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| NTRCDUCT! ON

“"Life first acquires depth through hearing”. Deafness
Is avery serious kind of disability. In free nature, a blind
aninmal can exist as is proved by the nole, who is blind and
by the kiw who is nearly blind, but shall we ook for the
deaf vertebrates, who are not capable of living? As it is
very under standabl e that deaf aninmals cannot live in this
worl d. The organ of hearing is pre-emnently the organ of
warm ng. This sense organ never sleeps, it is always vigilant
and even during sleep, it is still active. 1In the silence
of deaf, no vital space is present, no feeling of freedom
His silence is oppression In itself, in contrast to the
sil ence val ued by those with nornal hearing, who experience
a wdening of their vital space in their silence. Let the
silent world of deaf cone to an end and |l et*s hel p them

conquer the hearing world.

The sensory apparatus of hearing is an indi spensabl e
tool for hearing and for the devel opnent of speech and
| anguage. It' s functions are coordi nated with other sensory
nodalities |ike vision, touch, taste and snell, the forner
two, being the nost inportant. Those individuals who have
been deprived of their sense of hearing m ght have to depend
on the visual and tactile sense of comuni cation. The severe

and profound | oss individuals with poorer speech discrimnation
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do not benefit only through the auditory node. They nmay al so
have to depend on speech reading information received through

the visual and tactil e senses.

Sensory capability is the capacity of the organismto
exhibit relatively sinple behavioral or physiol ogical responses

to a set of sinple and well controlled stimlus conditions.

Communi cation through the skin offers possibilities for
adding to the ways of receiving informati on because of the
abilitytoperceivethrough skin, a variety of patterns of

pressure and vi brati on.

"Speech perception” refers to the decodi ng of speech
stimuli; based on the acoustic and other cues. Speech Percep-
tion processes in human beings is still an unsol ved puzzl e.
Speech perception nmay take place through either auditory,

visual or tactile node.

Tactil e sensation may be elicited by direct electrical
stinmulation of the skin. Wen a vibrotactile stimulus is
presented to the skin, quickly adapti ng nechanoreceptors are
stinulated. The primary afferent fibres transmt the infor-
mati on fromthe nechanoreceptors to the dorsal horn of the
spinal cord, where they ascend ipsllaterally in the dorsa

columm and termnate in the nuclei at the | evel of the nedull a



3
in the brainstem At that point, the fibres decussate and

conbine up the nedial |Iemniscus to the thal anus.

Fromthe thal anus, the vibrotactile information ascends
to the sonat oaensory area of the cortex. Since the cues
utilized by deaf individual for speech reception are not
necessarily isonmorphic with those, used by the normal hearing
popul ation, the ultimate goal of a tactile comunication
systemis to extract relevant acoustic speech infornation
fromthe speech signal and to transpose it to the individual
in atactile node as a neans of suppl enenting or replacing
the auditory reception of speech. Tactile stinmulation on the
skin has been acconplished mainly in two ways - (1) Using
vibrotactile stinmulation where vibrations are inposed on the
skin and (2) E ectrocutaneous stimulation, where electric
current is used to stinmulate the skin surface. Types of
tactile devices are separated into single Channel and nulti -
channel aids. The purpose of a single chann 1 is to carry
t he rhythmof the speaker's voice in order to devel op atten-
tiveness to the speaker's face and facilitate the use of visual
cues. Miltichannel devices are nmade up of individual vibrators
that are perceived separately. Continuous nulti-channel
devices differ fromdiscrete in that there are nore vibrators,

whi ch are placed cl ose toget her.

The purpose of this reviewis to highlight studies on

speech perception through tactile devices. This study al so



PAPERS ON " SPEECH PERCEPTI CN THROUGH TACTI LE MODE - A REVI EW
(1980- 1991)
Spens K. E. (1980); 'Tactile Speech Conrmuni cation aids for the

deaf -'A conparison!, Speech Transm ssion Laboratory quarterly

Progress and Status Report, No.4, Pg. 23r39.

Thi s investigation was designed as a conparative study
bet ween sonme of the different speech conveying tactile systens
for the deaf, described In recent literature. The systens
used in this study are (1) Single vibrator systemapplied on
the fingers. (2) Single vibrator systemstinulating other
body loci. (3) Stimulator arrays (spatial dinmensions). (4)
Matri x mapped on the fingers (tw spatial dinension). (5)

Matri x systemstinulating the abdonen (two spatial dinmensions).

The correctly conveyed tactile infornati on was neasur ed,
using the sane net hod, vocabul ary and subject for all the
systens used. They included Swedish nunerals in the vocabu-
| ary, which had small variations in timng, |evel and pronoun-
clation. nly one subject was tested, who was unfamliar
with different types of tactile systens, except for optacon.
One control subject was however included, who was blind, but
a well-trained optacon reader. No auditory or visual infor-

nmation was presented. Masking was done under necessary condi -

tions.

The results are possible to rank order by two factors.

The nost inportant factor seens to be the anmount of processing
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of speech information in order to match the tactile stinu-
lation to the characteristics of the skin. The second

factor is the place of stimulation.

Al'l the systens conveyed infornation on a phonetic
| evel about the spoken words. The correct responses ranged
from50%to 70%in all the systenms. However, the conveyed
information included three nmain types of confusion natrices:
(1) Spectral changes, which involve large intensity as in

initial and final part of aword and also in stops.
(2) Large spectral changes with m nor intensity changes,

such as changes fromfricatives to vowels.
(3) Small spectral changes, |ike those fromvowels to vowel

| i ke consonants.
The nore the processing of the speech signal, the better the
results. It should be noted that the results nust be
regarded as indications only, since for practical reasons,
t he vocabul ary, the number of subjects and the training tine
had to be limted by the author. Actual |earning curve could
not be obtained in this study, because of the subject's
inability to perceive information, pertaining to small spectral
and tenporal changes. The subject's performance m ght have
inmproved if |onger training periods were provided. As only
one experinental subject was used in this study, there m ght
have seen sone transfer bedause of earlier experience and even

sone transfer between different tests is also possible. The
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author justifies by stating that the transfer between the
tests does affect the Initial results, but not the asynptotic
| evel of performance. Even if the conplexity of the display
systemis increased beyond that of an array, perfornance does
not inprove significantly. So, it may well be that, nore
optimal strategies, both in extracting the information from

t he speech signal and in presenting the information to the
skin, must be found, before it is even possible to benefit
fromthe potentially higher capacity of a matrix display.
Furthernore, the study provides some useful concl usions,
regarding the capacity of tactile systems in conveying infor-

mat i on:

1) Choice of stimulation area. In this study, fingers were

found to be the best choice of placenent.

2) Anmount of processing of speech signal including the nunmber

of spatial dimensions in the tactile display.

3) The information carried by |arge spectral changes are easier

to | earn.

4) There is no significant difference in perfornmance which can

be attributed to vibrotactile or electrotactile stinulation.

The study does not attenpt to nake an absol ute eval uation of
the tactile aids tested, but rather to make a rel ative conpa-
rision of the tactile information and conveyi ng capacity of

the aids.
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Stroker, RG, and Lape, WN. (1980); Analysis of sone non-

auditory aspects of the speech of hearing-inpaired children

The Vol ta Revi ew, Vol .82, Pg. 137-148.

The aut hors studied speech intelligibility in 42
children, 4-19 years of age, enrolled in a residential
school. The factors considered under speech intelligibility
I ncl uded breath control, suprasegmental perception and pro-
duction and lipreading. Hearing aid usage and tactile per-
ception were found to be unrelated to speech intelligibility
in the subjects studied. It is known that the deaf perceive
| ow frequency acoustic stimuli through vibrotactile node.

Al t hough, snall frequency changes cannot be detected through
the tactil e node, nost individuals can ldentify time and
Intensity differences in speech. The authors actually
wanted to find out whether the skill at tactile interpreta-
tion of the tine-intensity (waveforn) envel ope m ght transfer
to skill in speech production. But they found negative
correlation between tactile perception and speech intelligi-
bility of the speaker. Tactile perception of speech is an
area of much current interest and It would be premature to

suggest that tactile perception is not related to speech

intelligibility.
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Qler, DK, Payne, S L., and Gavin, WJ. (1960): Tact ual

Speech perception by mninmally trai ned deaf subjects. JSHR
Vol . 23, Pg. 769- 778.

The authors hi ghlight that deaf perceivers may al so be
able to discrimnate sone hard-to-lipread word pairs after
a short training period. |If so, tactual vocoders could
of fer al most i mredi ate benefits to the deaf people. The
transmssion of certain speech information not avail able
through the traditional method of I|ipreading and the provi-
sion of a useful feedback systemfor imtation in speech
production training. This study investigated the benefits
of enploying tactual vocoders in speech perception for the

deaf persons after a brief training period.

The basic questions. investigated in this present
study were -
1. Can young deaf people learn to discrimnate hard-to-1Ii p-

read word pairs after a brief period?

2. Can this learning be shown to apply to perception of both

nmal e and fenal e voi ces?

3. Can deaf perceivers be shown to respond to features of
tactual patterns (for eg. spatial length) in a manner that

paral | el s responses of nornal hearing individual s?
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Ei ght deaf adol escents assisted as subjects in this
experi ment whose hearing | oss was profound. A tactual
vocoder was used and each subject was required to discri-
m nat e between the nenbers of hard to lip-read word pairs,
based on tactual information. The stimuli enpl oyed were
pairs of words contrasting in nmanner of articulation, but

not in visible place of articulation.

The results convey that, with a brief training period
of one hour, the subjects can attain a high | evel of per-
ceptual performance with a tactual speech systemin discri-
mnation of certain hard to |ipread word pairs pronounced
by both a nmal e and a fenal e speaker. Sonme speech sounds ,
previously indistingui shable, can imrediately be avail abl e
for speech conprehensi on through the tactual vocoder; and
ot her speech sounds wi Il be recognized with further training.
It was found that word patterns that result in stinulation
across a greater area of skin tend to be nore discrimnate
than word patterns which stinulate only small areas of the
skin. Statistical procedures used in this study were appro-
priate. It is reasonable to expect fromthis study that
t he speech perception aid afforded by the tactual vocoder
may be of substantial general inportance, even with a limted
training experience. The progress nmade by the subjects is

worth noting, even when systenmatic speech production training
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was not given. The testing of tactual pattern perception
nodel s shoul d include both natural and synthetic speech
stimuli, which was not present in this study. However, the
study predicts substantial positive effects on speech pro-
duction skills when perception becones wel | -established in

case of deaf subjects.

Plant, G L. (1982): Tactile perception by the profoundly

deaf: speech and environnental sounds. B.J.A Vol. 16,

Pg. 233-245.

This study was carried out with the purpose of eval uating
t he perfornmance of experienced aid users on tasks falling
into four broad categories..
1. Lipreading with and wi thout vibrotactile suppl erment,
2. Detection of segnental features,
3. Discrimnation of prosodic features,
4

D scrimnation of cormmon envi ronnental sounds.

Pour subjects were fitted with single - channel vibro-
tactile aids and were provided with training using those

I nstrunent .

Results indicated that the vibrotactile aid provi ded
useful information as to speech and non-speech stinuli,
with the subjects, performng best on those tasks, where
time or intensity cues provided sufficient information to

enabl e identification.
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Tabl e - Percentage of infornmation transmtted for the conso-

nantal features, nasality, manner, voicing and place inthe
unvoi ced (lipreading alone) and aided (lipreading plus

tactual information) condition.

Feat ure Unai ded Al ded
Nasal ity 26. 69 44. 58
Manner 65. 26 72.38
Voi ci ng 10. 42 27.15
Pl ace 89. 95 90. 94

The above table indicates that recognition of features of
voi cing, nasality and manner were enhanced by vi brotactile
aid because of tineand intensity information presented by
the aid. Though durational and intensity cues are avail abl e
to the subjects, they had great difficulty in identifying
stress on the latter words of the sentence. Analysis of

the test results reveal ed that the subjects perforned best
in those tasks for which tinme and intensity cues provided
sufficient Infornmation to enable identification. Tasks such
as identification of consonants, word discrimnation etc.
were very difficult where as the identification of word and
sentence patterns, syllabl enunber in sentences, etc. were
conparatively easier. Until sone sophisticated and effec-
tive vibrotactile ai ds are devel oped, single channel vibro-
tactile aids should be seen as a sinple interi mnmeans of

provi di ng assistance to the profoundly deaf.
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Aiver, P. et al. (1982): Aprosthetic device utilizing

vi brotactil e perception of profoundly deaf children. British

Journal of Audiol ogy, Vol.16, Pg.277-279.

Vi brotactil e perceptual node affords adequate information
about duration and intensity and have rhythmand accent, but
Is severely limted, as far as frequency i s concerned, the
upper limt, being around 1000 Hz. D fferential perception
of frequency is rather crude, but neverthel ess sufficient to
provi de infornati on about |arge variation in fundanental s of

speech.

In order to afford a neans for deaf children, to benefit
fromvibrotactile perception in free-field condition, a vibra-
tory stinulation prostheticdevice (VSPD as described by
Boorsnma in 1975, has been utilized for the |ast your years.
This consisted of a small vibrator clipped to an earnold and
connected to a standard body worn hearing aid. VSPD stinu-
| at es speech production when it is worn continuously. It also
facilitates | anguage acquisition, through a better contact
with educators and with acoustic environment. It is an effi-
ci ent neans of voice-pitch correction. It is of greater use,

I f subjects al ready know t he verbo-tonal nethod. The nunber

and sel ection of subjects taken have not been specified.
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Clements, MA , Braida, L.D., and Durlach, N. 1. (1982): Tactile

Communi cati on of speech : Conparison of two spectral displays

in avowel discrimnation task. JASA, Vol.72, Pg.1131-1136.

The statistical hypothesis stated in this study is as

foll owns:

"Vowel discrimnation nmay be slightly better on the Tine

Snept D splay than on Frequency Anplitude D splay"”.

Vowel discrimnation experinents were perforned, conpar-
ing two tactile Qptacon based spectral displays, a frequency
anplitude (FA) display and a tinme swept (TS display. One set
of materials were synthetic vowels and the other set was con-

sonants (/b/f and/ t /) .

The score obtai ned on vowel s were better than the conso-
nants. The score obtained with the TS display was slightly
better than with the FA display. The features, best differen-
tiated in TS di splay were tenseness, followed by the features
high and | ow, then by round and back and finally by retro-
flexion: Al other features were not accounted for, in this
study. The probabl e reason why tinme swept display is better
has been highlighted. The TS display attenpts to sinulate
t he perception of nmovenent and therefore, nore closely rel ated
to the natural use of the tactile sense and to provi de nenory

i n display.
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O fhand, one m ght aspect performance with the TS di spl ay
relative to that with the PAdisplay to be better for speech
segnents that have tine - varying spectra and worse for seg-
nments that are steady-state. Thus, to the extent that vowel s,
taken up in this study are steady state, the materials shoul d
favour the PAdisplay. It is not explained why the scores
for synthetic materials were higher than natural material s.
No cl ear cut correl ati on was however found between duration
performance and physical paraneters of the stimuli. Stati-

stical procedures used, seens to be adeqguate.

