
lf you were told your hearing could be turned into
vision, would you believe it? Listen up, says BijalTrivedi

eyetomorrow
Eartoday,

,f-LAIRE CHESKIN used tolive in a murb/
I world ofgrey, her damaged eyes only
\.seeing large obiects if Lhey were righ t next
to her. She could detect the outlines of people
but not their expressions, and could just about
make out the silhouettes ofbuildings, but no
details. Looking into the distance? Forget it.

Nowadays things are looking distinctly
bdghter for Cheskin. Using a device called
vOICe, which tlanslates visual images into
"soundscapes", she has trained herbrain to
"see through her ea$". When travelling, the
device helps her identify points of interest;
at home she uses it to find things she has put
down,like coffee cups. "I've sailed across the
English Channel and across the North Sea,
sometimes using the vOICe to spot
landmarks," she says. "The lights on the land
were faint but the vOICe could pick them up."

As if the signposting of obiects wasn't
impressive and useful enough, some long-
term usen of the device like Cheskin
eventually report complete images somewhat
akin to normal sight, thanks to a long-term
rewidng of theirbrains. Sometimes these
changes are soprofound that it alters t heir
perceptions even when they aren't using the
device. As such, the vOICe (the "OIC" standing
for "Oh, I See") is now proving invaluable as
a research tool providing insithts into the
brain'smind-bogglingcapacityforadaptation.

The idea ofhiiackins another sense to
replace lost vision has-a long histoiry One oI
the first "sensory substitution" devices was
developed in 1969 by neuroscientist Paul
Bach-y-Rita. He rigged up a television camera
to a dentistk chair, on which was a 2o-by-2o
array of stimulators that tGnslated images
into tactile signals by vibrating against the
participant's back. Despite thecrudeness of

the set-up, it allowed blind participants to
detect the presence of horizontal, vertical and
dagonal lines, while skilled users could even
associate the physical sensations with faces
and common obiects.

By the time he died in 2006, Bach-y-Rita
had developed more sophisticated devices
which translated the camera's images into
electrical pulses delivercd by a postage-
stamp-sized array of electrodes sitting on
the tongue. Users found, after some practice,
that these pulses gave them a sense of depth
and "openness", a feeling that there was
"something out there " (New Scientist,
29luly 2oo5, p40).

This vague feeling of space, which we
experience as part ofnormal sight, suggests
the brain maybe handlingthe information as
if it had originated from the eyes. Would it be
possible l.o get even closer to normal vision -
perhaps even producing vivid and detailed
images - by feeding in information using
something other than tactile stimulation? To
find out, physicist and inventor PeterMeiier,
based in Eindhover! the Netherlands, tumed
to headng. The ears do not detect as much
information as the eyes, but their capacity is
nevertheless much greater than the skin's.

Meijer thought up the vOICe in 1982,
though it took until 1991 for him to design and
build a desktop prototype that would tnnslate

"lt's like looking at a black-
and-white movie from the
40s. I can see the tree from
top to bottom, and the

video into audio. By1998 he had developed a
potable, if still bulky, version using a webcam,
notebook PC and stereo headphones, which
allowed usels to expe ment with the device
indai ly t i fe.Thedevice is now morediscreet,
consistingof "spy" sunglasses which conceal
a tiny camen connected to a netbook PC, and a
pair ofheadphones. Alternatively, some use$
download the software to their smartphone,
and its built-in camera acts as their eyes.

Every second the camera scans a scene
from left to right. Softwarc then converts the
images into soundscapes transmitted to the
headphones at a Iate of roughly one per
second (see diagnm, page 44). Visual
information from obl'ects to the wearert left
and right are fed into the left and dght ear
respectively. Bright objects are louder, and
flequency denotes whether an obiect is high
up or low down in the visual field.

At first the soundscapes arc reminiscent
of the whirring, bleeping and hooting sound
effects that would accompany an alien
melting the bnin of a human in a 196os
science-fictionmovie. But by feeling the
obiects first, to leam to associate the
accompanfng sounds with their shapes,
and by discovering how the soundscape of an
obiect varies asthe user moves, the experience
becomes particularly"vision-like".

Pat Fletcher of Buffalo, New York, lost her
sight at the age of 2r and had just a pinpoint
of perception in her left eye, through which
she could sometimes see red or green, before
she started using the vOICe system in zooo.
ln the early stages, the pictures in her mind's
eye were like "line drawings" and "simple

holographic images", but after a decade of
practice, she nowsees complete images
with depth and texture. "It is like looking at >cracked sidewalK'
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Hearing is seeing is bel ieving
Byconvertinq images intoa seriesofsounds,the vOlCe system can restore"vision,,tothe blind

The vOlCe device uses a webcam,
mounted on a pairofsuflglasses,
whkh capturesthe scene infront

This image is sent to a complter
that convertsthe picture into a
se.iPs of sounds (a "soundscape")

thatare played intothe useisears

After 10-15 hours of traininq, howevec reqions
of the visual cortexa beginto"liqhtup'.Thisshows
averyrEpid redirectinq of pathways intheblain

an old black'and-white movie from the early
3os or4os.l can see the trce from top to
bottom, and the cracked sidewalk that runs
alongside the tree," she says.

