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TACTUAL HEARING FXPERIMENT WITH DEAF AND HEARING SUBJQCTSl
Sieqfried Fngelmann
Oreaon Research Tnstitute and Universicy of Oreqgnn
Rohert Rosov

Oreqon Research Institute

A deaf child 15 seriously handicavped because he lacks that feedback
device posanssed Ly the hearing child--the car. As a result of feedback
deprivation, tre deaf ehild typically has trouble both with cognitive opera-
tions anri with communication. Often he is scoriously retarded in his ability
to oxpress ideas or concapts; also, his attempts to speak may merely brand
him as a handicapned child. “ince he cannot match what hu savs aqainst the
rroductions of another speaker, he has trouble producing different phonemes;
he nften inflecte words ip an unconventional and grating manner; he has
noor control of tin ritch of his words; and his control of loudness is often
tenunus.,

The solution to his nroblem would seem to e simple: provide him with
1 dovice that functinns like ar ear. If thoe device gave information about
piteh, loudness, and about the characteristics of each phoneme, the deaf
child would have the feedback information he needs to Legin matching his
utterances against those nf anuther model,

For over tour decades investigators have tried to develop devices that

would function as an external ear. These investigators took two different routes:

ope wis the visual route; the other was the tactual route. The visual route
was characterized bv the use of an oscilloscope, a device that makes a

“rizture” of the sound enerqy pattern of an utterance. The qgame the child
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-is to play with this device is to look at the patterns that appear on the
oscilloscope and "mateh" them by saving something that produces a pleture
like the model picture.

The major problem with this approach is that the analogy between the
oscilloscopic presentation and the ear is poor from a psychological stand-
point. While it may be possible for on oscilloscopic presentation to proQide
{information about phoneme structure, loudness, and p}tch, the device involves
volition. The subject chooses certain features to attend to, possibly
irrelevant details., For a device to be more analogous to an ear it would
have to ensure that:

(1) the subject receives the sound, whether or not he wants to receive it.

(2) the various details of the "sound" are expressed as details that
are felt by the subject (for example, somsthing lowd would feel different
from something not loud),

(%) The sul fect would he able to receive sound information in the range
of situations that a hearing subject receives the information: the information
would not be restricted to situations in which the subject looked at another
persen, or looked at a device.

Diftrerent investieators, over the past 40 years, have recognized that
the tactual vibration strategy would allow for the construction of an external
mechanical ear that is consistent with the psycholegical characteristics of
hearing, The device would convert words or sounds into vibration. The
vibration would be delivered to the subject., 1deally it would contain informa-
tion neede! for the subject to identify what is said, how it {s inflected,
how loud it i4, and s0 forth., Hopefully, the nerveus svstem would be adequate
to handle this inferrmacion and allow for accurate percepti.n of what {is
presented Qo the form of vitration,  The Tong range voal of the different

investigators who experimented with tactual hearing gevices, although not
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always expressed, was clear. If the device could be perfected and if the
subject's nervous system were capable of handling the vibratory informationm,
miniature hardware packages could be designed that would allow the subject
to perform in a range of situations from which the deaf child is currenﬁly
excluded.

The first tactual device was reported by Gault and Crane in 1928, This
device amplified sound from a speaker and presented it to a subject as vibra-
t'on., The devive was crude and investigators did not find the results
encouraging. During 1949 and 1950, Wiener et al. briefly experimented with
a glove (Felix) that was connected to a vbcoder. A vocoder is a device
used to transmit messages over long-distance telephone cables. It divides
the speech spectrum into "channels.” For example, one channel might cover the
frequency range of 200-240 1lz, Fvery time energy is present in this range,
the channel is activated. The more energy present in the channel the stronger
the signal becomes. At the other end of the long-distance line, the energy
from all of the channels is reconstructed as speech.

Felix was designed so that different parts of the speech spectrum were
displayed on different parts of the hand. The energy from the one part of
the spectrum artivated vibrators on one finger, while energy from another
part of the spectrum activated vibrators on another f{inger.

Apparentlv Felix was used only a4 few times before the investigators
abandoned {t.

later attempts to construct a vibratory prosthesis also terminated in
discouragercent. Guelke and MHuyssen (1959), Kringlebotn (1968) and Pickett
and Pievott (1963) used sophisticated tactual vocoders but noted that the

performance of their subiects wias not encouraging,



Kirman (1973), in his review of experiments with tactual vocoders,
concluded: “The history of tactile vocoders indicates that simplv providing
the skin with such freauencv-to-locus translators as have heen tried does
not enable it to comprehend speech." This statement is not an assertion that
tactual vocoders cannot wo;k. Kirman also concludes:

“Neither the reosults of past work on tactile displavs nor contemporary

theories of speech purception have nrovided reasonable arounds for

believinq that the skin lacks the capacity to comprehend a suitable
disnlay of sperch.”

There are several possible interpretations that would reconcile Kirman's
sStatements:

(1)  The vocoding devices used in the rast were nerfectlv adequate to
provide the "suitable display", however adequate training was lacking.

() 7The vocoding devices used in the past were not capahle of providing
the detailed information needed for adeguate sneech percention.

The hynothesis adopted by the investigators of the present experiment
is 1 above. Prnalvsis of the training provided in previous tactual
vocoders discloses that the investigqators seemed to assume that jf the display
wope suitahle (that is, if it provided the information needecd for adequate
sprech perception), the subject would learn quickly, if not instantly.

The assumption underlying the present study !s that a qreat deal of practice
would be needed (probahblv .t least 1200 corrected tricls) hefore a healthy
subject could he expected to pesform consistently on each of the early words

to Le discriminated. This assumption is based on the nerformance of congenital
cataract patients after a surqi-al removal or the cataracts (Senden, 1932), on
tiic number of trials needed by children who are born deaf bhut later have their
heacina restored throudh suryery, on the performance of spenkers of a foreiqn

lanquade anu the number of nractice trials needed for them to "perceive” discriminabl



uifferences in a second language, on the perceptual performance of people
such as the Truckees, (who are relatively deprived of practice with certain
discriminations), and even by the performance of ncrmal infauts who at the
age of 12 months often give lirtle indication that they recognize the same

word when it i{s presented in Jdifferent situations.

Procedure
The present study divided into the following phases:
(1) Construction of a tactual vocoder;
(2) feasibility demonstration of vocoder-plus-training with hearing
subjects, artificially deafened during the training sessions; and
(3) preliminary confirmation demonstration of vocoder-plus-training with

deaf subjects.

