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PREFACE

Speech may be defined as vocal, pro-
sodic, and articulatory behavior. Listen-
ing is perception of speech by use of
audition, vision, and a combination of
auditory and visual speech clues. The
Speech Handbook and companion Lis-
tening Handbook comprise the basic
parts of the newly developed Listening
and Speech Package (LAS-PAC). The
LAS-PAC, which has been designed to
extend and expand the spoken com-
munication skills of hearing-impaired
children and adults, is a powerful clinical
tool in the hands of the knowledgeable
and skilled clinician. It also provides
practical and technically advanced text
material for professional preparation.
The Speech Handbook includes back-
ground material, training guidelines,
and stimuli and recording forms for a
comprehensive core of data-based con-
tinuous-evaluation vocal, prosodic, and
articulatory pgrams. Through an agree-
ment with the author, the publisher
grants clinicians permission to duplicate
copies of the stimuli and recording forms
for use with any number of clients. Copies
for each client may be hole-punched
and inserted in a looseleaf notebook

and thereby utilized for individualized
speech management. If a client has a min-
imal number of speech errors, duplicated
copies of needed stimuli and recording
forms from the Speech Handbook may
also be kept in the listening workbook of
that client. For a client who has many
speech errors, it might be useful to keep
both a speech notebook and a listening
notebook. Supplementary speech man-
agement material, clinical plans, and
progress reports may be kept in the
speech notebook also.

Copies of forms or reports can be dup-
licated for clinical filing, professional re-
ferrals, and home-training use. The
notebook could then become the prop-
erty of the client when he or she moves to
another location where another clinician
would be able to utilize the information it
contains for a continuation of LAS-PAC
management and purchase copies of the
Speech Handbook and the Listening
Handbook for procedural assistance and
additional stimuli and recording forms.

The critical need to upgrade the speech
skills of many hearing-impaired children
and adults provided the basis for the de-
velopment of the Speech Handbook.

These clients exhibit more stress, voice-
quality, pitch, intonation, oral-nasal,
and articulatory errors than the vocal tract
and’ articulatory deviations often man-
ifested by clients who have normal hear-
ing. The Speech Handbook includes test-
ing and training materials designed
especially for hearing-impaired clients;
each handbook program includes at least
three stages, and many have five stages.
The basic programs provide preliminary
evaluation, sensory testing and training,
and shaping and refinement of target be-
haviors. Complete programs include
these stages, as well as transfer training
and generalization testing.

Preliminary evaluation enables the
clinician to identify and describe the
vocal, prosodic, and articulatory skills
and deficiencies that may be present in
the speech of a hearing-impaired client.
The Speech Handbook includes a brief
vocal and prosodic test and an extensive
articulation test. Each test item is incorpo-
rated in a basic program target with space
so that the clinician can mark accuracy of
response on a continuum. Initially the en-
tire tests are administered to a client, and

comprehensive data are recorded. These
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Speech is highly desirable behaviorin our
culture. It is our main vehicle for express-
ing our thoughts and feelings to other
people. Ordinarily, people learn to speak
early in life and articulate completely by
8 years of age. When individuals hear
imperfectly, they characteristically speak
defectively and inarticulately. Many per-
sons without hearing loss also exhibit
speech problems into adulthood. A
speech problem may interfere with
communication, draw attention to itself,
or cause its possessor to be maladjusted
(Van Riper, 1954).

Speech Parameters

Speech behavior occurs within the vocal
tract, originating in the thoracic cavity
and terminating at the front of the face
(Berg, 1976). Classically it has been de-
scribed as requiring respiration, phona-
tion, resonance, and articulation pro-
cesses. Speech is particularly dependent
upon the phenomena of stress, vocal

fold vibration, pitch, intonation, oral-
nasal ratio, and articulation.

Stress is a prosodic phenomenon of rel-
ative durations and loudnesses of succes-
sive syllables of speech. The accents of
the syllables of speech are notated by
oblong marks. The marks are drawn
below syllables to convey four stress vari-
ations. The length and height of each
mark reveal duration and force (per-
ceived as loudness), respectively. The rel-
ative sizes suggest primary, secondary,
tertiary, and quaternary levels of stress.
The first two sizes are stressed syllables,
and the last two are unstressed syllables.

It is easy to distinguish between
stressed (first two sizes) and unstressed
(lasttwo sizes) syllables, relatively easy to
distinguish between primary and second-
ary stress, but difficult to distinguish be-
tween tertiary and quaternary stress. The
varying patterns of speech we have de-
veloped are evidence that we perceived
all four distinctions early in life while
learning our spoken language. The intel-

ligibility or meaningfulness of speech is.

based, in part, upon perception and pro-
duction of stress patterns. Incorporated
into language, these prosodic features are
called suprasegmental stress phonemes.

Vocal fold vibration is a vocal
phenomenon of the larynx that occurs
during the production of the voiced
sounds of speech. The voice is pleasant
when the vocal folds vibrate precisely.
Vocal disorders occur when the folds are
not coming together or separating on
target. The quality or timbre of voice is
largely determined by the ““tuning’’ of the
vocal folds. When we call a voice breathy
or harsh, we are perceiving distortion in
this vibrational system.

Pitch is also a vocal phenomenon. It is
our perception of the fundamental rate or
frequency of vocal fold vibration. When a
speech sound is vocalized, it has a pitch.
During connected speech, a range of
pitches occur. People have different
pitches because their vocal folds vary in
length. Pitch or vibrational rate also de-
pends upon vocal fold tension. Tension
must be precisely adjusted or pitch will

1
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be inappropriate. When a pitch does not
match anatomical and physiological
capabilities, the vocal folds fatigue and
pitch is distorted. Falsetto is an example
of profound pitch distortion. The pitches
that people habitually use should be
those they naturally use. Sophisticated in-
struments enable the laryngologist and
speech pathologist to predict a client’s
natural pitch range.

Intonation is a prosodic phenomenon
within the vocal phenomenon of pitch.
Pike (1945) observed that each phrase
includes an intonation contour; that is, a
sequence of contrastive or relative pitch
changes associated with each fully
stressed syllable. Some intonation con-
tours carry meaning distinct from those
communicated by the sequence of words
included. Other contours do not. Lin-
guists have identified four distinctive
pitch variations within phrases and three
between them. These regular and termi-
nal pitch phonemes combine with four
stress phonemes to constitute the supra-
segments of phonology.

