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| NTRCDUCTI ON

Sensory capability ia the capacity of the organismto
exhibit relatively sinple behavioural or physiol ogical response

to a set of sinple and well controlled stimlus conditions.

For peopl e who have suffered a profound | oss of hearing
either congenitally or adventitiously in later life, the
necessity for alternative pathways fromthe acoustic world
tothe brain ia urgent. Such people ordinarily cannot profit
fromthe use of a conventional hearing aid of the air or bone
conduction type and nust be instructed in the use of cues
either naturally avail abl e or nade so by the application of
t echnol ogy. Communi cation through the skin offers possibi -
lities for adding to the ways of receiving information because
the ability to perceive through the skin a variety of patterns
of pressure and vibration has suggested itself as an exploit-
abl e talent that can provide one such functional exploitable

channel .

Anmajority of children |lose their hearing fromill ness
or birth trauna or are bomw th hearing inpairnent due to
foetal insult. Wen hearing | osses are due to insult and or
traunma t here may be rel at ed neurophysi ol ogi cal or percept ual
di sorders. The disorders of integration may be visual, audi-

tory tactile, vestibular or kinesthetic. Perception takes
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pl ace at high levels of the brain bat problens in sensory
integration, a lack of processing at |ower |evels at the
brainstemcan interferewith learning. Mbrotactile stinu-
| ati on has been found to be beneficial as an augnentation

for rehabilitation in children and adul ts.

Tactil e sensation may be elicited by direct electrical
stimulation of the skin. Wen a vibrotactile stimilus is
presented to the skin, quickly adapting nmechanorecepters
are stimulated The prinary afferent fibers transmt the
i nformati on fromthe mechanoreceptors to the dorsal horn
of the spiaal cord, where they ascend ipsilaterally in the
dorsal colum and termnate in the nuclei at the |level of
the medulla in the brainstem At that point the Bibers
decussate and continue up the nmedial |emniscus to the
thal anus. Fromthe thal anus the vibrotactile information

ascends to the somat osensory area of the cortex (Martin, 1985).

A nunber of secondary sources in research reviews
site the accepted val ues and functional relations for
psyehophysi cal nmeasures as absolute and differential thresh-
ol ds for touch, vibration and el ectrocutaneous stinmulation
as well as for the effects of adaptation, tenperature, mask-
ing and stinmulus |evel on threshol ds and sensory magnit ude.
For exanpl e the neasure of tactile spatial activity known as
the two point linenis 2.5 - 4 nmon the finger tips (Winstein,

1968). Wen a 2-AFC (alternative forced choi ce) detection
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nmethod is applied, the observer eta always discrimnate
two stimuli fromone even when the stinulators are side by
si de occupying a total space of 1 mm (Johnson and Phili ps,
1981). Both of these were nmade with sinultaneous applica-
tion of the stimuli. Wth tenporal offset between them
conpl exities of perception may arise. For exanple the of f-
sets of | ower values (0-2 nsecs) may result in the perception
of single | ows where as that of higher val ues (20-200 nsecs)
may yield a perception of two stimuli phenomnal ly cl oser
toget her (Geldard and Sherrick, 1983). |If body sites other
than finger tips are examned the static two point |inen
changes, generally becomng larger on hairy skin and espe-
cially over the thorax and abdonen. The tenporal effects
however remain fairly constant over a sizeabl e range of
di stances: i.e. upto 10 cm or so dependi ng upon t he region
stinulated. The cutaneous receptor sheet is anal ogous to
the retina and the basilar nmenbrane in that the orderly distri-
bution of integsitive, spatial and tenporal val ues over its
surface gives rise to a | arge nunber of stable and discrim -
nabl e qualities for which the conditions and their rel ations

are not readily predicted fromunidi mensi onal measurenent.

Wth tactile stinulation,acoustic signals that have been
transposed into vibratory patterns on the skin are used to
augnent or replace conventional air-conduction anplification.

Bot h hearing and touch respond to nechani cal forna of energy
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but they do not seemto be very closely related in the human
anatony. The inner ear is aninsular organ with aa intricate
geonetric design that accepts a spectral flux of mechanica
energy perforns arapid prelimnary analysis of it, then
converts it to a nervous nessage. In constrast the skinis
a di ffuse systemoccupied by nyriad entities other than
nmechanor ecept ors and hence serving many ot her functions not
the | east of which is to keep the environnment where it bel ongs
At the receptor level, the skinis |eas sensitive than the
ear by perhaps 14 orders of nagnitude. Another notable diffe-
rence between the ear and the skin is the nature of the
nmessage nornal ly inparted through them For the neonate, the
tactil e nessage i s warnth, caresses, support aad t he nearness
of food. The auditory nessage is also conforting but it soon
takes on signalling aspects because it often precedes the
contact phase. Throughout infancy, the auditory system be-
cones t he harbi nger of pleasure or of relief fromdi sconfort.
It al so neans whereby the parent encourages the child to dis-
crimnate environnental events of all kinds through speech and

| anguage.

Since the cues utilized by deaf individuals for speech
reception are not necessarily isonorphic with those used by
t he nornal - hearing popul ation, the ultinmate goal of a tactile

communi cation systemis to extract rel evaat acoustic speech
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informati on fromthe speech signal and to transpose it to the
individual in atactile node as a neans of suppl ementing or

replacing the auditory reception of speech.

Tactile stimulation on the skin has been acconpli shed
mainly in 2 ways.
1. Wsing vibratory (vibrotactile stinmulation)
2. Bl ectrical (electrocutaneous stinulation).
A conbi nation of the two has been attenpted bat only limted

information is available on this approach.

Vi brotactil e devices are el ectronmechani cal transducers
that mechanically vibrate the skin surface. Vi brotactile
stimul atores use either electronagnetic or peizo electric

act uat ors.

The interest of a nunber of organizati on and agenci es
In sensory aids for the handi capped has significantly accel e-
rated t he pace of research in this area. The needs of the
prof oundl y hearing inpaired have recei ved consi derabl e atten-
tion with the advent of cochlear inplants and t he recent
i ntroduction of wearabl e tactile aids. The availability of
t hese devices as well as other assistive devices, is changing
the role of the dispenser and chall enging hi mto expand his

services to neet the denmands of the changi ng nmarker.
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"Whil e the use of tactile information by the hearing
inpaired i s certainly not a newconcept, recent technol ogi ca
advancenents have resulted in the devel opnment of wearabl e
tactile devices. The availability of these devices offers
t he profoundly hearing inpaired new opportunities for the
devel opnment of effective and nmeani ngful communication skills
as well as an increased awareness of their environnent. Nume-
rous research projects and studi es are underway expl oring
vari ous aspects of benefits, function and application of
tactile aids. Sone of the nore inportant issues being inve-
stigated are:

1. The nunber of tactile channels for optimal enhancenent
of tactile comuni cation.

2. Mode of delivery of the tactile information.

3. Location of the vibrators fromboth a function and

cosnetic standpoint.

Finally its inportant to call upon the el ectrophysio-
| ogi cal data as regards vibrotactile sensation in planning

rehabi litation programes.



H STOR CAL BACKGROUND

For several centuries teachers hare attenpted to convey
information on their speech by encouraging their pupils to

use t he sense of touCh.

G eene (1783) reported that Brai dwood enCouraged hi S

children to seE and feel the novenents and effects of speech.

Abbe 'del' epee (1784) stated that he worked with his

pupi | 's finger always in his nouth.

Arrowsm t h(1819) used the term"feeling novenents of the
tongue". This formof tactile input renained for well over a

century.

Attenpts to develop el ectrical devices to channe
acoustic nmessages to the sense of touch (i.e. the tactile
systen) date in an informal way fromthe invention of the
tel egraph and a publication of the use of direct electrical
stimul ati on which appeared early in this century (Dupont,

1907) .

The use of tactile sensati on was advocated by Story in
1917 who felt that the child should be allowed to touch the
teacher's face and | arynx but warned agai nst t he teacher
touching the child' s. This point was that the driveto
apeak should come fromthe child, and not be inposed by t he

t eacher.



8

Formal efforts in studying tactile stimulation began
with Gault in the 1920s. In a series of experinents over
a period of 13 years he and his co-workers used devices
rangi ng froma crude 14 foot "speaking tube", designed so
t hat the subject his or her hand over the end, to a
singl e hand held vibrator (Gault, 1924; Gault, 1926 a;
1926 by Gault and Goodfellow, 1937). Prelimnary work was
also reported with a nulti unit teletactor whi ch contai ned
five vibrators one for each finger and thunb on the hand

(Gault and crane, 1928).

Gaul t (1936) nodified the output of his systemto pro-
vi de several loci of vibrations on the finger tips, each

having a restricted band of frequencies fromlowto high.

Al corn (1945) putforth the ' Tadona nethod' that has
been uni versaily used ia the education of children who are
bot h deaf and blind. Here the child places both hands on
t he speaker's face so that the thunb rests on the Iips index
on the nose little fingers on the throat and the renai ni ng
fingers on the cheeks. Thus both touch and ki nesthesis
are involved since the fingers al so bend with the novenent

of the speaker's lips and jaw.

Wedenberg (1951) enpl oyed t he ' adconcham net hod Wen
t he teacher provides with tactile, breathstreamcues on the
ear and surrounding surfaces in addition to the auditory

pattern.
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G uner (1955) blindfolded the hard of hearing child
in order to permt himto attend nore readily to haptic

touch patterns.

