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INTRODUCTION
The title What Do I Hear? was borrowed from Aeschylus’s 
tragedy, Prometheus Bound, which inspired the composer  
Luigi Nono to write an unusual operatic work he styled  
‘tragedy of listening.’ Nono’s response to that compelling 
question was to create a radically different form of listening, 
to change the listener’s consciousness through listening.  
His viewpoint was a poignant challenge — ‘It is the inaudible,  
the unheard that does not fill the space but discovers the 
space, uncovers the space as if we too have become part  
of sound and we were sounding ourselves.’

Using Nono’s words as a point of departure, we also found 
that our own reply to the question, ‘What do I hear?’,   
is to create another way of listening. To supplement the  
limited sonic information available to the hard of hearing  
and Deaf/deaf, we posed ourselves the challenge not to rely  
predominantly on visual input. Rather, our research explored 
just how many layers of sound we could expose through 
tactile speakers and surfaces made of various materials that 
aid us to differentiate between sounds such as voice, music, 
wind, water and so on.

The diverse aspects of this concept formed an intersection 
point among several professionals with a variety of specialties.  
Together we grappled with many questions and experiments 
that led us to six prototypes of sonic-to-haptic translation  
devices. Some of them were educational, some visual, some 
playful, and some became architectural tools. In this publication, 
we would like to share the results of our research, beginning 
with questions we collected during the process — to some  
of which we have returned again and again.
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TEAM
The team of What Do I Hear? sprung out of an initial  
collaboration between two art collectives: The OtherAbilities  
in the Netherlands and VibraFusion Lab in Canada. A team 
of sixteen members was created that included artists, sound 
and acoustic engineers, a composer, a curatorial advisor  
and a deaf dancer and scholar of linguistics. Almost all had 
previously worked with tactility and vibrations in their fields 
of expertise, albeit with quite different motivations. Disability- 
related work had previously been a priority only for the  
two art collectives. The team’s size and interdisciplinary com-
position, diverse interests, the geographical distance between 
its members, as well as the hybrid character of the aspired 
outcome between art, design and social inclusion, made the 
pilot phase an experiment not only in art, but also in collab- 
oration. The pilot’s aims and priorities were sometimes inter-
preted differently by the various members. Each one of the  
six prototypes that this collaboration resulted to, has a differ-
ent focus that reflects also the diverse departure points  
of their makers. 

TESTING
Of central significance for What Do I Hear? as research was 
the integration of testing and feedback moments by profes-
sional as well as experience (Deaf/deaf or hard of hearing) 
experts. These moments took place both in the studio, as well 
as during a public presentation of the project in an art gallery.  
While the initial intention had been to structure some user 
tests as precisely as possible in order to collect quantifiable 
data, in the end we opted for a qualitative feedback approach.  
The input of a number of individuals, most of whom were 
invited, took the form of oral semi-structured interviews and 
written responses to open-ended questions.  

 What does it mean for a contemporary 
art space to become ‘inclusive’? Is it pos-
sible to achieve total cultural inclusion 
where absolutely everyone can partici-
pate? 
 How can we translate the experience  
of hearing into the experience of physi-
cally inhabiting and moving throughout  
a room?
 Can we create other-sensory experiences  
of sound and movement by incorporating 
haptic technology into the presentation 
space by using tactile architectural  
features such as walls, floors, columns, etc.?
 What possibilities can technology give 
us for understanding complex sounds  
(nature, music, speech, machinery, source,  
spatialization, interference, etc.) via com-
plex vibrations felt through our bodies?
 How do we define trans-sensory trans-
lation, and what is the nature of the  
insuperable changes that occur? 
 What IS the essence of translation ... 
Trans – late ... Trans – form, Trans – figure, 
Trans – cribe, Trans – scend, Trans – port, 
Trans – mit, Trans – fer? All those things 
together?
 Is it possible to experience the direc-
tionality of sound or indicate surrounding 
sound through tactility?
 Could it be possible to perceive and 
differentiate complex sensations from a 
few sources simultaneously, in a way that 
translates distinctions between elements 
like voice vs. noise, melody vs. harmony?
 Can we create tools that attempt to 
translate between the senses, physically 
revealing the sounds from media,  
such as sound art, film, video art, and  
live performance, without damaging  
the original meaning of a work?
 Can the tools, and their integration  
into one architectural space, introduce  
the complexity of sound by interacting 
with different body parts?

