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| NTRODUCTI ON

Sensory capability is the capacity of the organism to
exhibit relatively sinple behavioral or physiological response to

a set of sinple well controlled stinmulus condition.

By nature man is a gregarious animal whose entire well being
is closely related to his ability to communicate freely with his
fellow beings. Qut of this need evolved one of the nost
remar kabl e achi evenents of all tines, the devel opnent of | anguage
to facilitate the interchange of ideas, feelings and desires and
t he like. Qbvi ousl y, conmuni cati on requires not only
ver balization of |anguage by the speaker but also its intelligent
reception by the listener. A difficult situation arises when an
i npai rment of hearing, vision, speech hinders the expression or

reception of |anguage.

The sensory apparatus of hearing is an indispensable tool

for hearing and for the devel opnent of speech and | anguage. Its
functions are coordinated with other sensory nodalities Ilike
vision, touch, taste and snell, the fornmer two being the nost
i mportant. Those individuals who have been deprived of their

sense of hearing m ght have to depend on the visual and tactile
sense of conmunication. They may al so have to depend on speech
reading information received through the visual and tactile

Senses.



In spite of the considerable advances in hearing aid
technol ogy that have occurred in the past decades there remains a
popul ation of hearing inpaired individuals who cannot derive
sufficient benefit from the use of a conventi onal hearing aid.
For people who have suffered a profound |loss of hearing either
congenitally or adventiously in later |ife, the necessity for
alternative pathways from the acoustic world to the brain is
ur gent. This realization has led to the devel opnent of
alternative devices for use by people who cannot benefit from the

hearing aid.

The deaf/blind do not mracul ously acquire a supersense to

conpensate for their particular handi cap. It is a shift of
attention that enables them to work seeming mracles. For the
pr of ound hearing - inpaired children wvision S t he mai n

conpensatory sense used for speech perception. Messages conveyed
t hrough speechreading constitute an optical |anguage encoded in
the nuscular changes that acconpany production of acoustic
messages. The process is often difficult because nunerous speech
el ements look alike even to a careful observer and the |ipreader
often nust extract neaning from the situation and | anguage

cont ext .

Conmuni cation through the skin also offers possibilities for
adding to the ways of receiving information because the ability

to perceive through the skin a variety of patterns of pressure
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and vi bration has suggested itself as an exploitable talent that
can be used as a functional channel to perceive the acoustic

nmessages.

The frequency response of the ear is between 20 and 20, 000
Hz wth the optimal frequency response between 300 and 3000 Hz.
However the response of the skin is limted to frequencies of 10
to 500 Hz. The optinmal frequency response of the skin being only
to low frequency stinulation is a mpgjor |limting factor when
hearing aid anplification is used because hearing aids typically
do not anplify frequencies bel ow 400-500 Hz. This is nost likely
the primary reason why the mpjority of individuals with profound
hearing |oss obtain little benefit from hearing aid use and as
many as 23% of the profound hearing inpaired school aged
popul ati on choose not to wear the hearing aid. Here cones into
the scene the tactile aid. The goal of a tactile aid is to
i nprove conmuni cation by changi ng acoustic signals into vibratory
or electric signals and delivering themto the skin in the nost
efficient way possible, maxim zing the physiological capabilities
of the skin. But with the tactile sense alone it is difficult to
under stand spoken nessages and this nodality is nore useful as a
suppl enment to speechreadi ng. For the profound hearing inpaired
i ndividuals inprovenents in the speechreading performance is
prom sed when speechreading is conbined with tactile devices that
are designed to efficiently and effectively transmt i nformati on

bearing speech features. Hence both speechreading and tactile
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sense are conplenentary to each other and need to be described as

a conponent of a bi-or nultisensory process.

The goals of tactile aids ar e.

1. to provide the wearers with increased auditory contact wth
their environnment including awareness of their own voice.

S. to inprove their ability to speechread.

3. ultimately to provide the ability to discrimnate connected

di scour se.

When a vibrotactile stinulus is presented to the skin,
qui ckly adapting nechanoreceptors are stinul at ed. The primry
af f erent fibers transmt t he i nformation from t he
mechanoreceptors to the dorsal horn of the spinal cord where they
ascend ipsilaterally in the dorsal colum and term nate in the
nuclei at the level of the medulla in the brainstem At that

poi nt t he fibres decussate and continue up t he medi a

| ermi scus to the thal anus. From the thalanus the vibrotactile

information ascends to the somatosensory area of the cortex

(Martin, 1985) . Verillo (1980) reported a progressive
decrease in sensitivity at frequencies between 80-700 Hz. The
sharpest decrease occurs at 50-65 years. Since the cues
utilized by deaf ‘'individuals for speech reception are not
necessarily same as those used by t he nor mal heari ng

popul ation the ultimate goal of a tactile communication system

is to extract the relevant acoustic information from t he



speech signal and to transpose it to the individual in a
tactile nmpde as a neans of supplenenting or replacing the

auditory reception of speech.

