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Frontiers of Cross-Modal Display: 
The Emoti-Chair as a Model Human Cochlea 

c Ryerso n Universiry, che 
labo ratory of psycholo
gis r Frank Russo has de
veloped the cechnology 
co convey musical emo
tion through vibrorncLile 
scimuli. C leverly named 
the "Emori-chair", the 

appararus channels vibrations through the 
sear via embedded speakecs. Ultimately, the 
parcicipanc feels, rathe r than hears, the mu
s ic. 

Many have already experienced such 
phenomena, bur more as a supplemem to 

our acoustic experience. One may have, for 
instance, attended a parry where rhe bear of 
the music, in addition co being heard, could 
be fe lt, cours ing through the body. Addj
rionally, (>ne may have re laxed inro the mas
saging vib rations and ambient soundscapes 
of a spa chair. Another way ro ra ke advan
rage of the c ross-moda l display is ro warch 
rhc iTunes visua li1..er. 
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The visua lizer cakes the structural con
cent of che sound record ing to produce a vis
ually sti mulating animation. These examples 
demonstrate that roday's commercial cross
modal technology is reaili l y a\lailable, bur 
primarily supplementary. While the afore
mentioned recreacional experiences with 
vibrotactile information supplemem and 
enhance the mus ic going th rough the ears, 
Russo aims for a freescand ing musical experi
ence char can be fe lt on the body. 

One's inruirion may offer an easy solu 
tion co this goal: simply output the compos
i re audio signal of a song through speakers, 
then touch the speakers. Th is will likely 
cause a general buzzing sensation. Where's 
rhe emotion? T he p roblem is chat the small 
patch of skin char touches che speaker can
not discern the inrricare patterns of sound. 
This is because rhe ear is far superio r ro the 
skin in sensi civicy ro vibrat ions. Ir can hear 
from 20 H 1.. to 20,000 H z, whi le rhe skin 
senses within rhe range of5 H1, ro 1,000 Hz. 

As such, pitches musr not on ly be translated 
bur also manipulated to fit within the skin's 
sensi ti vi ry range. 

T he solut ion, rberefore, is co decode 
sound into its component layers and pre
sent them in such a way that we perceive 
all of rhem simultaneously. For a solution, 
researchers analyzed rhe human cochlea, an 
organ in che auditory system that resembles a 
spiraled sea she ll and nacurally deconscruccs 
complex sound into its component parts. 
The cochlea decodes complexity in sound 
waves by separating the derivarive frequen
cies along its length. For example, high fre
quencies in rhe sound activate the en trance 
ro the cochlea, and che bass frequencies acti
vate the cen rer of che spira l. T his is the pro
cess of place coding, a central feature char 
will allow researchers ro cransla re sound into 
another sensory modality. 

A strucru ra l analysis of melody will bet
re r expla in rhe imporrancc of place coding. 
Consider the physical properties of melody. 



'' The ear is far superior to the skin in sensitivity to vibrations. It can 
hear from 20 Hz to 20,000 Hz, while the skin senses within the 
range of 5 Hz to 1,000 Hz. As such, pitches must not only be trans
lated but also manipulated to fit within the skin's sensitivity range. 

'' 
A sot1nd Lhar ascend in frequency corre
sponds ro a rise in picch. Similarly, a lower
ing of frequency corresponds co a lowering 
of pitch. The dynamic qualities of frequen
cy provide emotional concenr relared ro rh.e 
paccerns of changes in frequency. Remember 
rhac a rise in pirch means a change in place 
code in the cochlea. Ir may be rhac people 

seem ro hear pirch ar di fferent locacions be• 
cau e rhe cochlea actually regi rers different 
pirches at different locations. T his is why a 
deep grumble an emerge from rhe ground, 
and a beaucifu l. luminous melody an seem 
ro "descen d from the heaven ." This con
sidered, location frequencies can be placed 
along a grad ienr, wirh che hi ghe r frequen
cies closer ro rhe head and lower frequencies 
nearer m rh e lower back. When researcher 
map pirches in rhis way, one can effective ly 
translate a melody, as if the human body ir-
elt were che cochlea: rbus, a model human 

cochlea (MHC). 
Designing rhe chair poses a considerable 

chall enge. Fir t, researchers do not yet have 
che techno logy for a body "pad" on which 
one could presenr any conceivable v ibra
tion at any co nceivab le point. The substitute 
con isrs of specialized speakers embedded 
inro the back of th ch, ir. These speake rs, 
coined "voice-coil", are organized inco rows 
and columns down rhe back. The prororype 
design went rhrough several phase . The cur
rem model. includes voice-coils down the en
tire back as well as some smaUer ones in rhe 
arm- rest. 

