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ABSTRACT
Stimulus Manipulation in Articulation
A

Therapy With A Hearing

Impaired Child

by
Walter Eugene White, Master of Science
Utah State University, 1972

Major Professor: Dr. Frederick S, Berg
Department: Communicative Disorders

Severely hearing impaired individuals typically exhibit speech that
is unintelligible and systematic instruction in speech has not effec-
tively alleviated all of the misarticulations found in the speech of
these individuals. Behavior modification is a promising development
which has meaningful application to the modification of defective artic-
ulation by hearing impaired children.
The purpose of this study was to ascertain the feasibility of
implementing a specific progrem of stimulus manipulation to alter the
articulation of the /7r7 phoneme as uttered by one severely hearing

impaired individual. The training program was structured in a sequence

of four operant training conditions. Pre-training tests, training

tasks, intra-training probe tests, post-training tests, stimulus gener-

alization tests, and retention tests were administered.
As a result of this investigation, it was concluded that the use
of a behavior modification training program appears to be an effective
method by which the articulation of a hearing impaired individual may
be modified,

(58 pages)




INTRODUCTION

The Problem

have numerous handicaps that

Severely hearing impaired individua
are typically associated with the inability to detect sound. This group
of individuals has speech, language, academic and social problems that
are so devastating as the physical handicap imposed upon them. The un-
intelligible speech of the severely hearing impaired is their most
noticeable handicap and is also one of the most serious deficiencies
associated with severe hearing impairment.

Adequate speech skills do not develop naturally for severely
hearing impaired children. Traditional methods of teaching speech to
severely hearing impaired children usually do not enable them to develop
the speech skills needed for successful communication. Thus, a need
exists in the education of the severely hearing impaired child for the
development of special strategies and techniques that will improve
speech instruction. The application of behavioral techniques in the
teaching of speech to the hearing impaired is one strategy which could
be used to meet the need of improved speech instruction for these

individuals,

Purpose

The present study was designed to determine the possibilities of
using a specific program of stimulus manipulation to alter the articu-
lation of the /7s/ phoneme as uttered by one severely hearing impaired

individual, It was hypothesized that through the use of this program,




the articulation of a specific phoneme produced by a severely hearing
impaired child could be successfully modified. If the results of this
study were positive, reason might exist for additional application of
behavioral techniques in the teaching of speech to the severely hearing
impaired.

Thus, this study was a feasability investigation and because of

this the plan encompassed the use of only one subject.

Definitions

l. Articulstion: The process of adjusting the shape of the path
of the breath stream from the larynx out through the mouth and nose
(Leutenegger, 1963).

2. [2:/: Phonetic symbol for the "ch" sound as in the word
"church".

3. [/JS/: Phonetic symbol for the "sh" sound as in the word "ship".

4, Echoic behavior: Verbal responses in which the controlling
stimuli are usually auditory-visual stimuli (Skinner, 1957).

5. Intraverbal behavior: Verbal responses in which the control-

ling stimuli are usually a series of words that may be auditory-visual
and/or written or printed stimuli (Skinner, 1957).

6. Tact behavior: Verbal responses in which the controlling
stimuli are usually written or printed stimuli (Skinrer, 1957).

7. Textual behavior: Verbal responses in which the controlling
stimuli are usually written or printed stimuli (Skinner, 1957).

8. Phoneme: A family of sounds none of which is distinctively
different from the others (Leutenegger, 1963).

9. Deaf: Individuals who can identify by use of electro-acoustic

amplification no more than a few of the distinguishing features of




speech and then not enough to understand any words by hearing alone.
An individual typically demonstrating a sensitivity of hearing in the
better ear of 91 dB or more (IS0).

10, Severely hearing impaired: Individuals who can identify by
use of electro-acoustic amplificalion more than a few of the dislin-
guishing features of speech but not all of them., An individual demon-
strating a sensitivity of hearing in the better ear of between 71 and
90 4B (IS0).

11, Hearing impaired: Individuels with a malfunction of the
auditory mechanism of a severity sufficient to affect personal effi-
ciency in the activities of daily living, specifically in respect to
communication., This term includes deaf and severely hearing impaired.

12, Stimulus control: A differential form or frequency of a
performance in the presence of one stimulus which is not evident in

the presence of another., (Ferster and Perrott, 1968).




REVIEW OF LITERATURE

Oral communication has never been more important to man than it is
in today's highly technological society. The hearing impaired child
cannot meet the demands and expectations typically placed on children
by their homes, schools, and communities without skill in speech com-
munication, Crammatte (1968) and Sanderson (1966) suggested that while
intelligible speech was not a prerequisite to the obtaining and holding
of many jobs, it was a most desirable attribute for the hearing impaired
to possess. The success of many hearing impaired adults, who have high
paying jobs, can usually be traced indirectly to their ability to use
oral language skills which are developed in childhood.

In the United States, as many as 141,550 children have difficulty

hearing even loud speech (Bernero and Bothwell, 1966). These severely

hearing impaired youngsters typically have speech, language, academic

and social problems that are educationally significant, Table 1 por-
trays the communication problems and educational needs that are associ-
ated with different degrees of hearing loss. Another deficiency associ-
ated with hearing impairment, and one of the most serious and noticeable,

is that of defective speech articulation.




Table 1.

Communicational problems and educational needs associated with
different degrees of hearing loss

DEGREE OF

EFFECT OF MEARING LOSS ON THE
UNDERSTANDING OF LANGUAGE AND SPEECK

EOUCATIONAL NELODS

s

May heve difficulty heoring foint or distant

speach.
Will not usually expe
sitvations.

nce difficulty in school

AND PR

May bencfit from o hearing aid as loss
approaches 30dB (ASA) or 4048 (1SO}

Attention to vocobulary development.

Needs lavorable seating and lighting.

Moy need lip reoding instruction.

May noed speech correction.

iscussions

it limited vo:nhulory and sposch on-
omalies.

Child should be referred to special edu-
cation for educational follow-up if
such service is ovailable

Individual hearing oid by eveluation and
troining in i1s use.

Fovorable seating ond possible speciol
class plocement, especially for pri-
mary childran.

Attention to vocabulary ond reading.

May need lip reading instruction.

Sposch conservation and correction, if
indicated.