Construction of the Vocoder

The device constructed at Oregon Research Institute (Lhe site of the
training experiments) incorporated several new wrinkles, but was not radically
different from prev’ous tactual vocoders, The final version used with hearing
and deaf subjects employed a 23-channel vocoder. The frequency raunge from
200 Hz through 4000 liz was divided inte equal logarithmic intervals and
transmitted through 15 channels. Four low frequency channels extanded the
lower range 1o 85 Hz, and four high frequency channels extended the upner
range to 10,000 Hz, The purpose of the low frequency channels was to provide
information about fundamental pitch of speech (Flanagan, 1972). The high
frequencv extension allowed for discrimination of fricatives (sh, ch, s, f),
which were not adequately discriminated <t the 4000 Hz level for some speakers

(Hughes aad Halle, 1956; Heinz and Stevers, 1961),

To reccive tactual nformation through the system, a subject attached five

metal hoxes (each about 3" long) to the surface of his skin (using elastic
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handages to hold the boxes in place and upright). Fach box contained sole-
noids that were activated b’ the vocoder channels. In all, there‘were five
boxes (3 with five solenoids each, and 2 with four solenoids each). The
solenoids in turn were attached to small metal plungers which protruded
slightly through the base plate of the boxes. When a solenoid was activated,
the plunger pushed against the skin and vibrated. Plungers were spaced one-
half inch apart in each box.

Two microphones were attached to the system, so that a trainer could talk
into cne and tue subject could respond into the other. A schematic ‘diagram

of the ..,.aratus appears in Figure 1.

Training Hearing Subjects

The hearing subjects were four female instructors employed by the Fngelmann-
Becker Follow=-Through Program at the Universitv of Oregon. All were in their
20's,  ‘Training began in September 1972 and terminatel in August 1973,
Supject | received 80 hours of training, Subject 2 received 70 hours,

Subject 3 received 50 hours, and Subiect 4 received 20 hours.

The basic procedure used in all training sessions was for the trainer
to sit next to the subject. The trainer spoke words into a microphone. The
subject responded by identifying the word. The subject did not look at the
trainer during the word or sentence drill. Furthermore, the subject wore
headphones thnwough which was transmitted about 85 4B of white noise, thereby
rendering the subject artificially deaf. Since the subject neither looked at
the trainer nor was able to hear the trainer, the anly source of information

about the words progented came through tactual vibration,



Training sessions lasted 20 to 60 minutes (usually 0 minutes). Although
there was an attempt tu schedule daily sessions, the subjects' university
training activities took them out of town regularly, often resulting in
absences of one or two weeks at a time in the training.

The training time was Jdivided roughly in the following ways:

Isolated words presented randomly - 707 of available training time. The

exchange between trainer and subject followed this pattern:

Trainer: Get ready...fan

Subject: Fan,

Trainer: Yes.

Subject: Yes.

Corrections were handled through the vocoding system, wherever possible,
with no face-to-face coutact (a procedure that was abandoned if the subject
continued to miss the word).

Trainer: Get ready...and.

Subject: Hand,

Trainer: Not hand.

Subject: Not hund.

Trainer: And.

Subject: And.

The immediate correction was followed by a firm up. The purpose of the
firnm up was both to demonstrate to tihe subject the difference between the two
words that were confused and to provide the investigators with information
about the relationship between the subject's ability to perceive minimum
ditferences in words and their ability to remember these differences. To
firm the sibject, the tralner would randomly present the two words that had
been confused (in the example above, and and hand) until the subject could

identifv 6-10 consecutive words without making a mistake.




Individual words were taken from a master word list (see Table 1),
New words were introduced to the subject when she reaci‘ed a specified
criterion of performance on the words that had been previously presented.
For two of the subjects, new words were introduced only after they were able
to identify 707 of the words in their tactual vocabulary on the first trial
(the words were presented in random order). One subject operated from a
criterion of 60% first-trial accuracy. One subject operated on an 80Y%
criterion,

Vocabulary words presented in connected sentences - 157 of available time.

Sentences constructed from the word list were spoken at a normal speaking rate
with no great distortions or emphasis. Words were run together as they are
in normal speech, with no artificial pauses to separate them. Although these

sentences were not ''randomly" constructed, they were low in probability.
"She was a sly sister." "Boot mother on Wednesday." "Stand up again, Linda
Ycungmayr." "She is not a fan man." "What is a bat?" "Hand me a sister's
brother." Particular sentences were not repeated. Rather, the trainer made
up different sentences each time sentnnce practice was introduced.

The procedure for presenting sentences was similar to that used for
individual words.

Trainer: Get readv...He has a little man.

Subject: Ye was a little man.

Trainer: Not was.

Subject: Not was.

Trainer: Has.

Sllbi("ﬁto ”as-
Trainer. He has a little man.
Subject: YHe has a little man.

Trainer: Good.

Subject: Good.




In over 90 per cent of the trials on sentence work, no face-to-face .
contact between trainer'and subject was involved. In the remaining 10 per
cent, the trainer presented a sign for the word or had the subject look
as she said the confused word into the microphone.

Inflection copving - 57 of the time. The procedure for inflection

copving was for the trainer to present a word from the subject's vocabulary
with a unique, sometimes melodious inflection. The subject then attempted

to match the inflection and stress.

o

D o s A
N S g+ s
[rainer: . +i-m == —

Sat - ur - day

v St
Subject: - --m o——t—— - —— ~

[ —

Sat - ur - day

The trainer corrected the subject by facing her, then motioning with her
hand to make part of the word higher or lower (a technique the investigators
recognized would not be effective for deaf subjects Qho didn't understand
the relationship between a spatial "up" and a vocal "up').

Rhyming - 2" of availabie time. Below is the procedure used for intro-

ducing rhyming'
Trainer: Rhymes with and.
Subject: Rhymes with and.
Trainer: Yes.
Subject: Yes.
Trainer: Rhyme with and---==v==-- 888SSS.

Subject: Rhvme with and---=--~=w-—-- SSSSSS.
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Tralner: Sand.
-Snbjeutz Sand.,
Trainer: Good.
Subject: Good
Both rhvming and inflection were introduced to subject only after she
hiad worked on the vocoder for more than 30 hours. For the two subjects
who recefved more than 60 hours of training, rhyming was used to introduce
some new words {nto their vocabulary, [t was also used to correct mistakes.
For example:
Trainer: et readv...fillv,
Subject:  Sillv.,
Trafoner: Rhymes with silly...fff
Subject: Filly.

Fagemto-face work - 37 of availahle time. TInitially most of the words

were introduced tace-to-face. Sometimes the trainer would accompany the
word with a sign that signified the meaning (fanning herself to indicate fan, etc.).
lLater, face-to-face work was used to direct the subjects on inflection copying

and rhering, particularly when isolated sounds such as "rrr” and "maum" were

introdined,

T_} e __'}'_( A l' _i i i St

The isolated words presented to the hearing subjects and those used to
compose the sentences they identitiied were taken from a list developed
according to the following criteria:

(1) The list was to provide information about the subjects' abilitv to
handle worids that were minimallv different, that is, different in only one
pitonere Cand=hand, we-ne, it=is, slv=-tlv),

(2) The list was to provide a fair sampling of single-svllable words that

begin with a consonant sound and those that begin with a vowel sound,
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(3) The list was to contain at least a modest sampling of two-, three-,
and four-syllable words (to provide some basis for judging the relative
difficulty of these words compared with single-syllable words),

(4) Finally, the list was to contain many of the words that would be

used in instructions and statement tasks with deaf children (words such as

-

Insert Table | about here

Perfoimance Tests.