Two models currently exist ro utilize the 
advantages of che MH : Track Model (TM) 
and Frequency Model (FM). TM is rhe pro
cess by which a multi -track master re ordin g 
is channeled through che voice-coil configu
ration. TM tracks can be created by record
ing each layer of music individually. FM is 
rne method u eel ro deeonsrrucr com posite 
sound file inro .~egmenred audio cracks 
based on Frequency. Nore char it does not 
separate iracks, bur frequencies. For exam
ple, in a piece of music rhat U"es a drum set, 
some pare of rhe d ru m et will be high fre-

quency and ocher part will be lower. These 
two componenr of the ound will end up on 
differeru audio tra ks. To clarify furrher, if 
one were to play all rhe resulcing frequen 
cracks at [he same rime, one would hear th e 
original piece of music. The resulting fre
quency bands are channeled through corre
sponding voice coils. 1n an ideal world, a 

TM would be reconstructed from a compos
ire sou nd file. 

T he first official stud y on the Emoti
cha ir sought to test E-M a an effective way 

to apply ound to the MHC. Researchers 
a" ked, "Does the FM method convey emo
tion better than a control method? " They 
found that ir did, bur a portion of the results 
were controversial. Participant. expe ri enced 
eight different audio samples through rh e 
Emoti-ch:iir both with FM proce., . ing and 
in a control siruation. In the conrrol, die 

sound was trnnsrnined through the chair 
witbour place coding. The selections were 
chosen ro cover a swarh of emotions (joy, 
anger, fear, and sadJ1es.,). Afrer Lh e panici
pants experienced rhe sample, researchers 
measured rh ree chings: vak nce (arnounr of 
positive ene rgy) , arou S'al, and enjoyment. 
Additionally, researcher asked for spec iti c 
comments on the cha ir. 

On average, parr.icipanrs raced the . am
ples in FM as havi ng·st ron ger valence rhan the 
onrrol merhod. More pecifical ly, valence 

racings did nor differ significandy between 
joyful and sad music. Thi is ro be expected, 
because joyfulnes and sadne are two high
valence emotions on the circumplex model 
of emotion. T his reflects Emoci-cha ir's stil I 
primitive qualiries. On a more po icive note, 
rhe mean enjoyment ra ings For joy were sig
niti ancly higher than those of sadness and 
anger. Enjoyment racings For sad music also 
copped those for anger and fear. This is also 
an expected result because sadness is actual ly 
a very popular sryle acros gen res. Just imag
iJ1e how many popular songs and non -vo al 
works are laJ11enc, ba llads, or pieces with 
qua li ties of paju and orrow. The reason rhat 
joyfu l music carries a comparably high en-

joymenc raring may be for reasons intrinsic 
ro rhe qualiries of th FM, rarher than ju t 
the music itself. Joyful music rypica Uy has a 
wider range of frequencie a well a, more 
i-apid movernenc and development of mu
sical contenc. A more varied, and therefore 
more scimulacing, sec of frequencies mighr 
jusr fee l more arousing. The researchers en

dorse rhi opinion. 
The sub ject provided qualirarive re

marks on rhe selecr ions. As a general re
mark about rhe FM selections, o ne person 
sai d , "l m enjoying tbe track wirh a wide 
rnnge much berrer chan rh e one char sray" 
within :.i right rnnge." This shou ld be ex
peered of FM track , which pre. enc ::i wide 
ra nge of frequencie, across rhc back_ Par
ti cipa I r described a sclecrion from FM-Fear 
a. "m ilitary, urgem, imparienr" whil e the 
same rra k as a con ro l was "boring, didn't 
say anything.'' Ocher comparisons berween 
FM and contro l had less clear distinction _ 
A conrroJ selecrion For joy ranged from "too 
low, coo weak ro express anything" all the 
way ro "epi , energeti , and proud." ln sp ite 
of these e am ple , it wa srill ob etved thar 
panicipanrs more clearly characterized tbei r 
emo rion after FM experience than after ex
periencing a conrrol stimulus uggesti..ng a 
more vivid comprehension of emotional ex
perience. 

Ultimarely, the Emori-chair provokes a 
philosophical re-contexmal izarion of mu
sic. ln the past, music meanr sining in a 
hall wirh only aco ustic ,Lmplitication. ow, 
venues have mulrimedia pre enta ti ons and 
ampl ification technology. In the future , one 
may don a bodysuir of vibrotacrile stimuJa
rors. With chis garb , Mozart might b li ssfully 
massage whi le metal or filthy dubstep may 
grind one's innards. • nc shoL1ld con icier 
che qucsrion o whether quality of musical 
cxpericn c improves with technology. Th is 
Lnvcnrion uggc ·ts chac music may even tual
ly synrhc izc the senses into one conglomer
ate modality; already, chose wirhout hearing 
disabiliries describe listening to music wirh 
rhe £moti-chair as immersi e. • 
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