Boot hroyd from 1963 to 1970 devi sed a hi gh power
hearing aid with extended | ow frequency response. This
was fitted with a bone conduction oscillator and an air
conduction receiver on the two arns of the 'Y cordwith
a patch of velcro glued to the back of the oscillator ao

as to be attached easily to amtt worn on the hand.

Pickett (1963) devel oped a 10 channel anal yzer which

converted the information into 10 vi brati on channel s.

Ri sberg, Martony (1968), Dol ansky, et al (1969) devised
and tested visual displays. Their prototype pitch detector
gquantises the pitch into 8 channels and tactil e feedback
I's provided by 2 or 3 solenoid pockers or tactors. The first
seven channel s correspond to a range of 100 to 240 Hz in
bandw dt hs of approxi mately 20 Hz each. The right channel
corresponds to all pitch frequenci es above 240 Hz. Rogers
(1970) experinmented with sets of air however nore information

has not been cat al ogued.

Wl lemain and Lee (1972) enployed a tactile display
driven by a pitch detector to inprove the intonation

patterns of the deaf speakers.
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Kei del (1974) devel oped t he el ectronechani cal cochl ea
with a spatial type of display. The configuration of array

being the travelling wave and the | ocation of stinmulation

being t he forearm

Kerman (1974) devel oped a frequency versus tine di spl ay
type known as the foremant code. The location of stimla-

tion being the fingers.

Mller et al. (1974) devel oped t he feature indicator
with atenporal type of display. It had 3 vibrators and

coul d be placed either on the hand or on the fingers.

Engl eman and Rosov in 1975 devel oped the tactile
vocoder consisting of 23 channels with a spatial type of

di splay. The location of stimulation was on the arns and

the | egs.

Ling and Sofin (1975) used a single vibrator to signal

fricatives.

Scott and Defillippo (1976) described a systemt hat

di vided the spectrum of speech into the |ow and high frequency
range. The | ow frequency being delivered to the pal msurface
of the thunb as vibration and the high frequency portion to

the skin on the thunb as el ectrocut aneous sensati on
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Spens (1977) described the optacon which had a frequency
vs. tine display sad 24 x 6 vibrators matri x, the hand bei ng

the site of the stinulation.

Trauamul | er (1977) devel oped the sentiphone with a single
vi brator on the jaw bone and the type of display being

t enpor al .

Yeni konshi an and Gol dstein (1977) used the optacon with
an 18 x 6 vibratory matrix. The type of display being fre-
gueney vs. intensity and the |ocation of stimulation being the

fingers or hand.

Sparks et al in 1978 and 1979 devel oped t he Mil ti poi nt
electro tactile speech aid (MESA) with a 36 x 8 matri x of
el ectrodes pl aced on the abdonen and the type of display being

frequency vs. intensity.

Scott and DeFilippo (1979) devel oped t he speech recogni -
tion and (SRA-10) with atenporal type of display with three

vi brators pl aced on t he abdonen.

Anodified version (Ald 2) was al so developed with a
spectral type of display. Three el ectrodes and one vi brator
were used to convey the signal. An Aid 3 was al so devel oped
wi th an added noi se generator, a |l ow pass filter and a peak
clipper. The transducers consisted of 2 Radio Bar B-70 vi bra-

tors and a third suyag vibrator.
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The devel opnent of electrotactile devices for the deaf
usi ng el ectrocut aneous stimulati on has been pursued by

Saunders in 1983.
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CANDI DACY FOR A VI BROTACTI LE Al D

Sol utions to the probl emof comunicating with deaf
peopl e have taken many forns over the last two centuries.
Those t hat have survived and been noat frequently used
have been of two general types natural unai ded systens and
synt heti c unai ded systens (sherrick, 1978). The |ipreading
or speech reading nethod is the best known natural system
and t he | anguage of signs in various forns is the nost
famliar of the synthetic systens. Natural is neant to
convey the fact that the tal ker need not recode his or her
speech for the listener to perceive it, "synthetic" inplies
that the tal ker nust recede the nessage (eg. in sign | anguage

to body or |inb novenents) to be understood by the |istener.

When an individual has a hearing inpairment too severe
to benefit fromanplification ancillary nethods nust be con-
sidered to assist in overcomng the two prinmary factors
germane to spoken communi cati on: the reception of speech
fromothers and t he producti on of speech by the hearing
I npai red person. One technique to inprove speech reception
and production in profoundly deaf persons in tactile stinu-

| ati on.

Sensory channel s accessi bl e by electronic aids are

1. Visual systenivisual aids.

2. The acoustic nerve and i nplant stimulating devices.

3. The nechanoreceptive systens of the skin.
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Ai ds using visual presentation of speech infornation
have been devel oped, for speech feedback in voice training
as well as for aiding speech reception. Tactile aid
devel opnent has focussed nore on reception. Auditory
| npl anted el ectrodes provide a very rudi nentary form of

hearing via surgical approaches to the inner ear (cochlea).

Tacti | e di spl ays have been favoured over visual as
aids to speech reception because the eyes are often occupi ed

with other tasks while one is receiving speech nessages.

The use of touch can be used as a suppl enent to residua

heari ng Maudi ti on

On the contrary, the two systens are bei ng conpared
and t he conpari sons have focussed nainly on the limtations
that the akin has as a sensory receptor of acoustic inforna-
tion when vibrotactile stinulation is used. For exanple -

t he normal auditory systemhas a dynamc range of 130 dB

but the vibrotactila systemrange is only 30-35 dB.

Mor eover while the auditory systemis responsive to
frequenci es rangi ng from 20-20000 Hz and has an opti num
frequency range between 300 and 3000 Hz., the upper limt
of the vibrotactile systemis only 400-500 Hz, and t he
vibratory receptors are best stinulated by frequencies in

40-400 Hz range. The vibrotactile node is simlarly inferior
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tothe ear inthetine required for the fall devel opnent of
sensation and difference linmen for frequency. |In addition
to these psychoacoustic variabl es Kiedel (1974) al so pointed
out that the vibrotactile systemhas a poor nenory conpar ed
to the highly devel oped one for the auditory system That
Is there is alack of ability to retain the inmages that

are displayed on the skin either on a short or |long termbasis.

Vibrotactile sensitivity is vulnerable to aging |ike

vi sion and heari ng.
Vari ous studi es have been docunented in literature.

Kenshal o (1979, 1986) and Verrillo (1980) have reported
the findings dealing with peripheral aspects of vibrotactile

sensat i on.

Verrillo (1980) reported a progressive decrease in
sensitivity at frequenci es between 80 and 700 Hz. These
frequencies are typically referred to as high frequencies in
the literature but this is relative to the frequency response
of the skin. Adecrease in sensitivity as denonstrated over
the entire age span with the sharpest decrease occuring between
50 and 65 years of age. He specul ated that the reduction in
vibrotactile sensitivity with high vs. |owfrequency stinmnuli
i ndi cates that the high frequency receptor systemis nore

susceptible to changes with aging. In contrast with Verrillo's



16
st udy Kenshal o reported significant reductions ia sensi-
tivity for both [ ow and high frequency stinmuli, although there
was a greater decline at 250 Hz than at 40 Hz. Hi s subjects
al so denonstrated greater reduction in vibrotactile sensiti-

vity in the |l ower extreneties than in the upper extremties.

In a cross sectional study of mal es aged 20-80 years
conducted by Terry (1983) brought to light the result that
there was a 40 to 60%decline in the vibrotaetile sensitivity
in the upper extreneties and greater than 60%decline of the

sane in the lower extremti es.

In addition to di mnished sensitivity there is also a
decrease in the transm ssion speed of vibrotaetile stimul

peripherally - (Schaunberg, et al. 1983).

Dof f man and Bosl ey (1979) who studi ed 60-85 year old
subj ects and a group of younger controls reported a reduction
i n conduction velocities of 0.16 m sec per year for the upper
extremeties. It was also found that conduction velocity in
t he spinal cord declines sharply after 60 years with a decrease
of 0.78 nsec per year but no change ia velocity fromthe

nedul la to the cortex.

Desnedt and Sheron (1980) reported sl ower conduction

velocities of afferent fibres in people by the 8th decade.
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Verrillo (1982) found that with inter stimulus inter-
val s | eas than 150 namecs., the ol der subjects were unable
to perceive two separate stimuli where as the younger

group did not experience difficulty with discrimnation.

Al t hough apparently not used to any great extent with

older individuals vibrotactile stimulation has still been

found to be beneficial.

Ther e has been no culmnation in the production of a
sensory aid for w despread use anong t he popul ati on of deaf
persons. In contrast many deaf persons are bei ng equi pped
with cochlear inplants. Auditory inplanted el ectrodes
provide a very rudinentary formof hearing via surgica
approaches to the inner ear (cochlea). Auditory inplants
are el ectrode systens fixed surgically in the cochlea so
as to stinulate fibers of the auditory nerve. These fibers
are found to be stinulable in a very large majority of pro-
foundly or totally deaf persons. Because such systens are not
able to stimulate the normal sound to neural conversion

process the sound perceived inplants is highly abnornal .

