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| NTRCDUCT! ON

(A quick glance at tactile aids)

M/ nane is Sam Sonetines | amcalled silent Sam a
tag X | oathe out of prejudice, both mne and the bestowers
Besides it is msleading since | nmake nore noi se sipping
ny soup than the guy at the next table, who is not hearing
i npai red, but wi shes he were every tinme | take a particularly

ent husi asti c spoonful .

This is ny story, of how!l l|ive through a day and the
problens | face as a hearing inpaired hunman bei ng says silent
Sam Samis one anong the many who are born hearing inpaired
or have acquired a hearing loss. These many | amrefering to
may be m ni sters, owners of clothing stores, physicians,
teachers, a preschool child, an infant affected by neningitis,
or for that matter it could even be you. Hearing inpairnent
I s one of the nost handi capped conditions in this country,
yet goes unnoticed,if hearing aids are unseen,on the individual,
or one does not hear the speech production of a congenitally
deaf youngster. Very little interaction can take place anong
peopl e without the ability to speak and to hear. As Toubbeh
(1973) has said "Human communication is action, it is culture,
it is the history of man, it is the fabric of all societies,

It's absence negates nman's exi stence".
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The sensory apparatus of hearing is an indispensible
tool for hearing and for the devel opment of speech and
| anguage. Its functions are co-ordinated with other sensory
nodalities like vision, touch, taste and snell, the fornmer
two being the nost inportant. Non-auditory sensory cues
provide information to the listener applicable to the process
of speech perception. For the normal |istener, these clues

are general ly redundant and are used only to confirmthe

audi tory nmessage. However, for the hearing inpaired indivi-
dual , these cues provide essential information and suppl enent
the infornation obtai ned by means of the listener* s residual
heari ng.

The non-auditory cues can be used to nonitor (or inprove)
the hearing inpaired individual's speech production as well
as aid the listener in the process of speech perception.
Tactile informati on generated during speech production can
be obtai ned by touching parts of the speech apparatus (such

as |lips, teeth, cheeks, nose, throat, jawetc).

Gault was the earliest to pioneer the use of tactua
aids for speech reception. Gault's era was one of great

productivity and excitenent about the possible use of tactual

aids for the hearing inpaired.

Today, with conventional hearing aids, acoustic signals

are anplified to an intensity great enough to nmake them audi bl e
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tothe inpaired ear. In the preschool and school age child,
t he added acoustic stinulation should help to inprove the
reception of speech and as a consequence foster the devel op-
ment of speech and | anguage skills. A though the vast naj o-
rity of hearing inpaired children and adults benefit signi-
ficantly fromconventional anplification, it is quite clear
that there are those Wio don't. Specifically, those with
severe to profound deafness typically receive so little addi-
tional information fromthe anplified signal that they wll
not wear a hearing aid when given a choice. Two nethods are
avai l abl e to such individuals - Cochlear inplants and tactile
aids. The costs of cochlear inplants severity limt their

avai lability to most profoundly deaf persons.

NEED FOR TACTI LE Al DS:

The need for tactile aids depend entirely on the
i nci dence of severe-profound deaf ness and an estinate of those
anmong thi s popul ati on who m ght benefit fromtheir use with
regard to tactile aids. Except for rare sensory disorders of
skin, there are no cl ear physiologic contraindications. Al so
a favourabl e aspect of tactile aids use is that a trial period
can be carried out with little difficulty, because the
instruments are not pernmanently inplanted in the body through

surgery. Thus tactile aids have a potentially w der applica-
tion and can be used with |less trauma than cochl ear inplants.



TYPES OF STI MULATI ON

Tactile aids can use 2 types of stimulation.
1) Vibrotactile in which acoustic signals are presented as
vibrations to the skin using mechanical transducers.

2) Electrotactile in which acoustic signals are presented

to the skin as electric currents.

The use of vibrotactile approach has been preferred over
the electrotactile approach due to the availability of
vibrators for experinental use, and also the inherent diffi-
culties experienced with applying an electric current to the
skin. A combined approach has also been tried. De Fil eppo
conpared the perfornmance of a single channel vibrotactile

and electrotactile aid on the hand and found that the conbined

system produced superior scores.

LOCATI ON OF STI MULATION, Unlike cochlear inplants, which
are designed to stinulate only structures within the cochlea,

a decision has to be nade with tactile stinmulation as to where

on the body to provide stinulation. The nmajority of studies
have used parts of the hands, arns, abdonen, jaw, thorax,
forehead or thighs as locations of stinulation. As a sensor
for vibrators, the fingers of the hands have structural and

functional characteristics indicating that they are anong the
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nore sensitive body parts. One problemw th using the
fingertips is their accessibility. Using themfor tactile
stimul ation woul d affect manual dexterity and perhaps be a
serious drawback. Another intriguing clinical approach
woul d be to stinulate the skin close to the ear perhaps
the pinna, or outer ear canal itself. This nay have the
psychol ogi cal advantage of associating tactile stimulation

with hearing sensation.

SINGLE Vs. MALTI CHANNEL TACTI LE AIDS: Wth single channel

devi ces, the available information is limted to sinple

awar eness of environmental sounds and tenporal cues (stress
patterns and prosody). For speech, the single channel device
is rudinentary fundanental frequency information. However
singl e channel devices as |limted as they are have proven

to be beneficial in supplenenting speechreading.

Mil ti channel aids can present tactile information using
a one-dinmentional display. A one dinentional display is
| i ke a piano keyboard with |ow frequencies at one end and hi gh
frequencies at the other. In this type of display, spectra
cues are presented in a nmanner simlar to that in the cochl ea.
Frequency is coded by place stinulation as on the piano keyboard

and intensity is coded by the vibratory anplitude.



Primary differences between hearing aids, cochlear inplants

and tactil e aids.

Fact or Hearing aid(s) Cochl ear Tactil e aids
| npl ant
Dai ly use Yes Pr obabl y ?
Trial period Yes No Yes
Initial cost US $550 or US $10, 000 US $480 -
$200 $20, 000 $3000
R sk None Yes None
Saf ety Saf e ? Saf e
Long-term M ni nal ? M ni nal
sequel e
Ef fecti veness Depends on Depends on Depends on
type of | oss, resi dual speaker's
and anount neur al popu- apbility to
of residual | ation and process sound
heari ng. codi ng pro- and process-
cessi ng i ng techni que
t echni ques.

Whil e the use of tactile information, by the hearing
inpaired is not a new concept, recent technol ogi cal advance-
nments have resulted in the devel opnent of wearable tactile
aids. The availability of these devices offers the profoundly
hearing inpaired new opportunities for the devel opnent of
effective and nmeani ngful comuni cation skills as well as an
i ncreased awareness of their environment. Numerous research
projects and studi es are underway exploring various aspects of
benefits, function and application of tactile aids. Sone of

the nore inportant issues being investigated are -
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1. No.of tactile channels for optinmal enhancenent of tactile
communi cat i on.

2. Mode of delivery of the tactile information.

3. Location of the vibrators fromboth a functional and
cosneti c standpoint.

4. Finally, it's inportant to call upon the el ectrophysio-
| ogi cal data as regards vibrotactile sensation in planning

rehabilitation program

NEED FOR THE STUDY?