Illustrations of various intonation and
stress marking systems are included in the
book entitled Educational Audiology
(Berg, 1976). The author favors using ob-
long patterns to mark stress and a con-
tinuous line to mark intonation. The line
varies in elevation to depict pitch
changes and extends from the beginning
to the end of a phrase or sentence. This
prosodic marking system is also used in
the LAS-PAC.

Woodward's (1967) experience at the
Central Institute for the Deaf led her to
believe that even profoundly hearing-
impaired children learn to produce four
pitch levels and associate them with into-
nation markings. Woodward also
suggested that once such children de-
velop flexible control of pitch, they seem
to be able to produce nuances such as
excitement and disgust.

Precise perception and production of
intonation ordinarily depend upon re-
fined pitch discrimination. Only an intact
cochlea or perception of electrovisual
clues of vocal fold vibration provides suf-
ficient sensory input for shaping and re-
fining intonation. Kinesthesia is grossly
helpful, but speechreading and taction
are noncontributive.

Oral-nasal ratio is a comparative mea-
sure of sound energy exiting the mouth
versus that exiting the nose during
speech. TONARII, developed by Fletcher
(1974), enables the clinician to obtain
acoustic correlates of this comparative
measure. Normal nasal energy during
speech varies from 5 to 15 percent. The

physical measure of nasal energy is called
nasalance (Fletcher, 1976), whereas a
person’s perception of this same energy is
called nasality. Fletcher concluded from
a recent study that listeners are capable of
reliably judging nasality. He also found
that nasalance and nasality can be highly
correlated. Training in rating speech
samples with varying amounts of nasa-
lance assists listeners in making valid and
reliable judgments of nasality.

Fletcher (1974) notes that when velo-
pharyngeal valving is defective, sound
spills into the nose and severely disturbs
speech output. The vowels tend to be
blurred, and the consonants lose their
precision and crispness. In addition, cer-
tain consonants are frequently omitted or
replaced by others that do not require an
oral pressure buildup in the mouth. With
competing and distracting nasal reso-
nance, verbal communication can be dis-
rupted and personality and behavior del-
eteriously affected. Consequently, it is
important to train the client to control the
velopharyngeal musculature. In the sense
of affecting vocal resonance, the oral—
nasal ratio is a vocal phenomenon.

Articulation is the phonetic phenome-
non of speech that occurs in the larynx, in
the velopharyngeal area, and in and
around the mouth. It may be subdivided
into voicing, oral—nasal, and manner and
place of articulation distinctions. Each
consonant, vowel, and diphthong is a
combination of (1) whether the vocal
folds are vibrating, separated, or approx-
imated, (2) whether the velopharyngeal
port is open or closed, (3) degree of re-
striction of the exhaled airstream through
the oral cavity, and (4) locality of articula-
tion within the region immediately sur-
rounding and including the mouth. Place
of articulation depends upon the posi-
tions taken by the mandible, lips, and
particularly parts of the tongue in rela-
tionship to the upper teeth, alveolar ridge,
hard palate, and velum to complete the
production of all phonemes. During
speech the articulations of consonants,
vowels, and diphthongs frequently over-
lap. An articulatory position of a sound is
physiologically anticipated before it is
produced.

Because of its complexity, articulation
is the last of the speech phenomena to
normally mature. Many subskills have to
be developed before this achievement is
reached (Ling, 1976). The focus of the
listening and speech programs of the
LAS-PAC is perception and production of
consonants, vowels, and diphthongs in
their many stimulus contexts. Prosodic
and vocal phenomena are managed also.

Speech Training
Developments

Instruction in speech may be traced to the
beginning of the eighth century. In about
700 A.p., St. John of Beverly taught a deaf
mute to speak (Streng et al., 1955). The
precision with which this feat was ac-
complished is unknown. Even today,
most deaf children in the United States
have largely unintelligible speech. The
task of teaching speech to a deaf client is
formidable because each contributive
vocal, prosodic, and articulatory skill
has to be taught from a zero or near zero
baseline. Very little of the speech of a
deaf child develops naturally.

Clients with defective but intelligible
speech typically are not deaf. They may
be hard of hearing or have speech prob-
lems associated with cleft palate, cerebral
palsy, mental retardation, or other or-
ganic and functional involvements. All
the clinical speech subpopulations in-
clude cases with varying extents of vocal
tract problems that require specialized
assistance.

The technology of speech instruction
has developed largely within the com-
municative disorders professions of edu-
cation of the deaf, speech pathology, and
educational audiology. During the past
decade, many professionals have made
advancing contributions in the design
and implementation of speech remedia-
tion. With the newer technologies and
with sufficient programming, specialists
can assist clients with vocal, prosodic,
and articulatory problems to make
dramatic improvements.

Methodology In Deaf
Education

Calvert and Silverman (1975) describe
three major methodologies of speech in-
struction in the current education of
hearing-impaired clients. These are the
Auditory Global, the Multisensory Sylla-
ble Unit, and the Association Phoneme
Unit methods. In the Auditory Global
method, the teacher capitalizes on the
speech skills that have developed from
auditory stimulation in natural situations
and in listening training. Basic vocal and
prosodic competencies and considerable
articulatory skill have been acquired
prior to the initiation of speech training.
Such clients demonstrate that they are
hard-of-hearing children rather than deaf
youngsters.

The Multisensory Syllable Unit method
is the typical approach utilized in the



speech management of deaf children.
Emphasis is placed on utilizing speech-
reading, tactile, kinesthetic, and audi-
tory clues and visual speech aids to stimu-
late the client. Programming focuses on
the production of the various syllables,
particularly in contextual and prosodic
speech. Within this program, some
specialists have focused on precision of
speech and others on naturalness of
communication.

The third methodology of speech man-
agement for hearing-impaired children
has been the Association Phoneme Unit
method developed by McGinnis (1963).
Phonemes are shaped in isolation and
then included in syllables, words,
phrases, and sentences. In addition, chil-
dren may be prompted to position their
articulators before producing a given
phoneme. The unisensory stimuli of
speechreading clues or of auditory clues
are also associated with the articulation
and meaning of a given word. A core of
50 to 100 words, a series of simple sen-
tence forms, and a sequence of more
complex language forms are included.
Such a structure may be the core of the
academic curriculumduring up to 8 years
of schooling.