Fromthe point of viewof theclient, inplant aids
i mredi ately provide, at the | east rough sensations of sound
fromthe environment. However inplants entail major surgery
and hi gh associated costs. Tactile aids entail a |earning

period but are | owcost, easily replaceable aids. Both types
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of aids typically provide only a nodi cumof infornation
about speech. However the infornation received through
these two aid nodalities is partially non-redundant. This
suggests that further gains m ght be obtained with a hybrid

system conbi ning a hearing inplant and a tactile aid.

It is inmportant in testing severely or profoundly deaf
subj ects to know at What | evel s one shoul d expect responses
to vibrotactile stinmulation. Vibrotactile are conduction
thresholds may |l ead to the assunption of residual hearing
when none exists, while reporting simlar thresholds in bone
conduction testing nay lead to the faulty diagnosis of a
m ddl e ear condition through the presence of an apparent

ai r - bone gap.

The data of Wegel (1922, 1932) and that of Fl etcher (1953)
were obtai ned fromnormal |isteners reporting "feeling"

sensations as a result of high energy stimulation.

According to Barr ( ) vibrotactile thresholds for fre-
guencies of 1 and 2 KHz were obtained at 100 dB. He further
felt that these responses cool ed equally well have been to

vibrotactile or auditory stinulation.

I n bone conduction audionetry the problemof vibrotactile

stimul ati on becones nore acute. This i s because the vibrator
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Is specifically designed to transmt mnechani cal vibrations
to the nastoid region. In the survey of a population for
t he school of the deaf, Rughson, et al. (1939) felt that
t he bone conducti on threshol ds obtai ned at 128 and 256 Hz
were defenitely the result of vibrotactile stinulation
al though they were satisfied that the higher frequency thresh-

ol ds were auditory.

Portmann and Portnmann (1961) suggested that one nust
explain to the patient that wwth [owtones, for exanple, it
Is the threshol d of auditory sensation which is being | ooked
for i.e. sonorous and not the threshold of taetile sensation

(vibratory).

Reger (1965) stated that patients with severe hearing
| osses for bone conducted sounds may respond to the vibrator
with the vibration sense (Pal |l esthesia) before the bone
conduction threshold is stinulated, thereby giving a fal se

resul t.

Several workers have referred to the possibility of other
types of response to sound vi bration. For exanpl e Bocca and
Perani (1960) have suggested that the bone conduction threshol ds
of severely deaf patients may represent vestibul ar heari ng.
Simlarly the"Feeling" thresholds for air-borne sounds found
by Wegel (1932) were reported by his subjects to produce sensa-

tions which could berelated to vesti bul ar di sturbance.
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Nober (1964) does not accept the theory of vestibul ar
hearing, however one of his strongest arguenents being
baaed on the simlar configuration of bone conduction
threshol d of profoundly deaf subjects and their vibrotactile

threshol ds at the fingertips.

Van Uden (1958) has stated "All deaf children can
react to sound in the ears", in a certain percentage of the
deaf children these reactions seemto be very simlar to vibra-
tion feeling. It seens to be probable that these children
have only vibration feeling in the ears. He has however deve-
| oped educational techniques to make maxi numuse of this

sensitivity.

Enphasis on vibrotactil e sense has al so been pl aced by
Quberina (1963) who has transmtted information through
vi brators placed on various parts of the body. He has stated
that it is not by pure chance that a deaf person renains
sensitive to the | ow frequenci es which are commonly cal | ed

vi brati on.

The point in question is not the physical nature of the
stimulus, which is undoubtedly vibratory but of the sensory

nodai Ity through which it is perceived.

| ndependent neasures of the information processing capa-

cities of the skin affirns that the sensory system possesses
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t he channel capacity for decoding a eocherant and tinme vary-
i ng synbol set of great conplexity such as speech. O parti-
cul ar concern to developers of tactile aids is the question
whet her the processing skills exists only in the hands or
whet her ot her akin areas are equally capable. The literature
supports the position that the hands are uni que both struc-
turally and functionally. The conparitlve amount of corti cal
area devoted to the hands is very large. - Sur et al.(1980)
and t he absolute sensitivity and spatial acuity of the area
rank anmong t he hi ghest anong the entire body (Wi nstein, 1968).
To the degree that the saltatory effect is a neasure of inde-
pendence of pattern varying in both tinme and space anong skin
regi ons, recent neasurenents on the hand, the armthe thigh
and the thorax suggest that the region with best resolving

power is the finger tip.

Finally in examning the thresholds for responses to
vibrotactile stimulation two points have to be kept in m nd.
Firstly, normal hearing subjects nust experience a similta-
neous auditory sensation when exposed to sound intensities
sufficient to produce vibrotactile stinulation within the
usual frequency range of pure tone audionetry. Under these
conditions the two are perceived as a whol e and unl ess t he
observer is able to dissociate the sensations he may be
unaware of the vibrotaetile elenment until it is well above

t hreshol d | evel s.
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Secondl y when using profoundly deaf subjects it is
difficult to deci de whether they are responding to an audi -
tory on a vibrotactile sensation, since a person who is
sufficiently deaf as to have no experience of auditory sensa-

tions will be unable to nake the subjective distinction.

From t he audi ol ogl cal consideration the vibrotactile
client is typically one whose hearing inpairnent is so
profound that tranditional nmeans of anplification by way of
power behi nd-the-ear or body aids have been unsuccessful.
Mostly the research and devel opnent programmes have been
carried out on the three distingui shabl e subgroups of avail -
abl e subj ect s.

1. Normal subjects deprived of auditory input.
2. Deaf nmutes and adults with partially or fully devel oped
| anguage skills.

3. Deaf skills without |anguage skills.

The first group is coommonly used in prelimnary anal ytic
testing for determning the fidility of the device in process-
I ng sounds. The other two groups are those for which the
aid is intended. Both nust be represented in the subject
sanpl es when field testing is done if the aid purports to be

of conpletely general use.
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The client who has sone residual hearing and receives
m ni mal benefit fromanplification honwever may be a good
candidate for atactile aid. As with traditional anplifica-
tion systens, the client who is notivated by a desire to
| nprove comunication wth famly and friends will be nore
successful in the use of the device over all. |In addition
the client nust be willing to wear the device on a daily
basis. Hewll need to be able to adapt to the size, appearance
and functional aspects of hearing the device and be willing

to master the basic operations and nai ntai nance requirenents.

Finally the client nust bewilling to coomt to an
extensi ve programme of rehabilitation aimed at enhanci ng
his Interpretation of vibrotaetile information and inproving

hi s communi cation skills.
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EVALUATI ON OF TACTI LE Al DS

The anount of useful information that atactile aid
user can obtain fromthese devices is |argely determ ned by
external factors such as training and whether the user is
post lingually or pre-lingually deaf, it is not possible
to precisely neasure the useful ness of the device or even
to predict the outcone for a given user. |t is possible
however to descri be the kinds of information which can be
expected to be transferred and to conpare those expectations

to the results.

The frequency-1| owering processi ng causes the sensation
of sound to becone independent of frequency. Because of this
the audiogramof atactile aid user taken with a free-field
method will result in an essentially normal no | oss result.
Thi s does not nean that normal conprehension is restored
but rather that nornmal conprehension and sound awareness are
not the asnething. In effect the usual relations between the
audi ograns taken this way and the subject's ability to com
prehend the information in sounds is destroyed for tactile-

ai d users.

Erber reported a series of studies which had |ead him
to the conclusion that the audiogramis an i nadequate predictor

of speech recognition in the case of sone profoundly deaf
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children. Many of these children give responses to puretone
signals on the basis of vibrotactile sensation and not hear-
ing. First, he reported a study that he had conducted in
whi ch t he Manchester University Mnosyllabic word |ist was
presented to 40 deaf children at the "Central Institute for
the Deaf". This list being a phonetically bal anced word |i st,
enpl oyed a vocabul ary appropriate for the age range of the
children in the study. The words were presented nonoaural |y
through a high quality anplification system at confortable
listening | evels. Data fromthe investigations suggest that
an average hearing level greater than 95 dB is quite predic-
tive of poor performance on this test. Erber again constructed
a list of 25 spondai c words which were carefully recorded to
provide simlar patterning and stress within each word. The
12 children who were tested had the list of words kept in
front of themand they selected fromthat set the spondai c word
t hey perceived. The distribution of scores was a striking
one reveal ing a di chot ony between hi gh scores (70-100% and
| ow scores (0-30% . The finding suggests that the pure tone
audi ogramis not a perfect predictor of the group into which
t he children's nonoaural responses to spondees will fall.

Er ber regarded the high scoring group as severely hearing
i npai red, nost of themwould be simlarly claesifiedon the
basis of the audiogram The | ow scoring group the regarded

as the profoundly deaf; many of these children woul d not be
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so classified on the basis of their pure tone audi ograns.
la short the "word- recognition”. The scores were used
as a nmeans ofclassifying children as severely and prof oundl y
hearing inpaired. He believed that the children in the
severely inpaired group are those who posses true residua
hearing there by having nornal ability to discrimnate
bet ween frequencies at |east in the | owfrequency ranges
and that the profoundly deaf group of children perceive
achustic stimuli through vibrotactile sensation with their
ears. They have the ability to perceive tinme and intensity
cues in speech but not to discrimnate snmall differences in
frequencies or rapid frequency changes which are characteri -

stic of speech (spectral changes).

The tactil e sense can be made to serve as a di stance
nodal ity by the use of electronic aids. The devices so far
created for transformng speech for tactile presentation

have provided rel atively sinple displays.