Keeping in mnd the advantages of vibrotactile aids,
and it's nature and al so the results of various studies on
tactile aids in the past, this present study is ained at
corroborating past research which denonstrates the effective-
ness of the tactile aid with a newy purchased device
TACTAID Il +. The aimof the study was to conpare the
subj ect's perfornmance under the 3 conditions of (I) hearing

aid alone (2) Tactaid alone and (3) Tactile aid + hearing aid.

APPLI CATI ONS OF TACTILE AIDS (TACTAID I I +):

Tactile aids are devices that use the sense of touch
to enable a profoundly deaf person to feel sounds that they
cannot hear. The Tactile aids are state-of-art devices that

convert sound information into patterns of vibration that



can be used by nost profoundly deaf children to inprove

t heir understandi ng of the world of sound. Wth appropriate
training, they will be able to produce nore accurate speech
sounds with less effort, they will be able to distinguish
anong t hese sounds. Wth the assistance of the aid, inprove-
ment can be seen in the child s |anguage, |ipreadi ng, general
sound awareness and equal ly inportant better social and

enoti onal devel opnent. The follow ng areas of useful ness

m ght be observed,

1. Tactile aids tend to facilitate the devel opnment of an
awar eness of sounds in the environnment such as doorbell s,
traffic noises, and tel ephones with sufficient practise
tactaid users will be able to distinguish and identify

nost of the sounds,

2. The aids may be useful for conveying and recogni zi ng nany
segnental s and suprasegnental characteristics of speech
such as rhythm phrasing, duration, syllabic pattern, stress,
presence or absence of sibilants and | oudness (considerable
variation nmay be observed in effectiveness dependi ng on

materi al used, context of presentation and degree of training).

3. The aids mght provide hel pful feedback infornation about
the user's own speech production. This is nost evident
through the quality of sound production and willingness to
utilize expressive | anguage,

4, Wth sufficient training, the aid wll be a useful one to

speechr eadi ng.
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REM EW CF LI TERATURE

Sherriek (1985) proclaimed that touch may substitute

one of the major senses in a thought that had a | ong past.

In the process of arriving at the final cochl ear nodel,
von Bekesy, set out states in nuch of what was unknown
territory in the skin's sensory system Except for the
fact that both hearing and touch responded to the sane forns
of energy, they do not seemto be very closely related in

t he human anatony. The inner ear is an insular organ with

an intricate geonetric design that accepts a special flux

of mechani cal energy, perforns a rapid prelimnary anal ysis

of it, then converts it to a nervous nessage. The skinis

a diffuse system occupied by nyriad entities other than
mechanor ecept ors and hence serving other functions, not the

| east of which is to keep the environment where it bel ongs.

At the receptor level, the skin is less sensitive than the

ear by perhaps 14 orders of magnitude. 1In part, they presune
that this is to lessen the effects of shocks the flesh is here
to, but the result is that it takes nmuch nore energy to inform
the skin. Another notable difference between the ear and

skin is the nature of the nessage, normally inparted through
them The skin, except for its role in prevention, as the non-

intell ectual sense is better adapted to sone enoti onal needs.



QG ler, Rayne and Garino (1980) suggested that deaf
perceivers nmay al so be able to discrimnate sone hard to
lipread word pairs after a short training period. The
transmssion of certain speech information not avail able
through the traditional nethod of |ipreading and the
provi sion of enploying tactual vocoders in speech percep-
tion for the deaf person after a brief training period.

Ei ght deaf adol escents assisted as subjects in this study,
whose | oss was profound. A tactual vocoder was used and
each subject was required to discrimnate between the
nmenbers of hard to lipread word pairs, based on tactua
information. The stimuli enpl oyed were pairs of words con-

trasting in manner of articul ation.

The results convey that with a brief training period
of one hour, the subjects can attain a high |evel of percep-
tual performance with a tactual systemin discrimnation of
certain hard to lipread word pairs pronounced by both a nale
and a fenal e speaker. Some speech sounds, previously,
I ndi stingui shable, can imrediately be avail abl e for speech
conprehensi on through the tactual vocoder and ot her speech
sounds will be recognizeable with further training. It was
found that word patterns that result in stinmulation across a
greater area of skin, tend to be nore discrimnable than word

patterns which stinulate only small areas of skin. It is
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reasonabl e to expect fromthis study that the speech percep-
tion offered by the tactual vocoder, nmay be of substanti al
general inportance even with a limted training experience.
The progress made by the subject is worth noting, even when
systematic speech stinmuli which was not present in this
study. However, the study predicts substantial skills when

per ception becones well established in case of deaf subjects.

Wi senberg et al (1987) studied the role of tactile aids
in providing informati on about acoustic stimuli. The authors,
in the present article have presented a franmework which is
outlined for describing normal listening situations as a
hi errachy of tasks requiring increasingly conplex analysis of
t he acoustic waveform including sound detection, environnental
sounds, identification, syllable rhythmand stress categori za-
tion, phonene and word identification and conprehensi on of
connected speech. The types of benefits provided by the tactite
aids in each of the tasks are exenplified using data from
studi es of single channel commercially avail abl e devi ces and

mul ti channel tactile vocoders in the | aboratories.

Level s of processing Wavef orm anal ysi s
Local i zati on Interaural intensity differences.
Det ecti on Presence of energy.

| dentification

- Environnental sounds Anpl i tude envel ope
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- Wrds
(i) Syllable rhythmand she is Anplitude envel ope.

(ii) Whole word identification Pine spectral/tenpora
features.

(iii) Connected speech Pine spectral/temporal
features.

In summary, all these results suggested that the tactile
aids can provide hel pful information in a variety of |istening
tasks, including detection, |ocalization, environnental
sounds identification etc. Finally, an examnation of the
different levels of information, extracted froman acoustic
waveformby a listener, including that necessary for detection,
envi ronnmental sounds identification etc, is of interest not
only for the evaluation of tactile aids, but also for the
assessnent of any type of device, designed to provide acoustic

information to the hearing inpaired patient.

Derchi (1987) studied the utility of tactile aids. The
aut hor stated that the needs of profoundly hearing inpaired
have received considerable attention with the advent of
cochlear inplant and recent introduction of wearable tactile
aids. The availability of these devices, as well as other
assi stive devices is changing the role of the dispenser with

regard to vibrotactile aids and of fer sone guidelines for -
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1) ldentification of the client as a vibrotactile candi date.

2) Recommendation and fitting of a vibrotactile aids.
3) Provision for aural rehabilitation with a tactile device.

The role of a dispenser: At very |east, the dispenser has a

responsibility to his clients to become know edgeabl e regard-

ing tactile devices and to informhis clients of availability
of these devices when appropriate full service facilities
will be in a position to offer a broad spectrum of evaluating
and consultation services and may even provide the aura
rehabilitation services necessary for the successful use of

the tactile aid.

The vibrotactile candidate: Frequently a support network is

a key factor in determning the notivational |evel of the

candi date. The success of becom ng tactually conpetent will
depend greatly on the existence of a strong net work of support
through famly and friends who provi de encouragenent and

reinforcement in mastering the use of the tactile aid.