One of the notable speech programs in
the country has evolved at the Clarke
School for the Deaf since its founding in
1867. Five levels of speech instruction
are utilized. During preschool years and
up to age 7, emphasis is placed on en-
couraging children to use spontaneous
speech and to develop a well-modulated
voice. Thereafter, children receive inten-
sive training to shape the consonants,
vowels, and diphthongs, to associate
them with phonetic symbols, and to in-
corporate them into connected speech.
The last three levels of instruction begin
when children are approximately 9 years
old and end about 6 years later when they
graduate from the eighth grade. During
the final 6 years, the program is designed
to refine vocal, prosodic, and articulatory
skills and to teach the pronunciations and
meanings of the children’s expanding
vocabularies (Magner, 1971).

Recently Ling (1976) has analyzed the
skills of the formidable task of teaching
speech to deaf children. He specifies sub-
skills for many vocal, prosodic, and ar-
ticulatory skills that need to be taught. He
indicates that target skills must become
reflexive so that needed feed-forward
processes can enable these children to
speak. The skills are sequenced within a
seven-stage model of speech acquisition.
Vocal skills are initiated in the first stage,
prosodic in the second, and the many

articulatory skills in the third through
seventh stages. Ling also details spectro-
graphic data for each of the consonants,
vowels, and diphthongs as the basis for
careful exploitation of residual hearing.
In addition, he correlates phonetic with
phonemic programming in his speech
acquisition model. He states that the Au-
ditory Globbal,the Multisensory Sylla-
ble, or the Association Phoneme method
can be implemented within this model.

Methodology in Speech
Pathology

Modern methodology within speech
pathology is exemplified by the work of
Mowrer (1969), McLean (1967), Bokel-
mann (1973), Holbrook (1972), Fletcher
(1972), and Johnson (1974). The
technologies of each of these innovators
have been based in part upon fundamen-
tal principles of a branch of psychology
called operant conditioning. The
originator, Skinner (1953), viewed oper-
ant conditioning as the relationship be-
tween stimulus, response, and conse-
quence.

Skinner (1953) discovered a three-term
contingency symbolized as SP--R--S*. SP
is the discriminative stimulus that occa-
sions or prompts the response, R is the
response, and S' is the reinforcing
stimulus that immediately follows the re-
sponse. When positive reinforcement is
given, the frequency of the response in-
creases. If negative reinforcement is pro-
vided instead, the frequency of response
decreases. Neutral reinforcement results
in no change of response rate or probabil-
ity. Thus the consequent event contri-
butes to acceleration or deceleration of
response. The antecedent event also de-
termines the response rate. The manipu-
lation of the antecedent event is called
stimulus control.

Mowrer and associates (1970) have
developed a program format for shaping a
target phoneme and transferring this cor-
rect articulation into word, sentence, and
story contexts. The prototype program,
called the S-Pack or S Programmed Ar-
ticulation Control Kit, includes 269 ver-
bal and picture stimuli for the /s/
phoneme and, to some extent, for the /z/.
The first part is designed to shape the/s/ in
isolation and then to incorporate it into
consonant—vowel combinations and into
words of sentences. In the second part the
previous responses are strengthened, and
the /s/ is incorporated into initial, medial,
and final positions of polysyllabic words.
Part three of the program is designed to
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strengthen the responses of the previous
parts and to extend the production of /s/
into the connected speech of stories. A
criterion test is administered at the ter-
mination of each of these subpro-
grams to determine whether the client
should go on to the next part or repeat the
same items.

The American Book Company now
publishes speech articulation kits for /s/,
N, Ir/, and /th/. This commercial de-
velopment follows the Mowrer S-Pack
format, with some modifications and im-
provements, including assessment and
recording of progress from session to ses-
sion. Similar articulation programs for ten
phonemes have been developed for aides
of speech clinicians in Allamakee, How-
ard, and Winneshiek counties of lowa
(Lubbert et al., 1973). Initial, carry-over,
and home program phases are included
for /s/, 12/, 18/, 181, /1, If1, 111, IK/, It/, and
.

A simpler and yet effective program for
transferring a target behavior, once it has
been shaped in an original stimulus, has
been developed by McLean (1967). The
clinician presents a series of words con-
taining the target phoneme under echoic,
echoic—picture, picture, picture—word,
word, word-sentence, and sentence
conditions. The words are presented
under each condition until a criterion is
reached. When the final criterion is met,
additional words are presented to test for
generalization of response. Such pro-
grams for shaping and transferring target
responses can be developed for any
speech behavior.

Bokelmann (1973) and her associates
have developed six instructional material
manuals for the TH sound, the L sound,
the S and Z sounds, the SH and ZH
sounds, the CH and ] sounds, and the R
sound. Each program is designed to trans-
fer correct production of a target
phoneme from the therapy room to the
principal’s office in 15 steps. The client
generally progresses from speech ac-
tivities in the therapy room, to a quiet
outside setting and hallway, to a class-
room and a busy outside area, and finally
to the school office and the office of the
principal, who awards a certificate of
program completion. Various personnel,
including the clinician and an aide, in-
teract at various parts of the program. Ac-
tivities include naming pictures, making
up sentences, recalling pictures, telling
stories, and answering questions. Criteria
are established for entrance into the pro-
gram and for the 15 steps of the program.
Clients exchange tangible reinforcers for
items from a menu of rewarding ac-
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tivities. A scoring sheet records correct
and incorrect responses for each step.

Electronic, computer, and operant
technology have been utilized by Hol-
brook (1972) to shape and refine pitch,
nasality, and intensity of speech. Digital
displays, meter needles, lights, beeps,
and events provide readouts and rein-
forcers. Baseline measures on clients are
called habitual levels; final training mea-
sures, conditioned levels; posttraining
measures, extinction levels; and mea-
sures taken 3 months after training are
referred to as postexperimental levels. A
“Charlie Brown” output attachment ad-
vances when a young child is progressing
toward the criterion; this attachment
kicks over a cup containing a reinforcer
when the criterion is reached. With one
device, if the child speaks too loudly, he
hears an unpleasant beep. Appropriate
reinforcement schedules are utilized to
achieve and maintain a high rate of re-
sponse within the criterion range. The
procedure is repeated for more and more
precise speech criteria.