Touch may substitute one of the mmjor senses. 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. Except for the fact
that both hearing and touch respond to nechanical fornms of energy
they do not seemto be very closely related in the human anatony.
The inner ear is an insular organ with an intricate geonetric
design that accepts a flow of nechanical energy, perforns rapid
prelimnary analysis of it. Then it is converted into a nessage
that ultimtely reaches the cortex. In contrast the skin is a
di ffuse system occupied by a vast nunber of entities other than
mechano receptors and hence serves many other functions. At the
receptor level the skin is less sensitive than the ear, the
result of this is that it takes much nore energy to inform the
skin a nessage. This is a fact that transducer designers
continue to l|anment. Another notable difference between the ear

and skin is the nature of the nessage normally inparted through

t hem For the neonate the tactile nessage is warnth, caresses
and support. The auditory nessage is also conforting but it soon
takes on signalling aspects. It is the nmeans by which the parent

encourages the child to discrimnate environnental events of al

ki nds through speech and | anguage.



Tactile aids can use two types of stinulation -

1. Vibrotactile in which acoustic signals are presented as
vi brations to the skin using nechanical transducers.

2. Electrotactile (electrocutaneons) in which acoustic signals

are presented to the skin as electric currents.

Use of vibrotactile approach has been preferred over the
el ectrotactil e approach due to the availability of vibrators for
experi nment al use and also the inherent difficulties experienced

with applying an electric current to the skin.

There has been renewed i nterest in devel opi ng
instrunentation for tactile stinulation that will adequately aid
in both speech reception and production. Basically types of
tactile devi ces are separated into single channel and
mul ti channel ai ds. Wth single channel devices the available
information is Jlimted to sinple awareness of environnenta
sounds and tenporal cues (stress patterns and prosody). For
speech the single channel device is severely Ilimted and is

capable of displaying only rudinentary fundanental frequency
i nformati on. However, single channel devices, though |imted,
they have proven to be beneficial in supplenenting speechreading.
Mul ti channel devi ces are nmade up of individual vi brators that
are perceived separately. Conti nuous mnul tichannel devices differ

fromdiscrete, in that there are nore vibrators, which are placed



cl ose t oget her. Mul tichannel tactile devices can present
information wusing a one dinmensional (linear) or two dinensiona
di splay. A one dinensional linear array is |like a piano keyboard
with low frequencies at one end and high frequencies at the
ot her. Two di mensi onal arrays code frequency along one spati al
axis and intensity along the other. It is theorized that the two
di mensional array would make it possible for the skin to extract
both frequency and intensity cues from the conplex speech signa

in a nore efficient manner than one di mensional array.

There s no question that tactile aids provide maxinal
benefit in face to face conversation where the signal to noise

ratio is favorable and the use of visual cues is maxim zed.

Wth tactile aids the skin's limted ability to process
sound is a major limting factor. Sherrick (1984) argues that
speech is a special code that only the auditory system can
process and since the skin is limted in its ability to process
sound it is probable that tactile aids will not function as a
substitute for hearing but rather supplenent to communication by
facilitating speechr eadi ng. The purpose of vi braotactile
stinmulation is to provide additional sensory input to the
information the hearing inpaired child is able to receive
auditorily and visually. As supported by Pickett (1963) the
addition of a new sensory channel adds conplenentary and
redundant information to that which the <child 1is al ready

recei ving.



The vibratactile aid used in this study is the TACTAID Il +

It is a device that converts sound information into a
pattern of vibration that can be used by the nost profoundly
hearing inpaired children to inprove their understanding of the
world of sound. The Tactaid 11+ enploys a processing schene
whereby the incomng acoustic signal is divided into two -
channel s, the |ower channel covers the range of 100 Hz to 1.8 KHz
and the upper channel covers the range of 1.5 KHz to 10 KHz. Al
sounds are transposed to frequencies centered around £50 Hz which
are then transmtted to the two vibrators. The unit enploys
automati ¢ noise suppresser (ANS) circuit to reduce the steady
state background noi se. The Tactaid 11+ is an updated version

of Tactaid I1.

Usef ul ness of the Tactaid 11+ is in the follow ng areas!

(1) it facilitates the devel opnent of awareness of sounds in the
envi ronnent .

(2) it IS useful for conveying and recogni zi ng many
suprasegnental characteristics of speech such as rhythm
phrasing, syllabic pattern, stress, and | oudness. Also in
determ ning the presence or absence of sibilants.

(3) it will provide hel pful feedback information about the user's
own speech production.

(4) wth sufficient training it will be found to be a useful aid

to speechreadi ng.



NEED FOR STUDY:

It is a well known fact that when the hearing loss enters
the profound range of inpairnment difficulty is apparent in the
perception of all types of phonetic contrasts. The performance
of children wth losses greater than 100 dB HL mght reflect
vi bratactile responses to auditory stinmuli, that is, they do not
hear at all but rather they respond to auditory stinmuli, on the
basis of vibratactile stinmulation to their ears. These children
are able to perceive cues of place of articulation relying on
speechr eadi ng. But the performance of children wth profound
| osses w th conbined visual and auditory cues is only slightly
better than their performance when only visual cues are
avai |l abl e. Hence the effects need to be determned conbining
tactile and visual cues. It is stated that wth sufficient
training and assistance of the TACTAID I+, one is able to see
significant inprovenents in the child' s sound awareness, |anguage
and speechreading ability. Hence this study evaluates the
contribution of both tactile and visual cues in the perception of

speech in profoundly hear ing-inpaired children.