In addition, the client nmust be willing to wear the
device on a daily basis or as needed to be of maximum benefit.
Finally, the client nmust be willing to conmit to an extensive
program of rehabilitation ained at enhancing his interpretation
of vibrotactile information and inproving his conmunication

skills.
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Recommending/fitting a vibrotactile aids In evaluating a

device for the client, it in recormended to begin with an
overal | appearance of the device. To consider size, weight
and cosmetics as these would be inportant factors in the
client's acceptance of the aid. The ease of use and sinpli-
city of operation of the device, relative to the age of

the client and his ability to operate the device nust also
be considered. A wunit that has sufficient daily operating
time should be selected to neet the needs of the client

wi t hout recharging, or replacing batteries. The unit shoul d
I ncorporate processing that differentiates speech from

noi se and ensures consistent reproduction of speech signals
via the vibrators. Finally, the availability of a structured
trai ning program shoul d be considered, which is ained at
assisting both the therapist and the client in the successful

use of the particular device.

Wth the selection of the proper device it is reasonable
for the client to expect to achieve the followng with the

use of a vibrotactile aid.

1) He will be able to discrimnate between silences and noi se
and devel op an awareness of environmental sounds.

2) ldentification of speech sounds will| inprove and dependi ng
on the vibrotactile device selected, the user will be able

to discrimnate between voiced and voicel ess phonenes.
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Tactile training and aural rehabilitationt

It is inperative that professional therapy services be
avail able to direct the client in the use of the device and
t he devel opnent of vibrotactile communication skills. The
| ength of individual therapy sessions and extent of the over-
all programwel | depend for the nost part on the rate of

progress of the individual client,

Charlotte et al conducted research in tactual comunica-
tion of speech. The authors present an overview of current
research findings in the field of tactual communication of
speech. They consider sene inplications for future research

trends in the devel opnent of tactual aids.

The summary of the current state of research in tactua
communi cation of speech |eads the authors to concl ude that
there are no fundanental scientific obstacles to achieving
much inportant speech reception for individuals w th profound

heari ng | osses*

Recent discussions of the role of tactile aids in the
clinical treatnent of individuals with profound auditory
| npai rment have focussed on conparing rel ative perfornance,

clinical effectiveness, cost etc.
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A second issue involves the popul ation of individuals
for whomtreatnent by cochlear inplant is not a reasonabl e
possi bility because of funds etc. |In such cases, tactile
aids nmay play an inportant role in world w de treatnent of

prof ound hearing inpairnent,

Sherrick (1984) in his report summari zed t he consequences
of a group of American investigators who anal yzed the capabi -
lities of touch and allied bodily senses for processing of
information, that is nornally handl ed by the sense of hearing
The authors briefly introduce the sense of hearing, including
t he educati onal procedures of sign |anguage, and |i preading
t he nedi cal procedures of cochlear inplants and the sensory
substitution procedures of visual or tactual displays, which
are nost comonly electronically activated, desirable
obj ectives are givenn. Arong these are a better understandi ng
of the processing of capabilities of the skin, the form an
effi-cient transducer nmay take and what features of the speech
stream may nost profitably be extracted for processing and
display to the sense of touch. Because the technol ogy for
devi ce design and production in this area is seriously
retarded, a great amount of space is devoted to the precise
specification of the transducer for the tactile displ ay.

A mul ti-channel display exists, and several of these may be
nmovabl e systens if their transducer el enents can be kept

small and use little energy. Wat is of current even urgent
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i nmportance is the early and w despread depl oynent of a single-
channel tactile aid to permt the general assessnent of the

ef fecti veness of sinple sensory adjurant for a deaf person

who has |ipreadl ng skills.

There are a nunber of reasons for recommendi ng what m ght
seemto be a precipitous nove to those who know t hat our
under st andi ng of speech perception and of processing capabi -
lities of the skin, as well as of the technol ogy of transducer
structure is unsatisfactory. First, sone deaf persons can
make use of even a sinple aid. Second, the results of such
a study should put tactile aids into a better position for
conpari son w th cochlear inplants for which the subjects
popul ation is growing rapidly. Third, research and devel opnent
efforts on tactile aids have often ended in the | aboratory.
Yet such trials are the very situations in which individuals
will test inlimts of their aids, and sonetines devel op

I ngeneous uses for themor use then in unforseen conditions*

Aivaet al. (1932) reported the results of a study on
the vibrotactile perception of profoundly deaf children using
a prosthetic device. He reported that vibrotactile perceptual
node affords adequate information about duration and intensity

and have rhythmand accent, but is severely limted as far as
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frequency is concerned, the upper limt being around 1K
D fferential perception of frequency is rather crude, but
nevert hel ess sufficient to provide information about |arge

variations in fundanentals of speech.

In order to afford a nmeans for deaf children to
benefit fromvibrotactile perception in free field condi -
tion, avibratory stinulation prosthetic device (VSPD as
descri bed by Boorsina (1975) has been utilized for the past
4 years. This consisted of a small vibrator clipped to an
earnmol d and connected to a standard body worn hearing aid.
VSPD stimul ates speech production when worn conti nuously.
It also facilitates |anguage acquisition through better
contact with educators and with acoustic environnent. |t
is an efficient neans of voice-pitch correction. It is of
greater use if subjects already know t he verbo tonal nethod.
The nunber and sel ection of subjects taken have not been

speci fi ed.

Brooks and Frost (1933) eval uated the performance of a
tactile vocoder for word recognition. The purpose of this
study was to evaluate the useful ness of a tactile vocoder in
a study that was designed to conbi ne many features considered

by the authors. Sone of these features were one-third octave
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filtering, a linear array- using solenoids as the transducers
and a cancer frequency for the solenoids of 100 Hz. Nornal
subj ects were taken up for the study who learned to identify
words through atactile vocoder, with 16 filter channel s and
out put of each filter was detected which was transmtted to

a solenoid array placed on the subject's ventromedi al forearm
| i ve voice was used as stimulus. In 40-45 hours the subjects
| earned 70 words and the second set of subjects |earned 150
words in 55 hours. It was found that words that were poorly
identified initially were identified nore readily with

I ncreased experience. Phonetic identification |lists showed
that features of voicing, nasality and frication were easily
recogni zed indicating that the tactile vocoder was useful in
providing information to conpound lip reading. Finally
subjects learned to rapidly generalize to unfamliar readers,
wor ds whi ch had | ower/hi gher probability of being identified
correctly were simlar across subjects. Both groups found

sone words easier to |l earn than ot hers.

In this study, nasality appeared to be transmtted very
reliably, but identification of particular nasal sounds was
anmore difficult task. Frication was also identified well,
but errors for unvoiced fricative /f/ and / o/ were due to
the fact that this informati on was not being transmtted

through the systemdue to the anplitude of these fricatives.
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It was difficult to conpare the learning rates (in this
study) with those found, using other comunication systens
because met hodol ogi es, stinuli and subjects vary greatly.
Eval uation of error patterns was done, in this study for

future nodifications of the vocoder.