Reed C H, Durlach, N I., Bralda, L.D., and Schultz, M C
(1982): Analytic study of the tadona nethod :Identification

of consonants and vowel s by an experi enced Tadoma user, JSHR

Vol . 25, 108-116.

The aimin this study was to probe into the perception
of speech stimuli by an experienced Tadonma user. The stimul
were sets of nonsense syllables and di phthongs. Atotal of
19 features were incorporated in the study. GConfusion nmatrices
were constructed and sequential infornation analysis (S NFA)
was done. In this technique, the contribution of various
phonol ogi cal and articulatory features are assessed sequen-
tially and independently in terns of information transfer,

taking into account. The redundancies that existed for the
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various features. For a set of 24 consonants in CV syll abl es,
per f or mance averaged 55% For a set of 15 vowel s and di ph-
thongs in CVC syl | abl es, perfornmance averaged 56% Conf usi on
matrices were anal yzed for perfornmance on a set of articu-
| at ory/ phonol ogi cal features. The results of the feature
anal ysis for consonants indicated that the features, voicing,
| i p sounding, frication and place were wel |l perceived: for
vowel s, the features, |ip nmounding , tenseness and verti cal
|ip separation were well perceived. Theresults are qualita-
tively consistent with those of the discrimnation tests

obt ai ned by other authors for normal subjects.

Thi s study has got a | oophole in these sense that only
one subj ect has been included. It could have been done,
taki ng nore subjects. This experinment can al so be perforned
w th nonsense syllable identification tasks on normal subjects
with simul ated deaf ness and blindness and with only nodest
amount of training. Experinments can al so be perfornmed by
I nposing limtations on hand position (eg. thunb renoved

fromthe |ips, fingers renoved fromthe cheek, etc.).

Snyder, J.C., denments, MA, Reed, CM, Durlach, N 1.,

Braida, L.D. (1982): Tactile comunication of speech: Conpari son

of Tadonma and frequency anplitude spectral display in a

Consonant discrimnationtask, JASA, 71, 5, 1249-1255.

This study ains at conparing Tadona and an optacon based
frequency anplitude, spectral display. The authors conducted

experiments on consonant discrimnation.
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Consonants were presented to the subjects through an
pt acon based frequency anplitude spectral display and
Tadonma nmet hod. The results of these experinments which
enpl oyed common subj ects and procedures, indicate that
Tadoma is substantially superior for discrimnating conso-
nant pairs that differ in voicing and place of articulation,
but not for discrimnating pairs that differ in nmanner of
articulation. The overall superiority of Tadona reveal ed
I n these consonant discrimnation experinents shoul d not
be generalized to spectral displays, as such. The results
obt ai ned wi th Tadonma was found to be superior, as it is
directly tied to the articulation process or because, nore
generally, it is a much richer display (including many

sensory qual ities).

The superior results with Tadoma nmay al so be due to
greater anmount of training. Specific spatial displays is
substantially inferior to Tadona with respect to the discri-
m nation of consonants, particularly with respect to voicing
and pl ace contrasts. Fromthe above study, it cannot be
concluded that this type of inferiory holds for all types

of speech nmaterial s.

Thi s study cannot be generalized to other spectral
di spl ays since they be superior to the Qotacon based di spl ay

which is considered in this study.
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Patti, S., and Suzan, A H (1983): The use of vibrotactile

ai ds wi th preschool hearing-inpaired children: Case studies.

The Vol ta Revi ew, Vol .85, Pg. 14-26.

This study ainmed to find out the children's response
to the use of vibrotactile input. The purpose of vi bro-
tactile stimulation is to provide additional sensory input
tothe information, the hearing inpaired child is able to
receive auditorily and visually. The authors had chosen
three students, for a 6 nonth period of structured observa-
tion. The subjects had bilateral, profound, sensori-neura
hearing loss. Al the three were 43 years old. Warable
vibrotactile aids were used. The S enens Fonator was used
primarily to devel op a feedback systemfor speech production.
Nonsegrent al aspects of speech and vowel s were introduced
first, for discrimnation, then imtation and finally produc-
tion. Presentation was often tactile and auditory only, as
| i preadl ng cues were frequently not frequently. Materials
I ncl uded pi ctures cue cards for duration, pitch, rhythm
patterns and Intensity; puppets; manipul ati ve objects; and
not or responses. A subjective evaluation of a nunber of
factors, related to vibrotactile i nput was conducted through
t he use of parent and teacher questionnaires. |n |ooking
at the advantages and di sadvantages of the daily use of these
aids, all parents and teachers felt the children's Increased

awar eness of sound, was the main advantage, along with better
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awar eness of the non-segnental aspects of speech. The dis-
advant ages of these aids, centered on the durability of the
ai ds, feedback problens the wearing arrangenents and usage
of these aids in a noisy environment, where the influx of
sound makes the unit vibrate continuously. The authors con-
cluded that the children' s response to the use of vi bro-
tactll e input has far exceeded expectations. Since conso-
nants contain nore feature information than vowels, it is
anticipated that the use of vibrotactlle stimulation will
be of even greater benefit to these children in the future.
The progress of the children fromdiscrimnation to i mta-
tion to spontaneous production would seemto indicate that

t hese chil dren had devel oped an effective feedback system
Oly threesubjectswere taken up in this study. Actually,

t he author coul d have done a | arge sanpl e study to achi eve

nore external validity.

Adel e, P., and Mbise H and Coldstein, J. (1983): Devel opnent

of lexical conprehension in a profoundly deaf child, using a

wear abl e, vibrotactl| e conmmunication aid, LSHSS, Vol. 14, No. 3,

Pg. 138-49.

The authors did a | ongitudinal study of a profoundly
deaf young child, with the aid of a vibrotactile comrunication

device. The training started when the child was 33 nont hs
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old and it continued, till she was 44 nonths. After 10
nonths of training, wth the device, and traditional aural/
oral teaching techniques, the child acquired an under st and-
ing of 469 words. The subject's pattern of |exical conpre-

hensi on was |i ke that of younger hearing subjects.

This study highlighted that the rapid rate of |exical
acqui sition appears to have been strongly |nfluenced by
t he use of vibrotactile communi cation aid. However, this
study coul d have used nore than profoundly deaf children and
shoul d have used control groups consisting of normal hearing
children and profoundly deaf children, Who were not trained

wth the vibrotactil e devi ce.

Plant, G (1983): The use of vibrotactile aids wi th profoundly
deaf children, STL-QPSR No.l,Pg. 36-51.

The aimof this study was to evaluate children's ability
to identify a nunber of prosodic features at both the word
and sentence level, plus the ability to discrimnate sel ected

segnent al features.

Three profoundly deaf children (7-11 years) were fitted
with vibrotactile aids and were provided training sessions
over periods, ranging from18 nonths to 3 years. Prosodic
features, evaluated were syllable nunber and type in words

and syl |l able patterns in sentences. Segnental features exam ned



21

were vowel length, final consonant voicing, presence or
absence of initial or final /s/ and presence or absence

of initial or final /a/. In alnost all cases, the scores
were wel | above chance | evel of perfornmance, indicating
that the aids provide/useful information to both segnent al
and supragegnental features. The aids enable the children
to recogni ze both word and sentence patterns. Perfornance
at the segnmental |evel showed/that the aids provided infor-
mati on which can be used to assist in both speech produc-

tion and perception.

The tasks involving the detection of fricatives high-
lighted the val ue of the aid in providing information,
regarding the fricatives. However, the disadvantages are
that the aid can be confined only to the classroom acti vi -
ties and al so the output transducers are hand-hel d which

hanpered the nanual communi cation system

Plant, G, and Spens, K E. (1983): Atactual hearing aid
for the deaf. STL-OPSR No.|, Pg. 52-56 Haski ns Laboratory

Reports.

The aut hors here describe the devel opnment of a new
wearabl e hearing aid for the profoundly deaf and initial

results, obtained with a group of deaf subjects. The aid
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transforns the sounds of speech and the environment into
tactile patterns which are received by the skin. The aid
| ooks Iike a conventional body worn hearing aid, which
has a built in mcrophone and the circuit is designed to
extract the intensity (loudness) variations of sound and
convert themi into vibratory patterns. These patterns are
felt via a small vibrator which is connected to the aid
by a thin cord. The vibrator is designed to match the
vibratory capacities of the skin, while using | ess power.
The aid' s potential lies inthree main areas: (1) a) The
awar eness of sounds in the environnment (b) The detection
of warning signals in the environment (2) As a suppl enment
tolipreading. (3) Provide information enabling the
person to nonitor his/her own voice. Fifteen deaf were
taken up for the study to determne the effectiveness of
the aid. The subjective evaluation consisted of a
guestionnaire whi ch sought to obtain the deaf person's
own perception of his/her handicap with and w thout the
vl brotactile aid for the areas; environnental sounds, |ip-
readi ng and voice nonitoring. The higher the scores, the
| ess the subject's own rating of his handicap. It was
found that in the perception of environnental sounds, and
in lipreading, the subjects feel that the aid provides

positive benefits. For the nmonitoring of the subject's
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own voi ce, however, it appears that there are no difference

bet ween t he aided and unai ded conditi ons.

Scores obtained on a subjective rating scale and in

t he aided and unai ded condi ti on.

Al ded Unai ded
Envi ronnent al sounds 30 8
Li preadl ng 50 31
Moni toring of own
Voi ce 13 12

The results also highlight the val ue of the vibratory
signal as a supplement to lipreading even with mnimally
trai ned subjects. However, the study has restricted itself
to a m ni numnunber of parameters for evaluation of the aid,

whi ch coul d have been extended further.

Geen, B.C, Caig, J.C, Wlson, AM, PFisoni, DB, and
Rhodes, R P. (1983): Vibrotactile identification of vowels.
JASA, 73, Pg.1766-1788.

The present study explores the effectiveness of the Qptacon
transducer, using a nunber of different coding schenes.
Initially, the amount of information contained in a two-

di mensi onal spectral displaywas varied by changi ng t he nunber
of spectral channels, presented to the skin, while similta-

neously, conparing two "nodes" of presenting the information.
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Later on, the size of the tactile pattern was nani -
pul ated, and finally, performance with the spectral dis-
pl ay was conpared to performance with a vocal tract dis-
play. A spectral display consisted of frequency versus
intensity function and a vocal tract area function display
consi sted or vocal tract |ocation by cross-sectional area.
Bot h di spl ays were presented to the finger tip via the

tactile display of the optacon transducers.

Nor mal hearing subjects participated in this study.
In the first experinments, the spectral display was effec-
tive for identifying vowel s, where 24 spectral channels
were presented to the skin. However, perfornance feel,
when t he nunber of channels were reduced. The effect of
reduci ng the size of the display was greater, when the
spectrum was represented as a solid histogram ("filled"
patterns) than, when it was represented as a sinple spectra
contour ("unfilled" patterns). Spatial nmasking within the
filled pattern was postul ated as the cause for the decline
I n performance. Another experinent neasured the utility
of the spectral display when the syllables were produced by
mul tipl e speakers. The resulting increase in response
confusions was prinarily attributable to variations in the
tactile patterns, caused by differences in vocal tract
resonances, anong the speakers. The final experiment found

an area function display to be inferior to the spectral display
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for identification of vowels. The results denonstrated
that a two dinensional spectral display is worthy of
further devel opnent as a basic vibrotactile display for

speech.

A vocal tract display was found to be inferior to the
spectral display. Inverting the representationof the
vocal tract on the fingertip showed that the finger is not
uniformy sensitive to patterns produced along it's | ength.
In summary, these experinents indicated that a two-dinmen-
sional spectral display (with as few as ei ght channel s)
provi des sufficient speech infornmation for identification
of vowels in CV syllables, and is therefore a good prospect

for continued devel oprent .

Plant, G and R sberg, A (1963): The_transm ssion of funda-

nmental frequency variations Via a single channel vibrotactile
aid. STL-QPSR No. 2-3, Pg. 61-84.

Thi s paper reports prelimnary results obtained with
a single channel vibrotactile aid, designed to transmt

fundanent al frequency infornation.

A series of 4 experinments were carried out to evaluate
a single channel vibrotactile aid which extracts a speaker's
fundanental frequency and presents it in a range, where the

skinis maximally sensitive to frequency change. The aid's
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ability to convey enphatic stress in sentences and word
syl | abl e nunber and type was tested, using both English

and Swedi sh materi al s.

The first experinent was ainmed at assessing the ability
of untrained observers to detect the stressed word in 3-4,
word English sentences. The results indicated that the aid
provi des useful information as to enphatic stress in English

sent ences.

The second experinment, was ained at evaluating the aid' s
ability to transmt word syl | abl e nunber and type and the
teat itens consisted of English nonosyllable, trochees,

spondees and trisyl | abl es.

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

task for both the groups. The

The experinment 111 used Swedi sh rhyne test materials
and identification of syllabic contrasts were tested.
Results indicated that better the famliarity, better the

word syl |l abl e identification.

The experinment |1V Involved the perception of enphatic

stress in Swedish sentences. It was found that prinary cue
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to enphatic stress was frequency change with relatively

weak intensity, and durational cues.

The overall results indicated that the aid transmts
such Informations at a high level, although it appears
t hat extensive training woul d be needed wi th sone tasks

bef ore opti mal perfornmance is attained.

It can be speculated 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 tointroduce a speaking
strategy Which |l eads to a decline in speech production.
Furt her research needs to be done to determ ne, whether
the signal provided by the aid is a useful supplenent to
assist in |lipreading and speech production. Consideration
al so needs to be given to the provision of informations,
ot her than fundanental frequency, which will serve to inprove

the signal already avail abl e.

Brooks, P.L.,and Frost, B.J. (1983): Evaluation of atactile

vocoder for word recognition, JASA, Vol.74, Pg.34-309.

The purpose of this study was to eval uate t he useful ness

of atactile vocoder in a study that was designed to conbi ne
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many features considered by the authors. Sone of these
features were one-third octave filtering, a linear array
usi ng sol enoids as the transducers and a carrier frequency
for the solenoids of 100 Hz. Nornmal subjects were taken up
in this study who learned to identify words through a
tactile vocoder; with 16 filter channel s and out put of each
filter was detected which was transmtted to a sol enoi d
array placed on the subject's ventronedial forearm Live
voi ce was used as a stimuli. |n 40-5 hours, the subject

| earned 70 words and 2nd subject |earned 150 words in 55
hours. It was found that, words that were poorly identified
initially, were identified nore readily with Increased
experience. Phonetic identification tests showed that the
features of voicing, nasality and frication were reliably
recogni zed, indicating that the tactile vocoder will be
useful, providing information to conponent |i preading.
Finally, subjects learned rapidly to generalize word-|earn-
ing to unfamliar readers. Wrds that had | ower/ hi gher
probability of being identified correctly were simlar
across subjects. Both found sone words easy to | earn and

other words nore difficult to | earn.