Pioneer Gault's (1924) primary hypot hetical construct
was to "graft an ear to the skin". It was indicative that
Gault was attenpting to devel op a sensory substitute for
t he defective ear rather than a sensory aid to assist the

hearing inpaired person in the communicative process.

In working with the sinplest device, the speaking tube

he found that one subject after 35-40 hours of practice could
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recogni ze 34 words through tactile stimulation al one and *
great nunber of sentences that were nmade op by conbi ni ng
t hese words. Moreover the subject had aa accuracy of
88-95%i a the recognition of 200 tactile inpressions of
famliar words. Wth the single unit vibrator, the subject
attai ned an accuracy of 58%when using 100 tactile inpre-
ssions he had learned with the speaking tube, but after
an additional 8 hour of practice attained about only 70%

accuracy in discrimnating anong 4 sentences.

Prelimnary work of Gault was al so reported with the
mul ti-unit teletactor in 1928. The teletactor contained
five vibrators one for each finger and t he thunb; each havi ng
a restricted band of frequencies fromlowto high. The skin
does not respond well to higher frequencies and energy
di fferences may have masked information fromother bands,
Hence vari ous nodul ati ons of tel etactor designs have been
made but nearly all have applied the place principle in

di stributing speech frequencies over the skin.

The maj or nodification incorporated a vocoder in the
transm ssion system The channel vocoder derives a stream
of spectral data using a bank of filters to anal yze input
speech. The tactile display consists of a rowof stimulators,
one for each filter band arrayed al ong t he skin surface. The
stimulation intensity of each stinmulator ia controlled by the

sound energy detected in its filter channel.
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Tests of tactual speech perception were conducted using
a speci al frequency anal yzi ng vocoder by Pickett and Pickett
in 1963 in the Gunnar Fant's Laboratory in Stockholm The
Vocoder presented a running frequency anal ysis of speech
mapped into a spatial array of tactual vibrations which were
applied to the fingers of the receiving subject. Ten vibra-
tors were used, one for each finger. The position of a vibra-
tor represented a given frequency region of speech enerqgy,
the total range covered was 210 to 7700 Hz; all the vibrations
had a frequency of 300 Hz; the vibration anplitudes represented
the energy distribution for the various frequencies. D scri-
mnation and identification tests were perforned wth certain
consonant s including those that mght be difficult to Iipread.
Performance with vowel s appeared to be related to formant struc-
ture and duration as nmeasured on the test-vowels and to
tactual masking effects. GConsonant discrimnation was good
bet ween steps and continuants. Consonant features of nasa-
lity, voicing and affrication were also discrimnated to sone
extent. Hence it can be concluded that the skin offers certain
capacities for transmtting speech informati on which can be
used to conplinment speech communi cati on where only an i nproved

speech signal is nornally received.

Van Uden (1967) identified a special group of children

whomhe | abelled "vibratory-tactual" children. These are
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hearing inpaired children whose inpairnent is so great that
t he audi onetric configurations obtained are probably aot
reflective of geguine auditory activity but rather of vibro-

taetile stimulation.

Various nodifications to the tel etactor design ware
suppl i ed by Ki edel (1968) who applied Von Bekesy's nodel of
the cochleato this task. In this apparatus, the speech
frequencies are distributed over the skin according to the
paraneters of the nodel. |In order to transpose frequencies
from300 Hz to 3000 Hz. down to 40 Hz to 400 Hz, where they
woul d be felt. Kiedel played back recorded speech sounds at
one half to one-eighth normal speech. He reported excell ent
recognition of newwords after a 32 hour training period on
phonetical |y bal anced word list. The major problemwth the
systemis in the sluggish transmssion rates. The observer
has difficulty retaining initial patterns over the duration
of aword. Anmjor additional feature provided by t he Bekesy
nodel is atime delay in the devel opnent of patterns of vibra-

tion over the skin (van Bekesy, 1967).

Al the previously cited tactile speech anal yzers | acked
t hi s processing characteristics which separates the pitches
of speech sounds in an orderly manner along a conti guous spati o-
tenporal surface. Thus the |ateralization capacity of the skin

afforded by inhibition of the delay over very short times is



30
added to the localizing capacity of the skin over the | onger

ti mes between phonem ¢ and syl labic utterances.

Suzuki, Kagam and Takahashi (1968) trained children
with 10 vibratory outputs. Better additional information
enhanced special reading. H gh frequency consonants |ike
/sl and /t/ could be differentiated by speech readi ng suppl e-
mented by touch. Suzuki found no difference in speech read-
i ng of vowels (in words and in isolation) but certain hono-
phonous words (patto-nanto-batto) were discrimnated signifi-
cantly when vision was aided by touch. The investigators
concluded that the vibratory stimulus they provided supplied

gross features of spectrumtine and anplitude.

Kringl ebotn (1968) successfully worked with a vibratory
systemto teach articulation of the/a/ sound. Ten profoundly
hearing inpaired boys were tested under two conditions.

1) Audition supplenented by |ipreading.

2) Audition and |ipreadi ng suppl enented by a vibrotactile cue.

The subjects performed wel | when the tactile cue was
present ed whi ch provides continuing evidence of its effective-
ness. Simlar supporting evidence was al so provi ded by
Wllemain and Lee (1972).

For better pitch control various researchers (Kisbherg,
1968; Martony, 1968 and Dol ansky, 1969) devised and tested t he
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pitch detector. The prototype of the pitch detector has a
t hroat m crophone whi ch detects voi ced speech. The out put
is anplified, |lowpass filtered and converted to a square
wave pul se train by a Schmtt trigger. The pulse trainis
gated for a fixed tinme and the pitch frequency is determ ned
froma zero-crossing count on the gated pulse train. The
pitch neasurenent is quantized into one of the 8 channels.
The first 7 channels are adjusted to correspond to the range
of 100-240 Hz in bandw dths of approximately 20 Hz each. The
ei ghth channel corresponds to all pitch frequencies above
240 Hz. The speech input is sanpled periodically for dura-
tion of 50, 100, 200 or 400 mlliseconds. The quantized
feedback as a function of display rate in steps of hundred,
150, 250 and 450 m | liseconds can be investigated. The
display is also quite sinpler. The sol enoids poke the finger
of the speaker to provide tactile feedback. The displays
enpl oyed only two or three pokers/tactors because the eventual
goal of research is a wearabl e speech aid and that it be sinple
and i nconspi cuous to the user. Switching circuits allowthe
experinenter to assign counts inany channel to any tactor.
Thus the e channel s can be OK bends when three pokers are

used or into high and | ew bands when two are used.

Experiments were conducted with a total of 25 profound
aensori-neural |oss boys and girls; 13-17 years old at the

Boston School for the Deaf. Each spent one hal f hour per weak
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with the device upto a period of four weeks. The subject
woul d pl ace his hand on the display and attenpt to sustain
a humat the selected target [evel. Hummng was ased to
avoid linguistic influences of speech on voice pitch.

Further nore names or certain text passages were al so used

to stinulate the conversational environment 2 pitch probl ens
were mani fested. Martony (1968) noted that deaf speakers
tend to begin breath groups at abnormal |y high pitch; then

to quickly slide down to a nore natural |level. The other

Is a tendency to increase average pitch when the difficulty

of the required utterance is increased. These pitch changes
wer e expl ai ned by Pickett in 1968 by t he kinesthetic referrant
hypot hesi s which acts as a nonitor or feedback to the indivi-

dual (at high pitches).

The use of the aid in hel ping nonitor the right pitch
and intonation patterns indicated the necessity for the deve-

| opment of a wearabl e ai d.

The best data avail able for calculating the capacity
of the vibrotactile channel are derived from studies of blind
readers using the optacon (Bliss et al. 1970). The optacon
Is a device that transforns print of vibration on the dista
pads of the index finger, studies done by Craig et al in
1984 am sighted and blind subjects also seens to indicateit.

The fastest reading rate obtai ned was about 90 words per m nute
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with the optacon. It further appeared that this limt was
due to the tenporal and apatial resolution of the skin of the

finger pad (Phillips and Johnson, 1984).

Boot hroyd et al (1970) hypot hesized that a totally deaf
child with only tactile sensitivity responded better at the
| ow frequencies. Thereby a high power hearing aid with
extended | ow frequency response was fitted with a bone con-
duction oscillator and an air conduction receiver on the two

arns of a'Y cord.

Free field pure tone tests showed an average i ncrease in
sensitivity by 23 dB when both vibrators and air conduction
receivers were used in conparison to air conduction receivers
only (these tests were performed on young children who did
net benefit froma standard hearing aid and gave little or no

response in audionmetric testing.

Syl labic patterns and voi ci ng were distingui shed using
this aid and voice control was noticed to be lost if the aid

was out of action for nore than a few days.

Anot her eventful devel opnent in the history of tactile

ai ds of the non-wearabl e type was t he Kostic's appar at us.

Thi s apparatus had an intensity indicator, afriction

indicator, anasality indicator, vibrator, selectors and a
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selective auditory filter anplifier (SAFA). The vibrator is
a box fitted with a nenbrane which transmts the filtered
vi brations of laryngeal voice. Several vibrator boxes
coul d be used by the teacher at the sane time for training
several children. Each child had to work with two boxes. By
placing gently all the fingers of One hand on one nenbr ane
and all fingers of the other hand on anot her nmenbrane, the
child had ten points of tactual contact with the vibrations
associated with the laryngeal voice. The teacher/child can
speak into the mcrophone and the child can tactually

recogni ze variations in the |l aryngeal voi ce.