Ri sberg (1987) studied speech coding in a single channel

i mplant and a conparison of results for auditory, tactile and
electrical stimulation. This aimof speech coding in a sensory
aid for the deaf was to adapt the natural acoustic signal to
t he capacity of the sensory channel used. The authors
experience w th deaf persons, using a sinple tactile aid or
an el ectrocochlear inplant indicates however that speech
understanding without lip reading can be obtained in sinple,
singl e channel systems. Results of the coding eval uation
reveal ed that -
1) Intensity variation of 20-30 dB nust be transmtted.
2) Fundanental frequency variations in speech are inportant

and hence the systens should be based on the extraction

of fundanental frequency.
3) Gross spectral information can be transmtted by nmeans

of single frequency, gives good during lip reading and

w || be useful for everyday sounds.
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Rebecca E Eil ers, Kinborough and Kat hl een (1989)
studi ed the speech and | anguage progress of hearing inpaired
children in a systenatic training programusing tactua
vocoder to evaluate the effect of a nodel training program
using a tactual vocoder, a conparison was nmade between
gai ns made by hearing inpaired children in the tactual
speech project (TSP) and those nmade by a group of hearing
i npai red children fromtraditional problemschool prograns.
In the course of about a year, 11 children in the TSP showed
gains in syllable inventories, pronounciation of vocaliza-
tions. Conparable gains were not nade by a group of 15
children simlar to the TSP group in hearing | oss, intelligence,
soci o-econom ¢ status and | anguage background. Anot her group
of TSP was evaluated for grammatical devel opnent (in speech)
with the GAELP (G ammatical analysis of elicited | anguage-
presentence | evel ). As predicted, based on the severity of
hearing | oss, secondary handi caps, ethnicity, and soci o-economc
status, the TSP children started the year with | ow percentlie
ranki ngs on the |ist when conpared to the nornal group. How
ever in 5 nonths, the group had gai ned dranatical |y agai nst
the norma. It was concluded that a systematic training program
I ncorporating artificial hearing devices can provide practical

and extensive support for speech production and | anguage
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devel opnent in young hearing inpaired children. Wile
tactual vocoders nmay play an inportant role in the TSP,
and that other programfactors contributed to the relative

performance of children in TSP and el sewhere.

Spens (1980) conpared sone of the different speech
conveying tactile systens for the deaf. The systens used
in this study were (1) single vibrator systemapplied to
the fingers (2) single vibrator systemstimulating ot her
body loci (3) stimulator arrays (spatial dinensions)

(4) matrix mapped on the fingers (2 spatial dinensions)

(5 matrix systemstinulating the abdonen (2 spatial dinmen-

sions).

Material s included Swedi sh nunerals in the vocabul ary,
whi ch had snall variations intimng, |evel, and pronouncia-
tion. Only one subject was tested, who was unfamliar with
different types of tactile systens except for optacon one
control subject was blind, but awell trained optacon reader
No auditory or visual information was presented. Masking

was done under necessary conditi ons.

Al'l systens conveyed infornmation on a phonetic |eve
about the spoken words. The correct responses ranged from
50%- 70%in all the systens. However, the conveyed i nforna-

tion included 3 main types of confusion matrices.
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1) Spectral changes, which involves large intensity changes,
as ininitial and final part of a word.

2) Large spectral changes with mnor intensity changes such
as fromfricatives to vowels.

3) Small spectral changes, the those fromvowel - vowel |ike

consonants.

The nore the processing of the speech signal the better
the results. Furthermore the study provided sonme useful
concl usions, regarding the capacity of a tactile systemin

conveying information

1) Choice of stinulation area. In this study fingers were
found to be the best choice of placenent.

2) Amount of processing of speech signal including the number
of spatial dinensions in the tactile display.

3) The information carried by |arge spectral changes were
easier to learn.

4) There was no significant difference in perfornmance which
can be attributed to vibrotactile or electrotactile stinmnu-

lation. The study did not attenpt to nake an absol ute

evaluation of the tactile information and conveying capacity

of the aid.

Plant Risberg (1983) reported prelimnary results
obtained with a single channel vibrotactile and which extracts

a speaker's fundanental frequency and represents it in a range,
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where the skinis nmaximally sensitive to frequency change.
The aids ability to convey enphatic stress in sentences and
word syl | abl e nunber and type was tested, using both English

and Swedi sh nateri al s.

The 1st experinent was ainmed at assessing the ability
of untrained observers to detect the stress word in 3-4 word
English sentences. The results indicated that the aid
provi des useful infornmation as to inprove enphatic stress

in English sentence.

The 2nd experinent, was ained at evaluating the aid s ability
to transmt word syllable nunber and type and the test itens
consi sted of English nmonosyl | abl es, trochers, spondees, and

bi syl | abl es.

Results indicated that the scores were above chance | evel
performance and the subject's errors occured in a relatively
systemati c fashion. However, it was arelatively systematic

fashion. However, it was a difficult task for both groups.

Experinent 3 used Swedish rhyne test materials and identi -
fication of syllabic contrasts were tested. Results indicated
that better the famliarity, better the word syllable identi-

fication.

The experinment 4 involved the perception of enphatic stress

in Swedi sh sentences. It was found that the prinary cue to
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enphatic stress was frequency change with rel atively weak

intensity, and durational cues.

The overall results indicated that the aid transmts
such information at a high level although it appears that
extensive training woul d be needed with sonme tasks before

optimal performance is attai ned.

It can be specul ated that the subject,s perfornmance
woul d inprove if the speaker used a rate of articulation
that is slower than normal. It can al so be investigated
whet her the tenporal resolution of the skin can be inproved
with training before deciding to introduce a speaking
strategy which leads to a decline in speech production
Consi deration al so needs to be given to the provision of
i nformati ons ot her than fundanental frequency, which will

serve to inprove the signal already avail abl e.

Barry and Craig et al. (1983) explored the effectiveness
of the optacon transducer, using nunber of different coding
schenmes. Initially the amount of information contained in
a two-di mensi onal spectral display was varied by a nunber of
different spectral channels, presented to the skin, while
si mul t aneousl y conparing two nodes of presenting the infor-

nat i on.
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Later on, the size of tactile pattern was nmani pul at ed,
and finally, performance with the spectral display was
conpared to performance with a vocal tract display. A
spectral display consisted of frequency versus intensity
function, and a vocal tract |ocation by cross-sectiona
area. Both displays were presented to the finger tip via
the tactile display of the optacon transducers. Nornmal
hearing subjects participated in the study. |In the 1st
experinment, the spectral display was effective for identify-
i ng vowel s where 24 spectral channels were presented as a
solid histogram (filled patterns) than when it was represented
as a sinple spectral contour (unfilled patterns). Spatial
masking within the filled pattern was postul ated as the
cause for decline in performance. Another experi nment
nmeasured the utility of the spectral display when the syllables
were produced by nultiple speakers. The resulting increase
i n response confusions was primarily attributable to vari a-
tions in the tactile patterns, caused by differences in vocal
tract resonances anong the speakers. The final experinment
found an area function display for identification of vowels.
The results denonstrated that a two di mensi onal spectra
display is worthy of further devel opnment as a basic vi bro-

tactile display for speech
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A vocal tract display was found to be inferior to the
spectral display inverting the representation of the vocal
tract on the fingertip showed that the finger is not uniformy
sensitive to patterns produced along it's length. In summary,
t hese experinents indicated that a 2-dinensional spectra
display (with as few as eight channel s) provides sufficient
speech information for identification of vowels in CV
syllables, and is therefore a good prospect for continued

devel opnent .