The subjects were regularly tested on the words in isolation. The
initial goal was to test them each week, but their travel made such a test

schedule impossible., A drop-out design was introduced to distinguish the

relative difficulty of the words in the subject's tactual vocabulary. Words

were presented in random order. 1f the subject correctly identified a word

on the rirst "run through' of the 1list,
received a score of "1" (first trial).
she was told the word; the word was set

run throush,

presented in a random order in a second

identified a word on this run through, a

for that word and the word was dropped.
all words had been correctly identified

three trials.

Results with Hearing subjects

e e

that word was "'dropped'" and the subject
1f the subject misidentified a word,

aside until the end of the first

All words not correctly identified on the first trial were then

run through. If the subject correctly
"2" was entered on the score sheet

The procedure was repeated until

or until the subject had received

Results of the test performance with hearing subjects is summarized in

'rclh] (A4 : .
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Insert Table 2 about here

(1) Performance is a function of practice. Although the subjects
often recei{ved no training for periods of two or more weeks at a time,
the number of words they identified on first trial generally increased
with additional time (practice).

After nine months of practice, Subjects 1 and 2 scored about 90 percent
first-trial accuracy on the 60 words (missing only 6 or 7 words and identi-
fying these on the second trial).

(2) The rate of acquisition seems to be associated with the criterion
used for introducing new words. The lower the criterion for introducing
new words, the faster the subject mastered new words. Subject 4 was on a
60 percent new-word criterion. After two months, she outperformed the
other subjects. Subjects 1 and 2, who progressed fairly rapidly, were on a

new-word criterion of 70 percent, while Subject 3, who progressed the slowest

]
-

was on an 80 percent new-word criterion.

(3) Subjects 1 and 2 (who received training for the longest period of time)
frequently achieved above 90 percent correct on the first trial when working
with the complete list of 60 words, On at least four training sessions
both subjects correctly identified 59 of 60 words on the first trial. On
more than 10 training sessions, they identified all but two words. (The
pertormance on the test was consistently below their training~session
performance. perhaps a function of inadequate "warm up'",)

(4) The relatlive degree of difficulty of different words diminished
with training. During the first month of training, 18 percent of the words
were not identified after the second trial. After the first two months,
however, only one percent of the words were not correctly identified on

cither the tirst or second trial.
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(5) Related to (4) above s the observatfon that the more quickly a
subject mastered a new word, the better th;léﬁﬁject's memory for that word.
The data in Table 2 doesn't lend itself to this conclusion because there
was a celling placed on the subjects' performance. After all 60 words had
been introduced, the subjects did not formally work on any new words, thus
plaving a ceiling on their performance. However, after Subjects 1 and 2 had
recefved over 60 hours of training their trainers would typically invite
visiters to select any five new words. These were then presented to the
subjoct.  The subject could almost alvays master all words presented in
different orders after a one-trial introduction. A rough estimate is that
after 60 hours of training, the subjects could master a set of five words
to a "tirm" criterion in 1/50th the number of trials required during the
first month of training. (This does not mean that the subjects could

"rememher”" the words to identify them in subsequent sessions.)

Identification of words in sentences. Although no data were tabulated

on the performance of sentences spoken at a normal rate, the following
observations wvere made by the investigators:

(1) ¥oll over half of the arbitrarily constructed sentences presented
to the subjects (and usually made up on the spot) were correctly identified
on the first trial, even when these sentences were quite elaborate, such
ax, "Hand mother and sister a boot on Wednesdav."

(2) The most frequently missed word in the sentence was the first word.
In longer sentences, tne subjects would sometimes fail to identify the
l1ast words: however, actual misidentifications did not frequently occur near
the end of the sentence, A possible explanation is that the first word of
tie senten e is presented against a baseline of silence. The word appears
sud:itenlv, fbe remaining words in the sentence, on the other hand, are presented

avainst 2 baseline of other words., It is therefore easier to compare tie
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vharacteristices of these words, A similar phenomenon was observed with words
presented in fsolation, Daring the first weeks of the experiment, these
words were presented without a "get ready” warning. The errors seemed to
drop with the introduction of the "get ready” and a slight pause before
presentation of the word,

(1) The pertormance of the subjects on sentences and the relatively
small amount of time devoted to sentence identification seems to imply that
the perception of connected speech is "easier”" than the perception of
individual words,

Copving voice pitch patterns.

(1) With a minimum of training, Subjects 1 and 2 could not only copy
with the relative pitch of a complex pitch pattern, but could imitate the
pattern precisely, varying no more than a quarter tone from each produced
pitch. This performance was achieved on over 90 percent of the trials in
which the subject responded to a female speaker whose voice fell in the same
register as the subject's voice. VWhen a male speaker presented pitch
samples, the subjects copied the relative pitch (and with diminished accuracy).
Samales of Subject 2's pitch performance (transcribed from audio recording)

appears helow:

G
Tues - day
Al SR SN
Subject: = + -
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(2) A minimum degree of facility with the vocoder seems to be required
before subjects can perform on pitch discrimination exercises. Attempts to
train Subjects 3 and 4 on pitch discriminations after they had received
hetwoen 12 and 20 hours of instruction produced only modest results. Subjects
| and 2, however, spontaneously began to match inflections of the trainer
after thev had received around 60 hours of instruction. Possibly, attention
to piteh assumes a familiarity with the other speech variables with are
transmitted through the vocoder. This familiarity mayv be attainable
onlv after so many words or tvpes of words have become familiar.,

Performance as a “§unction of ylacement of yibrators. fubject 2 worked
i o A

with the vibrators attached to ber fingers. The other subjects had vibrators
attached to their forearms.
(1) So difference in pertormance seems to be attributable to the place~

ment of the vibrators since Subject 1 performed at least as well as Subject 2.
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(2) subjects 1 and 4 performed as well when the vibrators were
transferred to their legs. The same confiquration was maintained (the sama
relative position of the vibrators), and the transfer was instant. 1In fact,
Subject 4 performed slightly hetter on all words in her list the first time
she worked with the vibrators on her leqs., Subject 1's performance was only
sliahtly inferior the first etime she rosponded to the vibrators on her legs.,
The kind of transfer exhibited by Subjects 1 and 4 would indicate pexform=
ance observed was a function of mastery of the patterns, not of any neurological
adaptation or increased sensitivity of particular body parts. The subjects had
tearned how to attend to specific details in a complex array. Wwhen the array

was transfarred to their legs, they had no trouble processing the information.