 Using the spatial distribution of haptic 
speakers, is it possible to create some 
‘sound landscape’ where one creates 
fields of different vibration amalgams  
in various locations, which are each  
transmitted through the body in turn as  
the person is traveling through different 
areas of the space? 
 Can we use this “landscape” to create 
some storytelling in space?  
 How do Deaf/deaf, hard of hearing, 
and hearing people each react to the  
experience of sensory translation of works  
of art in an exhibition space?
 What are the sensations of the partici-
pants? What are the differences between 
the experiences of hearing, hearing- 
impaired, and deaf participants?
 Do the sonic-to-haptic prototypes add 
more than they detract from the installa-
tion? Do they communicate enough infor-
mation to the deaf participants?
 How do people discover what the 
prototypes are doing and interact with 
them; do we need to explain how to  
engage with the tools or how they work? 
If so, then exactly what? 
 Can the participants adjust how they 
consume the felt sound through their 
exploration? (I. e. Can they change the 
degree of amplification/intensity as one 
adjusts volume?)
 How do artists, curators, and exhibition 
designers each react to the experience  
of sensory translation of works of art in 
an exhibition space?
 How do the acoustics of a space  
influence the dynamics of sound in terms 
of tactility?
 How can we build an entire space from 
the individual prototypes and create a 
sound system and software that will  
allow us to introduce various layers and 
details from complex sounds of diverse 
artworks?

QUESTIONS
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PUBLIC PRESENTATION
The public presentation of the prototypes comprised an inte-
gral part of the research process and took place at the  
not-for-profit art gallery Bradwolff Projects in Amsterdam. The 
aim of this presentation was to install the prototype tools in  
an actual gallery space and to test them there both by invited 
test users, as well as random gallery visitors. A site-specific 
wooden architectural frame was designed for this occasion, 
onto which the prototypes were mounted. This architectural  
structure, which looked like a wall-less room frame within  
the larger room of the gallery, created a physical space for 
testing. It also allowed one to look at the prototypes from  
all sides, thus making their technical features visible to be  
observed and discussed. There was no artwork with sound  
or music in the gallery, only track lists of sound input for  
the testing. The tracks ranged from music to daily news and  
recordings of ambient sounds in nature. We communicated  
and described the event as a ‘presentation of interdisciplinary  
artistic research in progress’. Somewhat to our disappointment 
we noticed that due to the fact that Bradwolff Projects is  
a gallery space, most visitors referred to the event as an ‘art 
exhibition’. 

BOOKLET / HANDBOOK
This booklet is conceived as a construction and user manual 
of sorts for the six prototypes created during the What Do 
I Hear? pilot phase. In the following pages, one can read 
about the aims, function and technical characteristics of each 
prototype, as well as basic instructions for how to build them. 
The research and the resulting prototypes of What Do I 
Hear? form the basis for later projects whether by the same 
or other teams. 
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I  VibroRaised Relief

DIMENSIONS
Hexagon Diameter 120 cm

 1/2 hexagon cut in the middle between angle to angle 
and 1/2 hexagon cut in the middle between side to side.

Thickness 11 cm

MATERIALS
Per tile: 4 Woojer speakers, acoustic foam plates of 
different density and thickness, rubber plates, wooden 

plates of different thickness, electronics

CONCEPT & DESIGN
Adi Hollander 

TECHNICAL CONSULTANCY
Mor Efrati

Prototype IWHAT DO I HEAR?  VibroRaised ReliefWHAT DO I HEAR?  VibroRaised ReliefPrototype I
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Prototype IWHAT DO I HEAR?  VibroRaised Relief

HOW IS THE PROTOTYPE MADE

The objective is to create a large 
floor surface that turns sound  
information into tactile sensations 
that can be distinguished between 
a number of aspects of sound in-
cluding harmony, tonation, density, 
etc. In order to be adaptable to 
spaces of varying shape and size, 
it has a modular design consisting 
of interlocking tiles with a few 
different shapes. Each individual 
tile should comprise a large enough 
surface such that any standing or 
sitting person, including wheelchair  
users, is offered ample private 
space to comfortably stand or sit 
on. Hence each tile has fairly 
large dimensions and is construct-
ed strongly enough to hold heavy 
weight.