The current study was undertaken to find out if there is any
significant wvariation in the performance of the subjects when
t hey-

(a) rely only on tactile cues
(b) rely only on visual cues (their speechreading ability)

(c) rely on both tactile and visual cues.
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REVI EW OF LI TERATURE

The idea of using the tactile sense as a substitute for or
supplenment to the hearing inpaired is not new. For severa
centuries teachers have attenpted to convey information by
encouraging their pupils to use the sense of touch. As early as
the md 18th century the great French teacher Jacobo Rodriguez
Periera used the sense of touch for noting the vibrations of the
voice with many of his pupils Geene (1783), Abbe del Epee (1784)
Arrowsmth (1879) all report using the tactile sensation for
input of stinulation. Thus it is clear that use of tactile input

has devel oped well before and been in use for over a century.

Sinmul taneously attenpts to develop electrical devices to
transmt acoustic nessages to the sense of touch were Dbeing
wor ked upon. Dupont (1907) early in this century worked on this

concept .

Though wuse of tactile sensations had been in use, it was
Stony in 1917 who advocated the wuse of tactile sensations
strongly. He felt that the child should be allowed to touch the
teacher's face and larynx but warned agai nst the teacher touching
the child's face and larynx. Perhaps the idea behind this
warning was that the drive to speak should conme from the child

and not inposed by the teacher.
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It was the pioneering work of Robert H Gault and his
col | eagues in the 1920s that brought forward formal efforts and
research in studying tactile stinulation and use of tactile aids.
Gault's original aimwas to use touch as a substitute for hearing
in interpreting and controlling speech. Gault's primary
hypot heti cal construct was "to graft an ear to the skin". Thus,
it was evident that Gault was attenpting to develop a sensory
substitute for the inpaired ear rather than a sensory aid to
assist the hearing inpaired individual. Gault (1924, 1926a,
1926b), Gault and Goodfellow (1937) conducted a series of
experinments, wusing devices |like crude 14 foot "speaking tube".
Here the subject places his or her hand over the end to a single
hand held vibrator. Gault found that one subject after 35-40
hours of practice could recognize 34 words through tactile
stinmulation only and a greater nunber of sentences made up by
conmbi ning these words. Also the subject attained an accuracy of
88-95% when famliar words were used. Gault in 1930 reported
that aided speech reading scores to be 11% better for words and
15% better for sentences than those obtained when the sane
materials were presented through speechreadi ng al one. In the
studies quoted, it is found that the scores for the sentences is
better than the scores for words. This could be attributed to

the fact that the sentences thenselves provide nore clues.

Usi ng Gault's aid wth congenitally hearing i npai r ed
children Goodfellow (1934) reported that aided speechreading was
improved by 20% Thus it can be stated that the tactile aid
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enables the <child to |ocate enphasized words and phrases in
speech nore successfully, perceive inflection, natural phrasing

of spoken | anguage and al so identify honmophenous words.

In 1963 Pickett conducted a study wherein the tactile
communi cation of speech sounds to the hearing inpaired was
conpar ed with l'i p-reading. Tasks of di scrim nation and
identification were used in both conditions individually. The
vocoder provided new information for discrimnating /m b/ and
nunber of syllables and al so provided redundant information for
identifying sone of the vowels. Thus a larger nunmber of speech
sounds could be discrimnated and also the redundant vowel
information will tend to support transm ssion of vowels when the
receiver's eyes leave the talker's face or he is too far fromthe

speaker to receive lip-reading cues.

The results of this study certainly proved that sone of the
features of speech were better received tactually than by [|ip-
reading. But the question that can be risen is that how a
definitive conparison can be nmade between tactual comunication
and lip-reading. The reason is the large amount of [|ip-reading
experience that preceded the test when conpared wth the snal
amount of practice on the tactual vocoder. Inspite of this
factor it was reported that consonant and vowel durationa
patterns and the nunber of syllables in a word were better
perceived tactually than by lip-reading. Also tactual reception

was superior for perceiving /ml vs /to/ and nunmber of syll ables.
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Suzuki, Kagam and Takahashi (1968) trained children with 10
Vi bratory out put s. Their observation was that certain
homophonous words were discrimnated significantly when vision
was aided by touch. Better additional I nformati on enhanced
speechr eadi ng. The tactile sensation thus can supply gross

features of spectrum tinme and anplitude.

Kringl ebotn (1968) wused a vibratory system to teach the
articulation of the /s/ sound. Ten profoundly hearing inpaired
boys were tested under two conditions!

(1) audition supplenented by speechreadi ng

(E) audition and |ip—+reading supplenented by a vibrotactile cue.
Here again results showed that the tactile cue enhanced the
perfor mance. The tactile aid supplies those cues that are not
Vi si bl e overtly and hence contributes largely to better

perfor mance.

Despite these promsing results the use of tactile aids was
| argely discontinued during the period when there was w de spread
availability of wearable hearing aids. It soon dawned on them
that many congenitally profoundly hearing-inpaired individuals
received little benefit froma hearing aid, thus this contributed

to the revival of tactile aids.

The first tactile aids fitted in the 1970s were sinply
devices that consisted of bone conduction vibrators driven by

high power hearing aid. In these aids the Ilimted frequency
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response of the skin considerably restricted the information
avai lable to just the frequencies below 1000 Hz. Al so above 1000
Hz there were reports of poor frequency discrimnation. Thus at
that tine the users of tactile aids basically received only tine

and intensity information

1973 to 1977 saw the devel opnent of a variety of tactile
ai ds. Berguesse (1976) nodified the single channel aid to
generate a single frequency to which the skin was nost sensitive.
Thus, here it is seen that the anplitude of the speech signal is
nodul ated so as to yield the prosodic sequence that mrrored the

speech.