Fletcher (1972) has designed similar
instrumentation called TONAR . A
client can evaluate his own progress on a
reinforcement panel that includes white,
blue, and green lights. A white light is lit
briefly when a spoken response reaches
the specified criterion level. One of ten
blue lights is lit when the number of suc-
cesses reaches the number preset on a
criterion switch. The ten lights are
positioned diagonally up the panel. If the
criterion setting is 2, forexample, the blue
lights move one space after the white light
has blinked twice. When the tenth blue
light is lit, one of a series of ten green
lights, serving as decade counters, is
triggered. The green lights are positioned
along the bottom of the display panel.
Together with the blue lights, the green
lights inform the client of his total success-
es. Each time a succeeding green light is
triggered, the next success is signaled by
the first or lower left blue light. The con-
trol and display console of TONAR Il also
includes four counters: total trials, total
successes, criterion trials, and criterion
successes. Total reset and separate reset
switches permitthe clinician to track suc-
cesses within different criterion settings.

Technical and marketing problems
have interfered with the widespread in-
corporation of Holbrook (1972) and
Fletcher (1972) instrumentation into clin-
ical applications. When such sophisti-
cated analyzers and programmers do find
a common place in the management of
speech, they may be even more useful for
monitoring remediation than for directly

facilitating it. Continuous or periodic
monitoring of various parameters of
speech can serve to track clinical interac-
tion effectiveness and progress.

A precision program developed by
Johnson (1974) to reduce vocal abuse isa
model for monitoring progress during
speech management. Johnson’s Vocal
Abuse Reduction Program (VARP) (1)
pinpoints vocal abuse behaviors for each
client in whom such behaviors have re-
sulted in the formation of laryngeal
pathologies, (2) systematically reduces
these behaviors in specific high probabil-
ity situations or time periods, and (3) re-
duces the size of or eliminates laryngeal
pathology, making possible the estab-
lishment of normal vocal quality.

Lindsley (1971) describes features of
precision teaching, which underpins the
development of the VARP program. He
credits Skinner (1953), the discoverer of
operant conditioning, with the innova-
tion of recording frequency of response,
which is called rate. Lindsley states that
every behavior has a frequency and that
changes in frequency over time, called
acceleration if positive or deceleration if
negative, are universal and easily read
from a behavior chart. The data for the
chart are counted by the client, so there is
no problem of observer reliability. The
response that is being counted and
graphed is the same behavior that is being
manipulated and reinforced. Synthetic or
extrinsic consequences do not need to be
considered.

Diedrich (1973) has developed a pro-
gram designed to teach a clinician how to
utilize the Lindsley chart to record data
on progress in speech remediation. Six
steps are followed in counting and chart-
ing target behaviors: (1) define the critical
behaviors to be charted; (2) define what is
to be accepted as right and wrong; (3)
decide the time base; (4) decide how
often the behavior will be charted; (5)
decide by what means the responses will
be elicited; and (6) decide in what envi-
ronment the sample will be taken.

Methodology in Educational
Audiology

During the past decade, the term educa-
tional audiology has become prominent
in the practice of the habilitative man-
agement of the hearing-impaired child.
The term generally suggests increased
utilization of residual hearing in the edu-
cational management of the hard-of-
hearing youngster. Of all senses, audition
offers the greatest potential for contribut-

ing sensory information about voice,
prosody, and articulation for the great
majority of hearing-impaired children in
special classes and in regular classes.

In the development of educational au-
diology, Berg (1976) has drawn upon the
newer scientific and instructional
technologies to design speech manage-
ment programming for the hearing-
impaired client. He divides speech man-
agement into five stages: evaluation, sen-
sory training, shaping and refinement,
transfer, and generalization testing. A de-
tailed description of many educational
audiology contributions to speech man-
agement is presented in Chapter 6 of
Berg's book Educational Audiology:
Hearing and Speech Management
(1976). Critical features of these contribu-
tions are described below.

Speech Evaluation

The evaluation of the speech of a
hearing-impaired client provides a
baseline for initiation of optimal training
procedures. The objectives of speech
evaluation include the identification and
description of speech errors. Specifically,
these errors may be omissions, substitu-
tions, distortions, or additions of vocal,
prosodic, and articulatory features of
speech. If the hearing-impaired client is
deaf, the clinician may anticipate errors
in five general categories: timing and
rhythm, pitch and intonation, nasality or
denasality, articulation, and voice quality
and loudness (Nickerson, 1975). When
the client is hard-of-hearing, his speech
errors characteristically are limited to
hypernasality and misarticulation (Berg,
1970).

Ling (1976) has developed a com-
prehensive speech evaluation for a
hearing-impaired client. This evaluation
includes (1) an oral peripheral examina-
tion of the structure and functioning of
the speech organs, (2) a preliminary
phonological evaluation of a 50-
utterance tape sample, and (3) a determi-
nation of whether many essential speech
subskills are present in a client’s phonetic
repertoire. In the phonetic evaluation, a
clinician indicates whether a series of
target behaviors are produced consis-
tently, inconsistently, or not at all. The
phonetic evaluation encompasses vow-
els and diphthongs in isolation, simple
consonants and word—initial blends in
three syllables apiece, and word—final
blends in syllables.

A unique SRAP marking system is also
incorporated to varying extents in Ling’s
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phonetic evaluation. The S means that a
client can sustain a single syllable con-
taining the target behavior at loud, quiet,
and whispered levels. The R is marked
when the syllable can be repeated at a
rate of three per second. A is checked
when the same syllable can be alternated
with any other syllable at the same rate.
The P is checked when the clientcan vary
pitch over eight semitones while produc-
ing the syllable containing the target be-
havior. Ling (1976) indicates that the ab-
sence of one or more of these subskills
interferes with the feed-forward demands
inherent in fluent speech.