In this study, nasality appears to be transmtted very
reliably, but identification of particular nasal sound was
anore difficult task. Frication was also identified wel |,
but errors for unvoiced fricatives /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 is difficult to conpare the learning rates (in

this study) with those found, using other comrunication
systens, because net hodol ogi es, stimuli and subjects
vary greatly. Evaluation of error patterns was done in
this study, for future nodification of the vocoder. To
knowthe true limts of the system the follow ng steps
can be taken up:
1. ldentification of converted speech coul d have been

st udi ed.
2. One report could have been published on one prelingual

deaf subject.
3. The devi ce coul d have been nade portabl e so that

light mght be thrown in realistic situations.
4. The devi ce should be tested on young deaf children so

that an advantage nmay be taken of the neural plasticity

that exists in the human nervous system

Sherrick, C.E. (1984): Basic and applied research on tactile

aids for the deaf: Progress and prospects, JASA, Vol . 75,

Pg. 1325- 1342.

This report summari zes the consensus of a group of
Anerican investigators who anal ysed the capabilities of the

touch and allied bodily senses for processing information.
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that is normally handl ed by the sense of hearing. The
authors briefly introduce the alternative nethods for
repl acement of the sense of hearing, including the educa-
tional procedures of sign |language and |ipreadi ng, the
medi cal procedure of cochlear inplants, and the sensory
substitution procedures of visual or tactual displays*
For the tactual displays, which are nost commonly el ectro-
nically activated, desirable objectives are given. Anong
t hese are a better understandi ng of the processing of
capabilities of the skin, the forman efficient transducer
may take, and what features of the speech streamnay nost
profitably be extracted for processing and display to the
sense of touch. Because, the technology for device design
and production in this area is seriously retarded, a great
anmount of space is devoted to t he precise specification of
a transducer for the tactile display. A multichannel dis-
pl ays exi st, and several of these may be norbabl e systens
if their transducer elenents can be kept snall and use
little energy. What is of current, even urgent, inportance
is the early and w despread depl oynent of a singl e-channe
tactile aid to permt the general assessnent of the effect-
i veness of sinple sensory adjuvant for a deaf person who

has |ipreading skills.

There are a nunber of reasons for recomrendi ng what

may seemto be a precipitous nove to those who know t hat
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our understandi ng of speech perception and of the processing
capabilities of the skin, as well as of the technol ogy of
transducer structure, is unsatisfactory. First, sone deaf
persons can nake use of even a sinple aid. Second, the
results of such a study should put tactile aids into a better
position for conparison wth the cochlear Inplants, for
whi ch the subject population is growng rapidly. Third,
research and devel opnent efforts on tactile aids have often
ended in the laboratory, ie the threshold of field trials.
Yet such trials are the very situations in which individuals
will test thelimts of their aids, and sonetines devel op
I ngeni ously uses for themor use themin unforeseen condi -
tions. This kind of experience in applied research is diffi-
cult to get in any other way, but it is invaluable to deve-
| opers, not only for design revisions of current versions
of devices, but also for any future systemto be tested.
It provides an eval uation of system perfornmance that cannot

be realized in the | aboratory.

Carl, E. Sherrich (1985): Touch as a communi cative sense:

An introduction. JAS5A, Vol .77. Pg -218-219

Touch may substitute one of the najor senses in a thought
that, like the field of psychol ogy/itself, has a | ong past,

but a short history.
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In the process of arriving at the final cochlear nodel.
Von Bekesy set out stakes in nuch of what has unknown terri -
tory in the akin sensory system Except for the fact that
bot h hearing and touch responded to nechani cal forns 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 special flux of
nmechani cal energy, perforns a rapid prelimnary anal ysis of
it, then connects it to a nervous nessage. The skinis a
di ffuse systemoccupied by nyriad entities other than nechano-
receptors and hence, serving many other functions, not the
| east of which is to keep the environnent, where it bel ongs.
At the receptor level, the skinis less sensitive than the
ear by perhaps fourteen orders of magnitude. In part, they
presunme that this is to |l essen the effects of the shocks
the flesh is heir to, but theresult is that it takes much
nore energy to informthe skin, a fact that transducer designers
continue to lanment. Another notable difference between ear
and the skin is the nature of the nessage, nornmally inparted
through them The skin, except for it's role in prehension
as the non-intellectual sense, better adapted to sone enotional

needs.
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John, R P. et al. (1985): Neural nechani smof scanned and

stationery touch. JASA, Vol.77, Pg.220-224

The neural nechani sm subserving the sense of touch,
set the limts for the acquisition of information, regard-
ing the spatial and tenporal characteristics of stinmuli.
| npi ngi ng on the skin surface. The results of the three
different experiments inply that the skin pad can resol ve
the elenents of a stimulus separated by 0.9 nm when the
stimnulus is applied to the skin, held stationary. The
resolution limt is only slightly inproved (to about 0.7 mm)
when t he novenent between the stinmulus and skin is all owed.
Single unit recordings from3 cl asses of primary nmechano-
receptive afferents in the anaesthesi zed nonkeys show t hat
only one class, the slowy adapting afferents, resolve
spatial detail of stationary stimuli (eg. Braille dot patterns)
nore effectively than do the other two classes. However,

t hese observations do not explain the extra ordi nary capa-
city of the finger pad skin for discrimnating between

the textures. Neurophysl ol ogi cal evidence suggests that

I nformati on about such textures (le surfaces with spatia
details belowthe resolution limt), may be conveyed by a
code, based on the relative engagenent of the three receptor

popul at i ons.
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Frank, A.G (1985): The nutability of tine and apace on the
Skin, JASA, Vol .77, Pg.233-237.

Radi al shifts in perceived spatial relations can occur
t hrough the operation of the principle of sensory saltation.
In the real mof cutaneous sensation, where it was first
encountered and al so in sone auditory and visual situations,
any brief stimulus preceding a 2nd one by no nore than
about 300 nsec, will show apparent spatial displacenent
fromit's veridical position. The degree of deviation is
determned prinarily by tenporal relations between the two
stimuli, but secondarily, by intensive ones as well. Lim-
tations of the operation of the saltatory effect on the ski-
have been of such measurenent, taken together with conside-

ration of sone aspects of the known neural seat of phenonenon.

James, C Qaig (1985); Tactile pattern perception and it' s
perturbations. JASA, Vol.77 Pg-238-246

One of the problens encountered in conveying inforna-
tion to the skin by nmeans by vibratory patterns is that
presenting patterns, such as letters of the al phabet, in
cl ose spatial and tenporal proxinity, may result in con-
si derabl e masking. Backward masking is found to be nore
effective than forward maski ng. Maski ng may be reduced

by increasing the tenporal and spatial separation between
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patterns, however other problens may ari se, when such
separations are nade. Increasing spatial separation between
patterns may lead to problens in conbining the patterns from
specially distinct sites on the skin. This difficulty may
be due to problens in attending several sites of stinulation
simul taneously. Tenporally adjacent patterns produce nmask-
ing; a subject's ability to identify atactile pattern is
reduced or interfered with by the presentation of other
patterns. This article generally focuses on t he tenporal
and spatial manipul ation that m ght reduce masking and are
within reasonable limts for a comruni cation system Mask-
ing can be destructive to the processing of individual
patterns and sone of the difficulties that exist in reveal -

ing the constructive aspects of integration.

Jane Collins, M, and Rchard, RH (1985): Categori cal

Per cepti on of speech sounds via the tactile node. JSHR

Vol . 28, Pg. 594-598.

Thi s present study was done to determ ne whet her or
not tactually delivered anal og speech/sounds coul d be cat e-
gorically perceived and if so, to conpare/tactile to auditory
boundari es al ong a VOI (voi ce onset timne) continuum using

a classical discrimnation paradigm In designing the
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present study, it was assuned that a peak in a discrimnation
function woul d provi de evidence of categorical perception
via the tactile node and the absence of peak woul d be indi-
cative of noncategorical perception. VOI was sel ected as
t he di mension for the physical continuumfor a variety of
reasons - (1) VOT information is easily extracted from
tactile devices. (2) it was assuned that the tenporal infor-
mation carried by the |low frequency voicing cue is trans-
mtted by atactile aid. Four nornmal hearing adults (speak-
Ing English) were taken as subjects. Stimuli were synthetic
syl l ables along a /ga-ka/ continuum The entire conti nuum
was presented with VOTI varying from10 to 105 mlli seconds
and t he subj ects were asked to identify the point at which
perception changed from/ga/ to /ka/ or vice-versa. VOI
di fference was found to be 15-20 nsec,. On tactile discrim -
nation tasks. Honcontinuoug discrimnation along a continuous

physi cal dinmension is indicative of categorical perception.

The results indicated that speech signals delivered by
tactile stimulation; can be categorically perceived as on a
VOT conti nuum The boundaries for the vol ced-vol col ecs
distinction fells at longer VOIs for tactile than for auditory
perception. W can infer fromthis study that categorical
perception of speech signals is not unique to auditory system

alone. This study has one clinical inplication that children
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havi ng | onger than normal VOT boundaries tended to be ones
wi th profound hearing loss. It may be possible to apply
the results of the present study to clinical differentia-
tion of children who can and cannot utilize the auditory

node for conmuni cati on.

Voi ced- voi cel ess distinction woul d be nmade inaccurately
by the tactile system wth signals perceived auditorily
as voiceless, falling in voiced category tactually. Ideally,
preprocessi ng shoul d conpensate for this error. However,
one limtation of this study is that it did not account
for the perceptual distortion, which is one of the limta-

tions of tactile systens.

Brooks, P.L., Frost, B.J., Mason,J.L., and Chung, K (1985):
Acqui sition of a 250 word vocabul ary through a tactile vocoder.

JASA, Vol .77, Pg.1576-1579.

Thi s experinent reports of a subject who had received
additional experience with the tactile vocoder. The follow
I ng experinments summari ze the performance during and after
acquisition of a 250 word vocabul ary. One fenal e graduate
student wth nornmal hearing participated in this study.
Previously, this subject had received 55 hours of word train-

ing and 20 hours of generalization and discrimnation training
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using the tactile vocoder. The subject had al ready acquired
atactile vocabul ary of 150 words, before, the experinment
began. The procedure used for learning the 100 additi onal
words was nodified in the foll ow ng three ways: (1) new
words were introduced ten at a tine instead of five (2)
new wor ds i mredi ately became part of the stimulus I|ist,
instead of being learned to criterion before being added
tothe total stimulus list (3) criterion was decreased from
80%correct to 76% Anot her experi nent was designed to
determ ne, whether the subject could discrimnate the words

within the significantly confused pairs.

In this study, a nornal subject was able to continue
| earni ng to recogni ze words, presented as tactile patterns,
at asimlar rate to that found in previ ous experinents.
Dscrimnation tests indicated that increased training may

elimnate many of the significant confusions.

The consistent errors, the subj ects nade, indicated
that the systemnay be nodified in the future. 1In the
i nstrunent, since the speech signal is divided into frequency
bands, there is no single channel that indicated the overall
change in anplitude of the signal over tinme. Unvoiced
fricatives were not transmtted through the systemeffectively,
due to their low anplitude. The results of this experinent
are, however, sufficiently encouraging for the steps to be

taken in further research.
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I ncrease dramatically as a function of both standard fre-
guency and signal duration. The Whber fraction for a 248 Hz
standard increased as interstinmulus interval was decreased
bel ow 300 nsec. By contrast, Interstimulus interval has
little effect on sensitivity for standard stimuli of 48 Hz

and 100 Hz.

The results of the first experinment suggest limtations
I n thet actual resolution of frequency of el ectrocutaneous
stimulation, since the study was carried out with 300 na
Interstimulus Intervals. This experinment did not specify
the exact refractory period for these el ectrocutaneous
stimuli. The discrimnation outcones of the study, may not
be directly due to frequency variation, but to other factors
that may change with frequency (eg. total change delivered,

depth of current flow, current spread).

Both the experinental results suggest that frequency
encodi ng of intensity in an el ectrocutaneous vocoder is nost
effective for frequencies below 148 Hz. This is because
adaptation of skin m ght take place and may show | arge
refractory periods. Overall, this study hol ds sone i nportance,
because it tends to set or suggest guidelines for possible
Intensity coding schenmes for future el ectrocutaneous vocoder
desi gns whi ch need not depend only on optimzation of single
el ectrode stinulation, but also on aspects of pattern percep-

tion within nmultiple electrode arrays.
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Pi ckett, J.M, and McFarland, w (1985): Auditory inplants

and tactile aids for the profoundly deaf. JSHR Vol . 28,
Pg. 134- 110.

Thi s paper reviews data on speech perception via
I npl anted el ectrodes and via tactile aids. The two approaches
are conpared in terns of the amount and types of aid provided
to comuni cation. The aut hors have di scussed the perfornance
| evel s with nmulti-versus single-channel inplants, pronontory
electrical stinmulators versus inplants, use of mninal resi-
dual hearing, inplants for children and the possi bl e design
of conpl enentary systens conbining auditory inplant and

tactile infornation.

The aut hors have dealt with two nmain issues -

1. Inplant versus tactile,that is how does speech reception
result with the best inplant systemconpared with those
for the best tactile systen? They have dealt with the
best or potential performance rather than the sinpler,
nore limted aids.

2. Milti-channel inplants versus single-channel inplants,
that is, whether nmulti-channel systens are significantly
better conpared to single-channel type. This issue is

notivated by concerns of clinical and systemconplexity.
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However, it appears fromthe above data that at present,
and for the forceable future, neither approach can provide
nore than a nodest aid to |ipreading. Speech reception test
results fromnulti-channel -inpl anted subjects are better, on
t he average, than for single-channel subjects. However, the
best singl e—ehannel results are conparable to the best multi-
channel in test, using sinple sentences. There is great
variation anong subjects, with the same inplant. Tactile aid
performance by highly practiced subjects seens conparable to

that of the better inplanted subjects.

The aut hors have conpiled the literature and have drawn
sone | nportant concl usions about the inplants and tactile

devi ces.

1. Speech perception of single words with multi-channel
inplants is better than multi-channel inplants. However,
its tests with sentence ie material, the best subject
with a single-channel inplant is roughly equal to the

average with nulti-channel inplants.

2. Most inplantees coul d be characterized as hi ghly dependent,
for everyday speech communi cation, on |ipreadl ng, together
with, using their inplant. However, there is a very w de
range of performance even anong subjects with the sane

I npl ant .
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Test results on the best single-channel inplants suggest
that the tenporal information in the speech wave can be

the main source of cues supporting aid performance.

The best inplant performance i s not substantially better,
at this time, than for practised subjects with nulti-

channel tactile speech system

Testing with open word or sentence materi al has the inhe-
rent problemthat the factor of the subject' s know edge
of the | anguage can overbear factors of the design of the
ai d.

The current evidence on children's performance, all wth
si ngl e-channel inplants, indicates that they are receiving
the same information as adults with single-channel inplants

time and intensity information.