Adel e, Moi se and Gol dstein (198 3), conducted a | ongitudi nal
study of a profoundly deaf young child, with the aid of a
vibro tactile comunication device. The training started
when the child was 33 nonths old, and it continued till she
was 44 nonths. After 10 nonths of training with the device,
and traditional aural/oral teaching techniques, the child
acquired an understanding of 469 words. The subject's patterns
of |exical conprehension was |ike that of younger hearing

subj ect s.

The study highlighted that the rapid rate of |exica
acqui sition appeared to have been strongly influenced by
t he use of vibrotactile communication aids. However, this
study shoul d have used control groups consisting of nornal
hearing children and profoundly deaf children, who were not

trained with the tactil e device.
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Collins and Richard (1985) conducted a study to determine
whether or not tactually delivered analog speech sounds could
be categorically perceived ad if so, to compare tactile to
auditory boundaries aong a MOI' continuant, using a classical
discrimination paradigm. In designing the study, they assumed
that a peak in a discrimination function would provide
evidence of categorical perception via the tactile mode and
the absence of pesk would be indicative of non-categorical
perception. MOl was selected as the dimenson for physical

continuam for a variety of reasons.

1) MOI' information is easily extracted from tactile devices.
2) It was assumed that the tempora information earned by a
low frequency voicing cue is transmitted by the tactile

aid.

Pour norma hearing adults were taken as subjects.
Stimulus was synthetic syllables along a /ga-ka/ continuam.
The entire continuam was presented with MOI' varying from
10-15 minutes ad the subjects were asked to identify the
point at which perception changed from /ga-ka/ or vice-versa
VOI differences were found to be 1520 minutes on tactile
discrimination tasks. Non-continuous discrimination along a
continuous physical dimenson was indicative of categorical

perception.



28

The results indicated that speech signals delivered by
tactile stinmulation could be categorically perceived as on
a VOT continuum The boundaries for the voiced-voicel ess
distinction fell at |longer VOIs for tactile than for auditory
systemal one. This study's clinical inplication was that
children having |onger than nornal VOT boundaries tended to
be the ones with profound hearing loss. |t may be possible
to apply the results of the present study to clinical diffe-
rentiation of children who can and cannot utilize the audi-
tory node for comuni cation. However, one limtation of this
study was that it did not account for the perceptual distor-

tion which is one of the limtations of tactile system

Eberhardt, Benstein and Renorest et al. studied the
ability to speech read sentences with a single channel vi bro-
tactile presentation of voice fundanental frequency. The aim
of the study was to investigate the efficacy 6f four vibrotactile
speech readi ng suppl enents. Three suppl ements provided single
channel encodi ng of fundanmental frequency. Two encodi ngs
i nvol ved scaling shifting glottal pulses to pul se rate ranges
suited to tactual sensing capabilities. The third transforned
fundanental frequency to differential anplitude of two fixed
frequency sinewaves. The fourth suppl enent added to one of the
fundanental frequency encodings of vibrator indicator indicated
hi gh frequency speech energy. Another goal was to devel op

met hods for experinental control. A sentence corpus was
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recorded by video, m crophone and elicited gl attograph.
After seventeen hours of treatnment and five hours of visua
al one basel i ni ng, each subj ect perforned open set sentence
identification. Al subjects inproved on visual alone,
speech readi ng and mai ntai ned individual differences across
the experinment. Vibrotactile benefit hence has not depend

on speech reading.

Wi sberg (1936) presented three experinents to neasure
the tenporal sensitivity of the tactile system by obtaining
the resulting nodulating transfer functions for a nunber of
anpl i tude nodul ated carrier waveforns. The nodul ati ng
transfer function as used in linear system analysis described
t he out put response of a systemto a given input signal.

In this case, the response by a tactile systemwas neasured
for a range of tenporally varying (anplitude nodul at ed)
vibratory stimuli. The resulting transfer function plotted
nodul ation depth required for the threshold detection of

nodul ation as a function of the rate of nodul ati on.

In the first experinent, the response of the tactile
systemto sinusoidal vibrotactile carrier nodul ati on were
nmeasured, in an attenpt to outline the basic features of the

tenporal nodul ation transfer for the system S nusoida
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carriers were chosen because of their frequent enploynent
sensitivity. Three normal hearing subjects were chosen and
they were asked to indicate the interval that contained the
nodul ated signal. The results indicated that the subjects
coul d indeed perceive anplitude nodulation with a fair degree
of sensitivity, wth peak sensitivity occurring at frequencies

in the mddle of the range listed (40-250 Hz) .

The second experinent was done to investigate the
possibility of side band resolution, and to determ ne whet her
overal|l nodul ation sensitivity was worse when non-si nusoi dal
carrier waveforns were used, sensitivity to anplitude nodul a-
tion of broad band carriers was neasured. Three nornmal hearing
subjects were taken and ten sanples of pseudorandom shift
regi ster were asked to choose the interval containing the
nodul ated signal. Mdul ation depths varied with the frequen-

cies ranging from5-200 Hz.

Results indicated that sensitivity was best at 200 Hz
and declined above and belowthis value. A nore notable
finding was the poor overall |evel of performance for the
broad band noi se carriers as conpared to the sinusoida

carriers.
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The aimof the third experinent was to conpare vi bro-
tactile performance with broad band and narrow band noi se
carrier waveforns. The results showed that nodul ation
sensitivity was better with narrow band carriers or nodul a-
tion frequenci es between 20 and 50 Hz, but at very high
frequenci es, perfornmance was better with the broad band

carriers,

Infact, the overall levels of tactile performance with
overal | broad band and narrow band noi se carriers were quite
poor, suggesting that the use of anplitude nodul ation as a
signal in tactile device for the deaf or blind would have been
optimzed by using 'snoother' sinusoidal carriers. This study

coul d have used nore nunbers, of subjects than just three,

Bernstein et al, (1985) studied child and adult vi bro-

tactile thresholds for stinulation and pul satile stinmuli.

Three experinments were perforned to obtain vibrotactile
sensitivity thresholds fromhearing children and adults and
fromdeaf children. An adaptive two interval forced choice
procedure was used to obtain estimates for 70, 7%point on a
psychonetric sensitivity curve. Wen hearing children of 56

years and 9-10 years of age and adults were tested with
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si nusoi ds and haversine pul se stimuli at 100, 10 Hz, 160 Hz
and 250 Hz stimuli pul ses/second respectively. Only the 10 Hz
pul ses resulted in an age effect. Through this stimlus young
children were significantly | ess sensitive than adults. Wen
si nusoi ds were again tested at 80, 20, 40 and 160 Hz, a snal
overal| effect of age was observed with a significant effect
only at 20 Hz. Two prelimnary profound deaf children were
tested wi th haversi ne pul ses/second. Both children were at
| east sensitive to the tactile stinulation as were the hear-
ing children and adults. Pulsatile stinulation as conpared
to sinusoidal stinulation exhibited relatively flat threshold
versus frequency function. The results denonstrated no age
effects for pulsatile stimulation and simlar perfornmance for
deaf and hearing children suggest pulsatile stimulation
approximately for vibratory speech comuni cation aids for the

deaf .

The results showed that the threshold curves for adults
and children are the same, when stimulation was haversi ne pul ses.
Further, the shape of the curve was quite flat in conparison
with curves resulting from sinusoidal stinulation. These

results were in agreenent with results published earlier.