HANDICAP
SLIGHT
16 10 29dB (ASA)
or
27 1o 40dB (150)
MILD
30 10 44dB (ASA)
or
4] 10 55dB (IS0}
MARKED

45 10 59dB (ASA)

or

«
S

to 7048 (ISO)

Conversation must be loud 1o be understood.

Will have increasing difficulty with school sit-
vations requiring participation in group dis-
cussi

15, Vikely. 15" Kbve datositive aposch

is likely to be deficient in language usage end
compr

Will s svisance of (imitid (yocabulbry.

Will need resource teacher or special
closs.

Spccm[ help in longuage skills, vocebu-
lary dovelopment, usage, reading,
writing, grommor, ofc.

Individual hearing aid by evalvation and
ouditory training.

Lip reading instruction.

Spaech conservation ond sp

ch correc-

tion.
Attention 1o ouditory and visual situa-
tions ot all times.

SEVERE

& 1o 79dB (ASA)

71 10 9048 (IS0}

May hear loud voices about one foot from the
ear.

May be able to identify environmental sounds.

Moy be able fo discriminste vowsls but not a
<consonan

Specch and |ﬂngvugl defoctive ond likely 1o
deteriora

ch ond language will net develop spentens-

ously if loss is present before one yeor of

oge.

Will need full-time speciel program for
deaf children, with emphosis on all
languoge skills, concept develop-
ment, lip reading and speech.

Program neeos specialized supervision
end comprehensive supporting ser-
vices.

Individual heoring aid by evaluation.

Auditory training on individual and group

Part-time in regulor closses only a5 prof
itable.

EXTREME

80dB or more (ASA)

91dB or more (150)

Moy heor some loud sounds but is aware of vi-
brations more than tonal pattern.

Relies on vision rather than hearing as primary
avenue for communication.

Speech and language defective and likely 1o
deteriorate.

Speech and language will not develop spontane-
ously if loss is present before one year.

Will need full-time in special program for
deaf children, with emphosis on oll
language skills, concept develop-
ment, lip reoding and speech

Program needs specialized supervision
and comprehensive supporting ser-
vi

Continuous appraisal of needs in regord
1o oral and manuol communicotion.

Auditory training on group ond individual
aid.

Part-time
carafully

in regulor classes only for
cted child




Articulatory Acquisition

The hearing impaired child learns to speak, as a rule, the way
that he hears others speak; and because of this he has communication
problems. An understanding of the implications of this statement may
be drawn from a brief description of the acquisition of speech by a
normal-hearing child,

Articulatory acquisition by the
normal hearing child

Van Riper (1956) noted that normal speech growth was largely based
on perception of the speech characteristic of others in the immediate
environment of the child. He cited stages of articulation development

such as grunting and wailing, babbling, and finally socialized vocal-

ization,

McCarthy (1954) stated that during the first year of life, the

normal child characteristically utters many of the consonants and most

of the vowels we identify with our linguistic system. An infant is a

great imitator, and this tendency is easily observed in the reproduction

of vocal sounds. This imitative tendency is an important factor in the

acquisition of speech and language by the normal child., Peterson (1968)

considered the development of an imitative repertoire as a necessary

condition for language and speech acquisition.

Van Riper (1956) reported that some time between the tenth month

and the eighteenth month, a normal hearing child learns to say his first

true words.

During the second and third years of life, the average

normal child learns to speak intelligibly., By the time the normal child

is three years of age, two-thirds of the articulations of English have

been mastered., Templin (1957) found that during the following five




years, the normal child typically completed the acquisition of articu-

latory skills, As the normal hearing child enters school, he has mas-
tered most of the basic elements of his native language, has a workable
vocabulary, and is en joying participation in normal communication cycles
(Statts and Statts, 1964).

McDonald (1964) indicated that the process of articulatory acquisi-
tion is based upon the maturation of the perceptual and motor neurolo-
gical processes. The intelligibility and naturalness of speech result
from coordination of complex muscle movements. Hedgecock (1955) empha-
sized that normally a highly refined sense of hearing is required for
the achievement of such complexity.

Articulatory acguisition by the
hearing impaired child

Like the normal hearing child, the hearing impaired child utters

crying and comfort vocalizations during the first few months of life.

Van Riper (1956) asserted that deaf babies begin to babble at a normal

time, but because they cannot hear, they probably lost interest and thus

have much less true vocal play than normal hearing children. Statts and

Statts (1964) reported that because hearing impaired children are not

sensitive to auditory stimuli, they are not reinforced by speech sounds.

As a result, the hearing impaired child is not reinforced for producing

sounds that are similar to others made by persons in his environment.

Peterson (1968, P 64) said that, "The child who is unable to

repeat or echo the sounds made by other persons does not develop ade-

quate speech,"” His vocalization tends to be limited to grunts and

similar noises used to express primary needs such as for food and drink.




The untaught hearing impaired child typically does not learn to

articulate certain speech characteristics., The actual articulation of
phonemes in words and in syntactical constructions is delayed until
special assistance is provided., With provision for skilled training,
somewhat articulate but usually defective speech develops (Uerg, 1967).

Characteristics of the Speech of the Severely
Hearing Impaired

A description of the speech characteristics of the severely hearing
impaired child can be made through a search of the literature on the
speech of the deaf child.

Studies on the characteristics of the speech of the deaf date from
Hudgins in 1934, By use of kymographic recordings, he compared the

speech of the deaf with that of normal hearing subjects.

Recordings of

speech breathing movements and bucal pressure tracings were made as sub-

jects uttered phrases of four, five, seven, and nine syllables in length.

Abnormalities of the speech of the deaf were: (1) slow and labored

speech, usually accompanied by high chest pressure with expenditure of

excessive amounts of breath; (2) prolonged vowels with consequent dis-

tortion; (3) abnormalities of rhythm; (4) excessive nasality of both

vowels and consonants; and (5) malfunction of consonants with the con-

sequent addition of superfluous syllables between abutting pairs.

Similar findings were reported by Rawlings (1935).

In 1942, Hudgins and Numbers reported a study of errors of the

utterances of the deaf and their importance to speech intelligibility.

They studied the speech of students at two Eastern schools for the deaf.

Analysis of the recorded speech revealed two general types of deficien-




cies: errors of articulation involving both consonants and vowels, and
errors of rhythm.