In viewof the difficulty of accurately establishing the
degree of residual hearing in young deaf children and the
limted benefits of present inplants, they favor the early
fitting of hearing aids and tactile aids, rather than

I npl ant s*
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Reed, CM. , Rabinowitz, WM, Durlach, N.I., and Braida, L.D
(1985): Research on the Tadonma nmet hod of speech communi cati on.

JASA, Vol .77, No. |, Pg.247-257.

Thi s paper includes the ongoi ng research program on
Tadoma. In section-1, speech perception results are obtained

on a deaf blinds, highly experienced users of Tadona.

The section-I1 deals with an approach to augnent perfor-
mance, obtai ned on Tadorma by incorporating a supplenentary

tactile display on tongue position.

The section-111 deals with the description of the devel op-
ment of synthetic Tadonma systemin which signals recorded from
atalker's face are used to drive an artificial face. In
Tadoma, speech is received by placing a hand on the tal ker's
face and nonitoring action, associated wth speech perception,
speech production and linguistic abilities of deaf blind indi-
vidual s, highly trained in Tadoma. This research has denon-

t hat good speech reception is possible through the tactile
sense. Perfornmance is roughly equivalent to that of nornal
| istening in noise or babble with a SSNratio in the range
0-6 dB. It appears that the principal cues enployed are lip
novenents, jaw novenents, oral airflowand | aryngeal vi bra-
tions and that the errors which occur, are caused prinarily

by i nadequate infornati on on tongue position.
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The results of Section-I indicated that the abilities
of a deaf-blind individual to receive continuous speech via
t he Tadona net hod are not based on exceptional sensitivity
todifferences, anong the tactile patterns* associated with

speech segnents.

Modi fied Tadonma | eads to significantly inproved per-
formance on the ldentification of segnents that will |ead
to significantly inproved performance on sentence conprehen-

si on.

Fai r anmount of success was depicted by synthetic Tadona.
Sone rel evant factors behind this success are -
1. Nature of the Tadoma display - a tal king face.
2. The extent of training.

3. The une of the hand for receiving the tactile input.

A talking face may be a good tactile display for two
r easons.
1. Rch display in conparison to vibratory arrays.
2. Information is sinmultaneously presented along a variety
of different dinensions (gross novenent of articul ators,
airflow, vibration, etc). The perception which involves
a variety of nmechani sns (surface and deep touch receptors,

muscles and joint receptors, etc.)

3. The signals that the tal king face displays are directly

related to the articulatory process of speech production.
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A synthetic Tadoma systemis conposed of an artificial
face, that is driven by conputer controlled signals, derived
fromsensors of a talker*s facial novenents, that appear to

provide the primary cues for understandi ng speech via Tadona.

The criterion for devel oping synthetic Tadoma was that
performance would be simlar to natural Tadoma. It can be
used for conparison studies. |t can be studied, howthe per-
formance is affected by various transformation that cannot be

achi eved with natural Tadona

The authors believe that transformation of Tadoma w ||
lead to substantially Increased understanding of Tadoma and
tactile speech communication, in general. Three transcrip-
tions are -

1) The input information, held constant, and while the display
is varied. The display can be redesigned for the stimula-

tion of abdonen.

2) Display (artificial face), held constant and the input
information is varied. That is, spectral information can

be presented on the artificial face.

3) Both held constant, the internediate signal processing is

vari ed.

That is, inproved performance by sharpening the signals.
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In the comng years of study, other nodifications of
I nterest could be, |ike disabling selected input, varying
rate of presentation, |ow pass filtering and decreasing th@
anpl i tude quantization of certain control waveforns (those
associated wth the novenent of the articulators) and the
presentation of selected conbination of principle conpo-

nents of these waveforns.

Gant, KW, Adrell, L.A, Kuhl, P.K, and Sparks, D.W

(1986): The transm ssion of prosodic infornmation via an

el ectrotactll e speech reading aid. Ear & Hearing 7, Pg 328-335

The prinmary goal of the current study was to assess the
effects on speech readi ng when voi ce fundanmental frequency
information is transmtted to the skin via an electrotactile
speech aid, rather than to the ear. The authors nade severa
nmeasures, using the aid in isolation and in conbination wth
speech-reading. Variations in voice fundanental frequency
were extracted fromnaturally produced speech sanples and
transmtted to an el ectrocutaneous display, consisting of ten

el ectrodes, arranged in a linear array along the forearm

In experinment-1, the identification performance for
rising versus falling sentence inflation via the aid al one

or in conbination with speech readi ng was eval uated. In
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experinental -11 the identification of sentence stress and
rhythmvia the aid al one, was evaluated. In experinent-II1I,
the rate of speech-reading with and wi thout the aid was
eval uated, using the connected di scourse teachi ng procedure.
Acoustically isolated roomw th adequate |ighting was used.
Prof oundl y hearing-inpaired subjects and one normal |y hear -
ing listener were the subjects. After 20 hours of speech
readi ng training in connected di scourse tracki ng procedure,
bot h subj ects showed hi gher tracking rates and faster |earn-
ing rates with the aid, than without the aid. Patterns of
prosody which are not easily speechread, are readily aval -
able with the aid. The results seens to be encouragi ng as
all three linguistic aspects of Fo were perceived wth a very
hi gh degree of accuracy after relatively small anounts of
training. Changes in Fo were encoded as changes in stimlus

| ocati on.

The ability to conbi ne speech reading and tactil e speech
cues at high rates of communi cation has not al ways been
found in previous tactile aid studies. The clinical inplica-
tion of this study is that we can reconmend a tactile aid
of this type, be incorporated into speech-reading training
prograns for the profoundly deaf, several problens concern-
ing the current Fo encodi ng schenme need to be consi dered.

The present study has some drawbacks in the sense that the
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training periods were short. Since only two subjects were
tested, and only one of these post-lingually deaf, any con-
clusions drawn fromthe present results nust be viewed as
prelimnary. Using this sort of aid, we cannot be sure
whet her the subjects were losing inportant transitional

i nformati on. However, the excellent results obtained with
this study will encourage |ong-termevaluations w th other

i nproved electro tactile aids.

Plant, G, and Spens, K E. (1986): An experienced use of

tactile information as a supplenent to |ipreading: An

eval uation study. STL-QPSR No.l, Pg.87-110.

The present study is a single case study. A 48 year
ol d Swedi sh nal e, deafened by neningitis at age 8 years
has devel oped a uni que net hod whereby he can perceive a
speaker's laryngeal vibrations and use this information, as
a supplenment to lipreading. The nmethod consists of placing
hi s hand on the speaker's shoul der with his thunb pressed
lightly against the side of the neck. Testing of the subject,
using this nmethod reveal ed i nprovenents in lipreading ability
with materials ranging in conplexity fromnonsense syll abl es
to connected di scourse. Testing via tactile stinmulation
al one, showed that the subject was abl e to percei ve consonant

voi ci ng al nost perfectly (99.3%correct), and consonant
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manner of articulation was identified at a high |evel of
proficiency. Performance with materials assessing percep-
tion of syllables in words and sentences and enphatic
stress in sentences was also relatively high. Testing was
al so conducted, using two experinental vibrotactlle aids.
Performance with these was consistently [ower than that
using the subject's own nmethod across alnost all testing
materials. The major finding in this study has been the
great effectiveness of the subject's nethod of supplenent-

ing lipreading by tactile reception of |aryngeal vibrations.

The subject's performance overall gives a striking
exanpl e of the great potential value of tactile infornation
to |ipreading performance. Perhaps, the nost inportant
factor, contributing to the subject's success is the |ong
period of tinme he has been using this nethod. G her advant-
of the nethod include the close proximty of receiver to
speaker which it necessiates. This ensures that optinal

visual cues are available for |ipreadi ng.

This study has highlighted the need for a nunber O
future research projects, like detailed examnation of the
subj ect's speech perception and a study of his speech pro-
duction. The quality of the subject's speech has not been
di scussed in this paper but it does appear to be of an
extrenmely high standard, especially in the production of .

suprasegnental contrasts.
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Wi senbnrg, J.M (1986); Sensitivity to anplitude - nodul at ed

Vobrotactile signals. JASA, Vol.80, No.6, Pg.1707-1715

The present three experinents nmeasure the tenpora
sensitivity of the tactile systemby obtaining the resulting
nodul ating transfer functions for a nunber of anplitude
nodul ated carrier waveforns. The nodul ating transfer function,
as used in linear systemanal ysis, describes the output
response of a systemto a given input signal. |In the present,
case, the response of the tactile systemis neasured for a
range of tenporally varying (anplitude-nodul ated) vibratory
stimuli. The resulting transfer function plots nodul ation
depth required for threshold detection of nodulation as a

function of the rate of nodul ati on.

In the first experinment, the response of the tactile
systemto sinusoidal anplitude nodul ati on of sinusoida
vibrotactile carrier signals was neasured, in an attenpt to
outline the basic features of the tenporal nodul ati on transfer
function for the system Sinusoidal carriers were chosen
because of their frequent enpl oynent sensitivity. Three
normal hearing subjects were chosen and they were asked to
indicate the interval that contained t he nodul ated signal
The results indicated that the subjects could indeed perceive
anpl i tude nodul ation with a fair degree of sensitivity, wth
peak sensitivity occurringat frequencies in the mddl e of

t he range tested (40 Hz- 250 Hz) .
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The second experinment was done to investigate the
possibility of sideband resolution, and to determne
whet her overall nodul ation sensitivity i s worse when non-
si nusoi dal carrier waveforns are used, sensitivity to
anpl i tude nodul ati on of broad band noi se carriers was
nmeasured. Three nornal hearing subjects were taken and
ten sanpl es of pseudorandom shift-regi ster noi se was taken
The subj ects were asked to choose the interval containing
t he nodul ated signal. Mdul ation depths were varied and

with the frequencies ranging from5 Hz-200 Hz.

Results indicated that sensitivity is best at 20 Hz
and decl i nes above and below this value. A nore notable
finding is the poor overall |evel of performance for the

br oadband noi se carriers as conpared to sinusoidal carriers.

The aimof the third experinent was to conpare vibro-
tactil e perfornmance with broad band and narrow band noi se
carrier waveforns. The results indicated that nodul ation
sensitivity was better with narrow band carriers for nodu-
| ati on frequenci es between 20 Hz and 80 Hz, but at very
hi gh nmodul ati on frequenci es, performance was better with

t he broad band carri er.

In fact, the overall levels of tactile perfornmance
wi t h broadband and narrow band noi se carriers are quite

poor, suggesting that the use of anplitude nodul ati on as
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heari ng subjects adults served as subjects in the experi -
ment. Mean age of the subjects was 23 years. The Fonat or
was sel ected as the single-channel device and the nulti-
channel device, used was the tactual vocoder. A nmasking
generator was used to deliver noise in order to cut-off
the auditory sense. After atraining of 3to 4 weeks, the

subj ects were eval uat ed.

I n general, subjects who were tested with single-
channel device, tended to have hi gher scores on the
syl | abl e nunber and syl | abl e-stress tasks, than those
who were tested with the nultichannel device; this diffe-
rence was not observed as clearly for the intonation task.
The results clearly indicated that a single channel vibro-
tactile device often provided better cues for the identifi-
cation of certain suprasegnental features of speech
because of preservation of waveform- envel ope |nfornation.
It was found that the perfornance on the post-test was
poorer for all trained subjects conpared to their fina
training results, suggesting that cues learned in training
were not readily transferable to newstimuli, even those
with simlar prosodic characteristics. Overall, the study
provides a notion that certain prosodi c features of speech
may be conveyed nore readily when the waveform envel ope is

preser ved.

In this study, the duration of the training was too

short to produce any significant change in performnmance of
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trai ned subjects, conpared to those with no training. The
fact that sone untrained subjects showed snall inprovenents
on the post test as well, suggests that even very limted
experience with tactile stimulation provides sone inforna-
tion. Even, the perception of suprasegnents nay be limted
by the nature of the tactile stimulus received by the

subj ect .

These results may not hol d good across other single
channel and mnulti-channel instrunments. In the short-term
t he perception of certain suprasegnental aspects of speech
I's noderately enhanced by wavef or m envel ope of speech signa
and this finding can be utilized to design tactile aids for

deaf, in future.

Plant, G L. (1986): A single channel transducer vibrotactlle
aidto lipreading. STL-QPSR 1, 41-63, Haskins Laboratories
Report.

In this paper, the authors describe results, obtained
on four deaf subjects, using a single transducer vibrotactile
aid, presenting Fo cues and information, as to the presence/
absence of high frequency energy. The subjects were tested,
using a vibrotactile aid to |ip reading, presenting voicing

information and a cue to signal the presence of high frequency
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energy. The subjects were tested, using a vibrotactile aid
to lip reading, presenting voicing infornmation and a cue to
signal the presence of high frequency consonants. Testing
at the |level of consonant perception presented |ip reading
al one, and |ipreadi ng suppl enented by the aid showed i nprove-
nments in the perception of consonant voicing and manner of
articulation in the aided condition. Testing at the word
and sentence | evel showed differing results for the subjects,
conpleting the tasks. A congenitally deaf subject with a
hi story of non-hearing aid use showed no inprovenents in the
ai ded conditions whereas another subject with a history of
very successful hearing aid use, evidenced by inprovenents
in the aided condition for both sets of materials. Testing
at the level of connected di scourse reveal ed inprovenents
in the aided condition for two subjects, but equival ent scores
ai ded/ unai ded for the subject with limted hearing aid expe-
rience. Testing in the tactile aid al one condition showed
that subjects were able to perceive the presence/ absence of
/'s/ and word syl | abl e nunber and type with a hi gh degree

of proficiency.

The results obtained in this study indicated that the
experinmental aid offers nmuch infornati on which can serve as
a very useful supplenent to |ipreading. The subject's per-

formances on the two consonant perception tasks showed t hat
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many of the confusions confronting to the |ip reader can
be overcone by an aid, presenting Fo Infornmation as either
a fixed or variable frequency. Features which cannot be
perceived visually, for eg. voicing and nasality, can be
reliably detected with the tactile aid. Reliable inforna-
tion as to consonant voicing and nasality al so seen to
of fer much useful information for the devel opment of speech
production skills. The subjects al so evidenced nmuch
i nproved recognition of the sibilant consonants in the
aided condition. A reliable neans of sibilant detection
such as is provided by the present aid woul d thus appear
to be a nost useful feature for both speech perception
and production training. The study has not answered the
probl em of whether Fo should be presented as a fixed or
vari abl e frequency. In part, thisis due to the varying
amounts of the testing programconpl eted by the individual
subjects. Limted exposive to the aid shoul d be taken

I nt o consi derati on.

Actually, the aid had assisted in the devel opnent
of nmore normal speech patterns although, it should be
noted that the subject's speech is still relatively un-
intelligible. The experimental aid, no doubt, offers

useful information for enhanced speech communi cati on.
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Bersistein, L.E et al. (1986): Child and adult vi bro-

tactile thresholds for stinmulation and pul satile stinmuli.

JASA, Vol .80, Pg.118-123.