Teaining Doaf Subjects

In Auqust, 1973, training of the hearing subjects was terminated. With less
than 100 hours of intensive training, two of the subjects had mastered difficult
phonemic discriminations, had learned to match inflections, were able to handle
rhyming tasks with reasonable accuracy, and were able to perceive sentences pre-
sented at a normal speaking rate. The investigators judqed that deaf subiects
would learn the same skills but that ihey would start from a much lower starting
noint and therefore would probably procced more slowly.

In Auqust, work with three deaf subjects heaan. A fourth subject was added
in Novemher 1973, Subjects were younqg males, each with a bilateral hearing loss
exceedina 95 db in the ranqge of 250-8000 Hz.

“ubject 1, an eiaht-ycar old boy, was quite alert, hut was lacking all
but the most rudimentary spcech behaviors at the beginning of training. Jie
was substantially hehind in academic skills and tended to "act out" in school.

uriect 7, A ld-vear old Loy, was quite verbal and articulate on phrases

that are used in everydav exchanges. His verbal performance when reading a
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third-qrade hgok, however, was largely incomprehensible at the beginniag of
training. ‘h his hearing aid, he was able to hear voices and identify some
words when he was not facing rhe speaker.

Subject 3 was a 13=vear old boy who had a history of behavior problems.
e seemed caner and vooperative. althouql his sneach behaviov (as well as written
communication skills) were arossly deficient.,

cubject 4 was an eighteyear old boy who was lackinag in all but thu most
elementary speech behaviors.

sshjects 1, 3, and 4 were proluabited from using hearing aids during
training sessions with the tactual vocoder. Durang most of the experiment subject

2 was allowed to use the combination of tactual intormation and what information

he could secure through his hearing aid.

Although the procedures used in the training session were similar to those
used with hearing subjects, there were ditferences. Specifically:

(1) Vibrators were placed on the subjects' thighs (three boxes on one thigh,
2 on the other) so that the subjerts' hands would be free to touch objects or
pictures.

(2) pParticularly durina the first two weeks of training the subjocts res-
ponded by touchina rather than by producing verbal responses.

(3) c@ome time was spent durinc each period to work on articulation
(to prevare the children for verbal responses and to break up the period).

(4) Because of the need to teach basic speech skills irn connection with
the perception of speech patterns, longer periods were introduced (initially one
nour a day for six days a week, and later for five days a week).

(5) A reinforcement svstem was introduced to "turn on" the subjects and
Leep them on task. Children worked for rennies or nickels. The rules for earn-
ing these rewards varied with each child's proficiency.

() The emphasis of the training sessions was not on isolated words or
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phonemes but on conrncted sentances. The rationale for tiais emphasis is that
a series of sentences could i presented in such a way that the cubject actuasly
had to attend to onlv part of the sentences. llere ase two soeries that pesmit
seleuvtive attention:
(a) Touch the (pause) glass
Toueh the (vause) elephant
Touch the (pause) car
Touch the (pause) monkey
(b) Pick up the monkey
Hand ma the monkey
I am not a monkev
Is this a monkey
(7) As much as possible, the emphasis of trainina was on the discrimination
of words contained in sentences. The investiqators reaconed that the deaf ch.ld
18 typically quite comfortable with "word salad,” an indication that he lacks
the “"syntactical sense” of a hearing subject. Thorefore, the goal was to provide
the deat subjects with as much "imprinting” of syntax as possible. To achieve
this qoal, the various tasks were designed so that all work, including word
ident) facation tasks were presented in a syntactical context. Typically after
less than a mcnth of training, the trainer introduced this format for word
identification tasks,
"ret readv,...say the word (nause) qlass, Glass.”
later, the “get ready,” the pause, and the repetition of the word were
dropped from the format: “®ay the word monkev.”
The subiject responded either with the word at the end of the sentence or
the entire sentence, “Say the word monhev."
A varirty nf “phrases” #er'e introduced so that work op word-identification

could be conducted in different syntactical contexts. Fach subject was taught
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five or more phrases, such as, "pick up...," “touch...,” "hand me the...,"
"this is a(w)...,” "I am a ..." "this {5 not a(n)...,"” "1 am not aln)..."
Durina most of the training sessions, the trainer would present sentences
composed of the "words" in the child's tactual vocahulary and the phrases. For

example, here is an excerpt frow. the sixth week of training with Subject 2.

Trainer:s 7 ouh the qlass. Subjact: 1 ouch the qlass.,
ves, Yes.
Pick up the elephant. rick up the elephant.
yrg, Yes.
T am not a alass. I am not a cow.
ot cow, Not caw.
~lang, Glass,
Yes. Yes.

The rainina %essionsg

Tn all work with words and sentences the subject did not look at the
trainer. The only informatinn received by the subject was through the vocoder,
The trainers tried to correct all mistakes throuqh the vocoder, with no visual
contact.  This was not always possible during the early sessions but became
in~reasinaly manrageable as the subjocts attained qreater skill,

elow is a descrintion of each of the activities presented during the
trainin sessions amd a brieof rationale for rach.

(1) Face-to-face work on ar&dculatinn (15% of available training time),

- e A S AAA— - —

Tho i1nvestiqgators wern faced with a difficult trade-off in terms of showing

results with the vocoder, Perhaps the areatest potential of the system lies

in the arca of lelpina a deaf child speak in a conventionally acceptable manner.
The subject’s ability to use feedback abtout the deiails of speech is

limited by the subject's capacity to "hear" or perceive these details. Tf the
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subiect cannot "hear"” the difference botween the "s" sound and the "“sh"
sound, he is pre-empted from "matching” the "s" sound praduced by the trainer.
The percention of spaech is a prerequisite to sophisticated articulation
trainina;: therefore the investiqators established speech perception as tha
nighest prioricv,.

The content of the facn=to=face articulation work varied with each child.
The rule followed lv the tratners was shis: 1f the child is to givc a verkal
resronse to any of the tasks you present, work on the articulation of those
responses. Make sure that Che subject can produce an avceptable, if not pere
fect, rasponse. Limit the amount'of time spent on face-to-face work to no more
than & minutos a session.,

The initial face=~to-face work concentrated on the production of basic
sounds. For example, Subject 1 initislly could not say words beginning with
an "m" sound. e stopped tha "m," saying "mmbe" instecad of "me”. Subject 2
had a similar problem with"s" sayinn “"s(t)itting” instead of "sitting". Later
face-to-face work focused on more advanced skills, such 45 saying a sentence
without stopping between each word, for example, saying, “lamuman,” rather than
"Iyn amm oav monn."

(2) words and seatences--{ 65% of avajilable time) As noted above, the qoal

was to introduce words in a syntactical ~ontext as early as possible. Because
of the management and articulation problem that obtained during the first days
of trainina, towever, the trainers had to present a series of "touching tasks.”
A displav of three or more objects was placed in front of the child. The trainer
sat sliqhtly behind the child so that he could not sec her face.

Trainer: et ready....touch the (pause) monkey...Monkey.

“he hild was not required to produce a verbal response. He was required

simply to touch the arrropriate object. After perhaps 6 hours of training a
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format roauirinag a verhal response from the child was introduced.