"Whatt er.citing to me," says Michael
Proulx, a cognitive psychologist at Queen
Mary, University of Londoq who has been
using thevolceforhis own rcsearch, "is that
not only can you use this device in a very
deliberate fashion where you can think, 'okay,

this sound corresponds with this object', but
it isalsopossible, through extensive use, to
go beyond that and actually have some sort
ofdirect, qualitative expe ence that is similar
to the vision they used to experience."

The US National Science Foundation is now
funding the filst controlled study to look at
the benefits ofthe vOlCe system while trying
to find the optimaltraining protocol. "some

of the participants in the cunent trial have
learned more in months than [Fletcher]
learned in years of using the vOICe," sajrs
Meiier. The study, which will involve around
10 participants, may even answer the long-
standing questionof whether congenitally
blind adults can benefit inthe same way as
Cheskin and Fletcher.

Intended to last about a year, the trial is being
run by Luis concalves and f,nrico Di Bemardo
ofMetaModal in pasadena, Califomia. a
company that tests sensory substitution
devices. The first two participan'ts are a 66-year"
old who has been blind ftom birth but has
slight light perception, and a  o-year-old who
lost his sight due to diabetes. Twice a week they
attend two-hour training sessions, including
tasks such as finding a target in a large room
and making their way around an obstacie
course. "Theyare 

empowered by this," says
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Atound the time that the visuat cortex
becomesactive, the users become morc
adept dt understand jng the soundscapes
and recognisinq objects

Goncalves, adding that the 66-year-old "can
' now go to a restaurant and seat himselfwithout

asking for assistance and is teaching his wife,
who is alsoblind, how to use thevOICe".

Not everyone is quite so impressed. For
example, l. Kevin O'Rega4 a psychologist at
Descartes Unive$ity in Paris, France, points
out that the system needs time to scan an
imageand so lacks the immediacy ofvision.
"I thinlitt possiblewithresources andtime
to make something much better than the
VOICe,"he says.

Seeing ear to ear?
Nevertheless, vOICe is still of great interest to
O'Regan and other reseatchers, who wanr ro
know what these people are expedencing.
Are they really seeing? And if so, how?

The traditional view is that the blain takes
data from the different sensory organs - in the
case of sight, the retina - and, for each sense,
processes it in sepante regions to create a
picture of the outside world. But that cannot
explain how someone can have a visual
experience fiom purely auditory information.

As such, O'Regan says our definition of
what it means to see needs to change. Our
senses, he argues, are defined by the way the
incoming information changes as we intenct
with the environment. If the information
obeys the laws ofpe$pective as you move
forward and backward, we will experience n
as "seeing" - no matter how the i;formation
is being delivered. If you have a device that
preserves these laws, then you should be able
to see through your ears or your skin, he says.

If O'Regan is on the right track, we will have
to rcconsider long-held ideas ofhowthe
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The vOlCe softwarc scans across the
image f rcm left to right, convertinqeach
pixel intoa beep, withthefrequenry
rcpresenting its vedicat position.
Thevolume of each beeo reoresents
the briqhtness of the pixel

brain is organised to deal with incoming
information. Truditionally, the brain is
considered to be highly modular, with the
occipital, temporal and parietal cortices
handling inputs from the eyes, ears and from
the skin and deep tissues, respectively.
According toO'Regan, however, these regions
may actually deal with certain types of
information - shape or texture, for example,
irrespective ofwhich sense it comes from.

There is some evidence to support this
view. In 2oo2, neuroscientistAmirAmedi,
now at the Hebrew University oflerusalem,
Israel, published research showing that
a specific part ofthe occipital cortex was
activated by touch as well as visual
information. He named it the lateral
occipital tactile-visual (LOtv) region. Am€di
and colleagues hj?othesised that the area
lit up because the occipital cortex is oriented
around particular tasla - in this case,
3D-obiect recognition - ratherthan a single
ser\se lcetebral Cortex,voltz, p 12ozl.