Three experinments were performed to obtain vibro-
tactile sensitivity thresholds fromhearing children and
adults and fromdeaf children. An adaptive two interva
forced choi ce procedure was used to obtain estimates of
the 70. 7%poi nt on the psychonetric sensitivity curve.
Wien hearing children of 5-6 and 9-10 years of age and
adults were tested with sinusoids and haversi ne pul se
stimuli, at 10, 100, 160 and 250 Hz pul ses per second
respectively only the 10 Hz stinmulus resulted in an age
effect. For this stimulus, young children were signifi-
cantly less sensitive than adults. Wien sinusoids were
again tested at 20, 40, 80 and 160 Hz, a small overal
effect of age was observed with a significant effect only
at 20 Hz. Two prelingually profound deaf children were
tested with hav rsine pul ses per second. Both children were
at least sensitive to the tactile and the adults. Pul sa-
tile stinulation, as conpared to sinusoidal stimnulation
exhibited relatively flat threshold versus frequency func-
tion. The present results, denonstrating no age effect

for pulsatile stinmulation and simlar perfornmance for deaf
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and hearing children, suggest pulsatile stinmulation approxi-

mately for vibratory speech comuni cation aids for the deaf.

The resul ts have shown that the threshol ds curves for
adults and children are the sane, when stimulation is
haver si ne pul ses. Further, the shape of the curve is quite
flat, in conparison with curves, resulting fromsinusoidal
stinulation. These results are in agreenent with reports

publ i shed earlier.

In the area of audition, it has been found that young
children have poorer pure tone sensitivity than ol der
children or adults. Information about synchronies and
asynchroni es in devel opnent across sensory percept ua
systens can hel p to resol ve questions about the relative
conti nuation of physiologic and perceptual or cognitive
factors to devel opnental effects. Results of the current
study suggest the follow ng:

1. Pulsatile stinulation does not in age effects, nor |arge
threshold shifts as a function of pulse rate and there-
fore preferable for inplementation of a vibrotactile

communi cati on aid.

2. Young children are |less sensitive than ol der children or
adults at low sinusoidal stimuli (ie inthevicinity

of 10 and 20 Hz.
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3. Deaf subjects, wi thout additional handi cappi ng condi -
tion, do not differ fromhearing adults or children

tested with haversine stimuli.

Qler, DK et al. (1986): Tactile vocoder in a multisensory

programtraini ng; speech production and reception. The

Volta Review, Vol .88, No.1, Pg.21-37.

This article describes an el enentary and preschool
program using a vibrotactile and el ect roeut aneous vocoder
I n speech reception and production training with 13 profound
hearing-inpaired children (3-6 years). The training approach
was el ectric, presenting speech information through the
senses of touch, vision and audition in conbi nati on and
inisolation. Reception (discrimnation, identification
and conprehension) and production (imtation and functiona
use) were trained with syllables, words and si npl e sentences.
Results indicated that progress in speech comuni cation was
not seen prior to training with tactual vocoder. Both
el ectrocut aneous and vi brotactile vocoders were found to
be useful aids in training speech production and reception
with the profoundly hearing-inpaired children, in this study.
Thi s study encourages further exploration of the use of
tactual aids to i nprove speech reception in the profoundly

hear i ng-i npai r ed.
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\Wei senberger, J.M et al. (1987): Therole of tactile aids

in providing Information about acoustic stimuli. JASA, 82,
906- 916.

Devi ces that convert sound patterns into patterns of
vi brotactile stinulation have been shown in |aboratory and
clinical studies to enable persons to appreciate many
aspects of the acoustic environnent and thus are of poten-
tial benefit to deaf persons. In the present article,
t he authors have presented a framework, which is outlined
for describing normal listening situations as a hierarchy
of tasks requiring increasingly conplex analysis of the
acoustic waveform including sound detection, environmental
sound identification, syllable rhythmand stress categori -
zation, phonene and word identification and conprehension
of connected speech.. The types of benefits, provided by
tactile aids in each of these tasks are exenplified, using
data from studies of single-channel comercially available
devi ces and mul ti-channel tactile vocoders in the | aborato-

ries.

Level s of processing of acoustic stimli

Task Wavef or m anal ysi s

1) Detection Presence of energy

2) Localization Interlours intensity differences
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3) ldentification

a) Environnental sounds Anpl i tude envel ope
b) Words
1) Syllable rhythmand aress Anmplitude envel ope
i) Wiole word identification Fi ne spectral/tenpora
feat ures.
i111) Connected speech Fi ne spectral /tenpora
features.

In summary, all these results suggested that the tactile
ai ds can provide hel pful information in a variety of listen-
ing flasks, including detection, localization, environnenta
sound identification, etc. Finally, an examnation of the
different levels of information, extracted froman acoustic
waveform by a listener, including that necessary for detec-
tion, environmental sound 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.

Plant, G et al. (1987): Single transducer vibrotactile aid

to lip reading and speech production. Annals of o, Rhino and

Laryngol ogy, Vol.96, Pg. 87-99.

A single transducer hand-held vibrotactile aid has been

devel oped and four profoundly deaf adults were trained for its

use.
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Two subjects have been trained with the aid presenting
fixed frequency and variable intensity cues, and two, with
the aid, presenting a variable frequency of constant inten-
sity. The results showed that the aid provided inforna-
tion for both speech perception and production. The scores
obtai ned for syllables, words, sentences and connected di s-
cour se perception, when the vibrotactile aid suppl ement ed
lip reading were significantly better than those, obtai ned,
when the sane materials were presented via |ipreading al one.
Spect rographi ¢ anal ysis of the speech of a congenitally
deaf adult's pretraining and post-training of the aid
reveal ed i nprovenent in both syllable duration and si bil ant
production. The results of this study seemquite signifi-

cant in the devel opnment of a wearabl e version of the aid.

Risberg, A (1987): Speech coding in a single-channe

i npl ants and a conparison of results for auditory, tactile

and electrical stimulation. Annals of & o.Rhino and

Laryngol ogy, Vol .96 Pg 65. 66.

The ai mof speech coding in a sensory aid for the deaf
Is to adapt the natural acoustic signal to the capacity of
t he sensory channel used. The authors' experiences, with

deaf persons, using a sinple tactile aid, or an extracochl ear
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i mpl ant i ndi cates, however that this assunption, is not
valid. It is not likely that speech understandi ng w t hout
| i preadi ng, can be obtained in sinple, single channel
systens. Results of the coding evaluation reveals that -
1. Intensity variation of 20-30 dB nust be transmtted.
2. Fundanental frequency variations in speech are

i nportant and hence the systens shoul d be based on

t he extraction of Fo.
3. Goss spectral information can be transmtted by neans

of single frequency, gives good support during |ipread-

ing and wi Il be useful for everyday sounds.

Barney, P.J. et al. (1988): Phonemc information transmtted

by a multi-channel electrotactile speech processor, JSHR

Vol . 31, Pg. 620-629.

A wearabl e el ectrotactil e speech processor was eval uat ed
by the authors. Seven nornally hearing and four hearing-
i npai red subjects were taken up for the study. The processor
estimated t he fundanental frequency, the second fornmant
frequency, the anplitude of the acoustic speech signal.
These parameters were presented as a pattern of electrical

pul ses, applied to eight el ectrodes, positioned over the
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di gital nerve bundl es on one hand. The devi ce warn shown to
provi de useful information for the recognition of phonenes
in closed sets of words, using tactile information al one.
The devi ce al so supplenented lipreadlng to inprove the recog-
nition of open-set words. The recognition of duration and
first and second formant frequencies of vowels and the recog-
nition of voicing and manner of consonants were inproved
over recognition with lipreading al one. Recognition of
final consonants was inproved, nore than recognition of
initial consonants. These results indicated that the device
may be useful to both severely and profoundly hearing-
i npai red people. The infornation presented here allows a
prelimnary conjecture about whi ch segnent of the hearing-
i npai red popul ati on may be hel ped by the device. It is indi-
cated that the provision of tactile information that overl aps
with auditory information fromthe hearing aid, also m ght
i nprove recognition of voicing, duration and manner. These
conjectures will require verification in further studies
t hat invol ve the use of hearing as well as lipreading and t he
tactile device. The useful ness of the device nmay be inproved
in a nunber of ways. The nost effective of these woul d pro-
bably be to enlarge the frequency range represented by the
el ectrode array to include first-formant frequencies, and to
i ncl ude nore el ectrodes so that a finer frequency resol ution
could be attained. This mght inprove the perception of

vowel s and consonant pl ace.
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Cowan, RS C et al. (1986): Prelimnary eval uation of a

nmul ti-channel electrotactile speech processor. JASA, 83,
6, Pg. 2328-2338.

The ains of the present study were to eval uate the
effectiveness' of the Tickle Tal ker as a wearabl e communi ca-
tion aid for the hearing-inpaired and to devel op and
eval uate training prograns for use wth the device. This
article presented results for four hearing-inpaired and
seven nornal |y hearing subjects who were trained in the
use of 8-channel electrotactile aid. The electrotactile
stinul ati on consi sted of three separate conponents.

(1) The el ectrode handset and connecting calde. (2) The
stimulation unit, and (3) The speech processor and m cro-
phone. Speech discrimnation training was carried out,
usi ng both open and cl ose-set materials. S gnificant

| ncreases in speech-training rates were noted for all

subj ects, when using the electrotactile aid. After 70
hours of training, nean tracking rate in the tactile plus
| i preadi ng condition was 55 words per mnute, as conpared
wth 36 wom for lipreading alone, for the nornally hear-
ing group. For the hearing-inpaired group, the nean
tracking rate in the aided condition was 37 wom as com

pared to 24 womfor |ipreading alone, follow ng 35 hours
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of training. Performance scores on C D every day
sent ences, consonant nucl eus consonant (CONO words, and
cl osed set vowel and consonant identification were signi-
ficantly inproved, when using the electrotactile aid.
Per f ormance scores, using the aid w thout |ipreading,
were wel |l above. Chance on consonant and vowel identi -
fication and on el ements of the Mninmal Auditory Capabi -
lities Battery. The results for both open and cl osed set
eval uation tests show i ncrease in perfornmance scores in
t he ai ded as conpared to the unai ded condition for all
subjects. Famliarity with the speaker and test could have
been a factor in the increased speech-tracking rates in
t he unai ded condition, since both the normally hearing
and hearing-inpaired subjects show i nprovenents. The
results on the identification of vowel s and consonants
showed that significant phonemc information is accessible
fromthe tactile nodality and that it can be used in con-
junction with speech reading to inprove perfornmance on
closed set tests. The results of these studies clearly
denonstrate the ability of subjects to utilize the tactile
nodality to obtain informati on, which, when conbined with
| i preadi ng, can inprove performance on a variety of speech
tasks. The present study al so highlighted the necessity

of field trials of any potential device. Al though,
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eval uated perfornmance of the aid in the totally deaf.
Situation, the potential user popul ati on envi saged for
the aid woul d include individuals with sone residual

heari ng. Who woul d use the device in addition to hearing
aids and lipreading. This study could have been extended
to the use of electrotactile aid in conbination w th audi-
tory and lipreading information in both adults and

chi |l dren.

Skinner, Hw, singer, S., Fredrickson, J., Smth, P.G,
Hol den, T. (1988): Conparison of benefit fromvibrotactile

aid for post-lingually deaf adults. Laryngoscope, Vol . 98,

Page 1092- 1099.

The goal of the present study was to conpare the
benefit provided by a one or two-channel vibrotactile aid
to the benefit, provided by a multi-channel nultiel ectrode,
i ntracochl ear inplant for the same post-1lingually deaf
adults. Four post-lingually deaf adults were eval uated
pre-surgically with a one or two channel vibrotactlle aid
and post-surgically, with a multi-channel nmulti-el ectrode,
i ntracochlear inplant. Although the vibrotactile aid
provi ded awareness of sound and enhanced fl ow of conversati on,
benefit to |ipreading was snmall on vi deotaped tests and

speech tracking. Scores on recorded, sound-only speech tests
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wer e not significantly above chance except in discrimna-
tion of noise fromvoice. Wth cochlear inplant, benefit
to lipreading was significantly greater than with the
vibrotactile aid, and scores on sound-only tests were
significantly above chance. Communication was narkedly
better with inplant than with the vibrotactile aid. In
counsel ing, those get no benefit froma hearing aid, the
results of this study provide data on t he anount of benefit
one or two-channel vlbrotactile aids provide post-Ilingually

deaf adults who are subsequently inplanted.

Dat a obtai ned with speech tracking procedure clearly
shows t he difference between comunication with the vibro-
tactile aid and the cochlear inplant. By focusing on the
nmean difference score between |lip reading done and |ip read-
ing with a prosthesis, the variability contributed by
changes in the physical and nental states of the tal ker and
pati ent across days and differences in passage difficulty
I's mnimzed. For post-lingually deaf adults who neet the
criteria for inplantation, the multi-channel, multi-el ectrode,
I ntracochl ear inplant provides the possibility of much
greater benefit, conpared to a one or two channel vi bro-

tactile aid.

There are post-lingually deaf adults who do not neet

the criteria for inplantation or do not want surgery. A
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one or two-channel vibrotactile aid would put then back

in touch with the world of sound and may bring limted
enhancenent of lip-reading. A nmulti-channel vibrotactile
aid may be nore beneficial. The results of this study
provi ded data on the amount of benefit these aids provided
post-lingually deaf adults who are subsequently inplanted.
Al t hough prospective cochlear inplant patients shoul d
know about vibrotactile aids as an alternative to surgical
I npl antati on* t he possible benefit of a multi-channel,

mul ti-el ectrode, intra-cochlear inplant for surpasses that

of the one or two channel vibrotactile aid.

Carney, A E (1988): Vi brotactil e percepti on of segnent al

features of speech - A conparison of single changed and

mul ti-channel instrunments. JSHR, 31, Page 438-448.

The purpose of the current investigation was to deter-
m ne whet her the tactile perception of segnmental features
of speech was enhanced nore by presentati on of the waveform
envel ope cues, provided by a single channel tactile aid,
or by the presentation of spectral cues, provided by a
mul ti-channel tactile aid. This type of Investigation would
permt a conparison of two different types of tactile stinulus
arrays in the sane | aboratory, keeping stimuli and procedures

constant. A second purpose of the experinment was to conpare
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these two devices as aids for lip reading for segnental
stimuli. Two groups of six adults with normal hearing
served as subjects in this experinent, wth a mean age
from1l8 to 25 years. The experinent actually conpared
t he recognition performance of artificially deafened
| i steners for segnental stimuli presented through a single
channel tactile device and through a 24-channel vocoder.
Bot h consonant and vowel stinuli were tested under visual
condition only, tactile condition only and vi sual +
tactile conditions. Each subject received a pretest,
ei ght 2-hour training sessions, and a post-test. Results
i ndi cated no significant differences between subjects*
overall recognition performance with two different tactile
devi ces. Analysis of consonant confusions showed t hat
bot h devices transmt the features of voicing, nmanner and
pl ace of articulation in a simlar fashion. 1In contrast
to earlier studies, results donot support the notion that
preservation of the waveform envel ope of speech is necessary
for the transmssion of segnental features of speech.
These results al so suggest that tactile perception of seg-
nental features may not be attested significantly by the

tactile array chosen.