The number of phonetic contexts in-
cluded in various tests of articulation var-
ies considerably. One commonly used
word test targets on 12 vowels, 6
diphthongs, 25 single consonants, 64
double consonant blends, and 5 triple
consonant blends (Templin and Darley,
1969). A Deep Test of Articulation by
McDonald (1964) tests the articulation of
13 difficult-to-produce phonemes in as
many as 49 abutting consonant contexts
apiece. Abutting consonants, said
quickly, may present an articulatory task
comparable to producing consonant
blends. The Goldman-Fristoe Test of Ar-
ticulation (1972) includes 117 phonetic
contexts in a sounds-in-words subtestand
a sounds-in-sentences subtest. The
phonetic evaluation of Ling (1976) in-
cludes vowels, diphthongs, simple con-
sonants, 26 word—initial blends, and 52
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Figure 1

word—final blends. The blends are se-
quenced into categories according to diffi-
culty of articulation.

Berg (1976) has introduced a target
format to assess the accuracy of a vocal,
prosodic, or articulatory response. An
omission, substitution, or gross distortion
is marked off-target, a moderate or severe
distortion, in the outer ring; a slight or
mild distortion, in the inner ring; and a
precise production, in the bull’s-eye of
the target. These degrees of accuracy are
converted to numbers: 4 indicates an off-
target response, 3 is for outer ring produc-
tion, 2 equals an inner ring response, and
1 isequivalent to bull’s-eye accuracy. An

overall measure of accuracy can be com-.

puted by adding up the number of fours,
threes, twos, and ones and dividing this
sum by the number of speech responses
being assessed. The assessment of accu-
racy of response differs from the usual
dichotomous test procedure of marking
an item either correct or incorrect. A di-
mensional marking procedure seems to
be particularly appropriate for a hearing-
impaired client because such speech
often includes a great many distorted
productions. These speech distortions re-
flect degrees of inaccuracy in a client’s
auditory discrimination of vocal, pro-
sodic, or articulatory phenomena.

The assessment of accuracy of a pro-
sodic speech response is also aided by the
development of a refined system for
marking the stress and intonational
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phenomena of speech. The stress and in-
tonation notations developed by Berg
(1976) permit the client to compare the
detail of standard stimuli with prosodic
responses of a client. If the notational pat-
terns for the clinician’s stimulus and the
client’s response do not correlate at all,
the response is off-target. Patterns that
correlate exactly reveal a client response
that is precise or in the bull’s-eye of a
target. Patterns with varying degrees of
correlation carrespond to outer ring or
inner ring accuracy of response. Record-
ing stress and intonation markings prior to
assigning target accuracy may increase
the reliability of the assessment of re-
sponse.

Once the accuracies of vocal, pro-
sodic, and articulatory responses are re-
corded on targets, the clinician finds it
valuable to display these data so the
many errors can be viewed in compara-
tive relationship with one another. A dis-
tinctive feature analysis is included as a
component of this summary display. Berg
(1976) has identified 11 distinctive fea-
tures and corresponding definitions in his
book Educational Audiology: Hearing
and Speech Management. Most of these
are included in the McReynolds and Eng-
mann (1975) distinctive feature system
being utilized in speech pathology. The
additional distinctive features identified
by Berg (1976) are squaring of the lip
orifice and buzzing or vibration of the
tongue or lower lip, each phenomenon
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Figure2 Freehand drawings of videograms for 36 isolat

occurring with articulation of specific
phonemes.

Sensory Training

Following speech evaluation, and prior
to shaping and refinement, Berg (1976)
recommends that a clinician determine
the extent to which a client utilizes
speechreading, tactile, auditory, and
electrovisual clues in the perception of a
vocal, prosodic, or articulatory skill in
error. Called sensory training, the proce-
dure is to repeatedly present a stimulus
for a target behavior, together with one or
more other stimuli, requiring imitative re-
sponses, or pointing to corresponding
pictures and recording correctness.
Baseline and training scores are obtained
under auditory, facial (speechreading
and/or tactile), and electrovisual condi-
tions. Ordinarily, a client’s baseline per-
formance in perception of speechread-
ing, tactile, auditory, or electrovisual
clues is below his potential sensory iden-
tification. For example, a hearing aid or
an electrovisual speech indicator pro-
vided by the clinician might be ignored
by clients until they have received cor-
responding sensory training.

In a case study experiment, Berg (1976)
set out to determine which sensory aid
conditions might be suitable while train-
ing a young ‘““deaf’’ adultto speak. During
each of seven 45-minute sessions, he pre-
sented seven sequences of 36 isolated
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phonemes to the client. Each sequence
was presented under a different single or
combined condition. Prior to the experi-
ment the client was conditioned to utilize
speechreading clues but not auditory or
electrovisual clues. By the end of the
fourth session, the client responded cor-
rectly to each of the phonemes under
each of the conditions. During this sen-
sory training experiment, the client also
improved in accuracy of speech articula-
tion, although he was instructed to
merely discriminate the stimuli. The
clinician assessed correctness of each
discrimination by listening as the client
tried to repeat each stimulus presented.
This experiment is detailed in the book
Educational Audiology: Hearing and
Speech Management.

When clients cannot hear or cannot
hear well, they have sensory gaps that
may prevent the development of precise
speech. These gaps cannot be fully com-
pensated for by speechreading, kines-
thetic, and tactile clues because they
provide largely surface information on
speech and insufficient deep and refined
vocal tract phenomena normally sup-
plied by hearing. Precise speech requires
that clients perceive and produce detailed
stress and intonation patterns, specific
voice—voiceless and oral-nasal distinc-
tions, and refined manner and place of
articulation. Auditory clues from residual
hearing can be amplified to assist
hearing-impaired clients in perceiving

phonemes

many but not all of the needed vocal tract
clues. When sound is converted into an
electrovisual display, a visible sensory
mode becomes available to clarify the
detailed speech clues provided through
residual hearing, speechreading, taction,
and kinesthesis.

Video Articulator

An economical and yet sophisticated
electrovisual speech-indicating device is
the Video Articulator, a successor to the
Voice Visualizer (Pronovost, etal., 1967).
The Video Articulator is a modified Sony
television set weighing 9 pounds. The
screen dimensions are 7 inches by 7
inches. Unique video patterns, called
videograms, appear on the screen as the
speaker says sounds, words, and sen-
tences into a microphone. When a sen-
tence is the stimulus, the overall vocal,
prosodic, and phonetic content appears
as a series of looplike patterns that vary
in size and configuration. When ut-
terance is slowed down, stress, pitch,
voice—voiceless and oral-nasal, and
manner and place of articulation fea-
tures may be visually identified, par-
ticularly with sensory training. Controls
and readouts of the Video Articulator are
shown in Figure 1.