We created three shapes: a full 
hexagon with an external diameter 
of 120 cm and two versions of half 
hexagons. Combining these shapes it 
is possible to create a flat contin-
uous wooden surface with straight, 
or stepwise, sides at a variety  
of angles.

The floor tiles have a ‘sandwich’ 
construction: (from bottom to top) 
rubber, wooden plate, hard foam, 
wooden plate, softer foam, wooden 
plate. Each full hexagon tile  
has four embedded tactile speakers 
(Woojer) attached to the top wooden  
plate in four locations; in the 
center of each ¼ hexagon.

The four speakers allow for a max 
of four sound inputs. 

The speaker cables are embedded  
in tunnels in the hard foam layer. 
These tunnels  connect on the edges, 
allowing the cabling to pass invisi-
bly throughout the entire structure.

HOW IS THE PROTOTYPE USED 

A floor is a fundamental element  
of an architectural space and offers  
people the options to walk, sit or 
lie down. This floor tile was the 
first prototype created in this  
research and it served as an initial 
experimentation vehicle to explore 
certain questions: e.g., is it pos-
sible to experience directionality 
of sound or indicate surrounding 
sound through tactility?

Is it possible, by means of the 
spatial distribution of the four 
speakers, to create some kind of 
‘sound landscape’ where the body 
passes through different vibrations 
while walking in space? 

Can we use this ‘landscape’ to  
create some kind of storytelling  
in space? Could it be possible  
to feel complex sensations from a 
few sources at the same time, such 
as voice, noise, melody, harmony? 

The speakers can be used in several 
ways: all speakers in a floor tile 
can play the same sound in unison,  
they can be split 2 x 2 for left 
and right stereo pairing, or four 
separate audio/vibration channels  
can be controlled to create a 
‘drawing in space’.

It is possible to use a single 
floor tile alone or to create a 
floor made of several tiles. More-
over, the floor tiles can be expe-
rienced in combination with other  
prototypes. A person can sit or 
stand on a floor tile while leaning  
against a different prototype.  
This leads to new questions such 
as: What is the effect upon tactile  
sensation when the audience is  
in contact with different types  
of surfaces?

Prototype IWHAT DO I HEAR?  VibroRaised Relief
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WHAT DO I HEAR?  Porcelain Membrane

II  Porcelain Membrane

DIMENSIONS
14,5 x 29 cm x depth varies per type of tile 
29 x 29 cm x depth varies per type of tile

MATERIALS
Custom-made porcelain tiles of different shapes, rubber 
vibration dampers, wooden plates, wooden construction 
and electronics (Woojer speakers, Dayton audio sound 

exciter speakers, amplifiers, cables)

CONCEPT & DESIGN
 Ildikó Horváth & Adi Hollander

Prototype IIWHAT DO I HEAR?  Porcelain MembranePrototype II
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WHAT DO I HEAR?  Porcelain Membrane

HOW IS THE PROTOTYPE MADE

The prototype consists of two 
parts: the front and the back side. 
The front side is made out of por-
celain tiles. Porcelain is very 
resistant to wear and tear. It also 
has outstanding sonic qualities:  
it is able to conduct and transmit  
a very detailed tactile map of sound  
in its complexity, such as the  
frequency, rhythm, timbre or dynamics  
of sound. There are four types  
of tiles: one flat type (size/tile 
14,5 x 14,5 x 0,4 cm), and three 
different shapes of 3D, hollow 
tiles (size/tile 14,5 x 14,5 x max 
7 cm). All single porcelain tiles 
are glued on thin wooden plates in  
sets of two or four tiles, forming  
units of 14,5 x 29 or 29 x 29 cm 
respectively. At the centre of each 
wooden plate a speaker is attached 
(one speaker per unit). Woojer  
low frequency speakers are used  
for 3D tiles and Dayton all range  
exciters for flat tiles. The units 
are mounted on a vertical wooden 
frame so that they can be touched 
or leaned against, separately or 
many in combination.

The back side of each unit is made 
of wooden frames and rubber vibra-
tion dampers. The dampers minimise 
vibration leakage between units, 
while also allowing flexibility so 
that the membrane has some ‘give’ 
when body pressure is applied. 