BLOCK DI GRAM OF THE VI BRATORUNI T OF THE SAFA

AMPLIFIER LOW PASS BOX 1 gox 10
) Ok >
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The signal fromthe mcrophone is first anplified
and filtered so that all frequencies above 500 Hz are

suppressed tad cut. The resulting signal is sent to the

vi br at or boxes.

The vibration of the nenbrane is silent and free from
anplifier disturbances.On sone nodels anplification and

filtering stages are built within each box to nmake t he

unit conpact.

Bessy (1972) eval uated t he useful ness of this system
It was found that the Child could perceive the difference
bet ween voi ced and voi cel ess consonants, fundanental tone
of an adult nmal e and fenal e and even children's voi ces.

Furthernore, even mnute differences in pitch |level could

be di sti ngui shed.

Durati on of each speech sound syl labic stress and

overall intensity pattern coul d be discrim nat ed.

Asi de fromthese prosodic el enents, the child was reported
t o di stingui sh between maj or categories of speech sounds, vowel
vs consonants, affricates vs. other consonants, fricatives vs.

ot her consonants and nasals and | aterals vs ot her consonants.

The multipoint electrotactile speech aid for the trans-

m ssion of segenental features of speech was eval uated by
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Kirman (1973). He discussed two pl ausi bl e expl anati ons f or
the filure of the tactile speech processing transforns to
provide reliable informati on about speech events. First
he cited the conplexity of the "speech code" including the
notion that speech sound processing is inextricably tied
to the auditory system Second, he discussed the generally
accepted notion that the skin is too slowto acconplish the
tenporal -spatial analysis of the rapidly changing patterns
of runni ng speech. However, later Kirman rejected both of
t hese notions concluding that tactile devices had not been
designed to extract the higher order invariances of speech,
for exanpl e many spectral anal ysis devi ces have been
desi gned to provi de maxi mnumresol ution for single phonetic
units. The stinulators associated with the channel outputs
for such devices have been spaced for apart on the skin
surface in order to avoid the effects of cross channel nask-
ing. He pointed out that this design characteristic may
result in a device having sufficient resolution for indivi-
dual speech signals. The user has difficulty integrating
t he vari ous conponents of running di scourse into a conpl ete

and neani ngf ul nessage.

Eval uation of a tactile vocoder for word recognition
was done by Erber (1974). The purpose of the experinent

was to eval uate the useful ness of a tactile vocoder in a study
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t hat was desi gned to conbi ne many features considered to be
partially successful. Some of these features were |/3rd
actave filtering, alinear array using solenoids as the
transducers and a carrier frequency for the sol enoi ds of
100 Hz. In addition, the words were used as stimuli. Pre-
sentation was |ive voi ce by several speakers and the subject
was provi ded with a m crophone enabling feedback fromthe
subject's own vocalizations. Fromthe anal ysis of proba-
bility of correct responses, significant confusions and
phonetic identification, it appears that the majority of
consonant phonenes can be identified. The confusions that
are found through t he cutaneous sense are simlar to those
that occur in addition or in visual representation of the
Speech signal. Nasals are interconfuaed and so are voi ced
stop consonants. However in evaluating the tactile vocoder,
it may not be a sensible strategy to prove that all phonenes

can be identified before the systemis adopted for use.)

Engel man and Rosov (1975) denonstrated t he perfornance
of a 23 channel vibrotactile vocoder in various words and
sentence-| earning tasks with young normal adults and deaf
children. The tactile reception learning of four deaf boys
was studied. The best subject (8-year-old) achieved 80%
correct (60 of a pool of 75 words) in atest after 34 weeks

of training; he then accelerated his progress to achive - 90%
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correct (122 of a pool 6f 135 words) in 13 nore weeks of
training. One deaf boy was trained wearing hi* hearing aid
in addition to receiving speech via the tactil e vocoder; he
| earned 35 words to 94%correct (in 8 weeks) when tested with
hearing only, he scored 65%correct and 40%correct with
tactile only, indicating that he had beenable to integrate
tactilewith auditory information to identify anong his
first 35 words. At 21 weeks, he achieved 90%of 60 words
and at the end of 26 weeks scored 78%of 100 words (tactile +
hearing). They concluded that hundreds of correct repetitions
arerequired to learn sinple tactile discrimnations but that
gi ven good |l earning conditions, therate of |earning could

accelerate "once an initial set of 30-40 words has been nastered

Ling and Sofin (1975) devised a tactual systemwi th a
single vibrator to signal fricatives. Though fricatives were
signal l ed or much nore conplex circuitry was necessary to pro-

vide information as to which fricative was spoken.

A simlar device providing only one aspect of speech that
I's the pitch contour was designed by Wllenmain and Lee in
1975. It was that a nore conplex array was necessary to

di splay the detailed segnental infornation.

From 1973 to 1977 a variety of tactile aids ware designed

aad tested. The sinplest of these was the single channel aid
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nodi fi ed by Bergueese, 1976. It generated a single frequency
at which the skin was nost sensitive i.e. 250 Hz. The anpli -
tude of the signal was then nodul ated by t he speech signa

power to yield a prosodi e sequence that mrrored t he speech.

The year 1976 saw the advent of spectrally oriented
aids. oldstein and stark (1976) were the ones to eval uate
it. They attenpted to provide the skin with a spati o-

t enporal vocoder type transformof the original speech
spectrumusi ng 15-25 frequency channel s. These ai ds were
reported to be useful for training profoundly deaf persons
in the reception and production of short speech segments.
However none have been found to provi de perfect resol ution
for these short segnents. These shortcomngs led to the
devel opnent of the feature intraction-described by Scott

and Filippo in 1976.

Yeni konshi an and Gol dstein (1977) conducted a study
for the identification of speech sounds displayed on a
vi brotactile vocoder. This study was a part of a |arger
endeavour concerned with aids to hel p profoundly deaf infants
to acquire speech and | anguage skills. The main ai mwas
to investigate the factors and the identification of different
types of speech signals presented on a vibrotactile vocoder.
The investigation showed that subjects over an extended train-

ing period learned to identify the vibrotactile patterns of
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vowel durations, steady, state vowels and spondee words,

t hough performances never peaked.

The speech recognitlon aid devel oped in 1976 by Scott
and DeFilippo was sinple 2-channel device. It had a high
frequency channel above 4 KHz and a | ow frequency channel
bel ow 1 KHz.

The hi gh frequency information was delivered via an
el ectrode where as the | ow frequency information via a nechani cal
transducer (vibratory stimulation). Though t he transducer
| ocation did not matter in particular, high and | ow frequen-
cies were discrimnated because they felt different. The
evaluation of this aid was first done by Scott and DeFili ppo
In 1978 using a tracking procedure which they described as
an obj ective neasure of the speech readi ng of conti nuous
di scourse material. Performance was neasured in correct words
per mnute score (nean nunber of words per m nute). Data were

usual | y di spl ayed in one hour units.

It was found that when nornal hearing subjects were
masked wi th Wiite noi se or when ear plugs were used, |ip-
readi ng performance increased by 20% As a note nornal hear-
I ng persons average about 100 to 120 words per m nute when

no ear plugs are noise are used. Fromthe above results it
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was felt that spectral infornation be considerably enhanced
which led to the devel opnent of the hybrid E ectrical vibra-
tory and (aid-2).

Three el ectrodes and one vi brator used to convey the signal

wer e pl aced on the back of the hand.

As in the figure (next page) the center el ectrode corres-
ponded to el ectrode 3 (the top electrode in the figure).
Thi s el ectrode was activated by the output of an 8000 Hz high
pass filter. The phonenes / s/ and/t/ produced a maxi num
signal at this electrodes thus these sounds produced a puncuate
aperi odi c sensation. The surroundi ng el ectrodes correspond to
el ectrodes one and two as in the figure. These el ectrodes were
maxi mal |y activated by sounds / / and /t /. The reason for
using 2 electrodes for this channel was critical to the design
obj ectives. By using 2 el ectrodes positioned on either side
of the high frequency transducer, a broad diffuse sensation
percei ved at the sane | ocus of stimulation as the high frequency
channel was achieved. The inportant part of the design approach
was to make different sounds feel different and al so to keep
t he sensation at the sane |ocation. By using 2 electrodes to
code m d frequencies a broad el ectrical stinulation was
achi eved as opposed to the narrow punctuate sensation fromthe
singl e high frequency el ectrode. The el ectrodes conveyed t he

fricatives and affricates of speech as aperiodi c sensations.
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The vibrators worn on the wist conveyed the vocalic portion
of speech as periodic diffuse sensations. Thus the anount
of spectral information was increased conpared to the single

vibratory channel in the first aid.