Consonant errors of the deaf recorded by Hudgins and Numbers in-
cluded: (1) confusion of voicing, usually voiceless for voiced; (@)
substitution of one consonant for another; (3) inappropriate control of
velum, nasality or lack of it; (4) dropping one or more members or adding
an adventitious syllable in the compound consonants; (5) similar omis-
sions or additions in abutting consonants; (6) non-function of the
arresting consonant; and (7) non-function of the releasing consonant.

Vowel errors of the deaf reported by Hudgins and Numbers were:

(1) substitution of one vowel for another; (2) excessive duration of
diphthongs; (3) diphthongization of vowels; (4) neutralization of vowels;
and (5) nasalization of vowels.

Rhythm errors of the deaf found by Hudgins and Numbers included
lack of, or irregular use of, phrasing and accent. They substantiated
the importance of speech rhythm for speech intelligibility. They found
that rhythmically correct sentences had almost a four to one chance of
being understood over those spoken with incorrect rhythm. Durationel,
intensity, and frequency features of the subjects' speech contributed
as much to intelligibility as did consonant articulation and more than
vowel articulation. Only 30 to 35 percent of selected sentences uttered
by the subjects were understood by trained listeners. Hudgins and
Numbers concluded that speech intelligibility is determined both by
rhythmic and articulatory features.

Haycock (1942) also referred to the speech irregularities of the
deaf., He paid particular attention to voice problems, and asserted

that the most important defects of voice found in deaf children were
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nasality, falsetto, breathiness, weakness, strain, hardness, metallic
quality, and throatiness.

Hughson, et al, (1941) were also interested in the voice and artic-
ulation of the speech of the speech of the deaf. They made speech re-
cordings of children enrolled at a school for the deaf and made compar-
isons with the spesch of school children with normal hearing. The
speech of the hearing impaired children was generally more monotonous
and their articulation more deviant when compared to speech of normal
hearing children.

Peterson (1946) noted that the most characteristic voice and
articulation deficiencies of the deaf were breathiness, nasality,
monotony, and vowel or semi-vowel distortions.

Hudgins (1953) also reported that the voices of deaf children were

abnormal., He described them as breathy, harsh, weak or strong, high or

low, but rarely natural.

New (1954) indicated that children whose hearing loss was so great

as to preclude normal growth of speech and language had none of the

important skills involved in speech. They lacked: (1) good use of the

voice; (2) accurate enunciation of the sounds of speech; (3) correct

pronunciation of the words of our language; and (4) an acceptable rhyth-

mic pattern in the flow of syllables that go to make up phrases and

sentences,

Silverman and Davis (1970) stated that in general the deaf child

is likely to develop a breathy, nasalized vocal quality, abnormal tem-

poral patterns, and some errors of articulation.

Additional investigations further clarify the speech characteristics

of the deaf child. Voelker (1935) reported that the deaf showed a ten-
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dency toward perserverated pitch patterns. He noted that they used pitch
intonation, but they did not use it to render meanings to sentences.
Similarly, the findings of Haycock (1918), Hudgins (1937 and 1953),
Russell (1929), Scripture (1913), and Story (1912), all indicated that
the pitch of the deaf was monotonous. Hudgins (1946) noted that the
rhythmic and fluency deficiencies in deaf speech were due to defects of
speech breathing.

Several investigators have observed the slow rate of utterance
characteristic of deaf children. Voelker (1935) observed that the deaf
tended to speak almost four times slower on the average than did the
normal hearing individuals. Mason and Bright (1937) analyzed recordings
of deaf voices and compared their rate of speech to that of normals.,
They found that the speech of the deaf was abnormally slow; and that in

a given sentence the speech rate of the deaf varied greatly, while that

of hearing speakers was quite constant. Calvert (1962), through the use

of spectrographic recordings, found that older hearing impaired children
extended the duration of articulation several times longer than did nor-
mal hearing children, Hood and Dixon (1969) reported that the duration
of syllables of severely hearing impaired speakers was abnormally long.
Angelloci (1962) made a spectrographic recording of vowel formants
of deaf and normal hearing eleven to fourteen year old boys. He found
that the deaf boys typically substituted, with little consistency to
the substitutions, other vowels for the vowels that they were instructed
to produce.
Martony (1968) and Stewart (1968) described the speech problems of
the severely hearing impaired., Stewart noted unstable articulatory

utterance, irregular gross pitch shifts, and inappropriate melodic pat-




terns. Martony found unpredictable pitch changes. Bel'tyokov and
Masyunin (1968) described the speech of deaf individuals in the Soviet
Union as being indestinct and inadequately articulated.

lhus, the review of literature revealed considerable information
about the speech of the hearing impaired. The defective speech charac-
teristics can be classified into four problem categories: defectiveness
in areas of articulation, rhythm, quality, and pitch.

Speech Correction for the Severely
Hearing Impaired

Since the founding of the first school for the deaf in the United
States at Cobbs, Virginia, in 1815, attempts were made to develop and
correct speech among deaf and severely hearing impaired children.

Hudgins (1953) reported that the methodological speech training of the

deaf took two general directions: analytic and synthetic.

Early American educators of the deaf used an

Analytic approach.

This involved initially breaking

analytic approach (Schunhoff, 1957).

speech down into individual consonants and vowels and teaching these

separately. These speech segments were next put together to form words

Hudgins (1953) felt that the children taught by the ana-

and phrases.

lytical method were likely to have slow speech and poor phrasing.

Synthetic approach. Most American educators of the deaf eventually

turned to the synthetic rather than the analytic method of speech in-

struction. This involved starting with larger units of speech, typically

The child was taught to utter these meaningful ex-

words and phrases.

pressions. Hudgins (1953) felt that children taught by the synthetic

method had more fluent speech, butter phrasing, and mastered the rhythmic

patterns easier than children instructed by the analytic approach. He
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noted, however, that they still rarely developed accuracy in articula-
tion.

Within the frameworks of either analytic or synthetic approaches,
educators of the deaf have placed emphasis on multisensory approaches
to better speech. These include utilization of visual, auditory, tac-
tile, and kinesthetic pathways through which the deaf child may learn
speech (Schunhoff, 1957).