On the back of each thin wooden 
plate is a wooden frame (10 x 20  
x 3 cm) that surrounds the speaker. 
This frame is attached to anoth-
er frame (10 x 20 x 5 cm) by means 
of rubber vibration dampers. Two 
dampers are placed on the left-hand 
side, and two on the right-hand 
side with a calculated distance be-
tween the frames to allow a limit-
ed vertical movement of the entire 
tile-set without tipping at an an-
gle. The anterior frame is attached 

to wooden beams by two vibration 
dampers at the top and two at the 
bottom, with a calculated distance 
between them to allow a limited 
left to right movement while keep-
ing the tiles parallel to the wall. 
The elasticity of the overall  
surface due to the rubber dampers 
allows people to ‘fit’ the membrane 
wall to their body when leaning up 
against the tiles.

HOW IS THE PROTOTYPE USED

Porcelain has the quality to trans-
form a large range of frequencies 
(low and high) into felt vibra-
tions. The level of sensitivity is 
such that the human body can expe-
rience a rich variety of the dif-
ferent qualities of sound and vi-
brations.  We used a modular tiling 
system, because this allows us to 
build a surface that can act as a 
wall and be implanted in any room.  

The units of four different tile 
types (flat and hollow) mounted on 
a wooden frame can be arranged as 
modules in various combinations to 
create continuous surfaces (e.g., 
walls). The three types of 3D deep, 
hollow tile shapes are designed for 
lower sound frequencies, while the 
thin flat tile shape is designed 
for higher frequencies. Therefore, 
wall surfaces can be created that 
are suitable for a person leaning 
against them, whether in a standing  
or sitting position, and that are 
able to cover a wide frequency 
range. The combination of speakers 
can spread different sound sources  
over this surface in order to  
present complex sounds in a spatial 
manner.  

The tiles are designed to invite 
people to lean against them.  
Depending upon how the different 
tile types are arranged on a sur-
face, they can accommodate various 
body parts.    

Prototype II WHAT DO I HEAR?  Porcelain MembranePrototype II
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WHAT DO I HEAR?  Tactile Wall

III Tactile Wall

DIMENSIONS
4 elastic bands 91cm long, each band holding 3 speakers,

wooden frame 91 x 210 cm

MATERIALS
12 Dayton base shakers, wooden frame, elastic bands, 
joystick or drawing pad, laptop running Linux OS, 

electronics

CONCEPT & DESIGN
David Bobier & Jim Ruxton

Prototype IIIWHAT DO I HEAR?  Tactile WallPrototype III
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WHAT DO I HEAR?  Tactile Wall

HOW IS THE PROTOTYPE MADE 

A tactile wall panel that can  
be easily moved or reconfigured.  
It uses 12 transducers and 12 audio 
channels. It is controlled using  
a drawing pad and a Linux computer  
running a Pure Data patch. It is 
currently configured as a 3 x 4 
transducer grid, but different 
shapes or configurations could be 
created.

HOW IS THE PROTOTYPE USED

The tactile wall activates a sur-
face that the body can lean against,  
as against a wall. A participant 
can use a joystick or a drawing  
tablet to ‘draw’ a vibration pattern  
in the wall. The pattern can be 
saved and replayed. The patch allows  
a user to either play a sound file 
through the wall or play tones 
through the wall. The tactile  
wall is meant to feel comfortable 
for people, and is adjustable to  
different heights of users. Future  
plans for this prototype include 
the possible incorporation of  
a movement recognition system that 
could track the movement of per- 
formance artists or dancers and 
translate them into a sound and/or  
vibrotactile experience on the wall. 

Prototype III WHAT DO I HEAR?  Tactile WallPrototype III
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WHAT DO I HEAR?  Sink-in Panel

IV Sink-In Panel

DIMENSIONS 
64 x 110 x 10 cm 

MATERIALS 
Cotton, wool felt, wooden beams, metal pipes, 4 Woojer 
speakers, 2 Dayton base shakers, buckwheat, electronics

CONCEPT & DESIGN
Andreas Tegnander

Prototype IVWHAT DO I HEAR?  Sink-in PanelPrototype IV
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WHAT DO I HEAR?  Sink-in Panel