Trainer: et ready...touch the {(rause) monkey...Monkey.

The child was now renuired to touch the appropriate objoct and say the
appropriate name, "ponkey."

As nart ot the work on words and sentences the children were tested
at lrast twice a week, A test consisted of the presentation of all the words
in the child's vocabulary, 4YWords were presented one time in random order.
frainers recorded the first-trial for each word. Durina the tests, the words
were nresented in sentence contexts, using a format familiar to the child. Howe
over, the same phrase was used with all the words tested. For example, all
words would he preceded by "this is a(n)...." for a aiven test, For the next
tast, all words miaht ke preceded hv "sav the word...." The convention of using
the same phrase for all words was introduced to simplify the recording of data.

(3) Iznlated sounds and rhvmineg:  10% of available time, During the early

training sessions,work with letter identification was implemented with Subjects
1, 3. and 4. The children sdentified letters by their sound (the letter)
s being ddentified as "ssss" for example).,

leaf subjoects who received training for at least 20 weeks were introduced

to thyming tasks. The format for these tasks wags the same as the format for

the hearing subjects.,

Trainer: khymes with at. Subject: Riymes with at.
44242 SRR 1442 4 3 SUNIINN
rrat... rrat...
7ood. qood.
khymes with at Rhymes with at
855, . R8G5,
c'tf'..

The rationale for workh with rhyming was that it could be a useful source

Q of 1nformatinn atout the individual sounds within words (and that the words
ERIC

e are composed of individual and different sounds). The rhyming tasks rarely
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axcecaad 4 minutes during a session and usually involved the presentation of

[T " " o 0w, n

these soundss "rry, mmm, " Usos, shhh, <, " and sometimes "111°",

(4) language-action tasks: 10% of available time. The work with lan-
auaqe action tasks involved a less structured use of language. T%he trainer would
prosent tasks from a Look. The subject was not nrohibited from looking at the
trainer; however, the trainer pointed to illustrated matter on the page and,
often nresented tasks while the child was looking at the page. The trainer
would tyrically rresent tasks such as:

"vhat is thisTeeeeesoIs this @ man?.....8ay the vhole thing.....What is the
tirl doina?.....%ay the whole thina.....Is the girl sleeping?.....Is the qirl
riding a horse?.....1s the qgirl sitting?.....Is she climbing a tree?....."

The child was not reauired to repeat the questions presented by the trainer,
however, from timc to time the trainer would follow a question by sayving, "What
did I sav?" The child received points for correct responses.

tanquage-action tasks comprised as much as 20 per cent of the early training
neriods., They were used as a "change of pace"” to reduce the high deqree of con-
centration required by the word identification tasks. After the children had
Leen in the training program for 15 weeks the language-action tasks assumed a
rosition of less prominence. On many days, they were not presented at all
(rarticularly on test days, when the list of words became quite long); nowever,

these tasks were often used as rewards for a qood performance.

The Word Listg

vach child worked from a slightly different word list, and none ©f the lists
was 1dentical to that used by the hearing subjects, The lists were "individualized"
according to a) the individual child's ability to articulate different sounds;
and 1) the investiqators' manipulation of discriminations within the vocabulary,

s0 that assessments of the child's learninn rate, retention, knowledge of individual
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sounds, etc., could he evaluated.

As a rule, words were not presented unless the subject was able to articulate
the word in such a way that it would not be confused with any other word in the
child's tactual vocabulary. During different phases of the work with deaf subjects,
the investicators introduced difficult words, in an attempt to see how long it
would take the subject tn master these, whether they had a deterioréting effect
on the other words the child had mastered, whether their introduction facilitated
the child's ability té generalize to new words, and whether more practice was
required for these words or for words presented at the beginning of the program.

For example, by the 22nd week of trainina, subject one had 37 words in his

vocirulary. Among these words were she and mother. During the next week, the

-voim

followina words were introduced: see, brother, other, bat, rat and fat. The

egmn —— e m—— t—

investigators observed the effect the introduction of these words had on the
child's performance.

Durina most of the training, the trainers followed a performance formula
for introducing new words. The formula was based on 70-80 per Qent first-trial
performanze. If a child's performance level fell below 70 per cent, the trainer
droyped words in the vocabulary and firmed the remaining words. When the first-
trial performance axceeded 30 per cent, tle trainer introduced new words and

intearated these with the others in the child's vocabulary.

zgzﬁfnrcnrn
rositive reinfarcers were used with all subjects on sentence identification
v14ks. Tie reinforcement schedule varied according to the task presented and to an ir
Ijvi-tual ~hild's tehavior. 1Initially, all children received one noint for every
rearroct resnanan, ~fter earnina 10 points, the child received a penny or a nickel.

If children developed a nattern of auessing, the schedule was changed so that the

child had to make so many consecutive correct responses before earning a nickel




or a penny. At the end of each training periéd, the child was given an
vpportunity to purchase items that had been placed in the "store," or he
was allowed to keep the money.

Initially, no points or money werc awarded for face-to-face work. Later,
contingencies were introduced so that the child was reinforced for performing
acceptably on words or phrases that had been practiced in face-to-face work,
For example:

Trainer: Get ready. (pause) Touch the glass.

Subject: Touche.s.ethe...glass,

Trainer: Good,

Trainer awards two points to the child and says face-to-face, "Two points.

You said glass. So I gave you a point for good talking,"

Results and Discussion

Subjects were tested weekly on words in isolation. The results of their
first trial performances are summarized in Table 3. The data for the table had
been obtained after Subject 1 had received 36 weeks of training (approxima‘ely
160 hours) and the other subjects had received less training (ranging down to
12 weeks for Subject 3). As Table 3 shows, the performance of the deaf subjects
is similar to that of the hearing subjecrts, although perhaps slightly slower
during the first month of training, Like the hearing subjects, a) performance
improves with practice, b) the relative difficulty of words decreases with practice,
and c¢) subjects were consistently able to maintain first-trial accuracy of

7G per cent or better even as their tactual vocabulary expanded,

Insert Table 3 about here

Since each subject worked from a slightly different vocabulary, the




performance for each subject is presented individually.

Subject 1: Subject l's first-trail word=identification performance
over 36 weeks of training is summarized in Figure 2, The top of each bar
indicates the number of words in his vocabulary. The shaded part of each bar

indicates the number of words correctly responded to on the first trial.

Insert Figure 2 about herc

The performance of Subject 1 is more variable than that of any hearing
subject. This performance variability was at least partially caused by
experimental manipulation, particularly during the weeks 23-26. Twelve
difficult words were introduced during these weeks.