Individual contributions to

speech correction

Many individuals have made important contributions to the teaching
of speech to deaf and severely hearing impaired individuals. Included
among these were Avondino (1918) who worked to develop babbling drills.
Joiner and Lewis (1926) described an order of acquisition of articula-
tory and melodic aspects of speech. Alcorn (1938) discussed speech
developed through tactile cues. New (1942) used color coding for dis-
tinguishing voiced, voiceless and nasal features of speech. Cornett
(1967) described a method of speech instruction using a set of cued hand
formations., Pronovost, et al (1968) discussed the use of electrovisual
indicators as an aid for speech development.

Berg (1968) proposed a combination of promising sensory speech aids
for teaching intelligible speech to hearing impaired children. These
included a hearing aid, which amplified low audio-frequency energies;
electro=visual indicators; a mirror; tactile aids; written notations;
and illustrations of articulatory maneuvers,

0'Connor (1945) felt that the teaching of speech was the most
difficult educational activity in the curriculum. Systematic instruc-

tion in speech typically has not been effective in the alleviation of




the misarticulations of the speech of the deaf and severely hearing

impaired,

Behavior Modification

A promising development, which has meaningful application to the

‘ modification of defective articulation by hearing impaired children, is
behavior modification. Recently, behavioristic methods have gained
interest and support as a therapeutic approach to the treatment of
speech disorders. Behavior modification refers to that group of learning
based theory which can effectively be applied to human behavior, and
includes both classical and operant procedures (Gray, 1969).

Operant procedures were formulated through the experimental labora-

tory work of Skinner (1953), which dealt with the relationship between

changes in the environment and changes in an organism's responses. As

a result of his experimental work, Skinner viewed behavior in terms of

Stimuli, response and consequence., He developed a three-term, contin-

gency paradigm which describes a relationship between a response, the

reinforcement which is contingent on that response, and the occasion

upon which the response occurs.

The three-term contingency may be represented symbolically as:

SD o e . 9—47 Sr. The first term, SD, represents the discriminative

stimuli present; the second term, R, represents the specific response;

and the final term, Sr, represents the reinforcing stimulus which

follows the response (Ferster and Perrott, 1968).

The previous relationship implied that if in the presence of a

given stimulus, a given response results in positive reinforcement, the

frequency of that response increases, Under these circumstances an
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organism not only becomes more likely to emit the response which achieves
reinforcement, but it also becomes highly probably that it will emit the
response in the presence of the prior stimulus. Thus, response probabil-
ity is a function of both the stimulus occasion on which the response
occurs and the consequence the response produces (Ferster and Perrott,
1968). Skinner found that the stremgth of a response can be controlled
just as the strength of stimuli can be controlled. He called his pro-

cedure "operant conditioning."

Stimulus control

When a speech clinician desires to modify some aspect of the human
speech repertory, an effective procedure also is to make use of stimulus
control of verbal behavior (MclLean, 1967). Skinner (1957) emphasized
the importance of prior stimuli in the control of verbal behavior. He
considered prior stimuli importeant because of their entry into a three
term contingency of reinforcement that is a property of the environment.
He noted that in the presence of a given stimulus, a given response was
characteristically followed by a given reinforcement.

Skinner (1957) classified verbal responses according to various
controlling stimuli., He designated some of the more common responses as
follows: (1) tact; (2) echoic; (3) textual; and (4) intraverbal., In
tact behavior the stimulus which controls the response is usually non-
verbal, and is some object or event which increases the probability that
a desired vocal response will be emitted. For example, the presence of
a piece of cheese will increase the probability that an individual will
emit the word "cheese." In echoic behavior the prior stimulus is an
auditory-visual stimulus presented for an individual to imitate. Tex-

tual behavior is preceded by written word or picture stimuli. An intra-
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verbal response is prompted by a series of words designed to evoke a
desired verbal behavior. Ffor example, "Mice like to eat (cheese) ."

McLean (1967) has listed some items that the speech clinician can
attain through use of stimulus control., First, he can obtain any spec-
ific vocal behavior he desires to modify. Ffor example, the probability
that the phoneme /t / will be produced is increased by presenting an
individual with the picture of a top. Secondly, the clinician can choose
evoking stimuli that increase the relative probability that a response
emitted by an individual will be correctly articulated. Third, emission
of the response is extended to situations in which the probability of
occurrence is low.

McLean (1967) observed that the stimulus condition controlled the
general nature of a response that an individual emits., He stated that
different stimuli increase or decrease the probability of the occurrence
of correct or incorrect responses. MclLean emphasized that shifts in
stimulus control were the basic procedures by which a new response was
generalized toward correct usage in the general environment.

McLean (1967) designed a study to investigate the use of a behavior-
istic approach to modify one aspect of the articulation of five high-
level mentally retarded individuals., His subjects consistently substi-
tuted one phoneme for another, For example, one subject substituted
the phoneme /w/ for the phoneme /1 /. The program was designed to
transfer a correctly articulated response from the control of auditory-
visual stimuli to the control of picture, printed word, and intraverbal
stimuli. For each subject, ten words were selected which required pro-

duction of the misarticulated phoneme in the initial position. For the

subject mentioned above, MclLean selected ten words which required pro-
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duction of the phoneme /l/ in the initial position, Skinner's three-
term reinforcement contingency was then utilized to establish correct
responding in the presence of the auditory visual stimuli.

Four of Lhe five subjecls compleled MclLean's program, and were ahle
to articulate their experimental phonemes correctly under all stimulus
conditions. Three of the four subjects that finished the program no
longer substituted untrained phonemes for their trained phonemes. This
fact was true, however; only whenever the trained phoneme was required
in the same word position in which it was trained. For example, the
above mentioned subject no longer substituted the untrained phoneme Ju/
for the trained phoneme /1 / whenever the phoneme /1/ was required in
the initial position of a word. If a subject was required to produce
the phoneme /1 / in the medial position of a word, he would then sub-
stitute the phoneme /w/ for the phoneme /1 / as he had done before the
training program.