HOW IS THE PROTOTYPE MADE

The panel consists of three parts: 
a frame, vibrating conductive pipes 
and the pillowy membrane surface. 
The frame is rectangular and made 
of wood. Lengthwise inside the 
frame are three metal pipes, each 
connected to the frame with springs 
on the ends. The metal pipes are 
hollow and have transducer speakers  
on each side, sending vibrations 
through them. The pipes on the 
sides are similar, while the one  
in the middle is slightly bigger 
and uses a different and stronger  
speaker (bass shaker). Clad onto 
the pipes is a series of cylindri- 
cal pillows, which form the user 
interface. The pillowy surface  
is made of two layers of fabric:  
a thick cotton canvas that is 
stretched and tacked around the 
frame and a much bigger piece  
of wool felt that is sewn directly  
onto the canvas with horizontal 
stitches at regular intervals.  
The excess fabric between the 
stitches is filled with buckwheat  
to form a series of short, wide 
pillows that cover the entire 
frame.

HOW IS THE PROTOTYPE USED 

The prototype has six separate  
audio/vibration channels that are 
usually paired into three; left, 
right and centre. When translating 
stereo audio, the left and right 
pipes get fed the left and right 
audio signals, and the centre pipe 
acts as the subwoofer, receiving 
the sum of the two sides heavily 
filtered to only contain vibrations 
below 200hz. When a person leans 
against the soft surface the pres-
sure of their body weight pushes 
the pillows against the pipes.  
As a result, the pillows conduct 
vibrations to the area that  
is being compressed by the body.  
All pipes touch all of the pillows, 
spreading and blending the vibra-
tions into a single complex signal. 

The panel is always mounted at  
a slight angle, in order to facil-
itate a person in leaning against 
the interface with their entire 
bodyweight. When mounted for stand-
ing, the panel has a series of 
springs attached so that it gives  
a little as one leans into it,  
allowing the user to find a posi-
tion that is comfortable for  
them. This prototype can be used 
for direct sensory translation of 
any audio piece (e.g., music, field 
recordings, voice). It can also 
be paired with other vibrotactile 
interfaces, each receiving only 
part of a signal, for example only 
translating the voice of a movie 
through the panel, allowing one  
to better separate the different 
layers of sound.

Prototype IV WHAT DO I HEAR?  Sink-in PanelPrototype IV
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WHAT DO I HEAR?  Feathers

V Feathers

DIMENSIONS
150 x 30 cm

MATERIALS
Woojer speakers, ostrich feathers, wooden frame, 

audio mapping software, amplifier, USB sound cards

CONCEPT & DESIGN
Mark Ijzerman & Alina Ozerova

Prototype VWHAT DO I HEAR?  FeathersPrototype V
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WHAT DO I HEAR?  Feathers

HOW IS THE PROTOTYPE MADE

Multiple feathers, either in an 
array or in a frame, are attached 
to Woojer transducers with a piece 
of copper wire and move when the 
transducer moves. Software written  
in Max/MSP calculates the activity  
in different frequency bands  
of a sound, and maps this to  
the available amount of feathers- 
on-a-woojer. These then vibrate 
with a frequency between 5 and  
20 Hertz, depending on the volume 
of the incoming band as well as  
the current settings for that band. 

We believe not only translation 
in the “material sense” is import-
ant, but in the “software sense” 
of translation as well. Using soft-
ware, anything can be made a  
control signal for anything else, 
on any timescale needed – this  
is an area we’d like to explore  
in more depth in the future.

HOW IS THIS PROTOTYPED USED

The research behind this prototype 
started with the intention to  
locate areas of translating sound 
that the rest of the What Do I 
Hear? team were not engaging with. 
This led to the feathers prototype 
that translates high frequencies  
to movement. We tested the behavior 
of various materials (such as mylar 
blanket, paper, textile bits, and 
synthetic threads) under the influ-
ence of controlled airflow. During 
our research we found that the way 
feathers move, due to their ‘fractal’  
structure, feels quite ‘natural’. 
We switched from controlled airflow 
to the physical movement of the 
woojer speaker coil as a method  
of engaging the feathers. However, 
the movement of feathers is still 
partly defined by their ability  
to ‘behave’ in a certain way within 
the air environment.

The feathers prototype can be placed  
in the line of sight of a person 
who is simultaneously having a tac-
tile experience of sound through 
other prototypes. The aim is to  
enable a more diverse multi-sensory  
experience within the imagined  
(architectural) setup, and to focus  
on very particular aspects of 
sound, such as a translation of  
the brightness of sound to movement.