It is difficult to say whether Subject 1 learned .s rapidly as the
hearing subjects. His training sessions lasted one hour, compared with the
hal f-hour sessions for the hearing subjests. At the end of 14 weeks, Subject 1's
vocabulary consisted of 27 words. All hearing subjects had vocabularies of
more than 27 words by the end of the l4th week of training. One hearing subject
haq 27 words at the end of one month; another had 35 at the end of two,

The rate of deaf Subject 1's mastery, however, is impressive, particularly
beginning with the 31st week of training. During weeks 32 through 35,
twent: -seven new words were introduced. Performance on these words (as well as
the others in his vocabulary) is maintained at 75 per cent or above. In contrast
to tihis performance, mastery of the first 27 words in the program had required
14 weeks of practice. In calendar time, the rate of mastery increased 3.5 times
over the initial rate. The saving in number of trials is even more dramatic.
When the first 27 words were introduced, these were the only words the child

practiced during the training sessions. Mastery of these words required approximately
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14,000 trials, compared to less than 1400 for the 27 newest words added during
weeks Ll=35,  Also, the tvpe of discrimination required for the latter task is
more difficult, since the child not only had to identify the 27 new words but
had to distinguish between them and other similar words in the vocabulary. For
example, a word such as sit (introduced in week 34)could have been confused with

sat, tat, see, and five other words that begpan with 8. This task i{s theoretically

more difficult than the task in week 12, when the first s-beginning word (sister)
was introduced. The probability of confusing sister with similar words was

not as great because there weren't as many similar words in the list.

Subject 1's nerformance on five new words presented during the 34th
waek of instruction is summarized below bv trials. The words werejeat, go, jump, give
put. The five words woare presented in random order until the child achieved two
consecutive rerfect runs. Thoen the words were randomly inteqrated with 16 familiar
words and again nresented until the child achieved two perfect runs.

First, the five=-word set:

Trial 1 5/5
trial 2 /5
tri.l 2 5/5
trial 4 /5

Then the five wordrs when randomly interspersed with 16 familiar words:

Trial 1 5/5
trial 2 4/5
trial 3 5/5
trial 4 575

The rate at which Subject 1  was capable of learnina matched or excelled

that. of hearing “ubjects 1 and 2.



27

Subject 2: Tigure 3 summarizes the performance of Subject 2 on first-trial
correct identificatfon tor his 26 weeks of participation {n the experiment.,
The heavy vertical lines on the {igure mark the period during which the subject
did not wear his hearing aid (weeks 9=17), During the remaining weeks (1-8 and

18-26) Subject 2 used his hearing aid and the vocoder during the training

sessions,

Insert Figure 3 about here

Subject 2 progressed quite rapidly during the first eight weeks of
training. When he was prohibited from using his aid, he virtually had to
start over, tils rate of progress without the aid, however, seemed reasonable,
| By the end of the sixteenth week, his vocabulary consisted of 24 words, only four

less than Subject 1's vocabulary at this time.

with the reintroduction of the hearinq aid, Subject 2 progressed rapidly.
particularly during weeks 23 and 24. 'fwenty-nine words were added to his voca~
bulary during these weeks, while his performance consistently remained at or
above 70 per cent.

The extent to which the subject relicd on information received through
his hearing aid is not easy to determinc. What seemed to have happened during
the training was that the subject became more proficient at "hearing" the training
words through his aid. when tested during the 8th week he performed at ahout
A5 per cent accuracy in response to traininn words when he used only his hearing
aid (not using the vocoder and not looking at the trainer). His performance with
onlv the voroder was about 40 per cent accuracy on the same words. His performance
when both the vocoder and aid were used was about 94 per cent. The investigators

were quite surprised, however, to find that the subject's performance on comrmon
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words not {n the vocabulary was only about 20 per cent accuracy when the subject

used the hearluy aild onlys The conditions were the same as those used to test
the training words. Apparently, however, the subject learned to "hear" or to
use his hearing aid with far more precicion than he had in the past. Perhaps
the repetition and focus provided during the training sessions taught the child
to attend to information to which he had not previously attended.

Subject 2 was dropped from the experiment after the 26th week, at which
time he was able to perform acceptably with a vocabulary of 95 words. The
‘primary reason for dropping him was that the training sessions were confiicting
with other activities in which the subject wanted to participate.

Subject 3: Figure 4 shows the performance of Subject 3 on firstetrial
accuracye. At the end of the 12th week his word list cunsisted of: elephant,

cow, monkey, glass, chair, shoe, book, table, tape recorder, Rodney, paper,

light, sister, m and m, ashtray, The performance of this subject is slower

than that of the others. During a two week period, he was not available for
training and during most of the experimental period (12 weeks) he was exper=
iencing a4 number of personal problems., The investigators make no assumptions
about the extent to which these affected his performance, except that they

resulted in frequent absences.

Insert Figure 4 about here

Subject 3's rate of progress during the first four weeks was as rapid
as that of Subject ? and surpassed that of Subject 1. Subject 3's performance
deteriorated somewha*t following a two-week absence from the training; however
his performance was not substantially behind that of Subject 1 at the end of

the 12th week (at which time Subject 3 withdrew from the experiment).
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Subject 4: As Figure 5 indicates, the firgt trial performance of Subject
4 improves more slowly than that of thc other deaf subjects. Durina the 29th
weeok of_traininq. Subject 4's vocabulary consisted of only 36 words, compared
with 53 for Subject 1. The reason for the relatively slow progress of Subject
4 is not apparent. Durina the sixteenth week naew training and firming procedures
wore introduced and Subhject 4 apparently had trouble adjusting to these. At that
time, the numher of words in his vocabhulary was reduced from 22 to 22 and the
chilu required ecight weeks before the number of words exceeded thirty. The
progress from tha seventeenth week on was relatively stable although not rapid.
At the end of the 29th week, Subject 4 was able to learn new words quite fast,
althouah not as rapidly as “ubject 1. To master five new words, Subject 4
required six run throughs or 30 trials. The trainers suggest that Subject 4's
major proklem seems to he his memory. le learns quickly but has some difficulty

remembering words from day to day.

Insert Figure 5 about here
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Conclusions

(1) DBeaf subocts can be taught to hear fine specch diseriminations through
the tactual mode.,

(2) The performance of subiects is positivelv correlated with practice and
seems to be clearly a function of trainina.

(3)  The auest for the avpropriate tactual dismlay of spaech tlierefore,
must be conducted within the training context. The adequacy of a display is
evident only after sufficient training has been provided.

(4} Hundreds of corrected repetitions are recuired for either a deaf or
hearing subject to learn simple tactual discriminations.

(5)  The subject's memory and ability to discriminate increases as the
number of words he has mastered increases,

(6) TInitially deaf subjects learn more slowly than hearing subjects; however,
their rate seems to match that of hearinag subjects once an initial set of perhaps
10 words is reliably mastered.

(7} 7he rate at which a subject is able to learn new words incrcases with
the number of words the sul:ject has mastered (a relationship that cannot obtain
indefinitely but whicl. is apparent durina perhaps the first year of instruction
and probatlv will obtain for a longer neriod),

13) Deaf subjects as well as hearing subjects are able to attend to
rrosodic teaturns of speech including stress and pitch when speach is presented
tactuallv,

(1) Porception of sentences i5 no ore difficult for the hearing and deaf
suhjects than rercention of isolated sournds or individual words.