McLean found that the three subjects, who no longer substituted
untrained phonemes for trained phonemes, now tended to overgeneralize,
That is, they now substituted trained phonemes for untrained phonemes
in words that required the untrained phoneme to be produced in the ini-
tial position of a word. For example, the above mentioned subject now
incorrectly substituted the phoneme /1/ for the phoneme /w/ in words
which correctly required production of the phoneme Jw/e

White (1968) patterned a study after MclLean's program, and was able
to modify one aspect of the articulatim of a severly hearing impaired
child, Before participation in the training program, White's subject

consistently substituted the phoneme /.JS/ for the phoneme /7s/. Upon

completion of the study, the subject no longer made the original substi-




tution error; but did overgeneralize as had the subjects in MclLean's
study.

Ihe present study was designed to modify Mclean's technique, and
to uwtilize it in an attempt to modify the articulation of a severely
hearing impaired child. Unlike the McLean (1967) and White (1968)
studies, the present training program required differential responding
between the trained and untrained phonemes. This was provided in an
attempt to prevent the subject from overgeneralizing upon completion of
the training program.

Other than experimental educational work with hearing impaired
individuals who were mentally retarded or emotionally disturbed, little
reference is made in the literature in regard to the use of behavior

modification techniques to modify the speech of the hearing impaired.

However, a study by Holbrook (1968) is significant., He devised a system

designed to modify vocal frequency and intensity through the application

of reinforcement principles. He successfully modified, toward normal

levels, the vocal pitch of five deaf or severely hearing impaired indi-

viduals, He demonstrated that behavior modification techniques can

modify an undesirable aspect of hearing impaired speech,




PROCEDURES

The teaching of speech skills to the deaf and severely hearing
impaired has been approached by various remedial methods. These methods
have been successful in varying degrees, but they typically have not en-
abled the deaf and severely hearing impaired to obtain highly intellig-
ible speech. The behavior modification model may provide the basis for
a break through in this difficult area of education. A series of studies
in the application of the model to the teaching of speech skills to the
deaf and severely hearing impaired may have far reaching beneficial
effects.

lhe purpose of this study was to evaluate the use of an operant
conditioning training program in the modification of the /7J/ articula-
tion of one severely hearing impaired individual. The procedures des-
cribed in this chapter include selection and description of subject,

preparation of speech stimuli, and presentation of the remedial tasks.

Selection of Subject

Descriptive information

The subject used in this study was a male residential student
enrolled in the entermediate department of the Idaho school for the
Deaf, Descriptive information concerning the subject is provided in
table 2.

The subject's general 10 as measured by use of the Chicago Non-
Verbal Examination, was 114, His reading and academic achievement com-

posite was fourth grade.
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The subject demonstrated extensive leadership ability in the class-

Teachers and dormitory

room, and had a good relationship with his peers.

supervisors found him to be cooperative at all times.

Table 2, Descriptive information about the subject

Metropolitan Achievement Templin-Darley
Scores Articulation age
Academic

composite

Hearing loss
in dB (BBA)

Reading

11-7 114 88 4.4 4,41 4,0 years

210 measured by Chicago Non-Verbal Examination one year prior to study.
BTest administered one week prior to study.
CTest administered one week prior to study.

Audiological information

The subject's parents were realistic and had accepted their child's

auditory handicap. They had provided little, if any, direct academic
assistance, but did express considerable interest in their child's
academic achievements. The subject had attended the Idaho State School
for the Deaf since he was six years old.

The experimenter administered several standard audiometric tests to
the subject. The data may be seen in figure 1, His pure tone thresholds
indicated a bilaterally symmetrical loss of 88 to 90 dB, depressed pre-
cipitously in the higher frequencies. Pure tone air conduction thresh-
olds were slightly better in the right ear than in the left ear. Bi-
lateral air-bone gaps from 25 to 30 dB were shown when sensitivity for
pure tones was measured by bone conduction. Thus, the information indi-

cated that the subject had a mixed loss in both kears.
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Speech reception thresholds were measured using spondaic stimuli.
The speech reception thresholds were 85 dB for the left ear and 90 dB
for the right ear. Thus, the pure tone averages and the speech reception
thresholds were in good agreement. The results indicated that the sub-
i ject had a severe hearing impairment. School records indicate the sub-
‘ ject had a congenital hearing loss. He had worn a bilateral body aid
1

since he entered the Idaho School for the Deaf.
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Figure 1. Results of audiometric testing

The experimenter was unable to accurately test the subject's ability

The PB words used to test dis-

to discriminate comfortably loud speech.

crimination of comfortably loud speech are relatively difficult to under-

stand, and persons with limited auditory systems have difficulties no

matter how high the intensity (Hirsh, 1952).




Articulation testing

To determine detailed information about the subject's articulation
skills, the 1960 Templin-Darley Diagnostic Test was administered. The
test consisted of 176 items, and included the English phonemes in a
variety of phonetic contexts., Articulation skills seem to mature in
the normal child at eight years of age, and it seemed likely that any
sounds the subject was misarticulating were those which he could not
hear and/or perceive.

The test results are summarized in Table 3. (See appendix for
detmiled information.) They reveal that the subject could produce 120
of the 176 items correctly, and that he had considerable potential for
speech improvement. According to test norms, the subject's articulation
was typically that of a four year old normal hearing male. His speech

was noticeably nasal, and he had numerous errors of prosody.

Communicational abilities

Dependent upen communicational need, the subject used speech, the
language of signs, and fingerspelling in conversing with others. His
written language, although defective, was understandable. The errors
noted in his written work were typical of the deaf population. He used
short choppy sentences, and his spesch was often unintelligible, and
his oral reading was always difficult to understand. Articles and plural

endings were often omitted during oral reading sessions,

Criteria for selection

Specifically, the subject met the following criteria for selection:

(1) at least one phoneme defective in the initial, medial, and final

positions on presentation of the Templin-Darley Articulation Test; (2)
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correct imitation of the isolated form a phoneme that was defective

in spontaneous speech. This imitation occurred after the presentation

of an auditory-visual stimulus no more than five times by the experimen-
ter; (3) at least an educable level of intelligence as determined by use
of the Chicago Non-Verbal Examination, and (4) a willingness to cooperate

in the experiment.