Apart from being experienced visu-
ally, the gentle movement of feathers  
can also be experienced with fingers  
and palms, triggering tiny hairs  
on our skin and producing a ticklish  
sensation.

Prototype V WHAT DO I HEAR?  FeathersPrototype V
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WHAT DO I HEAR?  Tactilloscope

VI Tactilloscope

DIMENSIONS
7,5 x 23,5 x 5,5 cm

MATERIALS
Electromagnets, stereo-speaker setting, magnets, 

plastic cup, Woojer transducers, wooden frame, elastic 
bands, joystick or drawing pad, laptop running Linux OS, 

electronics

CONCEPT & DESIGN
Akito van Troyer & Rébecca Kleinberger 

Prototype VIWHAT DO I HEAR?  TactilloscopePrototype VI
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WHAT DO I HEAR?  Tactilloscope

HOW IS THE PROTOTYPE MADE 

The Tactilloscope prototype appears 
as a small acrylic box. Hidden  
inside are six thumb-sized electro- 
magnets placed to form a line.  
The electromagnets are powered and 
driven by several audio amplifiers 
connected to a multichannel audio 
interface. Each stereo amp feeds 
into two electromagnets, one for 
the right and another for the left 
channel.

Under the thin box lid and placed 
right on top of the line of elec-
tromagnets is a long LED strip. 
When the LEDs are off, the box 
seems like an ordinary box. When 
the LEDs are on, they illuminate 
the box from the inside at a  
specific location. The lights are 
controlled by a microcontroller 
that receives audio data from the 
interactive software.

HOW IS THE PROTOTYPE USED 

Tactilloscope is a platform for 
hearing-disabled people to learn 
about electronic sound generation 
through electromagnet-based tactile  
feedback at their fingertips.  
Multiple electromagnets are used  
to distribute the elements of elec-
tronically generated sound, such  
as amplitude, frequency, envelope, 
and harmonics.

Existing audio analysis tools focus  
on visual representation, such  
as oscilloscopes and spectroscopes. 
Tactilloscope employs tactilifi-
cation, turning sound information 
into tactile sensation, to provide 
a visceral and intuitive under-
standing of electronic sound gen-
eration for the deaf/Deaf and hard-
of-hearing.

The first phase of the Tactillo-
scope project focuses on the  
tactilification of spatial sound. 

Electromagnets are organized in an 
array in one direction in parallel 
to a stereo-speaker setting so that 
listeners with a hearing disability  
can understand where the sound  
is horizontally coming from using 
their fingertips.

The instrument is highly explorato- 
ry, calls for various interactions, 
and can be used in various modes  
to best fit the artwork being trans- 
lated. Possible modes consist of 
decomposing audio spatially into 
the linear vibrating actuators.  
Another possible mode decomposes 
audio inputs in terms of frequen-
cies or simply in terms of the  
audio channel. More complex modes 
can decompose the sounds in terms 
of auditory features. For instance, 
one channel can contain only the 
transient of the sound, another may 
only contain texture, and another  
may reflect volume. Another mode 
option, more dynamic, decomposes  
the sound in time and allows the 
signal to travel along the line of 
electromagnets.

In terms of interaction, tactile 
vibrations can only be felt with 
the intermediary of a magnet. This 
allows for various form factors. 
Holding a small magnet above the 
line transmits the vibrations to 
the fingertips. Placing two small 
magnets on both sides of the bottom 
of a paper or plastic cup and grab-
bing the cup above the line transmit  
the vibrations through the entire 
palm. This also transforms the cup 
into a small resonator and can  
allow the sound to be transmitted 
to the ear if it is placed right 
above the cup. A ring or finger  
cap containing a magnet focuses the 
vibrations on a single point on the 
finger.

Prototype VI WHAT DO I HEAR?  TactilloscopePrototype VI
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We are connected with the world 
through our senses. The senses are 
not merely passive receptors of  
stimuli, and the body is not only  
a point of viewing the world from 
a central perspective. Neither is the 
head the sole locus of cognitive  
thinking, as our senses and entire 
bodily being directly structure,  
produce and store silent existential 
knowledge. 
PALLASMAA JUHANI, THE THINKING HAND
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