Sheoanvestinators feel that the tactual experiment 1s important. It provides
A uniaue qlirede into the amount avd tyre of rractice needed for a passon to
learn to use a new sensory modality., It brings issues of neurology and training

doqma into sharn foacus, with the proof heina tie performance of the deaf <hildren.
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With more sophisticated hardware than that used in the present experiment,
streamlined and miniaturized, the deaf infant could learn to "hear"” using
tactual input in exactly the same way the hearing child learns to hear. It
would seem that hoth would proaress as normal "hearing” children, with the

abbling, sreech hehavior and imitation natterns of normal hearing children.



32

Flanagan, J. L. Speech analysis, synthesis and perception. New York:

Academic Press, 1965,

Cault, R. H., and Crane, G, W. Tactual patterns from certain vowel qualities
fnstrumentally communicated from a speaker to a subject's fingers.

Joucnal of General Psvchology, 1928, 1, 353-359.

Guelke, R. W., and lluyssen, R, M. J. Development of apparatus for the anal-

ysis of sound by the sense of touch. Journal of the Acoustieal Society
of America, 1939, 31, 799-809,

Heiunz, J. M. and Stevens, K, N, On the properties of voiceless fricative

consonants. Journal of the Acoustical Society of America, 1961, 33,

589".‘)96 .

Hughes, G. W. and Halle, M. Spectral properties of fricative consonants.

Journal of the Acoustical Society of America, 1956, 28, 303-310,

Kirman, J. H. Tactile Communication of Speech: A Review and an Analysis.

Psychological Bulletin, 1973, 80, 54-74.

Kringlebotn, M. Experiments with seome visual and vibrotactile aids for the

deaf. American Annals of the Deaf, 1968, 113, 311-317,

Fickett, J. M., and Pickett, B, H. Communication of speech sounds by g

tactual vocoder. Journal of Speech and Hearinx Research, 1963, 6,

207"2220

Senden, M. V. Raum- und Gestaltauffasupg bei operiercen Blindgeboren vor
und nach der Operation., Leipzig: Barth, 1932, CcCited in D. O, Hebb,

The Orpanization of iehavior. New York: Wiley, 1949. Chapters 1-6,

Wiener, N., Wiesner, E. E, David, Jr., and Levine, I.. Operation "Felix.,"
Quarterly Progress Reports, Research Laboratory of Electronics,
Massachusetts Institute of Technology, Cambridge, 1949-1951,

o



33

Footnotes

‘This research was supported by Stegfvied and Therese Fagelmann, Linda
Youngmavt, Laurie Skillman, Carol Witcher, Milly Schrader, The Collins
Foundation, by The Oregon Research Institute, Paul J. Hoffman, Director,

and in part, by Nl General Research Support Grant No. MI-05612.



TABLE 1 ' .
y
gEST COPY AVMLABLE 14
Training Word lList
Notes .wordq are oradantzed as minimal aroups such that one phoneme is
dif ferent amonn single syllable words, and one svilable is diffarent
in two svllable words,
¢ = gonsonant

vV 2 vowe)

Nne "::’l labile

Ve cv v ve
boot fan has he ho why it
yrhat pan ashe wow is
| bait man , me shoe
{
. rat the
touch 001 '
teach l
i
live ; vV
this aive twc
wve ccv vee Cvee v
what yes fly and hand a
(5 v

Two_ Syllables

- oo

atain father sunday sillv
mother Ylonday filly
little other Tuesday
hrother Wednesday
stand up Thursday
sister Friday
sit down mister
tarman teacher Four Tyllables

(¢'s name)
/bidi bHadis

Tnree ::yl l_ak. L8

— ——— > -

concentrate Saturday
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TABLE 2

First Trial Performance For Four learing

Subjects on Words in Isolation

Hearing Subjects
Sub ject Subject Subject Subject
1 2 3 4
Training !
Month
Sl. & .—2’- - L34
Y 50 = 907 60 = 11,78
48 ; 4o .
ﬂ 60 =2 6‘)[; 60 = 77!‘
20 ; al 38 -
7 ()0 = 83/& 60 = 854’ 5 8“/:
.5.2. Y -(-‘-?- - L/ 30 s
b 60 = Y3 59 = 83/.’; "40 = 75/:
bl 2—-1- -2_9 Il 2(, [
b 5 = 69/ 41 = 717 T; = 677
4 7 8l% 57 927 29 697
P _Z,_-}_ [y 2'...5_ L/ -1—8- L/
3 5 = 857 57 = 927 27 ® 677
22 o 13 . 7 -0 25
2 == = Bl7 == = 597 — = 347 = = %
27 22 = > 3 35 - 1A
l!‘ 9 13 B2 (4 - 16 (7
——— = 2/; — 9Ia - D o — o
i 55 5 2 5 3 317 %, 713%

Numerator = number of words correct on first trial

Denvminator = total number of words in subject's tactual vocabulary




TABLE 3

First Trial Performance For Four Deaf

Subjects on Words in Isolation

l beat Subjects
Subject Subject Subject Subjcct
1 2 3 4.
Trajning )
Vieek |
. iy .
30 o= 8l
44 «—‘.E;f:.-. 5%
35 ¢ ] 75%
34 %? u 807
]
2% 4 199
33 o 797
(03" — or [
32 5 174
31 LI T3
Yo}
Kh Iy
30 o 606
LB W . S SE W g " -y B e w - o ey gl .1
14 29 e
¢ RAES LZ = 817
29 ‘-,-3 gy '3()
t’b.) - ?() @,
28 ——— = ‘)t,o o— 2 4
28 % 7 7 76
a4 . 28 o
. 28 = 907 CAL /
27 " 3] 34 = 827
S AR 20, - g4y
26 7‘5’: 22 410, 0 = 7b7 Y = 847
”) 2‘) N ()i) . o 23 — o,
25 o w9 };;-'7°. - 727
2'1 ,y ot (l'- - 21 LY
L1y Sl = 7 — 4
24 P 3 e 70 57 787
(\" o : / £y 23 o,
3 ‘ - = lll . ’2" = 7‘2!0 — = 859
7 1-...._._'.". 7'»’ . 27
22 LA TS 231 90y 20 . g4y
___i'/ (138 2
21 85 L oegs |2E L 9o - -
Ay ‘1()
: Dy Vo ow 21 _ gqe
10 :{{'; - ()3., -.“:):"‘\' o b\'. 'ﬁ 78/)
[ Ll N 2 86T L. z
19 ) S47, o 86 n 63
N . 24 . 18 o
16 o T ol 0= 69 =5 = 8l
1.,} = 759 ! - - - !_3. &) A
17 AR 2 = 597
16 N FI D - -
o P L S S B I 1 ZZ = 61