Sensory clues of the Video Articulator
are of value also with speech clients who

"This device is marketed by Amera Incorpo-
rated, Box 627, Logan, Utah.



do not have a hearing loss. In these in-
stances, video clues reinforce and clarify
auditory clues, which can be fully per-
ceived. They draw the attention of clients
to specific vocal, prosodic, and articula-
tory features of speech. They are particu-
larly powerful visual aids because they
are precise visible correlates of acoustic
and motor features of speech.

The author’s freehand drawings of vid-
eograms for 36 isolated phonemes are
shown in Figure 2. The drawings identify
features that characterize specific con-
sonants, vowels, and diphthongs. For
example, relative intensities of the voice-
less fricatives /0/, /f/, /s/, and /[/ appear as
whirls of corresponding sizes and den-
sities. Distinctive feature analysis and
spectrographic information help the
clinician anticipate what the patterns
should look like. The client is also aided
by speechreading clues in identifying
consonant sounds that sound alike and
that have correspondingly simjlar video-
grams, for example, /6/ and /f/ or /5/ and
VI.

The syllables of speech are also iden-
tified as different videograms. For exam-
ple, /si/, Is1/, Isel, Isel, Is&/, Isul, Isu/, Isol,
/sal, Isa/, Is34/, /sav/, /sau/, and /so1/ may
be discriminated electrovisually from one
another. Ling (1976) suggests that percep-
tion of a feature of speech is less impor-
tant than identification of its interaction
with other aspects of speech. In these and
many other syllables, the component
parts and the combined features can be
perceived electrovisually.

Ling (1976) states that visual displays
do little to foster feed-forward control of
speech. He also indicates that visual indi-
cations may help a client monitor a
speech pattern when produced but can-
not teach him how to make the pattern in
the first place. These criticisms hold true
for any sensory input system, including
audition as used by persons with normal
hearing. Feed-forward is aided when a
client can reflexively produce the es-
sential subskills of vocal, prosodic, and
articulatory behavior. Electrovisual feed-
back contributes dramatically to the sen-
sory pool needed for teaching the numer-
ous motor subskills of speech. Clients can
learn to identify videograms they pro-
duce, associate them with desirable and
undesirable productions, and eliminate
patterns that should not be included in
their developing speech repertoires.
Rather than providing less information
than alternative forms of feedback, as
Ling also states, electrovisual clues such
as videograms picture the detail of the

acoustic features of speech that normal-
hearing people rely upon to develop pre-
cise speech.

A videogram for a consonant, vowel, or
diphthong generally can be seen in iso-
lated production and in words and sen-
tences, particularly when speech is
slowed down. The exceptions are the
stop and affricative consonants, which
have very short durations when produced
in speech contexts. Clues from taction,
speechreading, or residual hearing, if
available, reveal the presence of stops and
affricates, for example, /t/ and /tf/, in
words and sentences. A good example of
videogram visibility in context is that of
the /s/ phoneme. It can be readily seen by
the client in isolated production and in
words such as so, us, nice, listen, or Mis-
sissippi.

Videogram applicability in the teach-
ing of feed-forward subskills specified by
Ling (1976) may be exemplified in the
instance of the fricatives /s/ and /z/. Ini-
tially these are taught in isolation. Then
they are taught following the vowels /u/,
/a/, and /i/ in VC syllables. The client is
then required to produce each of these
syllables repeatedly. These fricatives are
then held for at least 3 seconds in the
same syllables. The /s/ and /z/ are then
produced in the intervocalic position of
contexts like /izi/ initially with each sylla-
ble equally stressed and thereafter with
one vowel stressed and the other not. The
/s/ and /z/ are then produced in the initial
position of single syllables like /so/ and
/zu/. Then /s/ and /z/ are taught in such
syllables as /pasapasa/ and /wiziwizi/. Fi-
nally, these fricatives are produced in fi-
nal, medial, or initial position of syllables
using an eight-semitone pitch variation.
In all nine of these subskills, distinct
videograms for /s/ and /z/ are readily
seen if the client articulates them.

Ling (1976) suggests that priority be
given to teaching a client to produce the
pattern of a syllable or sequence of them
rather than a specific feature of a speech
sound. The motor and acoustic pattern of
contextual speech includes a complex
of overlapping vocal, prosodic, and ar-
ticulatory behaviors. For the hearing-
impaired client, none of the sensory input
systems by themselves or in combination
can provide the detail of this behavioral
complex. A speech management pro-
gram can initially assist the client to ap-
proximate a contexual speech stimulus
for communicative applications. Thereaf-
ter, subskills can be taught so that syllables
or series of syllables can be recombined
more precisely. During initial shaping or
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later refinement, sensory clues from each
of the input systems are utilized. No one
sensory input system seems to be inher-
ently any more or less distractive or mis-
leading than any other one. Whether re-
sidual hearing, speechreading, tactile,
kinesthetic, or video clues contribute or
distract depends upon the design and im-
plementation of the speech program
being utilized by the clinician.

Berg (1976) has developed a terminol-
ogy to draw attention to the detail of each
videogram. Terms such as circles, lobes,
loops, whirls, and splashes, as well as
concentration, tilt, compression, and ro-
tation, are helpful descriptors. If photo-
graphed, the videograms for the various
consonants, vowels, and diphthongs look
as much alike or different as their correla-
tive sounds are alike or different. For
example, the /i/ and /o/ look very differ-
ent, and the /m/ and /n/ look highly simi-
lar. In addition, two persons with different
voices will produce somewhat different
videograms unless they are articulating
voiceless consonants.

The Video Articulator may reveal sub-
tle changes in the production of any
phoneme or any vocal or prosodic
parameter. Each /3/ allophone articu-
lated, for example, may appear as a
noticeably different videogram. Acousti-
cally noticeable pitch, loudness, dura-
tional, laryngeal, and velopharyngeal
changes may also be seen.

Both microphone distance and vocal
intensity determine the size of the video
patterns appearing on the screen. If the
speaker is too intense, the video patterns
will be too large and extend beyond the
boundaries of the screen. Both the clini-
cian and the client need to practice mi-
crophone technique and use of precise
speech input. When speech is carefully
produced, videograms may be easily rec-
ognized. When the speaker is careless
or imprecise, the video patterns corre-
spondingly reflect gross and unprac-
ticed input.