The vyear 1976 saw the advent of spectrally oriented aids.
Gol dstein and Stark (1970) evaluated this spatio tenporal vocoder
type aid. Such aids can be wuseful for training profoundly
hearing inpaired individuals in the reception and production of

speech segnents.

Eval uation of a tactile vocoder for word recognition was
done by Erber (1974). The vocoder was designed so as to conbine
many features. Wbrds were used as stimuli. Results showed that
majority of the phonenes can be identified. The confusions that
are formed through cutaneous sense are sinmlar to those that
occur in addition or in visual representation of the speech

si gnal
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Rosenberg (1973), Decker and Foleon (1978) Plant (1982) all
reported t hat usi ng sinple tactile devices resulted in

significant inprovenent in speechreading perfornmance.

Anot her study that tested the discrimnation of fricatives
by hearing inpaired children wusing a vibrotactile cue was
conducted by Ling and Sofin (1975). The children were tested
under two conditions.
<1) audition supplenented by I|ip-reading

(2) audition and reading supplenented by a vibrotactile cue.

Here again, results showed that the subjects had a superior
perfor mance, speech reception was inproved and errors were
reduced when the tactile cue was given. This study was the first
in the series of experinents planned to determ ne whet her
information on manner of articulation could be transmtted
tactually in parallel wth visual and auditory information. It
is evident the subjects do learn to process the tactile cue in

parallel wth visual and auditory information.

Hence, work on tactile cueing of speech need not be I|imted
to fricatives as in the above study. Oher features such as
nasality, voicing and plosion can be automatically extracted from
the speech signals and tactile cues such as differences in

intensity, frequency, duration or all three can be incorporated.
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Zeiser and Erber (1977) studied the auditory vibratory
perception of syllabic structure in words by profound hearing
i mpai r ed chi l dren. - Si xty nonosyl | abi c, di syl | abi c and
trisyllabic words were used. Besides the 20 hearing inpaired
children 20 normal hearing adults were al so tested. They observed
that the performance of the profound hearing inpaired children
while listening to the stinmulus was very simlar to their
performance while feeling them An analysis of the responses
that were not anticipated suggests that previous Ilinguistic
experience may play a role in perception of nunber of syllables.
Anot her inportant observation made was that tactual perception of
syllabic patterns in words is very simlar to vibrotactile

perception by normal hearing adults.

This study highlightens the fact that profound hearing
inmpaired children may not have true hearing and would rather
perceive the anplified sounds through tactile receptors than

t hrough the auditory channel.

Erber in 1979 discussed speech perception by profoundly
hearing inpaired children. He enlightened the role of visual and
tactile sense. Profound hearing inpaired children can categorize
spoken consonants on the basis of the points of articulation
(al though consonant recognition is affected to an extent by vowel
context). Perception of speech through the visual nopde inproves
under good optical conditions and famliarity of words/sentences

present ed, length of the utterance spoken. Also recognition of
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words by profound hearing inpaired children through vision alone
and vision and another sensory system (ie.tactile) resulted in a
1 to15% nean inprovenent over lip-reading alone. Goss tine and
intensity patterns can be detected and also nasality, voicing
identification difficulty will be reduced with the use of tactile

ai ds.

The tactile perception by profoundly hearing inpaired (for
environnental and speech sounds) was studied by Plant (1983).
Four subjects were fitted with single channel vibrotactile aids
and provided wth training in their wuse. Testing ainead At
assessing their aided and unaided |ip-reading perfornmanca, their
ability to detect segnentals and suprasegnental features of
speech and discrimnation of environnental sounds. Resul ts
showed that useful information was provided by the vibrotactile
aid to speech and non-speech tasks, tine and intensity cues were
well presented. This study is another one that confirnsthat the
l'i p-readi ng per f or mance for both sentence materi al s and
i ndi vidual consonants is enhanced considerably by the use of the
vi brotactile aid. Further analysis of the results show that
recognition of the features of voicing, nasality and manner were
enhanced by the vibrotactile aid. This finding was is of
rel evance in the sense it could be stated that the vibrotactile
aid may provide inportant information that wll enhance both
speech perception and production (due to excellent feedback and

sel f-nonitoring).
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Plant and Spens <19S3) described the devel opnent of a new
wearable tactile aid for the profoundly hearing inpaired. The
aid's potential lies in 3 areas (a) awareness of sounds (b)
supplenent to lip-reading (c) provides information enabling the
person to nonitor his/her own voice. The subjects who used this
aid stated that it is beneficial in perception of environnenta

sounds and in I|ip-reading.

A study was conducted to evaluate the usefulness of a
tactile vocoder by Brooks and Frost (1983). Normal subjects were
taken up to identify words presented through the tactile vocoder.
Words that were poorly identified before were readily identified
wth the additional cues provided by the tactual vocoder.
Phonetic identification tests showed that features of voicing,
nasality and frication were reliably recogni zed. Thus here 1is
another study indicative of the fact that the tactile vocoder
will be useful in providing information to the conponent of [|ip-

readi ng.