Because of the short-termnature of training in the

experinment, the final identification perfornmance of objects
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on the post-test should not be regarded as asynptotic.
In this short-termtraining experinent, the addition of
tactile cues to visual cues did not increase identification
performance significantly ever the visual only perfornance
for either vowels or consonants. A lack of significance
may be due, in part, to atype of ceiling effect in the
visual only condition. Subjects in the multi-channe
group, had generally high visual scores, especially for
vowel s. However, the consonant identification functions
showed very slightly higher identification performance in
the VT condition, suggesting a trend toward i ncorporating
visual and tactile cues with nore training. |n summary,
the results of this experinent do not support the notion
that either waveform envel ope Information or spectral |nfor-
mation is superior in providing segnental tactile inforna-

tion to subjects.

Arthur Boot hroyd (1989): Devel opi ng and evaluating a tactile
speech reading aid. The Volta Review, Vol.91, Pg.101-112.

The work described in this paper is based on the hypo-
thesis that tactile presentation of Fo (Fundanental frequency)
can be as effective as auditory presentation as an aid to
speech reading. This hypothesis was tested, using a device

that presents Fo as position of tactile stinmulation of the
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arm timng an array of 8 or 16 vibrators. The eval uation
process consisted of (a) auditory stinmulations to confirm
that the Fo patterns can provide the expected enhancenent,
(b) Experinments on the perception of phonetic contrasts
viathe tactile device, (c) Psychophysical studies to
confirmthat subjects are sensitive to changes in pattern
of tactile stimulation, provided by a device, (d) Sentence

per ception studies using post-lingually deaf ned adults.

After training with the device, the adults experienced
a reduction of speech reading error of between 25%and 50%
This |I's encouragi ng, though not as the 40-90%reduction
of error experienced by normal hearing adults, presented
wth Fo auditorially. Results of the phonetic |evel and
psychophysl eal experinents suggest that sonme of the inforna-
tion, the tactile device provides, could be conveyed vi a
a single-vibrator, but that a 16-channel display is probably

nore effective.

The description of the device has been given adequately.
The device has two parts. The Ist part is a speech process-
ing unit, containing (a) a mcrophone (b) analog circuits
for converting the output of the mcrophone into square
waves whose frequency equal s voice Fo (c) a digital conputer

programred to neasure the duration of each cycle and to route
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the next cycle to the appropriate one of 8 or 16 output
channels (d) the anplifiers needed to drive the out put
vibrators (e) the rechargeabl e batteries needed to power
the system The 2nd part of the device is the vibrator
array, designed to be attached to the forearmw th el asti -
cized straps. The array can contain either 8 or 16
vi brators, each consisting of a tiny solenoid actuator,
specially nodified for this application. The interna
conputer is controlled by a programthat remains in menory
when the unit is switched off. This programis witten in
such a way that equal multiplications of frequency produce

equal rovenents of stinulus on the skin.

A nunmber of inportant conclusions drawn in this study

are -

1) Auditory presentation of Fo significantly enhances speech
reading at the sentence |evel.

2) Fhonetic information, provided by Fo contours tengs to
be that which is mssing fromthe visual stinulus. This
Is hardly surprising, given the facts that Fo is a para-
meter of voiced sounds and that the activities of the
larynx are Invisible.

3) The quantization resulting fromrepresenting smoth Fo
contours in terras of a nunber of discrete steps reduces
t he useful ness of the contours as a supplenent to speech

r eadi ng.
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A single channel display of Fo provides a frequency reso-
| ution of about 9.25 octaves at the finger tip. Wth
frequency expansion in a speech processor, the effec-
tive nunber of channels could be increased. O nore
concern is the unsuitability of the finger tip for a
wear abl e sensory aid and the fact that the sensation
acconpanying tactile Fo is very subtle.
VWhen Fo contours are presented tactually, they provide
access to sone of the phonetic information, that is
m ssing fromthe visual stimulus. Both single-channe
stinulation of the finger tip and 16-channel, spati al
stinulation of the forearmprovided access to those
features cued by t he presence, time of onset, and dura-
tion of voiced sounds. Only one spatial display, however,
gave evi dence of providing access to features cued by
patterns of variation of Fo over tine.
Spatially represented, tactually presented information
about Fo can provide nmeasurabl e speech readi ng enhance-
ment after training, though not, as nuch as provided by
auditory Fo to normal hearing subjects. This conclusion
was based on the performance of only three subjects and

clearly needs to be investigated further.

St udi es should al so be done to notify individua

differences, the effects of changing the nunber of channels
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in the spatial display, the effects of adding other tactually
coded speech cues and even the effects of changing the | ocus
of stimulation. It should be noted that the stinmuli used in
t hese experinments were either synthetic or derived fromi deal
I nputs - either speech in quiet or output of a throat mcro-
phone. A wearabl e sensory aid nust be capabl e of dealing
with real speech, produced by a variety of talkers at a
di stance of several feet, and often in noisy environnents.
Physi cal eval uation of device performance i s, therefore another
crucial of conponent of sensory aids research. |f a wearable
device gives a less than satisfactory performance, it is
I nportant to know whether the fault lies in the device
Itself ie. that is not processing the speech input adequately
or in the design concept, ie., that the Infornation being
extracted fromthe speech or the formin which it is being
recorded is inappropriate. The device described here, has
yet to be fully evaluated in terns of its potential to
provi de sufficient speech readi ng enhancenent under nore

natural input conditions,

M chael, P.L., Kinbrough, 0., and Rebecca, E E. (1939):
Portabl e tactile aids for speech perception; The Volta Review,

Vol . 91, No. 6, 113-126.

Recent technol ogi cal advances have nade it possible

to construct wearable aids that present infornation to the
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tactile sense. This devel opnent is inportant, because
it allows for hearing-inpaired individuals - particularly
of children - greater acquisition of tactual speech know
| edge, since they may now use the aids in a w der variety
of contexts throughout the day. The authors have revi ewed
the experinmental use of portable tactile aids in speech

per cepti on.

The authors tal k about Tactaid |1, Tactald V, Tacticon

1600 and Ti ckl e Tal ker as portabl e aids.

The tactile spectrograns provided by these devices

| ncl ude informati on about a nunber of acoustic features of
speech. Al indicate duration. Intensity, frication and pl o-
sive energy. Those, with |arger nunber of channels transmt
frequency | ocations of concentrations of energy and are felt
as concentrations of stirmulation on the array or as patterns
of rapid novenent across the array, respectively. Instead of
t he frequency spectrum of speech. Tickle Tal ker presents a
collection of features - Fo, F2 and anplitude on the skin.
The aut hors have reported studies of portable tactile aids
and have grouped theminto three categories:
1. Those enphasi zing training subjects to perceive speech

t hrough touch.
2. Those enphasizing the additive benefit of tactile aids

when conbi ned with speech readi ng, aided hearing or both

speech reading and ai ded heari ng.
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3. Conparisons of subjects performance using different

tactile aids on the sanme t asks.

Al nost all subjects could discrimnate phonenes,

after suitable training. Real speech could be perceived,
only after excessive training. Subject experienced gains
Wien a portable tactile aid, was added to either speech
readi ng, aided hearing or a conbi nation of speech readi ng
and aided hearing. The results indicated that regardl ess
of differences in device characteristics (ie. the nunber
of channels or the type of infornation conveyed), portable
tactil e devices provided subjects with speech infornation
t hat was conpl enentary to that, provided by speech readi ng

and ai ded heari ng.

The confoundi ng of factors such as processi ng schenes
and channel nunbers in the studies, conparing el ectrocuta-
neous and vl brotactile stimulation denands that further
enpi rical work be conducted. It is inportant to ascertain
the extent to which the stinulation types produce diffe-
rent | evels of subject perfornmance on speech perception tasks
to determne Whether there is a superior stimulation type.
The devel opnent of portable tactile aids has been a najor
step forward in the effort to augnment the speech perception

of the hearing-inpaired.
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Cowan, RS.C, Alcantara, J.I., Witford, L.A, Barney, P.J.
and G ark, GM (1989); Speech perception studies using a

mul ti channel electrotactile speech processor, residual hear-

ing and |ipreading. JASA, Vol.85, Page 2593-2607.

The aut hors have reported three studies on the speech
perception of normally hearing and hearing-inpaired adults
usi ng conbi nations of visual, auditory and tactile input.
The first study examned the contribution of tactile infor-
mati on to speech recognition in the conbined tactile plus
auditory (TA) and conbined tactile plus auditory plus |ip-
reading (TLA) conditions, followng training in conbi ned
nodalities. The second study assessed the contribution of
tactile information to conbi ned TA and TLA speech recogni -
tion using different frequency ranges of available |owfre-
gquency auditory Information. Both of these studies were
conducted with nornally hearing subjects listening to a
degraded auditory signal (low pass filtered speech pl us

maski ng noi se).

The final study neasured the tactile information contri -
bution to conbi ned TA and TLA speech perception for three

heari ng-inpaired adul ts.

I n study-1, nean scores for four normal ly hearing

subj ects showed that addition of tactile information, to
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either audition alone or lipreading plus audition resulted
in significant inprovenents in phoneme and word di scri m na-
tion scores. Infornation transm ssion anal yses denonstrated
the effectiveness of the tactile aid in providing cues to
duration, F and F2 features for vowel s, and manner of arti -
culation features for consonants, especially features
requiring detection and discrimnation of high frequency

I nfornmati on.

In study-2, 6 different cut-off frequencies were used
for a lowpass filtered auditory signal. Mean scores for
vowel and consonant identification were significantly higher
with the audition of tactile input to audition alone at each
cut-of f frequency upto 1500 Hz. The nean speech tracking
rate was also significantly increased by the additiona

tactile input upto 1500 Hz.

I n study-3 exam ned speech discrimnation of 3 hearing
inpaired adults. Additional information avail abl e through
the tactile aid was shown to inprove speech discrimnation
scores; however the degree of increase was inversely related
to the level of residual hearing. Results indicated that
the electrotactile aid may be useful for patients with little

residual hearing and for severely to profoundly hearing-
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| npai red, who could benefit fromhi gh frequency information
presented through the tactile nodality, but unavail abl e

t hrough hearing aids.

In this study, although the training programhas been
effective in Inproving feature recognition as show by
cl osed-set vowel and consonant scores, nore enphasis needs
to be placed on the comuni cation tasks, before simlar

| nprovenents with open set nmaterials are anal yzed*

Lynch, P.M et al. (1989): Milti-sensory speech perception

by profoundly hearing-inpaired children. JHSD, Vol. 54,
Page 57- 67.

The present research was designed to explore the effect
of uni nodal tactual training on hearing-inpaired children's
ability to generalize tactual information to novel speech
stimuli. Speech perception was examned in both uni noda
and nmul ti-nodal contexts with children in an extensive tactual
stimulation training program Four children in study-1
(5-7 years) and 4 children in study-2 (8-11 years) received
uni nodal (tactual) word recognition training with tactua
speech perception aids. Two of the subjects in study-1 were
trained with a 2-channel device and 2 were trained with a 16
channel aid. Al the subjects in study-2 need a 16-channe

ai d.
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Followi ng training, subjects were tested on a list,
contai ning equal nunber of trained words in 3 conditions:
a) aided hearing al one
b) tactual aid al one
c) combi ned.
Results indicated that the subjects performed better in
t he conbi ned condition of both trained and tactually pre-
sented new wor ds, providing evidence for significant sen-
sory integration follow ng unl nodal training. Further
research is needed to determne relative amounts of uni -
modal and nultinodal training that are optimal to achieve
rapid learning and successful integration of nulti-sensory

i nformati on.

Lynch, H P. et al. (1989): Milti-sensory narrative tracking

by a profoundly deaf subject, using an el ectrocutaneous
vocoder and vibrotactlle aid. JSHR, Vol.32, Pag* 331-338.

The present research is designed to explore the addi-
tive benefit of tactual speech information to that fromlip-
reading and aided hearing in a narrative tracking task with
a profoundly deaf adult, in the 1st phase, tracking perfor-
mance was exam ned, using the Tacticon 1600, el ectrocutane-
ous vocoder. In the 2nd phase, tracking procedure was

i nvestigated when the tactile Il vibrotactile aid was used.
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In the final phase, both tactile devices were used, the per-
formance with them was conpared to when |ipreadi ng and

ai ded hearing were used with out tactile information.

The results showed that the subject's ability to inte-
grate tactual cues with these fromaided hearing and |i p-
reading were significant and it was attributed to the effi-

cacy of uninodal training,that the subject had received.

Appropriate statistics were used in this study. Only
one drawback is that this was a single subject study.
Al though profoundly deaf subjects are able to integrate
tactual and auditory cues,w en identifying single words
froma closed set, additional evidence is needed to indicate
whet her such integration may occur in the perception of

runni ng speech.

Lynn*, E. B. (1989): Single channel vibrotactile suppl enents

to visual perception of intonation and stress. JASA, Vol. 85,

Page 397-406.

Two experinents were conducted to explore the effective-
ness of a single vibrotactile stinmulation to convey intona-
tion and contrastive stress. In the first experinment, artifi-
cially deafened nornal hearing subjects judged stress and

i ntonation in counterbal anced vi sual -al one and visual tactile
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conditions. Benefits to speech readi ng were significant
but small. No significant differences anong six trans-
formati ons of voice fundanental frequency were observed.
In the second experinent, only the tactile stinmuli were
presented. Significant differences energed anong the
transformation with larger differences for intonation than
for stress judgenents. Surprisingly, tactile al one intona-
tion identification was nore accurate than visual -tactil e,
for several transformations. |n conclusion, single-
channel doding of Po is a viable option for tactile aids
to speech reading. One avenue for future research woul d
be to investigate conbining effective single channel codes
for Po with spatial codes that convey ot her types of speech

I nformati on, such as speech spectra.

Hong, Z. Tan., Wlliam MR, Nanthaniel, |.D (1989); Analysis

of a synthetic tadoma systemas a nultidinensional tactile

di splay. JASA, Vol .86, No.3, Page 981-988.

The study of tactile comruni cation of speech serves
several purposes. First, for those who are both blind and
deaf, such study wi |l hel p nake possi bl e, the use of another
sense nodal ity for speech communi cati on. Second, one study

will lead to nore insight into howthe tactile sense worKks.
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Finally, the study inproves the basic understanding of speech
comuni cation. Sone characteristics of Tadona, that m ght
be responsible for it's exceptionally good performance are:
1) Aface 'rich" multidl nentional tactile display;
2) The display directly represents the articulatory process;
3) The hand is an exceptionally sensitive body part for

tactile perception;
4) It's users were taught the nethod intensity over several

years.

The specific actions, included in synthetic Tadoma are:
1) Upper lipin - out novenent (U O
2) Lower lipin- out novenment (LIO
3) Lower lip up - down movenent (LUD)
4) Jaw up - down novenent (JUD)
5) Laryngeal vibration
6) Oal airflow.