Table 3. Articulation skills of the subject as measured by the Templin-
Darley Test of Articulation

Speech Sound Types Test Production

Vowels and Diphthongs 16/18 correct; distortion of /_)/
and /JL/

Semivowels (v, 1, y, w) 9/9 correct
Nasals (m, Ny ng) 5/8 correct; distortion of n and ng
Plosives (p, b, t, d, k, g) 13/16; d/t(1,m), distortion of t(F)

Fricatives (f, v, th, TH) 10/12 correct; distortion of ‘f (m)
and & (M)

Affricatives (TS5 , j) 1/5 correct; S/ (1,M,F)

Sibilants (s, z, j,}) 5/11 correct; distortionsS(F); Z
(I,F); S (M,F); and 3 (M,F)

Blends (e.g.: pl, pr, str) 56/94 correct; omission of t; some
distortions and many omissions

The response selected for modification was a substitution of /j A
for /75 /. The subject was able to correctly imitate the isolated form

of the /75 / phoneme. The experimental training program was designed




to shift the correct production of the / 73 / phoneme from the isolated

form to contextual speech.
Tests and Tasks

Training conditions

Ten different words, initiated with the /75 / phoneme, were chosen
which evoked the misarticulated / 7 8 / phoneme. Two additional words,
initieted with the / S / phoneme, were chosen which evoked the substi-
tuted /.f / phoneme. These two / S / words were included to require
differential responding between the /73/ and / S / phonemes. The
materials included twelve stimulus pictures and twelve cards with the
stimulus words written on them in manuscript print. Table 4 lists words
used to evoke responses in the entire study., The stimulus pictures were
taken from magazines and mounted on cardboard. Twelve short phrases
were written in manuscript on small cards to evoke these same twelve
words as responses to intraverbal stimuli,

Throughout the training program, each articulation response was
followed by immediate positive reinforcement. In this study, the posi-
tive reinforcer was a poker chip delivered in a shallow box by the ex-
perimenter. At the close of each training session, the subject was

allowed to redeem his chips for money at the rate of five chips for one

penny.




Table 4.

Words used to svoke responses

Pre-Post Training New Item Across-position Generalization
Tests Conditions Test Test Test

Chair Chair Chain Catch Shark
Check Check Chalk Hatch Sharp

Cheek Cheek Chart Latch Ship
Cheese Cheese Chest Patch Shoot
Cherry Cherry Chick Watch Shower
Child Child
Chimney Chimney
Chin Chin
Chip Chip
Chocolate Chocolate

*Shirt

*Shoe

*Differential response words

Tests of generalization after training

New item generalization. Five cards with new words written on them

in manuscript print were developed. In the new words the trained phoneme
appeared in the initial position of each new word.

Across-position generalization. Five cards with new words written

on them in manuscript print were developed. In the new words the trained
phoneme appeared in the final position of each word.

Overgeneralization, Five cards with new words written on them in

manuscript print were developed. The new words evoked the substituted

phoneme in the initial position.

Presentation

The operant conditioning training program was structured in a

sequence of four training conditions. Each condition had a specified




terminal level of performance that had to be met before the subject moved

to the next condi® .on., The training program was designed to generate a

correct articulation response in words under the echoic stimulus-type
and then to shift his response to the control of the other three stimu-
lus-types in succession, When the subject reached final criterion on

the fourth condition, the training aspect of the study was completed.

The subject's responses to ten training words, each of which evoked
the misarticulated /7.5 / phoneme, were recorded twenty-four hours before
the training sequence started. The responses were svoked under all four
stimulus conditions. There was no reinforcement contingent on any of

the responses in this test. The responses on this test represented base-

line responses to these stimuli before the onset of training.

Training program

The four training conditions and their criteria are presented in

general terms.

Condition one. Twelve words were presented one by one as auditory-

visual models (Sl). The examiner was seated across a table from the

Ten of the words evoked the misarticulated /75 / phoneme, and

The two /.5 /

subject.

two of the words evoked the substituted /S5 / phoneme.

words were included to provide differential responding between /7.5 /

and /5 /.

to the word spoken by the examiner, and then to say the word which had

The subject was instructed to watch the examiner, to listen

been presented to him. Correct articulation responses to all stimuli

were followed immediately by positive reinforcement. Incorrect responses

did not receive reinforcement of any kind. The stimuli were presented




repeating blocks of twelve words until the subject made correct
articulation responses ta,/7;f / stimuli in at least percent of the

words in each of four successive blocks within the condition., When the

ited at least five

sub ject had met the criterion, i.e. correctly articu
words which evoked the /775 / phoneme in each of four successive blocks,
condition one was terminated. Condition one was designed to generate
the correct response under one stimulus-type, echoic, and to bring the
response into contact with the positive reinforcement contingency.

= ; : P il ;
Figure 2 shows a paradigm of condition one., 5  represents the auditory-

. . r ol ]
visual stimulus, R the correct response, and S the positive reinforcer.,

1 R gT

5

Criterion = 50 percent correct on
four successive blocks

Figure 2. Paradigm of condition one

Condition two. The twelve auditory-visual models (Sl) were presen-

The subject was again instruc-

ted to the subject as in condition one.

ted to watch the examiner, listen to the word spoken by the examiner,

and to say the word presented to him, However, in condition two the

experimenter presented a picture stimulus (52) simultaneously with the

The picture stimulus for each word was held

auditory-visual stimulus,

just to the right of the experimenter's mouth as he uttered the S1 model .

Correct articulation responses to all stimuli were followed immedi-

ately by positive reinforcement, The paired stimuli were presented in

blocks of twelve words until the subject reached a criterion of 20 cor-
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rect / //)/ responses in 20 attempts. After the subject had correctly
articulated 20 consecutive words in the paired-stimulus conditions, the
auditory-visual stimulus (5() was dropped and only the picture stimulus
(52) was presented, Correct articulation responses were reinforced and
these conditions continued until the subject had reached a criterion of
at least 38 correct responses to / 7} / stimuli in 40 attempts.

Condition two was designed to shift the correct response from echoic
control (auditory-visual) to textual control (picture). Figure 3 is a

paradigm of condition two.

= .
=) oo > R »gF ——y—1y g2 y R y sF

20/20, i.,e. 2 blocks

Cr= 38/40, i.e. 4 blocks

Figure 3., Paradigm of condition two

Condition three. Condition three duplicated condition two in pro-

cedure and criteria, but the stimulus-types differed. In condition
4 : . : )
three, the picture stimuli (52) and the printed word stimuli (5°) were

paired until the subject had emitted 20 correct responses in 20 attempts.

