscle.

Previous research in the 80’s already demonstrated that illusory
movement of a stationary limb can be experienced on vibrating the
body or tendon of the muscle [29]; and that if the vibrated limb is
in contact with another part of the body, there can be perceived
changes in the dimensions of the touched body part, like a longer
nose or finger in the Pinocchio Illusion [15, 29], and the perceived
shrunk waist [21] explained before (section 3.2).

While most studies on this vibrate just one muscle, vibrating
multiple synergist muscles that are involved in a movement can
enhance the illusion (e.g. [87]). In VibrOut we design and test a
novel prototype involving multiple muscles and both sides of the
body, which leads to a novel illusion of arm abduction. Initial results
from our studies show that participants experience themselves as
occupying more space, for example judging that they need wider
openings for their body to fit in, while standing still, and possibly
during movement as well (studies ongoing). As far as we know, this
is the first illusion with muscle vibration altering the perception of
the body in relation to space.

3.5 Experiencing BTEs at CHI

At CHLI, this "demo of demos" is conceived as a shared, experiential
encounter. Attendees are invited to try one or more of the proto-
types, and/or to watch other try them out; and to briefly reflect
on how their bodily sensations, perceptions, and emotions shift
while engaging with them. We will invite attendees to materialize
their sensations and feelings using body maps [2, 13, 32, 82], which
participants can choose to share with the rest of the CHI attendees
and us by placing them on a shared whiteboards gradually forming
a collective landscape of felt bodily experiences across the demo
space. Alongside this, participants will be invited to anonymously
contribute keywords capturing what stood out to them—actions,
sensations, effects —which will be assembled on a separate board
to surface resonances and contrasts across experiences. Additional
whiteboards invite attendees to articulate questions and a BTE
wishlist, imagining future body transformations they would want
to explore, as well as open comments and questions. These shared
surfaces will act as sounding walls, making visible the diversity of
bodily experiences and perspectives within the CHI community,
and create space for conversation, reflection, and critical dialogue
around what Body Transformation Experiences (BTEs) might be,
and what they could become.
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