The Video Articulator has extra capa-
bility for pitch measurement and feed-
back. A FREQ (frequency) control can be
turned on and the frequency of an oscil-
lator varied from below 100 Hz to above
500 Hz. The oscillator frequency can be
heard through the loudspeaker, seen as a
single circle on the screen, and seen also
as a digital readout of a counter. The
video pattern is stabilized when the fun-
damental frequency (pitch) of the
speaker’s voice is tuned to the oscillator
frequency. This “tuning”” phenomenon
may be recognized when a speaker utters
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Figure 3 Baseline accuracies of three hearing-impaired children in the articulation of 36 critical articulations

a sustained sound. or monotone con-
nected speech. The FREQ control can be
adjusted to locate one pitch or to bracket
the entire pitch range of a client.

A digital stopwatch is also built into the
Video Articulator to record durations of
vocalizations and time for completion of
clinical tests or tasks. The readout pro-
gresses from 1 second to 10 minutes and
then repeats itself. When sustaining a
phoneme, clients can watch video pat-
terns they produce and the readout of
progressing time. These times can be re-
corded to chart progress.

Shaping and Refinement

The third stage of a speech manage-
ment program is the shaping and refine-
ment of a vocal, prosodic, or articulatory
behavior in error. Shaping and refine-
ment consists of steps leading through
mere target responding to consistent
bull’s-eye production. It precedes transfer
of a response into other speech contexts,
stimulus conditions, and real-life settings.
In the shaping and refinement process,
the clinician designs and manages an-

tecedent and subsequent events. Before a
client’s response, the clinician provides
instruction, demonstration,  sensory
clues, and stimulation. Immediately after
the response, the clinician provides the
client with reinforcement and feedback
about correctness. Shaping and refine-
ment of a behavior in error may be pro-
grammed within one stimulus or within a
series of stimuli requiring that specific
behavior. The stimuli may be behaviors
in isolation, nonsense syllables, monosyl-
labic or polysyllabic words, phrases, sen-
tences, or combinations of sentences
such as occur in conversation.

The target format developed by Berg
(1976) is an aid in the shaping and re-
finement processes as well as in speech
evaluation. In an experimental program
for three young hearing-impaired chil-
dren, speech training time was spent on
each of 36 phonemes during a given ses-
sion. The baseline accuracies are shown
in Figure 3. If a phoneme was already at
bull’s-eye accuracy, it demonstrated pre-
cision production, contributed to the
overall success rate, and often included a
distinctive feature that needed to be in-

corporated in one or more phonemes in
error. A single target was divided into 36
pie-shaped sectors to record training
data. The phonetic symbols for the 36
critical articulations were affixed to the
sectors.

While training a client, a clinician
modeled a given misarticulated pho-
neme, using a facial—auditory—videc
(electrovisual) condition. The client im-
itated the clinician, and the clinician re-
corded a dot on or off the target to indi-
cate the response’s degree of correctness.
The clinician also provided token and so-
cial reinforcement to reward improve-
ments from off-target (4) to the outer ring
(3), to the inner ring (2), and into the
bull’s-eye (1). Numerous repetitions of
this procedure were presented. Before
each stimulus presentation, the clinician
pointed to the mouth, throat, nose, ear, or
video screen to draw the attention of the
client to an appropriate clue. All the
client’s responses were recorded as dots.
The best response for each phoneme pro-
vided the basis for affixing a score of 4, 3,
2, or 1. The mean baseline accuracy for
one client was 2.8. The corresponding
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Figured4 Baseline and final measures of accuracy in the articulation of 36 isolated phonemes by a young hearing-impaired child

posttraining measure after ten blocks or
presentations of 36 phonemes was 1.2.
The baseline and final measures of accu-
racy are shown in Figure 4. Preliminary
sensory training was given to condition
the clientto utilize video clues in addition
to other sensory input.

Various target options may be designed
by a clinician to record shaping and re-
finement data. A single target can be di-
vided into small sectors, as seen in Figure
4. Another option is use of a separate
target for each possible speech error.
Data on each speech response can also
be recorded on a large target and trans-
ferred as a single datum to one of the pre-
vious types of targets. Data on evaluation
and sensory training can be kept on the
same targets where shaping and refine-
ment data are recorded.

A clinician will find that his vocal, pro-
sodic, or articulatory stimulus can be a
useful model during initial shaping or
when the goal is to move a production
onto a target. One or more of kinesthetic,
tactile, speechreading, auditory, and
electrovisual clues accompany each
stimulus. The clinician utilizes an ap-

propriate combination of these clues to
prompt clients to achieve and stabilize a
target response. Afterward, clients’ ran-
dom or prompted improvements become
the standard they are trying to reproduce.
The clinician’s task, then, is to listen criti-
cally and indicate on a target how closely
clients approach their desired produc-
tions. In time, clients learn to recognize
and monitor their own hits and improve-
ments. The combination of various sen-
sory clues are helpful in shaping an error
behavior onto the target. The auditory
and particularly the video clues may be
especially helpful, together with target
feedback, for prompting the client to
inner ring and finally bulls’-eye precision
in speech production.

The role of tactile-kinesthetic (TK)
feedback for shaping speech behavior
may be better understood from two ex-
periments conducted by Ling and Bennett
(1974-1975). In each experiment, two
young, profoundly hearing-impaired
children were subjected to vowel training
through operant conditioning proce-
dures. In the first experiment the children
were trained to imitate the isolated vow-

els /a/, /®/, /ol, /i/, and /u/ using an au-
diovisual (AV) (V = speechreading) feed-
back. The number of trials required were
75, 150, 50, 500, and 25 and 75, 25, 50,
225, and 25, respectively. The /i/ was the
most difficult to learn. The audiometric
evidence suggested that neither child
seemed to hear the second formant for the
lil.

In the second experiment, two other
children were trained to produce the /i/
and /au/ combined with the initial /p/
consonant. With the /pi/, early training
utilized TK feedback and with the /pau/,
AV feedback. In the TK condition, the
child placed a finger of one hand in his
mouth and the corresponding finger of
the other hand in the experimenter’s
mouth. These fingers were placed on the
tongue to feel position or placement. The
data revealed that initial TK training of
these children facilitated progress in
learning to imitate high front and high
back tongue placement.