Gler and Payne (1983) report that with a brief training
period deaf adolescents can attain a high |evel of perceptua
performance wth a tactual speech system in discrimnating
certain hard to lip-read word pairs. Sonme contrasts are |earned
qui ckly while others require extensive training. Sone inportant
speech cues which cannot be easily perceived through 1ip-reading

were transmtted effectively within few hours of training.
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Kapl an (1983) reported an interesting single case study of a

client postlingually profound hearing inpaired fitted wth a

vi brotactile aid. Prior to use of this aid ha was wunable to
di sti ngui sh bet ween speech and non- speech sounds and
speechreading skills were poor. But using the aid the client

showed significant inprovenent in discrimnation of speech and
non- speech sounds. Al so speechreading of connected materi al

improved along with perception of stress and intonation

Plant and Spens (1986) reported on a single case of a 48
year old Swedish nmale deafened at the age of 8 years by
meningitis who developed a wunique nethod whereby he could
perceive a speaker's laryngeal vibration and use this information
as a supplenment to lip-reading. | mprovenents in his |ip-reading
ability were seen wth materials ranging in conplexity from
nonsense syllables to connected discourse. Testing Via the
tactile node alone showed that the subject was able to perceive
consonant voicing alnost perfectly (99.3% correctly) and
consonant manner of articulation at high level of proficiency.
Here the subjects overall performance certainly gives a striking
exanple of the great potential value of tactile information to
i p-reading performance. Another inportant factor that needs to
be stated contributing to the subject's success is the long

period of time he has been using this nethod.

The vibrotactile perception of suprasegnental features of
speech conparing the single channel and nultichannel i nstruments

was done by Carney and Beacheler (1986). Results showed that the
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subjects tended to have higher scores on syllable nunber and
syl |l abl e stress using the single channel devices. Thus, it could
indicate that the single channel device provided better cues for
identification of certain suprasegnmental features of speech.
This finding does support the contention that single channe

devi ces provide tenporal cues (stress patterns and prosody).

A paper on a single channel transducer vibrotactile aid to
i p-reading was presented by Plant (1986). This aid presented Fo
cues and information as to the presence\absence of high frequency
ener gy. Testing the consonant perception at the level of [|ip-
r eadi ng al one and lip-reading supplenmented by t he aid,
i nprovenent in the perception of consonants voicing and manner of
articulation was seen in the aided consonant. Thus, here was yet
another tactile aid that offers much information that can serve

as a supplenment to |ip-reading.

Many of the confusions confronted to the lipreader can be
overcomne by an aid presenting Fo i nformation. Visual ly
unpercei vable features such as nasality, voicing could be

detected with the tactile aid.

Eilers et al. (1988) brought to Ilight the simlarities
between tactual and auditory speech perception. Their research
considered the possibility that fundanental properties of speech
perception is independent of audition. Both | abeling and

discrimnation function of one consonantal and one vocalic were
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simlar but not identical. The clearest difference between them
is discrimnatory precision. Auditory discrimnation is superior
to tactual but rates higher false positive. Perhaps this
difference could be attributed to superior auditory sensitivity,
experience in speech perception through this node and the due

limtations of the tactile device.

Plant (1988) reviewed studies on speechreading with tactile
suppl enent s. He enphasized the fact that tactile displays were
designed to conplenent visual <cues and ained at providing
i nformation not available from speechreading. Usi ng t he
vibrotactile aid TACTAID Il he conducted a study in 1987, where
extensive training and testing was carried out using this device
with one profoundly hearing inpaired subject. 20 hours of
training was given. Testing was conducted before, during and
after training to evaluate t he subj ect's speechr eadi ng
performance (in aided and unaided condition). Results, showed
superior performance in aided condition. Plant stressed that
[imted experience and training made it inpossible to know what
the wultimate limts of performance were for these devices. He
also stated that even with little training patients are hel ped
significantly at the syllable level and in recognizing a nunber
of suprasegnmental features such as rhythm syllable nunber and
dynam c speech flow  These devices are also useful as speech
training devices, help in contrasting voiced \unvoi ced, nasal \ora

and stop\continuants.
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An extensive report on recent technol ogical advances made in
portable tactile aids for speech perception was given by M chael,
Ki mbrough and Rebecca (1989). They grouped studies on them into

3 categories:

(1) those enphasizing training subjects to perceive speech
t hrough touch.

(2) those enphasizing the additive benefit of tactile aid when
conbi ned with speechreading, ai ded heari ng, bot h
speechreadi ng and aided heari ng.

(3) conparison of subjects performance using different tactile

ai ds on the sane tasks.

It is indicated that regardless of differences in device
characteristics (ie. nunber of channels or type of information
conveyed) portable tactile aids did serve as a supplenent to

speechr eadi ng.

Cowen et al. (1989) reported 3 studies on speech perception
of normal |y hearing and heari ng-i npaired adul ts usi ng
conbi nations of visual, tactile and auditory input. The first
study exam ned the contribution of tactile information to speech
recognition in the conbined tactile plus auditory npde and
conbined tactile plus auditory plus lip-reading node. The
addition of tactile information to both conditions resulted in
signi ficant i nprovenent in phoneme and word di scrim nation
scores. The tactile aid proved to be effective in providing cues

to duration, Fl and F2 features for vowels and manner of
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articulation features for consonants. The second study assesses
the contribution of tactile information to both the conditions
(T+A, T+A+V) using different frequency ranges. Here again

tactile input inproved the scores. The final study neasured the

contribution of the tactile nopde contribution to speech
recognition in the sane two conditions for 3 hearing-inpaired
adul ts. Results showed that additional information avail able
t hr ough t he tactile aid was shown to | mprove speech

di scrimnation scores. However, degree was inversely related to

the level of residual hearing. Results indicated that the
el ectrotactile aid nmay be wuseful for patients wth [little
residual hearing and for severe profound hearing - inpaired

i ndi vi dual s.