The nost serious drawback of this systemwas that the
el ectrical stinulus presented was not particularly pleasant.
So the resultant SRA-10, an all vibratory systemwith the
basi c el ectronics, bat with an added noi se generator, |ow
pass filter and peak clipper was devel oped. The extra conpo-
nents in the circuit were nmeant to provide an aperiodi c signal
tothe vibrators as a substitute to the electricl stimulators.
The transducers consi sted of 2 Radi o-ear B-70 bone vibrators
and a suvag vi brat or whi ch was worn between t he 2B-70 vi br a-
tors. The high frequency channel was conveyed by the center
transducer and t he m df requeney channel by the surroundi ng
transducers. A/ / was discrimnated froma/ s/ by a spreading,
di ffuse sensation as opposed.to a | ocalized puctuate sensati on.
Vowel s were felt the | oudest since all the three vibrators
were activated. The greatest weakness of the all vibratory
version conpared to the hybrid electrical vibratory aid was
that the fricatives and vowels were not as instantly and clearly
di scrimnate. The distinction between vibratory aperiodicity
and periodicity was not as great as between vibratory stiml a-
tion and electrical stinmulation. However the all vibratory
sensations were nore pleasant than the el ectrical sensation, so

the trade of f was deened justified.
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The efficacy of the SRA-10 was tested on normal heari ng,
functional |y deaf ened and profoundly deaf adults and four
prof oundl y deaf children for the reception of connected dis-
course (a) with hearing-inpaired subjects the SRA-10 provi ded
little or no benefit in speech readi ng as neasured by the
tracking procedure, (b) At |east one of the normal hearing
functional |y deaf ened subjects appeared to benefit in speech
readi ng connect ed di scourse al though not to the extent indi-
cated by previous work. Wth children, a significant increase
In the quantity of communi cation using vocalization plus sign
| anguage simul t aneously when vibrotactile stinmulation was seen
with SRA-10 was used in individual |anguage therapy sessions.
This finding supports the notion that vibrotactile stinulation

was positively associated with the communi cative act.

A nore refined experiment with single channel devices

was carried out by Rothenberg and Molitor (1979). They found
that the fundanmental frequency coul d be recorded satisfactorily
by Iowering the average frequency w t hout reducing frequency
deviation. Their subjects were presented vibrotactile pul se
trains related to the fundanental frequency. The sentences
differed according to which word was stressed and whet her rising
I ntonation indicated a question or falling intonation indicated
a statenment. Performance with the vibrotactile signal al one

(without |ipreading) was as high as 50%
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Al though long termtraining i s necessary for the hearing
| npai red users to obtain maxi numbenefit fromtactual vocoders
(Aler, Payne and Garm n, 1980) denonstrated after limted
practice (1 hour) profoundly hearing inpaired adol escents
can learn to discrimnate certain hard to lipread word pairs
(oral vs. nasal consonants, stop vs. fricative consonants
or fricatives vs. nasal consonants). These results suggest
i mredi ate benefits with vibrotactile cues. |n the study
undertaken children made excellent inprovenents in production
of speech contrasts, bat contrastive production does not
necessarily inply perfect production. For nmany speech sounds
| nprovenent in pronouncation would be necessary to increase
intelligibility. 1t was found that inperfect pronounciations
were in many cases simlar to normal hearing childrens phono-
| ogi cal errors, but some specific errors typical of hearing
i npaired tal kers persisted. Hence the future goal is of

inproved intelligibility through tactual vocoder's intervention.

Brooks and Frost (1983) reported a study of subjects
who were learning to identify single conmon words presented on
a 16 channel tactile vocoder. The subjects had normal hearing.
The procedures wexe seimlar to those of Engel mann and Rosov
(1975). Daily sessions of about half an hour were held 5 days

a week, continuing to add new5 word sets to the training or
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testing pool. The subject with the Most extended training
reached the criterion on 150 words in 55 hours of training.
Wth further training 250 words were identified at 80%
correct and the words were also found to be identified as

report ed.

In a test of tracking the neaning of a connected speech
di scourse the subjects achieved a rate of 51 correct words
per mnute when lip readingwith the aid of the tactile

vocoder.

Friel Patti and Roeser (1983) carried out the study of
the effects on communi cation by deaf children wearing a tactile
aid (wearable) during class and therapy sessions. Four pro-
foundly deaf children wore a three channel tactile belt for
10-11 hours per week for 16 weeks of their fall preschool serme-
ster. Al children also wore hearing aids at all tinmes. Every
third week, each child participated in an individual half-
hour communi cati on therapy session during which a sanpl e of
the child' s production (by video) of signed and spoken conmu-
ni cation was taken. 1In the spring senmester a no tactile aid
condition was instituted for the sanme subjects. The subjects
wore hearing aids alone. Over the Fall "tactile" senester the
duration of commrunicative productions fromthe children increased

froma nean of 11/2m nutes per 10 m nute sanpl e to about 4 m nutes
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In the spring senester the duration of communi cation decreased
froma nean of about 3 mnutes to a nean of 2 mnutes per 10
m nute sanple. Informal comrents al so indicated that the
tactile aid had a beneficial effect on the anount of communi ca-
tive expression by the children. Teachers and parents spont a-
neously reported that it was nmuch easier to elicit vocalization

fromthe children then they werewearinga tactile aid.

Gol dstein et al (1983) reported that a 3-year old child
using a hearing aid and having only a signed vocabul ary of
5 words greatly increased her comruni cative attention when
fitted with a wearabl e single channel tactile aid. She gained a
400 word vocabul ary over the following 7 nonths. This aid
sinply derived the rhyt hns of sound recei ved and present ed

themto a single vibrator worn on the chest.

Mil ti-channel tactile aids are displays that provide the
di vision of the speech code into several channels to be
spaced over a nunber of skin sites. Such di spl ays have often
been intended to substitute the skin for the basilar nenbrane
(i.e.) partitioning of energy in real time anong and between
channel s is made roughly in a way that stinulates cochl ear
activity. There are two different types of multichannel sti-

nmul ati on.

1) Discrete
2) Conti nuous

Di screte neans that the individual vibrations are percevied

as separated PRecent work with discrete miulti channel sti mil ati
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has enphasi zed codi ng of phonetic features of speech as an

aidto lipreading (Patti and Roeser, 1983).

These devi ces have a communi cati on potential which

exceeds that of the single channel devi ces.

The conti nuous type of device has nore vibrations and
the spacing is closer. The perceptual result is of a patterned
stinmulus rather than of stimuli at separate | oci. Continuous
mul ti channel stinulation is usually by a linear array of sti-
mul ators. When t he gl abrous skin of the finger pad i s used
the vibratory el enents nust be very cl osely spaced because
of the high innervation density as wall as the small size of
the finger. For hairy skin, the relatively sparse innervation
can be a great advantage to the desi gner because the stinulat-

I ng el ements can be nore wi dely spaced than for gl abrous skin.

The greater sensitivity of glabrous skin is however an

advant age of power requirenents are a limting factor.

Codi ng of the spectral patterns of speech is al so possible
by the mul ti channel devices. Another efficient way of represent-
ing tinme-varying spectral information by sanpled digital data
is linear predictive coding (LPC). Results indicate that the

LPCis as good as nore conventional vocoder type spectral dis-

pl ays.
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The use of el ectrocutaneous stimulation in the devel op-
ment of electrotactile devices for the deaf has been pursued
by Saunders (1983). One problemw th el ectrocut aneous
stimulation is the small dynam c range between t he touch sensa-
tion and a pai nful burning sensation, but by using bipolar
pul ses, Saunders has mni mzed t he problem An advant age of
el ectrocut aneous stimulation is the | owpower requiremnent
but alongwith it is accepted the disadvantage that all el ec-
trodes nust make good el ectrical contact with the skin, which
puts strong constraints on array configurations. Further
skinirritation nmust be considered especially for wearabl e

ai ds.

I n 1984 (Boot hroyd and Hnat h) denonstrated gains in |ip-
readi ng when vi brotactile representation of the fundanental
frequency was provided (this is with reference to Rotheaberg

and Molitor's study in 1979). )

In 1986, the integration of the visual and the tactile
sensory aids in an ongoi ng speech training programe was done
by MGarr, Head, Freedman, Behrman and Yandel nmal. A syste-
mati c curriculumfor renediati ng nonot one voi ce was tested.

Si xteen students with severe to profound hearing | oss (7-8
years ol d) and six (speech) teachers participated. All
students tested showed narked i nprovenent in inmediating nono-

tonous pitch, wth those using the curriculumin conjunction
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with atactile display showi ng the nost progress. It was
found that a multichannel vibrotactile sensory aid was better
suited in training intonation contours than a visual aid.
whi ch was nore effective for renediating static aspects of
speech. The tactile aid was partially useful when traini ng

focussed on termnal fall at the ends of phrases and sentences.

Youdel man, MacEachron and Behznan (1988) found t hat
visual or tactile sensory aids facilitated renedi ati on of
phonati on probl ens by providi ng another sensory nodalities
(in addition to hearing) by which students coul d be trained
to recogni ze pitch changes. Further nore these studies
denonstrated t he benefits of using sensory aids in conjunction
with a systenmatic approach to speech training like - children
who mani fested i nappropriately high average pitch and who
recei ved speech training with a visual aid showed nore pro-

gress than did children using the tactile sensory aid.

Finally, in evaluating the perfornmance and function of
avibrotaetile aid, the follow ng additional features should
al so be | ooked for:- one of these being that "whether the unit
utilizes an effective noise suppression circuit or net?" as
it is anecessity for the unit to be of sone benefit to the
client in the presence of conpeting anbient noi se. Automatic

gain control should al so be | ooked for so as to strengthen the
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incomng signal. Auxiliary input capability toe may be
aminportant feature to a client who desires to couple
the devicewith a tape recorder, TV, radio or other

audi o- sour ces.