How does this tally with the vOICe
experience?Amedi recentlycollabonted
with Alvaro Pascual-Leone, director ofthe
Berenson-Allen Center for Noninvasive Blain
Stimulation in Boston. Massachusetts. to
flnd out whether the vOICe system activates
the LOtv when usels perceive obiects through
soundscapes. They asked 12 people, including
Fletcher, to examine cetainobjects such as
a seashell, abottle and a rubberspider using
touch and the vOICe system. They were
then asked to rccognise the same obiects
using only the soundscapes delivered by
vOICe, For compa sor! they were also asked
to identify objects based ona characterisuc
sound, such as the jinglingofa set ofkeys,
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The !se/s brain initially tries
to decode this information in



"As a magnetic field disrupted her visual cortex, the subiect's
vision with the v0lCe device deteriorated, Her world ooi
darker, like someone was slowly turning out the liqhtl"

During the trials, fMRIblain scans showed
t hat the LOtv region was active when experl
users like Fletcherwerc decoding thevOICe
soundscapes, but significantly les s active
when they l'ust heard chancteristic sounds.
Forthose using the volceforthe fiIst time,
the LOtv region remained inactive, again
suggestingthat this area is important forthe
rccognition of 3D ob jects regardless of which
sense produces the information (Ndture
Neuroicience, vol10, p 687).

Furtherevidence that this iegion is vital
for decoding soundscapes came two years
later. in zoo9, fTom a study using repetitive
transcranial magnetic stimulation (iTMS) -
short bursts ofa magnetic field that
temporari ly shut downthe LOtv olsubiects,
including Fletcher "It felt like someone
tapping on the back ofmy head," she says.
As the ITMS progressed, hervisionwith the
vOICe detedorated, and the "world started
getting darker,like someone slowly tuming
down the lights".

When Fletcherattemptedto use the
vOICe after undergoing iTMS, the various
test no longer made sense. "Itwas total
confusion in mybrain...I couldn't see
anything." The result was terlifying: "I wanted
to crybecause I thought they broke my sight -
it was like a hood over my head." The iTMS had
a similarimpact onothervolce users

(Neuroreport, vol zo, p 1?'2).''It turns upside down the way we thinl
about thebrain," says Pascual-Leone. Most of
us think ofoureyes as being like cameras that
capture whatever is in front ofthem and
transmit it directlyto thebrain, he says. But
perhaps the blain is just looking for certain
kinds of information and will sift through the
inputs to find thebest match, regardless of
which sense it comes from.

Reconfiguring the brain
The question remains of how the vOICe users'
brains reconfigured the LOtvregionto deal
with the iew source ofinformation. Amedi's
preliminaryfMRl scans show that inthe early
stages oftraining with vOICe, the auditory
cortex works hard to decode the soundscape,
but after about 10 to 15 hours oftraining the
ifrformation finds its way to the primary
visual cortex, and thento the LOtv region,
which becomes a( t ive. Around this t ime
the individuals also become more adept at
recognising objects withvOICe. "The brain
is doing a quick transitionand using
connections lhat are already there." says
Amedi. With further practice, the brain

Pat Fletcheris a long-term user ofthe vOlCe device,
which feeds visua I infofmation throuqh herears

probablybuilds new connections too, he adds.
Eventuallt such neural changes may mean

thateveryday sounds spontaneouslytrigger
visual sensations, as Cheskinhas experienced
for herself. "The shape depends onthe noise,"
she says. "There 

was kind ofa spikyshape
this morning when my pet cockatielwas
shdeking, and lthe warning beeps ofl
a reversinglorry produce l i t t le rectangles. '
Only loud noises trigger the sensations and,
intriguingly, she perceives the shape before
the sound that sparked it.

This phenomenon can be considercd
a type ofsynaesthesia, in which one sensation
automaticallytdggers anothet unrelated
feeling. Some individuals, for example,
associate numbers orletters with a particular
colour: "R" may be seenas red while "p" is
yellow. For others, certain sounds triggerthe
perception ofshapes and colou$, much as
Cheskin has experienced.

Most synaesthetes first report such
expedences in early childhood, and it is very
rare for an adull  to sponta neously develop
synaesthesia, says Jamie Ward, a psychologist
at the UniversityofSussex in Bdghton, UK.
He rccentlypublished a chronological log
of Cheskin's and Fletcher's expedences,
including the s''naesthetic ones
lconsciousness and Cognition, vol rg, p 4gz).

This capacityto rewire oursensory
processing may even boost the leaming

ft abilities of sighted users, suggests Pascual,
; Leone.lt might be possibleto extract

3 supplementary informationbyfeeding
$ a lot of different sensory inputs to the same
' 

brain areas. Art connoisseurs could learn
to associate the style ofa maste/s hand
with a characteistic sound, and this may
help them distinguish genuine work from
a fake. Altematively, it could compensate
for low light levels by delivering visual
information through ourears. "That 

s science
fiction. But it's interesting science fiction,"
says Pascual-Leone.

For neuroscientists like Pascual-Leone and
Arnedi, the research is proofthat the ability
to leam as we grow old does not disappear.
Pascual-Leone says the notion ofa critical
period during which the brain must be
exposed to particular knowledge or never
learn it appears "not unive6ally true". "It gives
us a reason for hope, 'he 

says, "and implies
that we should be able to help people adjustto
sensorylosses with this type ofsubstitution.
The capacityto recover function couldbe
much sreater than realised." I

Bija I Trivedi is a wdter based in Washington DC
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