When this criterion was achieved, the picture stimuli were no longer
presented., Only the printed word stimuli (53) were presented, and cor-
rect responses were reinforced until the subject emitted 38 correct
responses to /T§ / stimuli in 40 attempts.

In condition three, the experimenter presented the paired picture

and printed word stimulus cards by placing the two stacks of cards face

down, side by side on the table in front of the subject. Simulteneous




presentation of each picture and printed word pair was achieved by

exposing the face of each card of a given pair at the same time.
Condition three was designed to shift the contrel of the correct
response from one type of lextual control (picture) to another type of

textual control (pllntwd word) ., Figure 4 is the paradigm of condition

| three,

-
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Cr= 20/20, i.e. 2 blocks Cr= 38/40, i.e. 4 blocks

Figure 4., Paradigm of condition three

Condition four. Except for stimulus-types, condition four was iden-

tical to conditions two and three in procedures and criterion, The

initial stimulus conditions in condition four paired the printed word
‘ 3 i : 4 . i
(53) with the intraverbal stimuli (S°). The subject was instructed to

read a sentence in which a word was omitted,

For example, one sentence

was, "Mother paid the man with a _(check) ." He read the sentence aloud,

and inserted the omitted word. Just as the response word was needed by

the subject to complete the verbal chain, the experimenter exposed the

printed word card. The stimuli remained paired until the subject had

emitted 20 consecutive correct responses to the paired stimuli, The

printed word stimulus was then removed and the responses were evcked by

the intraverbal stimuli only, When the subject had emitted 38 correct

responses to / TS / stimuli in 40 trials, condition four was terminated.
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generalization occurred if the subject produced /7.5 / rather than /5 /.

No reinforcement was given during this test.
Responses in all three of these tests were evoked under only one
of the stimulus types which controlled responses after training. Printed
word stimuli were chosen to elicit responses for these tests. These
\
' tests sampled the subject's ability to generalize responses to words
\

other than those used in the training conditions.

Retention tests

One week following termination of the post-test and generalization
tests, the subject was given the retention tests. The tests were de-
signed to determine if chenges had occurred in his responses after one
week, Changes were identified by comparing the data from these reten-

tion tests with the data of the post-training tests and generalization

tests presented twenty-four hours after training had been completed.

The retention tests were identical to the post-training tests and gener-

alization tests given earlier,

Duratvion of program

The pretest was administered on a Monday. On the following day

condition one was presented, and an additional condition was presented

each day thereafter through Friday. The post-test and generalization

tests were presented on Saturday. One week later, the retention tests

were given, Thus the entire study, including retention tests, covered

a thirteen day period., All tests and training sessions were conducted

between 12:45 and 1:15 each day,




RESULTS AND DIS

The speech of the seversly heaving impaired is defective if not
inintelligible., Educators of the severely hearing impaired co-tinie
express interest in all methods that might prove beneficial in the mod-
ification of the speech of these individuals. An operant conditioning
program was designed in an attempt to modify the articulation of a

severely hearing impaired child. The training program was structure

in a sequence of four training conditions. Pre-training tests, training
/ tasks, intra-training probe tests, post-training tests, stimulus general-

ization tests, and retention tests were adninistered. Each test and
training program will be reported and discussed in this section of the

thesis.,

Pre-training tests
The subject's responses on each test given under each stimulus con-

dition prior to the training program are shown in Table 5.

Table 5, Correct /7S / articulations evoked by four types of stimuli
prior to training

Stimulus-types

51 52 53 3
Echoic Picture Printed Word Intraverbal

4
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lhe data in Table 5 show that the subject did not articulate his

training phoneme correctly in any of the stimulus conditions prior to

the training program.

\ Training program

i Figure 6 shows the number of correct responses for each training

3 block in each of the four training conditions.. The graph begins with
the correct responses made in condition one, and proceeds to report the
number of correct /7S / articulations for each block of words until the
subject reachimg criterion in the second stage of condition four. This
was the final condition of the training program. When a final criterion

was attained within any condition, the change in conditions is indicated

with a solid vertical line.

Figure 6 indicates that the subject attained the final criterion

of the entire progrem after a total of 30 training blocks. A condition-

by-condition analysis shows that the subject began block one with four

corract /75 / responses. He remained at this inadequate level for the

In the seventh block of condition one, the sub-

following five blocks,

ject gave nine correct responses and was able to attain the 50 percent

criterion of four successive blocks by the end of the tenth block.

During condition two the subject maintained a high level of correct

and 52

responses when Sl

were paired, and was able to meet criterion

after only three blocks of training words. After 20 consecutive correct

responses in blocks twelve and thirteen, the support of the Sl stimuli

was removed end the responses were evoked by 82 alone, The initial

fell to seven correct and rose to eight correct responses

2
responses on S

on the next block. The following three blocks showed ten correct
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responses, and the subject thus met the criterion of 38 correcl responses

in 40 attempts.

During condition three the subject again maintained a high level of
correct responses to the pairing of stimuli, 52 and S were paired and
he gave 20 consecutive correct responses in blocks nineteen and twenty.
The support of the 52 stimuli was removed and the responses were evoked
by 53 alone, The subject also met criterion in the minimum number of
blocks in the second part of condition three.

The subject quickly achieved criterion in both stimulus conditions
in condition four. The criteria for this condition were again attained
in the minimum possible number of blocks. The training aspect of the
study was thus completed after a total of 30 training blocks,.

The general trend in the training curve of the subject indicated
that once an articulation response was brought under control of the
achoic stimulus, its shift to other stimulus types was comparatively
easy, The training program brought correct articulation under control
of four different stimulus-types.

Differential response. The subject's response to the two words

initiated with /5 /, in each of the thirty training blocks that required

differential responding, are shown in Table 6,




Correct / .5 / articulations evoked by various stimuli during
the four training conditions

Evoking Stimulus

g 52 5>
st 52 54 53 57 5 i
20/20 6/6 10/10 4/4 8/8 4/4 8/8

The data in Table 6 show that the subject was able to correctly
articulate the / 5 / phoneme in all words which required that phoneme
in the initiel position. Thus, during the entire training program, he
responded differently to the stimuli which evoked either the trained

/75 / phoneme or the substituted /. / phoneme.

Post-training tests

Twenty-four hours after the training program had been completed,

post-training tests on each of the four stimulus-types were cbtained.