Wi senberger and Russel (1789) conpared two comercially
avai lable single channel vibrotactile aids, using the sane
subj ect s, performng a variety of tasks i ncl udi ng sound
detection, environmental sound identification, syllable rhythm
stress categorization and speech sound recognition. Resul ts
indicated that the subject performed conparably with both devices
on all tasks suggesting they did not nake use of the spectral

informati on available in the nore conplex signal.

Ki mborough et al. (1989) evaluated the effect of a nodel

training program using tactual vocoders. A conparison was made
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bet ween speech production gains nade by the hearing inpaired
children in the tactual speech project (TSP) and those made by a
group of simlar hearing inpaired children from traditiona

public school prograns. In the course of about a year, the TSP
children showed gains in syllable inventories and pronunciation
of vocabulary itenms. The TSP children progress at a rate that
makes real speech communication possible for them in classroom

settings.

Lynch et al. (1989) studied nultisensory speech perception
by profoundly hearing inpaired children. Four children in study
1 (5-7 years), four children in study S (8-11 years) received
uni nodal (tactual) word recognition training with tactual speech
perception aids. Fallowing training the subjects were tested on
a list containing equal nunbers of trained words of tactually new
words in 3 conditions (a) aided hearing only (b) tactual aid
alone (c) conbined node. Results indicated that subj ects
perforned better in the conbined condition on both trained and
tactually new words providing evidence for significant sensory

integration follow ng uninodal training.

Reed and Gant et al. (1989) reviewed research on tactua
comruni cati on of speech-the ideas, issues and findings. They put

forward four major points.

1. the tactual sense is capable of receiving continuous speech at

nearly normal speaking rates with nearly zero error rates.
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2. subjects are capable of integrating a relatively inpoverished

t act ual si gnal with visual speechr eadi ng to achi eve
essentially normal speech reception and performance.
3. limtations on the speech reception performance obtained wth

current tactual aids are due primarily to inadequacies in the
design of the aid and or in the training received wth the
ai ds.

4. there are no fundanental scientific obstacles to elimnate
t hese i nadequacies and achieving nuch i mproved speech

reception for individuals with profound hearing-inpairnment.

Broadstone et al. (1989) conducted a study wherein they
conpar ed one versus two channel aids - Mnivib 3 versus
Tactaid |I1. To determ ne whether situations existed in which
adding a second channel either inproved or hindered performance

with tactile aid, the tasks used were those requiring both

envel ope i nformati on and fine structure i nformation in
conpari son. The two devices differed in their transm ssion of
envel ope information. Results indicated that when wusing the
Tactaid |11, subjects performed slightly nore accurately on the

word identification task (a task in which fine structure
information would be beneficial) Mnivib 3 subjects were better

at judging syllable rhythm a task requiring envel ope perception.

Hesketch and Osberger (1990) listed the training strategies
for pr of ound hearing inpaired children using the tactaid I+

Thi s study highlighted the nmany aspects of functioning.
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nmonitoring of the aid as well as a training nodel with suggested
activities and strategies. They also stated the unrealistic and
realistic performance goals associated wth it. Probl ems and

[imtations found to affect the performance include:

(1) feedback when vibrators are oriented towards hard surfaces
such as the desk (S) inconsistent vibrator placenent on the child
and (3) difficulty in identifying syllable nunber when boundaries
are marked by continuant sounds. Performance data were collected
fromthe child at 3 intervals. First set when the child received
the tactaid II+. The second and third set obtained six and
el even nonths post device fitting. The subject received 5
subtests - syllable length, fundanental frequency (steady versus
changi ng contour) vowel height, vowel place and consonant manner.
Dat a showed that on nearly every subset, scores wer e

substantially higher maintaining the |level of performance.

Speech perception with a single channel cochlear inplant was
studied in conparison with a single channel tactile device by
Carney, Myamto (1990). Results suggested that single channe
sensory devi ces whether cochlear inplants or vibrotactile devices
produce simlar patterns of speech perception (a) Intonation is
nore readily perceived than either the nunber of syllables or
syllabic stress in a word (b) the phonetic feature of voicing 1is

percei ved best followed by manner and place of articulation.

Smal | (1991) conducted a study in which 45 nornmal hearing

individuals participated to determ ne whether training in both
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lip-reading and vibrotactile usage (Tactaid 11+) would influence
the subject's lip-reading performance at increasing distances.
The subjects were randomy assigned into 3 groups (1) those who
lip-read only (2) those who used the Tactaid 11+ with no training
(3) those who received four hours of conbined |I|ip-reading and
tactile aid training. Three distances were tested 6 feet, 12
feet and 18 feet. Subjects showed an overall decrease in |ip-
reading performance with increasing distance. Goup 3 subjects

who received training perfornmed better than the other subjects

across all distances the conbined training apparently enabled
subjects to inprove their Ilip-reading of sentences at increasing
di st ances.