Table 3 (continued)
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Deaf Subijects
Subject Subject Subject Subject
T 2 3 4
Training 1 |
Weck
14 22 = 92 L = syn 2 - g B
13 Logor | 35 =6 22 . gz
12 o955 | 1= e Boeer | 55= 951
11 Loegr | 15= o 22 - sox 35 = 73%
10 22 = 94y & = 407 12 =100 22 - a0z
9 £ = 802 5 = 507 22 - g0z 2 - o
8 2. 80n | =0 Z-eon | 3= 77
7 -6 | 33=90 - - - == = 69%
6 _-_”%floo; 22 = 705 - - < = 67
5 oo | 1372 2% = 913 1 =100%
4 o1z | 7y =757 T = 5% 2 = 7z
3 350z | 7o = 90% S =100 2= 672
2 2 = 507 £ = 867 1 =100 -g- = 60%
1 3 =100% - e 2 =100 2 = s0%

Numerator = number of woids correct on first trial

Denominator =

total number of words in subject's tactual vocabulary
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Figure Captions

Tactual Vocoder Schematic

Firs. Trial Word Identification Performance for Deaf Subject #1.
First Trial Word Identification Performance for Deaf Subject #2.
First.Trial Word Identification Performance for Deaf Subject #3.

First Trial viord Identification Performance for Deaf Subject #4.



SN
frp—mem ==y

Trainer's
Microphone

- — -

Gt

CRRRR N
SUI)_i"(‘l e,

Microphone

ERIC

Full Tt Provided by ERIC.

L _tapiiflerd
.

-y

BANDPASS
FILTERS

————— .t —are e W -

. -
‘g e /
2 4

- Cets - > owm iy ——ape

1

i

v - -
——— e mim

[

™

—— mme s ———

" . e
PRSI

R

— e i e smm——

S i
., -
{ 4 » J) ll,,’j

et et . e et I

- 7.’_2’ ,-".'

 ————— e - ...—.._‘

0'()0' ' o
VAR S

PR
. .
PR ——
,
-/

——— e

i I i

S S W—
»{ a0 17 l_.__.

e

BEST CGPY AVILARLE

2% HZ LOW

PASS FILTERS

I et e
R /’TT';_..I"“"“I'/’*"“—’*

%

N |
4 2707 4o, L___hﬁﬁ

g e N\
T e Pt —

Vi

>

—_— -
|
i

i~ & S —

-—.———--————l

- S O ———————

|..—.....“...-. ———

Emts dmmn o B e

60 HZ POVLR
AMPLIFLERS

s« s, — ———_>
- — e - ———e -

- O cte P e o oty

B e ——

fe S o ea-ae e ew——

-

. -

- ——— e n - -

STIMULATOR
SOLLNO I DS

Uni

Uni

- |

Uni

e
-
'_”»__..,I l
- cme o - ———
L
—
e
g |~
| SOOI - eriieem
v
-—ow - » c—
]----- —
- - - PR .
- .- p—
-— . e cemme = R
- e e Uni
’
e 1 o e e [‘
N
L
e 14
[PV

e b w—a— -

Unit




1

SUBIECT

Number of Words in
Subject’s Toctual
Vocabulory

1

Number of Words
Correct on First Triol

LR

AR LARRH

M TN I LN i

82 75 61 52 63 SO 78 41 53 49 41 90 19 36 66 )6 21T 19 80 15 86

f" .
10

90

15—

60—

SP4opA

1o

|
o
~

JaqunpN

Week Numbér ->

3-100 50 50 67 S0 100 63 86 80 9% 69 95 99 92 93

Percent of
Words Corre

&
-~



Q

ERIC

Aruitoxt provided by Eic:

SUBJECT 2

L 41.‘:.‘: . AR R i i
I PRI A Bt - ,-vv Y .,.,;'_—1 X‘l"l![Vl T——
JT"'! L) :)1' FRTR :I[‘ ' !“;’,|| i y ™ |'l ”' N pia ll“’ f ' [FERTTTH

oW iy
I '.ny({‘.'ﬂ i[i s

i 'm' ', ll st v ‘W imﬁﬂ""l e

t
el md‘}}‘a

SpiOM 40

iaquinpN

; I Ll
w L
e
oh ;2- n' H AN —" w ]l:_ 1 u‘ Hi '.,;! Ixn:
o iomac - dodiad
" Ry Al s 1 it i Pk and T rebiid
&= { RGN i il
[ !]; {.;,;‘,jz th' l‘mn Lh:_'l"x Aty MR Y
{ mhl’.!"! B LT
e1eQ ON
- o
[~ 4
L )
[
'r _J
-
& € 3
= - o
(=
= . s
-] 0 &« oo R
s 2 S« i
s8> 5§
ava A
Ex0 E:
358 20
3
Zw> 2V
-« an
-
= =T
‘=
5
- ™
1 1 I |} ] )
[ ] (¥2) [ —J W [~ 4 [V 2]
o r~ «w - ™~ ol

)
25

2712 1015 18

10

Perceut of - 67 88 90 75 75 70 91 94 80 40 92 67 67 89 86 71

Week Number -
Words Correct

8 88 90

41



42

1394109 sSpiopy

98 08 301 08 99 16 SL 001 001 001 §0 uad13g
m-_. ..u. Jquny yaam
2 F = = LIl FT T
quzEonapll 2
B e 9 9 i bl ey
38 2 L 5 c
HUF &L 3
-SI o
0
J
o
-0t ™
N piom jo sequnyy  JEHEL oM
Asonqoiop ~
jonpdo] s aigng — ml
Ul SPIOAA JO 1Iquunp

¢ 1J34RS




O

ERIC

Aruitoxt provided by Eic:

SUBIECT 4

"t‘"’”""‘"

S AT

T

It

i

(I

' THER e
N O A T R

| AR A T

Ll

mmentt

ﬂw“

nI L

ieq o\

DR
TR |

{

ll LR

MRy

'[,, l' EEt I

ejeq oN

TR

o

[_TW‘ " »l- M

: -o [ 1:;"" I.l“: ‘J ;I '“l‘. ] "Z,b
- ':
[\ iy -wn-FF-]mmm'-'q
3 C A
- e 3R}
ST St e "
- s -3 (4 v|' Hl D _°
[N ] f - - [ Ih.l i P4
323 g
aya 4
EgS Et
358 20
Z2wn> 2V
3
53
"2
of!]
(I
>
1 1 L  { 1 1 r—
(V) [ —4 (V)]
a L 3 . = = E
=
SP4O JO JaqunpN =
Y]
Y
=

43

82 16 81

14 8 18 12 84

59 81 63 18

of »50 60 67 71 100 67 69 77 93 80 73 95 92 92 I

Words Correct

Percent



OREGON RESEARCH INSTITUTE

Street

1009 Patterson

Box 3196
Oregon 97403

P.O.
Eugene,

Phone (503) 343-1674

LN