In the area of audition, it had been found that young

chil dren have poorer pure tone sensitivity than ol der children
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or adults. Information about synchrories and asynchnories

I n devel opnent across sensory perceptual systens could hel p

to resol ve questions about the relative continuation of
physi ol ogi ¢ and perceptual or cognitive factors to devel opnent al

effects. Results of the study suggested the foll ow ng:

1. Pulsatile stinmulation does not in age effects nor |arge
threshold shifts as a function of pulse rate and therefore
preferable for inplantation of a vibrotactile comuni caion
ai d.

2. Young children are |less sensitive than ol der children or
adults at low sinusoidal stimuli ( ie. inthe vicinity of
10 and 20 Hz) .

3. Deaf subjects, w thout additional handi cappi ng conditions/
do not differ fromhearing adults or children tested with

haversine stinuli.

Hurl ey (1980) studied the effect of training on discrim-
nation of vibrotactile speech stimuli. He selected 3 norna
heari ng under graduates, none of whom had previ ous experience
wi th vobrotactile speech perception. CV stimuli consisting
of voicing contrasts were used. Each stimulus contrast was
recorded 6 tinmes in a randomzed order for a total of 228
CVitens. O the 30 subjects, 5 received 10 training hours

I n 3 phases.
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1) A mninmmcourse in distinctive features and acoustic
phonetics in order to nmaxi mze know edge of the stinulus
parameters to be discrimnated.

2) Training in discrimnating anplitude and duration using
both tonal and speech stinuli,

3) Training in using the actual contrasts on which subjects

wer e retested.

Resul ts showed that short-termtraining did not produce
a significant increase in vibrotactile discrimnation. Either
gross vibrotactile discrimnation of speech contrasts was not
amenable to training effects or the training programwas

I nadequat e.

VWhile this vibrator was ineffective in contributing to
t he speech perception of connected discourse the results
i ndicated that the use of such a vibrator m ght have clinical
utility in teaching speech to the severe or profoundly hearing-
I npaired person. Specifically a vibrator specifically, a
vi brator could be used to supplement work in articulation
acquisition by providing an additional sensory input capable

of transmtting differences in consonant phonenes.

Nor mal hearing young adults (N-30) discrimnated CVs and
vowel s vibrotactual |y presented by a vibrator of the hearing
aid type. Features of voicing, place and nanner could be
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di scrimnated above chance | evel s when contrasted with the
sane phonene class. D scrimnation of vowels, however was

at a chance level. A though a brief (10 hours) training
curriculumdid not significantly increase vibrotactile discri-
mnation of either CVs or vowels, such a vibrator could be
used to supplenent the acquisition of articulation in the

severely and profoundly hearing inpaired persons.

Patti and Suzan in 1983 ained at finding out the
children's response to the use of vibrotactile apparatus.
The purpose of vibrotactile stinmulation was to provide addi-
tional sensory input to receive auditori all and visually.
The aut hors had chosen three students for a 6 nonth period, of
structured observation. The subjects had bilateral, profound
SN loss. Al three were four and a half years old wearabl e
vibrotactile aids were used. Non-segnental aspects of speech
and vowel s, were introduced first for discrimnation, then
Iimtation and finally production. Presentation was often
tactile and auditory only as lipreading cues were frequently
not sufficient. Materials included pictures are cards for
duration, pitch, rhythmpatterns and intensity, puppets, mani -
pul ati ve obj ects, and notor responses. A subjective evaluation
of a nunber of factors related to the vibrotactile output was
conducted through the use of parent and teachers questionnaires.

In | ooking at the advantages and di sadvantages of the daily use
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of these aids, all parents ad teachers felt the children' s
increased awareness of sound was the man advantage along
with better awareness of the non-segmental aspects of speech.

The disadvantage of these aids centered on the durability

of these aids, feedback probl ens, wearing arrangenents and
usage of these aids in a noisy environnent, where the influx
of sound rmade the unit vibrate continuously. Since the con-
sonants contained nore feature information than vowel s, it

was anticipated that the use of vibrotactile stinmulation would

be of greater benefit to those in the future.

Pickett and McFarland (1985)'s paper reviewed data on
speech perception via inplanted el ectrodes and via tactile aids.
The two approaches were conpared in terras of anount and types
of aid provided for communi cation. The authors discussed the
performance levels with multi vs.single channel inplants,
pronmontary electrical stinmulation versus inplants for children
and t he possi bl e design of conpl ementary systens conbi ni ng

auditory inplants and tactile information.

The authors had dealt with 2 nain issues -

1) Inplant vs. tactile stinmulation, that is, how does speech
reception result with the best inplant systemconpared with
those for the best tactile system They dealt with the best
or potential performance rather than the sinpler, nore

limted aids.
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2) Multichannel inplants vs. single-channel inplants (ie)
whet her multi channel systens are significantly better
conpared to a single channel type. This issue was noti-

vated by the concerns bf clinical and system conplexity.

However, it appeared fromthe data that neither approach
can provide more than a modest aid to |lip reading. Speech
perception test results frommulti channel inplanted subjects
are better, on the average, than for single channel inplanted
subjects. However the best single channel results were conparable
to the best multi channel in test using sinple sentences. There
was great variation anong subjects, with the same inplant.
Tactile aids performance by highly practised subjects seened
conparable to that of better inplanted subjects. The authors

drew some inportant conclusions about inplants and tactile aids:

1) Speech perception of single words with nulti channel inplants
I's better than single channel inplants.

2) Most inmplants could be characterized as highly dependant, for
everyday speech communication in |ipreading together with
using their inmplant. However, these was a wi de range of
performance even anong subjects with the same inplant.

3) Test results on the best single channel inplant suggested that
the tenporal information in the speech wave could be the

mai n source of cues supporting aid performance.
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4) The best inplant performance was not substantially better,
at this tinme, than for practised subjects with multi channel
tactile speech systens.

5) Testing with open word or sentence materials had the inherent
problenms that the factor of the subject's know edge of the
| anguage could overbear factors of the design of the aid.

6) In viewof the difficulty of accurately establishing the
degree of residual hearing in young deaf children and the
limted benefits of present inplants they favour the easy

fitting of hearing aids and tactile aids, rather than inplants*

Eiler and Oztanar et al. (1988) studied simlarities between
tactile and auditory speech perception. Perception of synthetic
speech continua through the sense of touch and audition was
conmpared utilizing a 32 channel spectrally oriented el ectrocuta-

neous display and standard auditory psychophysical procedures.

Experiment-1: Labelling according to continua four healthy

adults who had nore than forty hours of experience with an

el ectrocut aneous tactile vocoder participated as subjects. Both
consonantal and vocalic stinuli were of interest due to
significant differences in associated patterns of auditory

perception. Two vowels / / and /i/ were originally chosen for
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t he study. The consonantal continum/stal/ - /stal was chosen
because it is used frequently in a variety of |anguages and
because there is a |arge body of background research in its

audi tory perception.

Auditory approach: The digitized auditory stimuli were presented

to subjects in a sound treated booth through a high quality

speaker stimuli at 80 dB SPL.