Beers and Tobey (1998) discussed the effects of tactile aids
and cochlear inplants in the devel opnent of speech production
skills in <children with profound hearing inpairnent. They
concluded that tactile aid users significantly increased their
ability to imtate back vowels. Significant increases occurred
in their ability to imtate initial/final consonant st ops
fricatives, affricates, glides and |aterals, bi | abi al s and
dent al s. These findings suggested that visibility 1is an
inmportant variable in the initiation of initial consonants in
tactile aid wusers and certainly assist children in acquiring

several features of speech.

Ohngren, Ronnberg, Lyxell (1992) discussed - tactiling as a

usabl e support for speech reading. The purpose of this study was
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to find out whether deafened adults can take advantage of the
extra information in speech reading given by vibrotactional and
notional patterns picked up by placing a hand on the speaker's
throat and shoulder. And also to determ ne how valuable this
tactile system is as a support system for speechr eadi ng.
(Tactiling being speechreading with tactile supplenment.) Results
indicated that tactiling is better than speechreading alone and
also that this nethod is worth pursuing as a comunication system

for the severe profoundly hearing inpaired.

Despite the availability of tactile devices they have not
been w dely accepted by hearing-inpaired people or their
educat ors. These aids have not been favoured because of the
nature of the devices, their usage and not because of inherent
[imtation of the skin as a comunication channel. Because of
their high cost, very few devices have been purchased by schools

for the hearing inpaired.

To understand how conbined npdality perception produces

improved performance it is necessary to consider the kinds of

acoustic information that are effectively transmtted by
anplified audition, visual and tactile nodes. Conpl enentarity
of information provided by aiding nultiple sensory nodalities

provi des a basis for enhanced performance in perception.

Further research is needed however on the use of tactile
aids by the profoundly hearing inmpaired in conjunction wth

speechreading and aided hearing. Research would provide an
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indication of how well profound hearing inpaired children could

use speech information from touch wth all of the speech

perception avenues available to them in everyday communication.

Research is needed to also determ ne relative anpbunts of uni nodal

and nul tinodal training that are optiml to achieve rapid

| earning and successful integration of multisensory informtion.
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METHODOL OGY

Subj ects

| nstrunent ati on

El ect roacousti ¢ measurenents

1

S

3. Test environnment
4

5. Test materials
6

Pr ocedur e

Currently much of the wirk in the field of tactua
comuni cation with speechreading is addressed to tactile input as
a supplenment to visual speechreading and its relevance to face-
to—+ace communication by sighted individuals wth pr of ound

heari ng-i npai rnent. This study was undertaken to conpare the

subj ects performance under 3 conditions.

(a) relying on using tactile cues al one
(b) relying on visual cues al one

(c) relying on tactile plus visual cues.

SUBJECTS:

A total of S subjects (4 males and 1 female) in the age
range of 8-11 years who had profound hearing loss were chosen.
Al'l of them were using a strong class hearing aid. Each subject

underwent a training period of 10 hours approximately wth the

vi brotactile aid.
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Criteria for selection of subjects:

(1) The subject had congenital hearing | oss, preselected on the
basis of their hearing loss being in the profound (91 dB+)
range. Each subject had a vocabulary of 200 + words and

conversed using sinple sentences in Kannada.

(S) Al of the subjects had normal intellectual functioning as

measured by standard intelligence tests.

(3) MNone of the subjects had any other known or suspected

physi cal or neurol ogical inpairnent.
(4) Al the subjects had normal vision acuity.

(5) The parents of the subjects had normal hearing and no ot her

menber in their imrediate famly had hearing-inpairnent.
(6) Kannada was the |anguage primarily spoken at hone.
| NSTRUMENTATI ON:

The vibrotactile aid TACTAID 11+ was ueed to train and
assess the performance of the subjects. TACTAID 11+ is a two

channel wearable vibrotactile aid. It consists of 3 main parts -

1) the processor which contains the processing electronics, the
system controls, rechargeable batteries m crophone and

tel ecoi 1.

2) the vibrators - there are 2 light weight skin vibrators, one
responds to high frequency sounds the other to low frequency

sounds.
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3) the cord which connects the vibrators to the processor.

TEST ENVI RONVENT:

The testing was carried out in a natural setting, the
conditions being the sane as those during the training of the

subj ect s.

ELECTROACOUSTI C MEASUREMENTS:

El ect roacoustic neasurenents of the vibrotactile aid

TACTAID 11+ was carried out using FONI X 6500 system

TEST MATERI ALS:

A total of 50 picturised conmon words and 10 picturised

spondee words, all within the vocabulary of the subjects were

chosen. The chosen stinmuli entailed all speech frequencies and
different place and manner of articulation. The list of
picturised conmmon words and spondee words are listed in
Appendi Xx.

PROCEDURE

The order of presentation of the stimulus was preselected

using a random table (Black and Chanpion). For both the
picturised words and spondee stinmuli, 3 individual [lists were
constructed on random basis using the random table. Each |ist

for each of the 3 conditions (a) relying on tactile cues only (b)
relying on visual cues only (c) relying on both tactile and

visual cues at a distance of 3 feet fromthe tester (in all the 3
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conditions). At the tine of testing each subject was asked to be
rel axed, alert and pay maximum attention to the stimul us
pr esent ed. The vibrators of the tactile aid were strapped onto
the wist of the child such that the |low frequency vibrators was

pl aced always to the left side of the body.