Table 7 shows the number of correct responses on the ten words in each

of the stimulus conditions utilized in these tests.
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Table 7. Correct / 7.5/ articulations evoked by four types of stimuli

after training

Stimulus-types
3

st 52 5 g*

Echoic Picture Printed Word Intraverbal

The data in Table 7 show that the subject was able to correctly

articulate his training phoneme 100 percent of the time under control of

each of the four training stimuli twenty-four hours after training had

been completed., A comparison with the pretraining data, as noted in

Table 5, reflects a 100 percent increase in correct articulation of the

/75 / phoneme as a result of the training program.

Intra-training probe tests

Table 8 shows the subject's ability to articulate the / 7.8 / phoneme
correctly in stimulus conditions which had not been trained. These were
presented after he had responded to criterion on the preceding stimulus-
type.

The data in Table 8 indicate that the subject established an ex-
tremely high percentage of correct responses to untrained stimuli by the
end of condition one., He maintained this percentage throughout the two

following training conditions. Responses trained under one stimulus

condition generalized to a high degree to new stimulus-types.




lable 8, Number of correct responses to stimuli before training

Stimulus type

Pictures Printed Word Intraverbals

9 10 1C

Stimulus Generalization Tests

Table 9 shows the results of the three tests of stimulus generali-

zation.

Table 9. Percentage of correct articulations of the trained response in
new items which tested various types of stimulus generalization

Types of Generalization

New Item Across-position Overgeneralization

100 100 0

The subject showed: (1) complete generalization of the trained
phoneme to new-word items which were initiated by the trained phoneme;
(2) complete generalization of the trained response to new-word items in
which the trained phoneme was required in the final position; and (3)
no generalization of the trained response to new-word items which, if
correctly produced, required the phoneme which the subject had substi-
tuted for the trained phoneme prior to treining. The extremely high

level of new-item generalization and across-position generalization by
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the subject appeared to indicate that articulation responses which were

conditioned by the procedures of this study had a high level of operant

emission. Introduction of differential response requirement at the
initiation of training program appeared to have suppressed any inappro-
priate generalizations by the subject. It would appear that if Mclean
(1967) and White (1968) had included a differential response requirement

in their studies, their subjects may not have overgeneralized on respon-

ses at the end of the training programs.

Tests of retention
Table 10 shows the percentage of correct responses of the trained

phoneme in the various retention test conditions.

Table 10,

Percentage of correct articulations on the trained response
in printed word conditions on various tests one week after
training

Trained New item Across-position Over
words generalization generalization generalization
100 100 100 0

The subject maintained the exact responses he emitted on the
initial generalization tests, and maintained 100 percent articulation

on the ten words on which he had been trained.

Summary
This study was designed to use behavior techniques to modify the

articulation of a single phoneme produced by a severely hearing impaired
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individual, This was the phoneme / 7.5 / which prior to the training
experiment was typically substituted with the /.5 / phoneme in contex-

tual speech, Analysis of the various tests revealed that the subject

was trained by behavior techniques to articulate correctly the Vi
phoneme, which he had previously misarticulated. The training program

brought the correct articulation response under the control of four
different stimulus-types. Once the phoneme came under control of one
stimulus-type, it tended to be readily shifted to other stimuli which
had not evoked the response previously.

After the phoneme had been trained and was successfully emitted
under all four stimulus-types, the subject tended to generalize the
response to new items. The subject did not appear to over-generalize
his trained phoneme to his old substitution phoneme.

The subject was able to articulate correctly the ten words on which
he had been trained, one week after training., He also maintained his
original generalization patterns. It cannot be assumed that the acqui-
sition of the correct articulation of the / 75/ phoneme will carry over

into spontaneous speech or have any lasting effect unless a strategy for

stabilization and habituation is successfully carried out.




SUMMARY AND CONCLUSIONS

Summary

A literature review has revealed that speech skills are important

attributes for hearing impaired persons to possess. The speech of this

handicapped group is seldom adequate and often contains defects of artic-

ulation, rhythm, quality, and pitch., Past speech instruction has not

been completely effective in the alleviation of defects, and unintel-

ligible speech often remains, Behavior modification is a promising

development which may make a major impact upon the teaching of speech

skills to hearing impaired children.

In the present study an operant conditioning training program was

designed to modify one aspect of the articulation of one severely hearing
impaired child enrolled at a residential school for the deaf. Specific-
ally, the / 7.5/ typically substituted with the /_5 / was selected for
modification. The training program was structured in a sequence of four
training conditions. These conditions were designed to generate a cor-
rect articulation response to words under a specific stimulus-type and
then to shift the response to the control of three other stimulus-types.
Instructional materials were developed to generate responses under the
desired stimulus types. Pre-post tests were administered prior to and

following the training program, Generalization and retention tests were

also administered after completion of the post-tests.
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Practical Application

If used along with conventional therapies, procedures utilized in
this study may prove to be a practical tool with which the speech of the
hearing impaired may be modified. As noted earlier, conventional thera-
pies utilized by speech clinicians and educators of the deaf have not
proved to be totally effective in the modification of the speech of the
hearing impaired. At the Idaho School for the Deaf, the school speech
clinician is presently using some behavioristic methods in her therapy
that are quite similar in nature to the procedures followed in this
study, Additional experimental work with ideas utilized in this study
may provide therapeutic techniques that may prove to be of a beneficial

nature,

Suggestions for Further Studies

This study seems to suggest the need to conduct additional inves-
tigations into the use of stimulus manipulation to modify the articula-
tion of hearing impaired individuals,

1. One study might be an extension of the present procedure to
include the use of additional defective speech sounds.

2. Another might include the use of a large enough group of sub-
jects to allow statistical analysis of data.

3, A third study might incorporate follow-up by teachers and house-
parents to require proper production of phonemes stabilized in therapy.
The experimenter noted that the subject in the present study often in-
consistently produced the trained /7.4 / phoneme in any environmental
situation that excluded the experimenter. Communication between the

experimenter, teachers, and houseparents of the subject might have pre-
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APPENDIX




Results of the Templin-Darley Diagnostic Test of Articulation

Key: Mark correct sound (J ); substitutions with sound substituted;
omitted sounds (-); distorted sounds (x); no response (nr).
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