Tactual approach; Follow ng synthesis, the speech stimuli were

filtered digitally in non-real tine by enploying a cascade

i npl enentation of 32 infrared filters. Tactual and auditory
identification were tested in separate sessions. Oder of
presentation of nodality (auditory and tactual) and conti num
(vowel and consonant) was counter bal anced across subj ects.
At the beginning of each identification test, a trial was
initiated by presenting two representation of either end part

sti mul us.

Striking simlarities between tactual and auditory functions
were apparent. The simlarities in labelling functions could
not be accounted for, solely by general response strategies
because the two continua differ with respect to synetry of
| abel ling their end points. Instead subjects have responded
to the acoustic and tactual properties of the speech signal in
the labelling task characteristic of speech stimulus, typically
was based not only on labelling functions but al so on neasures

of discrimnation.
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Experinent-2: D scrimnating acoustic continua in experinment 2,

equal nunbers of sane different trials were presented. Each
subj ect received 40 trials/stimulus pair. No feedback was
provi ded. Results showed that both the vocalic and consonant al
continua are perceived simlarly in auditory and tactual noda-

lities.

The cl earest difference between auditory and tactual
perception is discrimnatory perception. Auditory discrim-
nation was superior to tactual. Rates were higher fal se positives
were higher, and smaller slip sizes could be discrimnated.
Factors that m ght have contributed to the differences included
superior auditory sensitivity, extensive auditory experience,

I n speech perception and limtations in current tactual devices.

Ski nner and Binger et al. (1983) conpared the benefits
fromvibrotactile aid and cochlear inplant for post |ingually
deaf adults. The goal of the study was to conpare the benefits
provi ded by a one or two channel vibrotactile aid to the benefit
provided by a multichannel nmulti electrode vibrotactile inplant
for the sanme post lingually deaf adults. Pour post |ingually
deaf adults were evaluated presurgically with a one or two
channel vibrotactile aid and post surgically with multi el ectrode
mul ti channel intra cochlear inplant. Al though the vibrotactile

aid provides awareness of sound and enhanced flow of conversation.
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benefit to the lip reading was snmall on video taped tests and
speech tracking. Scores on recorded, sound only speech tests
were not significantly above chance except in discrimnation
of noise fromvoice with cochlear inplant, benefit to lip
reading was significantly greater than with the vibrotactile

ai d.

By focussing on the nean difference scores between lip
readi ng done and lip reading with a prosthesis the variability,
contri buted by changes in the physical and nental states of
the latter and patient across daya and differences in passage
difficulty is mnimzed. For post lingually deaf adults who
met the criteria for inplantation, the multi channel, nulti-
el ectrode intra cochlear inplant provides the possibility of
much greater benefit, conpared to a one or two channel vi bro-

tactile aid.

Thorton (1983) studied the acceptability of cochl ear
i nplants and vi brotactile aids. To obtain data on the likely
acceptability of cochlear inplants and vibrotactile aids,
a questionnaire was sent to profoundly or totally hearing
inpaired patients. The questionnaire was designed to elicit
patients attitudes towards a cochlear inplant and to obtain
I nformati on about their comrunication problens. A final

questions briefly described a vibrotactile aid and asked if the
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pati ent woul d accept one. The data fromthis questionnaire
were conbined with data previously obtained fromthe patients
whi ch included information on how long they had been deaf, a
ranki ng of the degree of their inpairnent and as to whet her

they used a hearing aid.

There were 153 replies 585 of the sanple said 'yes'

or 'may be' they would accept an inplant, and 73%said t hat
‘yes' or 'may be' they would accept a vibrotactile aid. For
tactile aid acceptability only one factor was significant and
this was whether the patient had attended the clinic. This

i mplies perhaps that a major factor in vibrotactile aid non-
acceptability was the poor information which the patients had
about the device. The only other factor of marginal signifi-
cance, was the nunber of years since the patient went deaf,
the acceptability increasing slightly as the time since onset

descr eased.

The acceptability of vibrotactile aids, as mght be expected
of a device that requires no surgical intervention and m ght wel |
be as the devices receive nore publicity. It should be noted
here that the data presented here reflected patients attitudes
towards a real conparison of the benefits obtained fromthese

2 devi ces.
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VETHODOL OGY

In this chapter, the subjects selected, the instrunments
used, and the procedure enployed in the study is reported in

detail .
a) SUBJECTS:

A total of 6 children were selected for the study (5 male
and 1 female)with their ages ranging from 7-12 years having
a nean age of 8 years. Pure tone audiometry reveal ed the
hearing loss to be in the severe profound degree. Al children
used hearing aids of the strong category. Al subjects had a
good vocabul ary of 200+ words and conversed well in |ong
sentences. Standard intelligence tests reveal ed norm
intellectual functioning and there was no known or suspected
abnormal i ties acconpanying the hearing-inpairment. There was
al so no reported history of deafness in the famly. All
children were attenders of special schools for the deaf and
al so speech-1anguage therapy Kannada was the primary |anguage

used for conmunication at hone.

b) | NSTRUVENTATI ON:

1) Audioneter - 0B-822 was used which is a dual channel
audi oneter fitted with earphones and a | oudspeaker, to
provide facilities for earphone as well as free field
testing. The audioneter was calibrated according to IS

st andards before audi onetric eval uati ons were done.
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) M crophone - MD 402- K.

i11) Anplifier - Cosmc CD 100 Delux MK I I.

V) Loudspeaker - Cosm ¢ Covox 4500.

V) Tactaid |1+ - The tactaid I+ enployed was a vi bro-
tactile aid that uses the sense of touch to enable the
profoundl y deaf persons to feel sounds that they cannot
hear .

Vi) Hearing aids: The subjects had their own body |eve

hearing aids in the strong category.

c) TEST ENVI RONVENT:

Testing was carried out in a 2 roomsituation, the
ambi ent noi se which was determned to be within permssible

limts.

d) CALI BRATI ON.

The | oudspeakers were calibrated for warble tones and
speech using sound level neter (B&K 2203) and m crophone (B&K
4145). The procedure i s given bel ow
(1) The | oudspeaker was switched on.

(2) Reverse and | dB were sel ected.
(3) Hearing level was set to correct value for calibration

(70dB) .

(4) The calibration key on display board was activated.
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(5) The output level for each frequency was adjusted by

turning the hearing |evel controls.
(6) When the calibration was conplete, the calibration key

was rel eased.

For speech calibration, the same procedure was carried
out, but instead of the |oudspeaker, the m crophone was
switched on and the stinulus used was phonation of the vowel
lal.

e) ELECTROACOUSTIC .MEASUREMENTS:

El ectroacoustic nmeasurements of the Tactaid 11+ were
done using FONI X 6500 system

f) TEST MATERI ALS

The test materials consisted of
a) Picturized paired words.
b) Picturized comon words.

Lists are included in Appendix-1.& Il
g) PROCEDURE:

(i) Pure tone testing: children were required to raise their
finger in response to even the faintest sound heard and
| ower the same under non-tone conditions. Their thresholds

wer e hence established.
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(11) Speech testing: The subjects were given prior training
using the vibrotactile aid, using a | arge vocabul ary
list, for an average of 1 hour/day. The training was
carried out in a sinple 1 roomsituation. Training
requi red the subject to respond differentially to high
and | ow frequency sounds, answer questions and partici-

pate in general conversation.