It would be interesting to replicate
these experiments, using children with
varying degrees and slopes of severe and
profound hearing impairment, to assess
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the value and permanence of initial con-
ditioning with TK stimulation during the
shaping and refinement of consonants,
vowels, and diphthongs. Such stimula-
tion may be particularly applicable to
guiding a phoneme onto target, whereas
AV conditioning may be especially help-
ful in refining accuracy, and electrovisual
feedback may aid in facilitating bull’s-eye
production.

The ease and speed with which a con-
sonant, vowel, or diphthong, or a vocal or
prosodic behavior, is shaped onto a target
and refined into a bull’s-eye vary from
sound to sound and from client to client.
Forexample, the /p/ and /t/ and the /f/, /8/,
and /h/ can be shaped and refined rela-
tively quickly, notwithstanding hearing
loss. The facial (speechreading and tac-
tile) clues are sufficient and the motor act
relatively simple for these voiceless ar-
ticulations. Auditory clues and particu-
larly videograms, when used with target
feedback, assist in further refinements
and stabilization of precise response.
Other target behaviors are more difficult
to perceive and /or to produce and re-
quire more training. Motivational, per-
ceptual, and conceptual differences
among clients also influence ease and
speed of learning.

The clinician should shape and refine
vocal, prosodic, and articulatory be-
havior within the context of an overall
speech development or corrective pro-
gram. The Ling (1976) training model pro-
vides a structure that can be utilized for a
client regardless of age, hearing impair-
ment, or current speech competency.
Globbal exposure to speech may enable
the client to acquire successive target be-
haviors without specific training with
subskills. Periodic evaluation enables the
clinician to determine when intervention
ata subskill level needs to be undertaken.
The curriculum does not require that
specific targets be taught by particular
ages or grades. Speech acquisition is con-
sidered globally as a series of phonetic
and prosodic stages, a group of carefully
defined target behaviors, some of which
are trained concurrently, and many sets
of criterion-based subskills.

A multisector target may be used to
record incremental progress in the man-
agement of any series of speech be-
haviors. Berg's (1976) critical articula-
tions or one of Ling’s subskills series may
be the target behaviors. Figure 5 provides
a 36-sector target that can be used for
these and many other applications. Ini-
tially, the clinician labels each sector and
then duplicates copies. One copy may be

used to record baseline data. Additional
copies record dots for successive training
blocks. The baseline and final training
data can be compared on the last copy of
the target. The final training data may
demonstrate meeting the terminal pass
criteria. The clinician can save paper by
recording successive training blocks with
different colored dots on a single copy. A
key can be written on the target to corre-
late colors and training blocks.

An option to tracking a series of be-
haviors on one target is using a target for
each behavior. The 36 targets of Figure 6
exemplify this format. Each target is di-
vided into 12 pie-shaped sectors.
Baseline data are recorded in the 12
o’clock to 1 o’clock sectors, and block-
by-block training data are recorded in the
succeeding sectors of each target. The
pattern of data from sector to sector re-
veals training progress.

The clinician must determine criteria
for bull’s-eye, inner ring, outer ring, and
off-target accuracy when using the targets
in either Figure 5 or Figure 6. Ordinarily,
bull’s-eye means a precisely correct re-
sponse. Off-target indicates a response so
incorrect that no correlation exists be-
tween stimulus and response. Inner ring
and outer ring accuracies fall correspond-
ingly between bull’s-eye and off-target.

Transfer of Training

Once a vocal, prosodic, or articulatory
target behavior has been shaped and re-
fined in an original stimulus or in a series
of subskills, a need exists to transfer this
skill into additional stimuli and stimulus
conditions that constitute or simulate
real-life experiences. Such carry-over
programming is indispensable to effec-
tive interpersonal communication and
should be implemented by the educator
of the hearing impaired or by the speech
pathologist. Without transfer training, the
client finds overall speech work to be less
meaningful and functional.

Three approaches to transfer pro-
gramming are described in the literature.
One is the oral approach of education of
the hearing impaired that provides cor-
rection of speech outside of remedial ses-
sions (Calvert and Silverman, 1975). The
second approach is exemplified by pro-
gramming kits or packages utilized by
many speech pathologists (Bokelmann,
1973; Lubbertetal., 1973; Mowreretal.,
1970). The third approach to transfer
programming is the MclLean format,

which trains the target behavior in up to
ten additional stimuli and in a series of
simulated conditions. In the oral ap-
proach, transfer of training is facilitated
considerably. In the kit method, syllables
and many words and sentences are used
to transfer the target behavior. The Mc-
Lean format includes fewer stimuli but
incorporates them repeatedly.

The McLean format may be the most
feasible approach for systematic transfer
of a large number of vocal, prosodic, and
articulatory behaviors. The stimuli and
stimulus conditions for any behavior or
series of related behaviors can be pack-
aged in relatively little space. Therefore,
the stimuli and recording forms for many
needed transfer applications are readily
available to the clinician at a minimal
cost. These transfer programs can be
criterion-referenced to facilitate learning
and enhance accountability.

Generalization Testing

During and following a speech man-
agement program for a specific error, a
clinician may test for generalization of
the trained target behavior. The sound
production tasks of Shelton and his as-
sociates (Elbertetal., 1967; Sheltonetal.,
1967; Wrightetal., 1969), a follow-up to
McLean programming (White, 1972),
and the Bokelmann (1973) program pro-
vide three models for relevant generaliza-
tion testing.

Each Shelton sound production task
includes 30 or more stimuli that incorpo-
rate a specific target behavior. The /s/, for
example, is included in three different
orders of 30 items. The stimuli incorpo-
rate the /s/ in isolation, in nonsense syl-
lables, in monosyllabic words, in poly-
syllabic words, and in phrases and
sentences. The items are presented dur-
ing successive training sessions to trace
progress from the beginning of an /s/
training program to the end (Shelton
etal., 1967).

Generalization tests following a Mc-
Lean program may be of three types: new
item, across position, and overgenerali-
zation. A new-item generalization test
will incorporate additional stimuli with
the target behavior in the transfer pro-
gram position of words. The across-
position generalization test will include
words with the target behavior at the
other end of stimulus words. An over-
generalization test is only used when a
substitution error has been involved. Dur-
ing transfer training, the substitution has