The present study is ainmed at examning the extent to
which the faceis in fact 'rich’ nulti-dinensional tactile
di splay. The authors have eval uated the perfornance, using
t he four moverment channels: U O LIO LUD, and JUD. Al of
t hese di mensi ons were studied separately and jointly wth
respect to information transm ssion, using elementary static,
nonspeech stinuli. |In subsequent research, the authors tend

to include vibration and airflow but also to exam ne rates
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of Information transm ssion using dynam c, nonspeech stimuli.
Assessnent of information transmssion was carried out in
two steps. First, discrimnation experinments were conducted
to investigate the basic resolution of the human tactile
sense with respect to the four novenents, U O LIO LUD and
JUD. ldentification experiments were then perforned to
det erm ne how nuch infornati on coul d be perceived through the
novenent systens. Al experinental runs started with an
informal training period. D scrimnation experinments showed
that the just noticeable difference associated with each
novenent i s about a percentage of the reference displacenent.
In general, both the discrimnation and identification results
appear unexceptional and hence, the reception of facial
novenent information by itself, does not account for the

extraordi nary success of the Tadoma net hod.

Wi senberger, J.M (1989): Evaluation of the Sienens M ni -

fonation vibratactile aid. JSHR Vol .32, Page 27-32.

The Sienmens Hearing I nstrunents, M nofonator, a single
channel, wist worn vibrotactile aid, was evaluated in a
| aboratory setting with hearing-inpaired adults. In the
present study, the ability of the Mnifonator to aid detec-

tion of sound was neasured in a standard sound field
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audionetric setting wth hearing-inpaired adults. These
subjects were asked to identify a set of 20 environnent al
sounds recorded on a disk and presented through a conputer.
A set of 30, one and two syllable words was then presented
to determne the ability of the device to transmt syllable
rhythmand stress patterns. |n conjunction with |ipread-
I ng, 20 standard sentences were presented to eval uate t he
useful ness of the device to lipreading In a sentence identi-
fication task. The issue of whether training with the
m ni fonat or woul d i nprove perfornmance, was addressed by
selecting the environnmental sounds and syllable rhythm and
stress subtects and training two subjects with these itens

over a several week period.

The mnifonator was then eval uated using |istening
tasks requiring increasingly conplex analysis of the
acoustic stinmulus, allow ng assessnent of it's potenti al
benefit to users in a nunber of listening situations. The
results indicated that the m ni fomat or can provide sufficient
Information for users to detect the presence of sounds across
afairly broad frequency range and for sounds with primarily
hi gh frequency spectra, mght actually yield better detec-

tability than nmany hearing aids.
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It has been found that performance of such tasks can
I nprove with practice. Al though, single-channel tactile
ai ds probably do not provide a |l arge anount of firmstruc-
ture spectral or tenporal information, the fact that the
subjects were able to identify the words in the syllable
rhythmand stress task at above-chance | evel s suggests
that sone degree of fine structure information is being
transmtted. To obtain a nore conplete idea of the type
and degree of benefit that can be provided by a single-
channel tactile device such as the mnifonator, further
work is necessary in training users to integrate the infor-
mation fromthe device wwth visual cues. |In addition, the
performance of a device with single word stimuli is not
al ways an accurate predictor of performance with connected
speech, and thus an evaluation of the mnifonator in connected
speech tasks should yield results that woul d be nore predic-
tive of it's benefit in real-world situations. It is
concl uded that mnifonator have potential benefit for pro-
foundly inpaired persons who do not benefit fromconventiona
acoustic anplification. 1t is possible that a carefully
devel oped, conprehensive training programthat enpl oyed
graduat ed exposure to tasks requiring increasing finer
anal ysi s of acoustic waveform mght lead to extrenely good

performance with such devi ces.
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V¢l senberger, J.M, and Russel, A F. (1989): Conparison of

two singl e channel vibrotactile aids for the hearing-

i npai red. JSHR, 32, Page 83-92.

In the present study, two commercially avail abl e
si ngl e-channel vibrotactile aids were conpared using the
sane subj ects, performng a variety of tasks, including
sound detection, environmental sound identification,
syl l abl e rhythm stress categorization and speech sound
recognition, to determne the type and degree of benefit,
provi ded by each device. One device is the mni vibrator
three (an anplitude nodul ated device) and the other is
Si emrens m ni fonat or whi ch provi des an anplitude nodul at ed
broad-band signal. Atotal of six subjects, between 18
and 22 years participated in the study. Several tasks were
performed by the subjects, |ike sound detection, environ-
mental identification task, syllable rhythmand stress
categorization, vowel recognition and consonant recogni -
tion. One sone tasks (sound detection, environmental
sound identification, syllable rhythmand stress categori -
zation informati on about the envel ope of the stinmulus was
expected to be sufficient for good performance. On others
(speech sound recognition) additional information about

t he spectral fine structure of the signal spectrumwas
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anticipated to be required for good performance. Results
i ndi cated that the subjects perforned conparably with both
devices on all tasks, suggesting that they did not nmake
use of the spectral information, available in the nore com

pl ex signal .

In this experinent, tasks in which know edge of the
fine structure of the waveformis required, such as vowel
and consonant discrimnation, appear to exceed the capabi -
lities of such devices. Mnlvibrator yielded higher |evels
of performance, than the m nl f omat or, because of strong

vi bratory signal.

Per f ormance on the vowel and consonant recognition
task, i1n which spectral cues woul d have been useful was not
better with mnifonator because of the changing tenpora
characteristics of the signal presented by the mnifonator,
made it even nore difficult for subjects to nonitor
changes in frequency than the frequency resol uti on of the
systemm ght suggest. However, further data are necessary
to detem ne the generalizability of such training to other

t asks.
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Wei senberger, J. (1989): Tactile aids for speech perception

and production by hearing-inpaired people. The Volta Review,

Vol . 91, Page. 79-100.

In this study, a nunber of perceptual tasks have been
eval uated raging from sinple detection of a stinulus to
tracki ng connected speech. Results suggest that tactile
aids particularly those that use a nunber of tactile trans-
ducers to convey information about the spectral conponent
of the speech signal can significantly enhance speech per-
ception. The authors also evaluated the effects of tactile
devi ces on speech production, finding that profoundly
hearing-inpaired children's speech can be inproved through

mul ti-channel experience, using a nulti-channel tactile aid.

Rebeci a E Eitens, Kinbrough, D. O, and Kathleen, V. (1989):

Speech and | anguage progress of hearing-inpaired children in

a systematic training program using tactual vocoders. The

Vol ta Review, Vol.91, Page 127-138.

To evaluate the effect of a nodel training program
using tactual vocoders, a conparison was made between speech
production gai ns made by hearing-inpaired children in the
tactual speech project (TSP) and those, made by a group of

hearing-inpaired children fromtraditional public school
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prograns. In the course of about a year, 11 children in
the TSP showed gains in syllable inventories and pronounci a-
tion of vocabulary itens. Conparabl e gains were not nmade
by a group of 15 children simlar to the TSP group i n hear-
ing | oss, intelligence, socio-economc status, and | anguage
background. Anot her group of TSP children was eval uat ed
for granmati cal devel oprment (in speech) with the GAEL-P
(Gammatical Analysis of Hicited Language - Presentence
Level ). As predicted based on the severity of hearing | oss,
secondary handi caps, ethnicity, and soci o-econom c st at us,
the TSP children started the year with | ow percentile rank-
ings on the test, when conpared to the norned group. How
ever, in 5 nonths, the group gained dramatical ly agai nst the
norms. Gamatical devel opnent of 3 hearing-inpaired
children (wth no other handi cappi ng conditions) who had
been in the TSP for 3 years was assessed with the GAEL-S
(GAEL sinpl e sentence | evel ). These children ranked above
t he 80th percentile, although their home | anguage was Spani sh
and each had nore severe hearing | oss, than did the hearing-

i npai red group on which the test norns were based.

The TSP children progress at a rate that nakes real
speech communi cation possible for themin classroon settings.

Because this study is based on conpari sons across prograns,
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It is not possible to determne the extent of the contri -
bution of the tactile devices, as opposed to contributions
of other programfactors, on gains in speech production and
and perception. |t can be concluded that a systematic
training program incorporating artificial hearing devices
can provi de practical and extensive support for speech pro-
duction, and |anguage devel opnent in young hearing-inpaired
children. However, in both studies, it is inportant to
keep in mnd that a variety of differences between the TSP
and ot her prograns nmay contribute to differences in outcone.
Wil e tactual vocoders may play an inportant role in the
TSP, one cannot rule out the possibility that other program
factors have contributed to the rel ative perfornmance of

children in the TSP and el sewhere.

Charlotte, MR, Nathaniel, |.D, Lorraine, A D., WIIliam

MR, and Ken, w G (1989): Research on tactual communi cation

of speech: |deas, issues and findings. The Volta Review,

Vol . 91, Page 65-78.

In this paper, the authors present an overvi ew of
current research findings in the field of tactual communi ca-
tion of speech. They consider sone inplications of these

findings for future research and specul ate about future
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research trends i n the devel opnent of tactual aids. The
first section of the chapter is concerned w th nethods of
communi cation intended for the tactual sense alone. The
second section considers issues, related to tactual input
as a supplement to speech reading. The last section is a
di scussion of issues, related to devel opi ng a new gener a-
tion of synthetic tactual aids and to the roles such aids

could play in treating people wi th profound hearing | oss.

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

heari ng | osses.

Keeping in mnd, thetactile aids of the future, the
authors say that a major goal in devel oping synthetic
tactile devices is to create aids that |lead to speech recep-
tion performance conparable to (or better than) that denon-
strated for natural nethods of tactual communication. The
artificial encoding and display schenes studied in the past,
clearly donot tap the full potential of the tactual sense
for receiving information at continuous speech rates. Recent
di scussions of the role of tactual aids in the clinical

treatnent of individuals with profound auditory inpairnent
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have focussed on conparisons with cochlear inplants. Infor-
mati on conparing relative performance, clinical effective-
ness, cost and risk is essential to rational decision making
by potential users of cochlear Inplants or factual aids as
wel |l as by clinicians and those concerned with allocation

of the research resources.

Consi deration of the role of tactual aids only in rel a-
tion to cochlear inplants, however do not address several
other issues with major inplications for the future clinica
use of tactual aids. One issue involves the popul ation of
peopl e with profound auditory inpairnent who rely solely on
manual , as opposed to oral, nethods of communi cation. Some
I ndi vidual s may have no interest on speech reception, but
they may be interested in obtaini ng nonspeech acousti cal
signals. dearly, tactual aids can be highly effective in
providing this type of information. A second issue involves
t he popul ation cf individuals for whomtreat ment by cochl ear
inplantation is not a reasonabl e possibility because of funds
etc. In such cases, tactile aids may play an inportant rol e

in the worl dw de treatnent of profound hearing-inpairnent.
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G ayton, L., and Van Doren (1990): The effects of a surround

on vibrotactile threshol d: Evidence for spatial and tenporal

I ndependence in the non-Pacinian | (NPl) Channel. JASA,
Vol . 87, No. 6, Page 2655- 2661.

The purpose of the present study was to neasure vi bro-
tactile thresholds at | ow frequencies on glabrous and hairy
skin, using a circular contactor with and w thout a surround,
in order to test the hypothesis that spatial and tenporal
tuni ng are i ndependent, and to reconcile the conflicting

results fromearlier |Investigations.

Fi ve subjects, aged 20 to 58 years, participated inthe
study. Tactile detection thresholds were neasured at two
| ocations: The thenar emnence of the right hand and the right
vol ar forearm approximately m dway between the wist and
elbow Stimuli were applied via a 0.72 cn? circul ar contactor,
with and without the right surround. At |ow frequenci es,
bel ow about 40 Hz, the threshol ds were higher w thout the
surround than with the surround. However, in contrast to
earlier reports, the shape of the threshold function was the
sane wth and wi thout the surround, suggesting that the
tenporal and spatial tuning characteristics of the ron-Pacinian

| (NPI) channel are independent.

The results of the present study supported the hypo-

thesis that the spatial and tenporal tuning characteristics
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of the NPI channel are independent. That is, at tenporal
frequenci es bel ow about 40 Hz, the shape of the tenporal
tuni ng curve did not change with changes in the spatia
configuration of the stinmulus - specially, the presence or

absence of a rigid surround.

Silvio, P.E et al. (1990): Speech readi ng sentences with

si ngl e-channel vibrotactile presentati on of voice funda-

nental frequency. JASA, Vol .88, No. 3, Page 1274-1285.

The main goal of this study was to investigate the
efficacy of 4 vibrotactile speech-readi ng suppl enents.
Thr ee suppl enents provi ded singl e-channel encodi ngs of Fo.
Two encodi ngs involved scaling and shifting glottal pul ses
to pulse rateranges suited to tactual sensing capabilities;
the third transforned Fo to differential anplitude of two
fixed frequency sinewaves. The fourth supplenment added to
one of the Fo encodings, a second vibrator indicating the
hi gh frequency speech energy. A second goal was to devel op
| nproved net hods for experinental control. Therefore, a
second corpus was recorded on video disc using two tal kers
whose speech was captured by video, m crophone and el ectro-
gl ottograph. Qher experinental control issues, 10 included
use of visual -alone control subjects, amnmultiple base |Iine

si ngl e-subj ect design replicated for each of 15 nornal hearing
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subj ects, sentence and syl | able pre- and post-tests bal anced
for difficulty and a speech-readi ng screening test for
subj ect selection. Across 17 hours of treatnent and 5 hours
of visual -al one baseline testing, each subject performnmed
open-set sentence identification. Covariance anal yses showed
that the single channel suppl enents provided a snall but
significant benefit, whereas the two-channel suppl enent

was not effective.

Al subjects inproved in visual -al one speech-readi ng
and nai ntai ned I ndividual differences across the experinment.
Vibrotactlle benefit did not depend on speech-reading ability
Experinents of results for differences anong suppl enents
failed to provide evidence that any one of the single-
channel transformati ons was significantly nore effective
than the others. In this study, it is possiblethat, by
enpl oying nornal | y heari ng subjects, estinates of benefit
are obtained less efficiently and may ultimately be |ess
accurate than m ght be achieved with proficient deaf speech-
reachers. As long as speech-readi ng continues to inprove,
and vl brotactile learning progresses slowy, it will renain
difficult to estimnmatenaxi numbenefit wth these suppl enents.
Accurate estimates of benefit may require study of long term
users of the tactile supplenent. Ironically, devel opnent

of wearabl e vibrotactl|e devices, has, for the nost part
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awai ted definitive estinmates of benefit from | aboratory
experiments. Wen hearing subjects are enployed in sensory
aids research, it is necessary to control for their |earn-
ing not only the vibrotactile signal, but also the visua

speech sti mul us.

Joseph, |I.A et al. (1990): Speech feature recognition by

profoundly hearing-inpaired children, using a multiple-

channel el ectrotactile speech processor and ai ded resi dual

heari ng. JASA, Vol .88, No.3, Page 1260-1273.