The stimuli (which were in the formof picture cards) ware

neatly displayed on the table placed in front of the subject.

In the first condition the subjects had to rely on cues
presented through the tactile node only. In the second condition
they had to rely on their speechreading ability only. In the
third condition they obtained cues fromthe tactile nodality and
their speechreading ability (the visual cues). Each subject was
instructed to convey his response by pointing at the specific

pi cture when the stinulus was given

Recordi ng the response for each subject, their responses in
each of the 3 conditions for both picturised compbn words and
spondee words were recorded. A positive score was given if the
subj ect identified the <correct picture for t he stimul us
pr esent ed. The total positive scores were sumed individually

for the 3 conditions.
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RESULTS AND DI SCUSSI ON

The aim of the study was to determne if there was any
significant difference in the subjects’ performance in the
follow ng three conditions:

(1> subject relying only on tactile cues
(2) subject relying only on visual cues (speechreading ability)

(3) subject relying on tactile plus visual cues.

Data was collected based on the nmethodol ogy given in the
previous chapter. The scores were obtained for each subject
under the three conditions stated above using two test materials
nanely picturised common words and pictured spondee words (given

in Appendi x ).

Statistical analysis was carried out using the paired t-test
to check for any significant differences anong the 3 conditions
mentioned wearlier, the level of significance being .O0.O05. The

results obtained using the paired t-test revealed the follow ng:

Condi tions using Mean SD "t'score Si gni ficance at
common wor ds 0.05 |evel

(a) vs (b) 3.8 2.96 1.2B Not signifi cant
(a) vs <c> 6. 83 2.83 2.12 Not significant

(b) ve (c) 1.8 3.28 0.54 Not significant
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Spondee Mean SD "t'score Significance at
0. 05 |evel

(a) vs (b) 0.4 9.2 0.04 Not significant

(a) vs (c) 2.4 9.2 0.26 Not significant

(b) vs (c) 2.8 4.6 0.478 Not significant

Tactile devi ces certainly are known to suppl enent
speechreading (Boothroyd, 1985, 1986; Sparks et al. 1986).
Features such as nasality, voicing frication and position can be
automatically extracted from the speech signals and presented be
cues by the tactile aid. Currently rmuch of the research in this
field is addressed to tactile input as a supplement to visua
speechr eadi ng. Devi ces have been designed to display acoustic/
articul atory aspects of speech and shown to suppl enment
speechreading (Boothroyd, 1985; Sparks et al. 1986). St udi es
show that inproving the reception of continuous speech wusing
tactual supplenents to speechreading is clearly a less difficult
probl em t han achi eving good speech reception using tactual sense

only (Gant et al. 1986).

OGsberger et al (1990) based on their studies concluded that
the TACTAID 11+ <cannot be used to perform open set speech
recognition tasks and that children fail to identify famliar
envi ronnmental sounds in everyday situation and face difficulty in

spont aneous identification of speech sounds, words or phrases.
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Lynch et al. (1989) have found that the i nformation
perceived via the TACTAID 11+ can be used by children to enhance

their speechreadi ng performance.

Despite these results, a few negative results have al so been
obt ai ned. Blarney et al (1989) and Sparks et al. (1979) have
shown t hat using rmultichannel tactile aids very little
i nprovenent was observed in the aided speechreading scores.
M yanoto et al. (1989) stated that irrespective of the anount of
training or length of device, use of a two channel sensory aid
such as the TACTAID 11+ does not provide sufficient spectral
information for understanding speech on the basis of segnental

cues.

In the present study, although the actual scores of the
subjects showed a difference in the different <conditions the
scores in the conbined condition being better than the scores in
the uninodal conditions, they were not found to be significant
statistically. Failure to obtain significant results could be
attributed to various factors. The use of the vibrotactile aid
is arelatively new experience to the children when conpared to
t he | ong intensive training they have been havi ng in
speechr eadi ng. Thus a training period of just 10 hours m ght
have proved to be insufficient to enable the subjects supplenent
speechreading through the tactile nmode. Perhaps the backing up
of a nore intensive training programe would prove to be nore

benefi ci al
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SUMVARY AND CONCLUSI ON

The current study was undertaken to investigate t he
subj ect s’ performance using a vibrotactile aid in the follow ng

three conditions:

(a) subject relying only on tactile cues
(b) subject relying only on his speechreading ability (the visual
cues)

(c) subject relying on both tactile and visual cues.

A total of S subjects, 4 males and 1 female, were chosen.
Each subject underwent a brief training period of 10 hours
approximately wth the vibrotactile aid (TACTAID 11+). Each
subj ect had profound hearing-inpairnment. Stimuli used for
training and testing were picturised conmon words and spondee
words. For testing purposes 80 commopn words and 10 spondee words
were selected. Testing was carried out imediately follow ng the

cessation of the training period.

Statistical analysis of the data obtained after testing was
carried out using the paired t-test, level of significance being
0. 05. Results showed that there was no significant variation
statistically in the performance of the subjects in the follow ng

condi ti ons:

(a) tactile cues versus visual cues
(b) tactile cues versus tactile plus visual cues

(c) visual cues versus tactile cues plus visual cues.
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It could be stated that before a tactile aid is reconmended
for a child it is inportant to assess the <child s perceptual
skills via the hearing aid. Learning to decode the tactile
pattern rarely occurs spontaneously but requires i ntensive

training in highly structured setting.
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