Utinmately any systemwhether tactile, auditory inplant
or visual; the final stages of any system devel opnent
i nvol ves the integration of seemngly disparate source to

achi eve communi cation skills for users.
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ASSI STI VE "LI STEN NG' DEVI CES

Assi stive devices for the hearing inpaired have recently
generated considerable interest. One of the central concepts
I N speech conservation with the adventitiously hearing inpaired
Is the effective use of anplification and auditory training
t o make maxi numuse of residual hearing. There are severa
cases however where additional sensory cues are needed to

provi de noni toring.

Several devices are commercially available that are
designed to provide vibrotactile and/or visual information.
Aasi stive devices can be categori sed under 2 types.

1. Assistive devices as aids to speech reception
2. Assistive devices for the enhancenent of function of an
I ndi vidual at hone, in the work force, at school and

In the comunity.

Various assistive |istening devices using a vibro-

tactil ecue have been catal ogued here.

Recent advances in assistive devices as aids to speech
reception include the body sonic systemwhi ch is designed
to restore the feeling portion of the nmusic by transmtting
the vibration or the nusic particularly the bass responses
directly through the body through a chair/cushion. Conpati -
bility with all other commercial grade sound systens is

reported by the manuf acturers.
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On the other hand, the M 80 SP body aid with bone
oscillator is used as avibro tactile eld, the best place
being the wist bone/sternum This aid has an SSPL 90
of 152 and a peak gain of 92 dB.

The fonator auditory speech trainer has a maxi num
power output of 130 dB and a frequency response of 80-20,000 Hz
It al so features independent controls for each ear for
frequency response, intensity and maxi mumpower output.

O her assistive devices that aid in speech reception
are catal ogued in the next page.



' PURPOSE

DESCRIPTION

BONE CONDUCTIQN RECEIVER

Price: Prices vary. Contact your Specifications:

local telephone company. None available
Source: AT 3T,

This unit is ysed in cases of conductive hearing loss. Sound is transmitteg by a
bone conduction device.

One end of this ynit attaches to a telephone; the headband at the other end can
be attached to a bone conduction receiver. - .



PURPOSE

DESCRI PTI ON

MONO-FONATOR SYSTEM

Price: $1,050.00 Specifications:

Source: Siemens Hearing Instru- (With DT 96 headphone}

ments, Inc. E Size: 31cm x 17.50m x 10.3 cm
Weight: 3 kg

Frequency response: 15-16,000 Hz
Gain: 35 dB at 1,000 Hz; 40 dB at
peak '
Maximum power output: 132 dB
" SPL at 1,000'Hz; 140 dB SFPL at
peak .
Vibrator: Electromagnetic type with
" tone control of x20 dB at 50—
16,000 Hz
Microphone: Dynamic type with fre-
quency response of 40-18,000 Hz
Power source: 110-v/60 Hz

Using vibration, the Mono- Fonator Systemhel psto stimtate, control, and struc-
ture a person's speech. This systemcan be used as a vocal -auditory means of
sensory training, providingvocal cuestoindividual whereanplificationis of littl-
benefit. It can providethetherapist withacontrollablesensoryinput that givesre-
liable feedback for certain fundamental, distinctive features. The Mono- Fonat or
can be used to enhance therapeutic techni que. The systemassists in speech pro-
duction training by providing additional information to help establish a same/
different criteria (correct/incorrect) for production. Inthe case of an auditory defi-
ciency (perceptual or hearingloss), it providesthe necessary cuesfor controlling
pitch, Ioudness, duration, inflection, andrhythm cal patterns, andfor | earningpro-
duction and coarticul ation of vowel and consonant sounds. The Mono- Fonator is
al sousefui inareas of auti sm aphasia, auditory inpercipience, mental retardation,
and ot her centrally Locat ed dysfunctions. It canassist intheidentificationof many
inportant auditory cuesthat are neededto correctlyidentify avocal message.

The unit consists of an anplifier, a mcrophone with table stand, a singte vibrator
withwist strap, and a headset on an adj ustabl e headband. The portabte anplifier
and accessories arehousedinacarrying case. Separatetonecontrolsfor highand
Low frequency adj ust ments are provi ded for the vibrator. There are 2 separate out -
put anplifiersfor thevibrator and headset, each with anindependent voLumecon-
tro). tnprinciple thisunitissimlartotraditional auditorytrainers. However, it also
provi des avibrator output.



T POLY-FONATOR SYSTEM H
Price: $2,428.00 _ _ Specifications:
Source: Siemens Hearing Instru- Same as for Mono-Fonator System
ments, inc. except
Size:45cm x 21 em x 12cm
Weight: 7 kg
PURPOSE )t performs the same functions as the Mono- Fonat or .System described on page
: 211.
DESCRI PTI ON This systemis identica) to the Mno-Fonator inprinciple. However, instead of a

singLe unit, thereare 8 out put anplifiers that handl e 4 headphones and 4 vibrators
for grouptherapy or groupinstruction.



VOICELESS S-INDICATOR
(model no. 703)

VO X

Price:  $425.00 Specifications:

Source: Special Instruments " Size: T2 in. x T2 in. X 4in.
America Weight: 4 I

Microphone: Internat elecyret-
condensor type

Power source: 6 repiaceable C celi
batteries, 1.5 v each

Battery life: 150 hr without acces-
sories

PURPOSE The \oiceless Sindicator is designed for training the voiceless s sound, It is very
usefui inarticutationtherapy.

DESCRI PTI ON Theinstrument contains ameter, agreenlanp, and relay outputsto givevisua in-
dication of the quality of thes produced by the client. The instrunent's circtitry
uses a zero-crossing frequency-neasuring techni que that estinates the center of
gravity of the energy onthefrequency axis. It isrecommendedthat thisinstrunent
be used with an auditory trainer so that auditory and visual feedback systens are
bothusedintherapy. Anoptional wist vibrator for tactilereinforcenent of correct
sproductionis available.
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Assi stive devices for the enhancenent of function

of an individual at hone, in the work force, at school
and in the coomunity has been catal ogued frompages 60 -

71.

Thus assistive listening devices are an integral

part of a hearing inpaired individual.
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PURPOSE

DESCRIPTION

—_

——
DOORBELL ACCESSORY FOR

hELECTHOALARM CLOCK
(catalogue no. 2333)

ox

Price:  $30.00 : Specifications:
Source: Hal-Hen Co. None availabje

The unit allows a hearing-impaired person to sense the doorbell is finging through
the vibration of the bed pillow, it also functions as a signalling and wake-up de-

This is an accessory to the electroalarm clock described on p. 151, One portion is _
attached to the rear of the atarm elock with the other end of the cable attached to

' l. When the doorbeii s pressed, the piltow vibrator is activated. The
unit supplies its own power by two Penlight cell batteries {not included).




NUVOX SENTINEL

(catatogue no. 909) D
Price: Without vibrator $135,00 Specifications:
With vibrator $179.00 MNone avaijlable
Source: Hal—_Hen Co.

'PURPOSE The Nuvox Sentine) aerts an individual to the ringing of a telephone or doorbell, a
L *crying baby, or other such sounds.

DESCRI PTI ON This electronic unit is activated by sound and can turn on a | amp or a chair or hed
' vibrator. I'tistransistorizedandcan beconnectedtoany ordinary housetanp.
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UNIVOX 36B

Price: $125.00

Specifications:
Source: LIC

None available

The Univox 368 (middle item) can alert an individual at home to a caller. In addi-

_ tion to performing the functions of Univox 36A, this unit can function as a signal-

ling device.

This modet has all the capabiiities of model 36A as well as an output voltage to

drive an acoustic signal. The signal consists of a bell that is connected to a do_orbell

or telephone. When activated, the bell can be heard when the hearing aid is in the

microphone (M) position. When the hearing aid is in the telephone (7} position, a
i ia The frequency and volume of the acoustic signal

signai can be heard via the loop. The frequency

can be controlied.




PURPOSE

DESCRI PTI ON

CODE-COM SET .
WITH A TOUCH-TONE TELEPHONE
(and Braille typewriter)

Price: Prices vary. Contact your “Specifications:
local telephone company. . -None available’
Source: AT . &T.

The Code- Corn set allows the deaf-blind person to receive and send tetephone

messages.

An individual using a Braille-phone TTY places the tetephone receiver into the
coupling unit and turns on the unit. The inconing message comes printed on a
tapeinbraille muchtike aticker tape machine. The braitte messageis read by the
user, and the response is handl ed through a typewiter keyboard on the machine

“that autonaticatly printsthe tettersin braitte. The same machine can be used with
- standard letters onthe page for the sight ed user.

The smal | round box on the desk supplies power tothe apptiance that indicates

the tetephone is ringing by afanturning on, avibrator activating, etc. When the
receiver i s picked up, the sender communi cates either with aformof Morse code
or a prearranged code. This message comes through a vibrating pad at the front
of the Code-Corn and is interpreted through the fingertips. After receipt of the
message, the receiver with speech production can answer the tel ephone in the
usual manner.



Price: Prices vary. Contactyour ~  Specifications:
local telephone company. None available
Source: AT.&T,
PURPOSE The Code- Corn Set is connected to aconventional telephone and is designed to

al)ow a deaf person to "see" tetephone messages in coded flashes of tight or
"feet" theminthevibrations of afinger pad.