The present study forns a continuing evaluation of a
mul ti pl e channel electrotactile aid, the tickle-talker.
Addi tional objectives of this study were (1) to determne
whet her the introduction of direct training was associ ated
with inprovenents in the ability of the children to utilize
t he speech information, provided by the tactile aid, (2)
to conpare performance | evels on a series of speech feature
tests, during "training" and "post-training" phases and
3) to determne whether training a particul ar speech feature
i nproved the perception of features that had not been trained
or of the trained feature in an untrai ned context. Seven
children berween 7 and 11 years of age, took part in the

study. The subjects were tested, after one year of training.
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The electrotactile aid, used in this study was able to
provi de useful segnental vowel and consonant speech
i nformation that was accessible to profoundly heari ng—
inpaired children. 1In all the tests, it was shown t hat
the childrenwere able to perceive this information nore
effectively when the tactile aid was worn, as conpared
to the aided hearing condition. It was possible to show
that direct intervention, in the formof training, was
an inportant factor in the successful perception of tactile
information, and that perceptual skills, acquired during
training were retai ned when training was renoved. Actually,
training was given for perception of vowel duration and
pl ace, the fricative/ s/ and manner of articulation distinc-
tions. Speech feature recognition tests were conducted in
the tactile plus aided hearing (TA), tactile (T) and audi -
tory conditions (A). Test scores in the training and post -
training and post training phases were significantly greater
than in the pretrai ning phase, suggesting that the training
provi ded, was responsible for the inprovenent in feature
perception. Statistical anal yses denonstrated a significant
i nteraction between the main effects of condition and phase,
suggesting that training inproved perception in the TA and A
conditions, but not inthe Acondition. Recognition of

trained feature inproved for trained as well as for untrained
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words. There were many advantages of the tactile aid
noted. It provided infornmation which was not available
fromaudition. The perception of a particular feature
was not restricted to the context in which it was trained,

but coul d be generalized to different contexts.

Linda H et al. (1990); Training strategies for profoundly

hearing-inpaired children using the Tactaid-11. The Volta
Revi ew, Vol .92, No.6, Page 265-274.

Thi s study presents information on the Tactaid Il plus.
| ncl udi ng functioning and nonitoring of the aid, as well as
a training nodel, wtA suggested activities and strategies.
A case study is presented to illustrate speech perception
performance with the Tactaid Il plus, including the realistic
and unrealistic perfornmance goals, associated wthit. Learn-
ing to decode the tactile pattern rarely occurs spontane-
ously, but requires intensive training in highly structured
settings. Thereare a fewunrealistic perfornance expecta-
tions with the device.

1) To expect the child to identify warning signals in the
envi ronment .
2) |t cannot be used to performan open set speech recogni -

tion tasks.
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3) The child will evidence spontaneous identification of

spoken | anguage in unstructured situation.

It can be concl uded t hat, neverthel ess an i nstrunent,
such as the Tactaid-11 plus can serve as an i nportant sen-
sory aid to profoundly hearing-inpaired children who receive

negl i gi bl e benefit fromhearing aids.

George, A G et al. (1990); Vibrotactile Intensity discrim -

nati on neasured by t hree net hods. JASA, Vol .87, No. I,
Page 330- 338.

The purpose of this study was to neasure the DL for
vibrotactile intensity discrimnation over a wi de range of
stimulation, (from4-40 dB SL). The authors thought t hat
use of such a w de range of vibration anplitudes woul d
afford a stronger test of Wber's lawthat was possible in
earlier studies in Wiich anplitude range was rel atively
small. Both sinusoidal and noise stinmuli was used to deter-
m ne, whether, as in hearing, the"hear mss" to Wber's
| aw i s observed for sinusoids while Wber's [ aw is observed
for noise. The difference threshold for detection of
changes in vibration anplitude was nmeasured as a function
of Intensity and frequency of stinuli, delivered through a

2.9 cm contactor to the thenar emnence. Stimuli were either
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duclng the lower DLs. If primng plays a role in deter-
mning the vibrotactile DL, it may be related to the
duration of the pedestal and perhaps to the duration of
the anplitude increnent. Further research should be
pl anned to investigate this problem Another possible
advant age of the continuous, pedestal nethod is that it

makes littl e denand on nenory.

The significance of the results presented here, |ies
In the fact that, regardl ess of the channel excited, the

DL functions are the sane.

Clayton, L.v., CGeorge, A G, and Ronald, T.V. (1990):
Vi brotactile tenporal gap detection as a function of age.

JASA, Vol .87, No.5, Page 2201-2206.

Inthis article, the authors neasured the ability to
t he subjects to detect tenporal gaps between bursts of
sinusoids and bursts of band limted noise to evaluate the
phenonmenon of tactile "sensory persistence” in ol der
persons. Vibratory stimuli were delivered to the right
t henar em nence of 27 subjects, ranging in age from8-75
years. The subject's task was to detect the presence of
a silent interval or "gap" between flanking 350 nsec, vibro-
tactile stimuli. The gap detection threshold expressed as

anplitude of vibration, relative to the absol ute detection
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t hreshol d, decreased as the gap duration increased and was
hi gher for gap* in noise, than the gaps in sinusoids. The
t hreshol ds for detecting short gaps increased for noise

stimuli but not for sinusoidal stimuli.

Furthernore, the gap detection threshold recovered
nore rapidly in ol der subjects for noise, rapidly appears
that the effects of age on gap detecti on cannot be due to
a sinple increase in sensory persistence, but may be due to
mul tipl e processes. Effects of rise-fall tinmes and stimul us

duration were not investigated In the present study.

Qunilla, O et al. (1990): Tactiling; A usable support system
for speech readi ng? STL-CPSR 2-3 Page. 69-77.

The purpose of this study was to find out whether a
deaf ened adult can take advantages of the added i nformnation,
gi ven by vi brational and notional patterns, he picks up, by
pl aci ng hi s hands on a speaker' s throat and shoul der and
how val uabl e that is, as a support systemfor speech readi ng.
Ei ght deafened adults were studied, with the hel p of pre-
test post-test control group design. The experinental and
control groups took speech reading cl asses together. The
experimental group received additional Individual training
In tactiling during six |essons. Both the groups were tested,

before and after training, first by a famliar person and



106

after a fortnight, by an unfamliar person. A 3-way
ANOVA was used. It was shown that tactillng was better

t han speech reading and the results fromthe test, given
by the famliar speaker are better than the unfamliar
speaker. The main effect of tactiling over speech-read-

I ng suggests that the method is worth pursing as a support
system for speech reading. This study did not reveal any
main effect of training. The nethod, eventhough a good

suppl enent to speech reading, entails sonme social restraints.

Wi senberger, J.M et al. (1991): Evaluation of a principa

conponents tactile aid for the hearing-inpaired. JASA
Vol . 90, No. 4, Page-I|, Page 1944-1957.

Tha present study describes the devel opnent, nodifica-
tion and eval uation a princi pal conponents based tactile
aid for speech perception by the hearing-inpaired. In this
device, the first two principal conponents of an i nput
speech signal were displayed on two di nensional arrays of
vibrators, contacting either the finger tip of the forearm
Initial testing of the device with closed set recorded
speech tokens showed fair recognition perfornmance, reaching

57%for three consonants and 56%for four vowel s.

Modi fication of the processor algorithmdesigned to

| nprove vowel recognl zability resulted in higher |evels of
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performance (66%for 8 vowels). Areal tine prototype was
constructed. Inplenenting the raised algorithm Live
voi ce testing was conducted with mx nornmal hearing subjects,
t hree of whomhad previous training with the Queen* s Uni ver -
sity Vocoder, a multi-channel tactile vocoder that has shown
promsing results. Performance of these trained subjects
for both single itemand connected speech tasks were exce-
| ent equalling |levels obtained. These results suggested
that a principal conponents design nmay be a promsing alter-
native to a vocoder strategy for a tactileaid. Results of
t he nai ve subjects did not reach the levels, attained by the
trained subjects, a finding partially attributed to the

short training period.

Princi pal conponent analysis (a statistical data reduc=-
tion technique), used in this study, to elimnate redundant
information, is quite promsing as a speech codi ng
strategy in auditory perceptual studies. Principal conpo-
nent anal ysis uses across frequency correlation in spectral
energy in a waveformto produce snmall set of independent
paraneters. These paraneters or principal conponents,
contain Information about the overall spectral shape of the

waveform rather than only it's spectral peaks. Although,
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a concl usive determnation of the advantages of bilateral
versus unilateral displays of speech Infornation was not
possible in the present study, the fact that the advantage
obtained with Bilateral display was small and the conpl e-
xity of a single display principal components represent-
tion may not premt processing of additional infornmation
even sonewhat redundant information.

Agl fora, o*, oad aiaberg* A (1991): Speech BorefDf*oq
abl I'1tioa of 7)jti%:t3, uoinn cochl ea* "npfaato. vl bae*
tactile aloe gnc 'i;'i:i;::! oido. “rL-ATCR 2-31/1991,
P370 29- 40,

Th oimof thia otudy wao to devel op a ei“ple toot
battery an*' to cooT arc the effoctlweneao of tactile aido,
heafinj aide and cochl ea* inp&nto. Ao theae aida ore uaod
| a conbination with Up roomng, tcotlag wa* made in two
situations, only viaual information ano visual |ifonotlon,
cobi»@ with *igr*al3 fromtbo technical aids*

%t oot battery woo constructed that consiatc® of scg-
mnv-ritd m 3upr%egnc:itnl tasks aid apooch trqgcki:;v, &wo
preaentat!on nodal I tiee wore u#&8, vloion o |y one visual
I apl Grtnt at | on auppl oaented with aaaistlve device* Deaf ened
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adults, subjects with profound post-Iingual hearing | oss,
and nornal |y hearing subjects artificially deafened
participated in this study. The results showed that
singl e channel tactile aids did not give sufficient
support during speech reading and that the use of a hear-
ing aid by listeners with sone residual hearing often
provided nore information than a cochlear inplants. How
ever, a group of hearing aid users got very limted
benefit fromtheir aids. They mght, therefore be candi -
dates for inplantation. Criteria for patient selection
can, however, not be based on pure tone audionetry. It
I's recogni zed that the conpari son between the results
obtai ned by different teans or devices in tests with post-
lingually deaf is difficult. To get a uniformselection
of patients is nore or |ess inpossible. The perfornmance
anong i ndi vidual s showed often great variations, not only
as aresult of what they feel with their device, but as a
result of their varying ability to |ipread or make use of
smal | linguistic and paralinguistic cues. A standardized
test material does not exist in any |anguage and the phono-
| ogi cal characteristics fromone | anguage to anot her, mnake

the inter-lingual conparisons, conplicated. It can be
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concl uded that the result* of the tactile group and poor
hearing aid group are very simlar, where inprovenent In
the situation, Ilpreading plus aid are shown, conpered
to the situation wthout aid.



CONCLUSI ON

Li ke the two sides of acoin, the tactile aids have
got their own advantages and di sadvantages. Several
general statenments can be nade about the useful ness of
tactil e devices to enhance the perception of speech and
ot her acoustical stimuli. Single channel tactile aids can
provi de appreci able benefits for profoundly hearing-
i mp ai redpeopl e- particularly, in the detection of sound
and in tasks that rely on envel ope based cues for perfor-
mance. Sone benefits in connected speech tracking have
al so been observed when perfornmance w th singl e-channe
devi ces has been conpared with that of speech reading al one,
but these benefits are not large. Second, adding a second-
channel can inprove the performance over a singl e-channel
device in certain situations, such as, in detecting the
hi gh frequency conponents of the speech signals. A second
channel may also yield inprovenent in the ability to
per cei ve connected speech. The nunber of channel s required
for optimal performance is still not clear. 1t does appear
tobe truethat not all tactile aids can be expected to
show conpar abl e performance. It is also apparent that
performance on single itemtasks has little relation to
performance with converted speech. Finally, higher |evels
of performance can occur, when multichannel tactile aids

are used in conjunction with speech readi ng.
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The di sorders of integration that existed may be
visual, auditory, tactile, vestibular or kinesthetic.
It was found that those who received sensory notor train-
I ng showed/ greater gains in auditory | anguage and readi ng
skills than those who spent extra tine in classroom
recei ving special auditory and | anguage training. A
tactil e device can potentially hel p the profoundl y deaf
I n everyday communi cati on. Al though, these denonstrators
of the benefits of tactual aids are promsing, there is
little information to suggest how to i nprove the perfor-
mance of tactual aids. This is due, in part, tothe
dearth of research in sensory integration across the three

i nportant nodalities of vision, hearing and taction.

The user of the aid has the advantage of devel opi ng
an i nproved awareness of the rhythm pitch and intonation.
| dentification of speech sounds should al so i nprove and
dependi ng on the vl brotactile device sel ected, the user
wi Il be able to discrimnate/between voi ced and voi cel ess
phonenes by | ocation of the stinulus alone. The inprove-
ment in these skills as will contribute to inproved speech
and lipreading skills, inprovenment in speech training

skills and the child s own speech producti on.
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The manner features of speech (nasality, voicing and
fricative properties) are difficult to lipread, because
their production is difficult to see. However, the nanner

features are all well below 1l KHz are easy to feel.

Tactile aids are thus useful adjuncts to |ipreading.

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

required.

Bl ectrocut aneous stimulation has several advantages.
El ectrodes used, being small and contact, the power consunp-
tion being low and el ectrode |ife span being |ong, electro-
cutaneous stimnulation enables the use of a broad spectrum
of stimulus paraneters, as conpared to vibrotactile stimula-

tion.

To sunmarize, the current status of the field are as

fol |l ows:

1) The tactual sense is capabl e of receiving continuous
speech at nearly zero error rates.

2) Subjects are capable of integrating a relatively inpo-
verished tactual signal with visual speech reading to

achi eve essentially normal speech reception performnmance.
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3) Limtations of the speech reception perfornmance obtai ned
with current tactual aids are due prinarily to i nade-
gquacies in the design of the aids and/or in the training
received with the aids.

4) There are no fundanmental scientific obstacles to elim -
nating these i nadequaci es and achi evi ng much i nproved
speech reception for individual w th profound heari ng-

| mpai r ment .

Consi derably | ess work has focussed the potential of
tactile devices to benefit the producti on of speech by the
heari ng-i npai red. Nunber of studi es have connected
anecdotal Iy on i nprovenent in speech production, paired
by singl e channel tactile aids. However, experinenta

eval uati on of such i nprovenent is somewhat rare.

Overall, the data fromthe | aboratories indicate that
t he ai ds can be of nmeasurabl e benefit for both the percep-
tion and production of speech. Continued research into
how t he best approach to devel opnent of optinmal, physica
devi ce paraneters and training procedures shoul d provide
further information about the benefits, that can be derived

fromusing tactile aids.
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D scussing the sensory communi cati on channel s,
Gel dard says- if one attack is to force a receptor
systemto performin an unnatural way by trying to adjust
it to the world's hardware, the other involes asking how
the world and the things in it mght be nodified to get
t he nost, out of the senses.
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