For the training session, the subjects were seated in
the test roomin a confortable chair at a distance of 1 neter
fromthe | oudspeaker. One |oudspeaker was nade use of for
t he presentation of signal. The azinmuth of the sound source

was 45°.

The paired words and the common words were then present ed.
For the common word |ist presentation, 5 pictures were placed
in front of the child, and the child was required to point
to the word naned. For the paired wordlist presentation, a set
of 2 pairs of pictures were placed before the child and the
child had to point to the right pair follow ng the right
sequence (hoovu-haavu to show hoovu and their haavu, failing
which, it was scored as an error). Atotal of 3 word lists
were prepared for the 3 conditions of (1) hearing aid (2)
tactile aid (3) a conbination of hearing aid + tactile aid.
The order of occurrence of words in the 6 lists (3 paired
words and 3 common words) with reference to the |able of

random nunbers (Bl ack and Chanpi on).
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Dependi ng on the task the instructions were given.
The nunber of correct responses given under each condition
was cal cul ated and the raw scores were statistically tested.
When subjects were tested with the hearing aid, batteries
with correct voltage provided to ensure proper transm ssion
of signals. An informal check of the subjects hearing aid
was done before testing. In case of any distortion it was

referred for repair.

The tactaid Il + was kept charged for a m ni num of
8 hours every alternate day. During testing the 2 vibrators
were strapped onto the wist of the child, the |ow frequency
vi brator was always oh the left side of the body. It was
then swtched on and used in the same manner as a regul ar
hearing aid. Care was taken such that every subject was
seated in the same place at the sane distance fromthe |oud-

speakers.
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ANALYSI'S, RESULTS AND DI SCUSSI ON

The aimof the study was to determne if there was
any significant difference in the subject' s performnce
under the follow ng 3 conditions.

a) Subject wearing only the hearing aid.
b) Subject wearing only the tactile aid*
c) Subject wearing both the hearing aid + tactile aid.

The data was col |l ected based on the methodol ogy given
inthe earlier chapter. The scores were obtained for each
subj ect under 3 different conditions described above, using
the 2 test materials nanely picturized conmon words and

picturized paired.words.

The paired 't' test used as the statistic revealed the

fol | ow ng. COMMON WORDS
Condition D Mean t value (0.05 level)
Significance
a&b 8.2 3.1 0.439 Not significant
b&c 1.41 1.0 0.7092 Not significant
a&c 7.95 3.3 0.415 Nat significant

PAIRED WORDS

a&b 3.3 0.666 .368 Not significant
b&c 5.3 1.33 0.251 Not significant
a&c 2.0 1.0 5 Not significant
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The results showed practically no significant difference
between the 3 groups of conditions with respect to the paired
word list as well as the conmon word list. Earlier literature
has however reported a significant inprovement in subject

performance using the vibrotactile aid in the categories of

a) basic perception of acoustic stimuli (Welsenberger J. Meta
1933).

b) word recognition (Brooks and Frost, 1903).

c) fundamental frequency (Plant and Risberg, 1983).

d) vowel identification (Geen, Craig, WIlson, Risoni and

Rhodes, 1983),
e) categorical perception of speech (Collins and Richard, 1985).

Some inconsistencies between the results obtained in
literature and the present study mght be attributed to the

fol | ow ng:

1) Children selected for our study of the age range 7-12 years
have al ways been exposed to the aural oral node of training
ever since the time they began speech-language training
which was fairly early and hence it was difficult to obtain

a good estinmate of mere perception of tactual stimuli.

2) The subjects selected earlier in literature were subjected
to long hours of training (around 30). The children in
this study were given only a maxi numof 10 hours of training.
This could be a potent cause for the descrepancies with the

earlier studies.
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3) Studies uptilnowreported in literature have all dealt
with English as the nediumof training and testing.
Engl i sh and Kannada have basic differences in that
Kannada is a syllabic |anguage and that what we speak
I's not actually what we wite. Findings in the English
| anguage hence cannot be generalized onto Kannada.
Error anal ysis coul d hence be done to determ ne whet her

this generalization is possible.

Myanoto et al. (198%) and Gsberger et al. Press,
Vol ta Review (1992) fornul ated what perfornmance expectations
with the device are unrealistic after working with the
TACTAID I+ wth a large nunber of children over the past

years.

First, it is unrealistic to expect the child to identify
or detect warning signals in the environment. |n nost cases,
responding to warning signals requires localizing the sound
source. Qven that the mcrophone is located in the front
of the child, localization is al nost inpossible. Background
noi se al so can nmask the warning signal of interest. Research
has shown that many children fail to identify famliar
envi ronnmental sounds in everyday situation with TACTAID || +
(Robbi ns Renshow and Barry in Press). This occurs because
of conpeting signals picked up by the device which nake it
difficult for the child to distinguish famliar environnental

sounds fromother noise in the environnent.
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Second, the Tactaid Il+ cannot be used to performopen
set speech recognition tasks. Irrespective of the anount
of training or length of use, a 2 channel sensory aid such
as TACTAID I I+ does not provide sufficient spectral inforna-
tion for understandi ng speech on the basis of segmental cues
(Myannoto et al. 1989; Gsberger et al. in 1989 in press).
QG her investigators however have found that the information
perceived via the tactaid |1+ can be used by children to

enhance SR perfor nmance.

Athird unrealistic expectation is that the child wll
evi dence spontaneous identification of spoken |anguage in
unstructured situations. Few if any of the children with
whom t hey have worked during the past 3 years have shown
spont aneous identification of speech sounds, words or phrases

i n unstructured situations.
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SUWARY AND CONCLUSI ON

Review of literature indicated a significant inprove-
ment in subject performance using Tactile aid conpared to
t he conventional hearing aid, in the categories of word
recogni tion, fundanmental frequency vowel identification,
basi ¢ perception of acoustic stimuli, categorical perception
of speech etc. The present study was undertaken to verify
and test a few of these utilities of the tactile aid as

opposed to the hearing aid.

A study was hence conducted using a prototype devel oped
I ndi genously, 6 subjects were selected, and after a 10 hour
training using the vibrotactile aid were tested under the
follow ng conditions:
a) Hearing aid al one
b) Tactile aid al one

c) Hearing aid + Tactile aid in a free field testing condition.

Results indicated that there was no significant difference
bet ween the subjects under the 3 conditions described above
using either the paired words or the cormon words, sone of

t he possi bl e explanations for which have al ready been di scussed.
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JUGGESTIONS FOR FURTHER STUDY:

1. The aids performance can be tested to on subject's Who
have not been exposed to such extensive aural oral
method of speech language training, so that the effects
of mere perception of tactile vibrations can be precisely

evaluated.

2. The study could be carried out on a larger number of

subjects, with more extensive period of training.

3. The effects of vibrotactile aids on perception could be
tested in other languages besides English and can be seen
whether the findings in English can be generalized to the

other non-English (Indian) languages.

4. The same study could be carried out on adults to
determine whether performance with the vibrotactile aid

Is compatible with children's performance.
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Appentbix -
[Common Worrg]

kvdure PGNBIL
bagsu papa
f:e,(.l{on S‘-"z“
huw f.OPiv
wai';{b Vimana
a.ne Kurag‘l
baleha nu forn

kap befpantge

tut’besp  Barkal
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ka:w - ka:fv

Kafte - kappe .