-DESCRI PTI ON Light flashes come froma recess (black rectangte in photo) in the center of the

; raised portion of the set. Thecircular vibrating pad.is onthe et with the sending
key on the right used tike a telegraph key. )f the deaf person has usabl e speech
production, the tetephone handset may be used in the usual manner. The actual
code can be aformof Mrse code or apersonal codesuchas 1 flash meaning Ves
and 2 flashes meani ng Mo, or any ot her conbi nati on.
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- PURPOSE

DESCRI PTI ON

VIBRAVAKT H
D
DB
. Price: $60.00 Specifications:
Source: LIC None available

The Vibravakt allows a hearing-inpaired or deaf-blind personto be awakened by
the tel ephone or alarm :

Thi s portabl e, compact device vibrates when activated by an acoustic signal such
as an al armcl ock ring, tel ephone ring, or fire alarm It must be placed next tothe
sound source inorder todetect and transfer the acoustic signal . '



. PURPOSE

 DESCRI PTI ON

SMOKE DETECTOR
Switched Receptacle Type
{model no. 30-53R-RR1-C)

OX

DB

Price: $95.00 Specifications:
Source: Nationwide Flashing Sig- No electrician is needed for instalia-
nats System

tion; it plugs into any household
outlet. The receiver can handle up
to 300 watts,

Thi's smoke detector al | ows a hearing-inpaired or deaf blind person to be alerted
tosmokeor fireinthehome.

Thi s photoel ectric, nonradi oactive detector can be connected by either a wiring
systemthrough the wall or a wireless system The unit can be wired to give a
war ni ng by means of avibrator O alanp.



'PURPOSE
'DESCRI PTI ON

ELECTROALARM CLOCK KIT - TN

(catalogue no. 2332) g
Price; $86.95 S
. pecifications:
Source: Hal-Hen Co. Power source: 1 C cell battery (not
included) '

The BectroalarmCock Kt awakens a steeping individual wth gentle vibrations.

Thi's portable kit includes a pillowvibrator. The clock has a large, easy-to-read
| um nous face. Whenthevibrator is disconnected, the unit may be used as an or-
dinary al armctock. Thefinishiswoodtone plastic.



EPURPOSE

- DESCRI PTI ON

AUTODIG!TAL VIBRATING ALARM CLOCK KIT H
(catalogue no.2379) DB

D

. Price: $89.95 - Specifications:
Source: Hal-Hen Co. Power source: 110-v (60 Hz) AC cur-
rent
Color: tvory

This alarmclock kit awakens a person to a gentle vibration that is transntted
throughout t hebed. _

This kit consists of al um nousdigital clock, a heavy-duty bed vibrator that isin .
stalled on a mounting hoard with brackets, and a set of instructions. Additional

features include a steep switch that allows the personto awake within 2 hr white
taking a nap, a snooze controt button ontopthat allows upto 1 hr of extra steep
with intermttent wake-ups, and a 24-hr AM/ PMal armsystem



- PURPOSE

- DESCRIPTION

[

-

“RELAX 1 BED VIBRATOR

H
D
DB

- Price: $34.95 _ Specifications:
Source: Nationwide Flashing Sig-  Nong available
nals System

The bed vibrator i s designed so that tight or heavy steepers may adj ust the speed
vibrationcontrol fromlowtohigh. I't mayalsobeusedasabody massage.

This unit can be mount ed under the bed frame or fastened with screws tothe back

of the headboard, it comeswthavariabte speed contro) that signaiswhenonwth
aredpilot tight toremndtheuser not toforget toshut it off. it isconpatiblewith
the West cl ox and Copat ctocks, both of whi ch have receptactes into which the vi-
brator can be plugged. The unit may al so be used with Nationw de's smoke det ec-

tors, burglar al armsystens, or doorbel | and phone devi cestoatert a sl eepingindi-
vidual wthinthehome.



OPTACON | | DB
(model no.-R1C)

Price: $3,500.00 Specifications:

Source: Telesensory Systems, Inc. Camera: Size of a pocket knife;
contains 2 tiny lamps and a silicon
integrated circuit with 144 light-
sensitive phototransistors

Stimulator array: Composed of 144
miniature rods, each correspond-
ing to a single phototransisior in
the camera module and capable
of vibrating to réproduce an image

"PURPOSE The Optacon is a reading systemthat gives blind and deaf-blind persons im
medi at e and i ndependent accesstotheworld of print. The unit convertsthei mage
of aprintedletter or symbol intoatactileformthat canbe felt with1finger.

*DESCRI PTI ON Various type styles, synbol s, and | anguages can be read with this unit because it

. converts exact|y what is printed into an enl arged vibrating form The blind person
moves a mniature camera across aline of print with the right hand; the index
finger of the left handis placed onthe unit's tactile array. Asthe camerais moved
across a letter or symbol, the image is simltaneously reproduced on the tactile
array by vibrating rods allowing the i mge viewed by the canera's Iens to be felt
by the user. Telesensory Systems provides a training course for students and
teachersinterestedinthis device.



MOWAT SENSOR

Price: $475.00 Specifications:

Source: Wormald Corporation This unit includes a battery charger,
rechargeable batteries, a vinyl car-
rying case, and an owner's manual.

 PURPOSE

“The Mowat Sensor can be used as a suppl ement to the | ong cane or dog qui de,
sinceit does not detect drop-offs. Peoptew thvariablevision, reducedfields (tun-
nel vision, macul ar degeneratlon) or poor acuity can use the device to i nprove
their vision .

DESCRI PTION This unit is a handhel d, electronic travel ad for vi sually inpaired and deaf-blind

persons. It isaclear-pathindicator and orientationaid that vibratesinthe user's

hand poi nting at objectswthinarange of 13ft. 0 oser objects produce nore rapl d
vi brati ons.

DB
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SUMWVARY

Like the two sides of a picture, the tactile aids have

advant ages and di sadvant ages.

Dr.Jean Oyers listed out the results of his study on the

I ssues of "General Sensory integration in the facilitation

of

| earning". The disorders of integration that exist may

be visual, auditory, tactile, vestibular or kinesthetic.

| t

was found that hose who received sensory nmotor training

showed greater gains in auditory |anguage and reading skills

than those who spent extra time in the classroomreceiving

special auditory and | anguage training. This was further

expl ai ned by 3 concepts:

1)

2)

| nt er dependence of the sensory systens. Maturation of
auditory systens may be dependent on maturation of the

ot her systens. Sensory notor integration may help in
nornmal i zing the ot her systens.

Devel opnent of higher intellectual function wll not

occur readily unl ess the hem spheres are. abl e to speci a-
lize in their functions and have good conmmuni cation bet -
ween them Language is abilateral function with both
hem spheres wor ki ng toget her.

Dependence of the cortex on |ower brain structures especially
the brain stem Because the better the | ower |evels work,

the better the cognitive levels function.
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Tactil e aids provide an increase ia comunicative skills
at a crucial period in the deaf child s educative period.
First, hewll be able to discrimnate between sil ence and
noi se to devel op an awareness of environnental soands. Wth
training the client learns to interpret the tactile stimila-
tion and identify soands such as door bel |, tel ephone
ringi ng, the presence of footsteps, knock at the door, water
raani ng, the signal of the snoke or fire alarm traffic
noi ses and energency vehicle sirens. Additionally the client
wll becone skilled in the localization of sound and al so
may denonstrate i nproved use of residual hearing due to tactile

recognition of soands previously unidentified.

The user has the advant age of devel opi ng an i nproved
awar eness of the rhythm pitch and i ntonation patterns of
speech. ldentification of speech sounds shoul d al so i nprove
and depending on the vibrotactile device selected, the user
wi |l be able to discrimnate between voi ced aad voi cel ess
phonenes by | ocation of the stimulus alone. The inprovenent
in each of these skill areas will contribute to inproved
speech and lipreading skills, inprovenent in speech training

skills and i nprovenent in the child' s own speech producti on.

The manner features of speech (nasality, voicing and
fricative properties) are difficult to |lipread because their

production is difficult to see. However since manner
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features are all well below 1l KHz they are easy to feel.

Hence tactile aids are useful adjuncts to |ipreading.

I ncontrast, considering speech froma spectral view
point, the tactile aid cannot be used to conprehend speech
to the extent that the second and third formants are

required.

E ectrocut aneous stimul ation has several advantages.
El ectrodes used bei ng snall and conpact, the power consunp-
tion being lowand electrode |ife span being | ong, electro-
eut aneous stimul ati on enabl es the use of a broad spectrum
of stimulus paranmeters as conpared to vibrotactile stimulations
Anot her conplaint the tactile aid shares wi th conventi onal
hearing aids is the difficulty of use in noisy environnents.
Despite availability of tactile devices they have not been
wi dely accepted by the hearing-inpaired individuals and their
educators. The inherent limtations include the use of
at| east one hand whi ch, nmay i npede instead of enhanci ng conmu-
ni cati on. Mbst devices are bul ky and cosnetically unattrac-
tivecalling attention to the child if used beyond the schoo
or honme environnment. CQurrently research and devel opnent
projects are in progress to provide better devices, Warabl e
vi brotactil e devi ces have potential benefits for profoundly
deaf young speakers. In order to assess the full potenti al
of the devices they nust be made confortable and invisible
tothe extent that they are readily acceptable to deaf children

their parents and their teachers.
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Afinal prediction boils down to the expectation that
for very young deaf children, early use of a tactile device

m ght prevent detachnment fromthe world of sound from occur-

I ng.
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