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CHAPTER 1
INTRODUCTION

To most educators of the deaf, it would come as no
surprise that the deaf child whose speech seems intelligible
in the classroom may be virtually unintelligible to the
"man on the street." Several investigations (Brannon, 1964;
Markides, 1970; Smith, 1972) have noted the difficulty that
naive listeners have in understanding the speech of the deaf.
The percent deaf speech intelligible to naive listeners has
been reported as ranging from 18.7% (Smith, 1972) to 20.7%
(Brannon, 1964).

In contrast, the experienced listener's ability to
understand deaf speech is clearly superior to that of the
naive listener (Mangan, 1961; Thomas, 1963; Markides, 1970;
Monsen, 1978). The fact that an experienced listener under-
stands deaf speech with greater accuracy than inexperienced
listeners has been assumed not to be related to his personal
knowledge of the speaker. It would seem that once familiar
with deaf speech, the experienced listener is able to gener-
ate higher intelligibility scores for deaf speakers in gen-
eral. Indeed, the difference between experienced and inex-
perienced listeners is so widely accepted that the intelli-

gibility of deaf speech has been rated according to how



likely the speaker may be understood by "most trained teach-
ers of the deaf, most people familiar with deaf speech, or
almost everyone." (Thomas, 1963).

Calvert (1961) noted that experienced listeners could
consistently identify a speaker as deaf only when there was
some articulatory movement in the speech. As the amount of
articulatory movement increased (e.g. from a vowel, to a CVC
nonsense syllable, to a sentence), the listener's ability to
identify the deaf speaker also increased. When the speakers
produced sentences, the listeners were able to identify which
samples were produced by the deaf speakers one hundred per-
cent of the time. These results suggest that certain as-
pects of speech production in the deaf provide the listener
with acoustic information that is quite specific to the deaf
population and which can be readily distinguished from nor-
mal production.

Several investigators (Hudgins and Numbers, 1942;
Markides, 1970; Smith, 1972) have been remarkably consistent
in identifying typical articulatory errors in the speech of
the deaf. Briefly, these include: omissions, substitutions
and severe distortions of the intended phoneme. Among the
more common error types are: incorrect production of pala-
tals, alveolar fricatives, affricates and the nasal velar.
In general, this work suggests that as the frequency of seg-
mental errors increases, overall intelligibility decreases.

Other investigations have also identified errors in

suprasegmental production which are characteristic of the



speech of the deaf, although the extent to which these
effect overall intelligibility is less well established.
These included: errors in timing such ;s excessively slow
rate (Calvert, 1961; Brannon, 19€64), increased duration of
phonemes (Calvert, 1961; John and Howarth, 1964; Monsen,
1974; Osberger, 1978), and inappropriate pause (Levitt et
al., 1974; Osberger, 1978; Parkhurst and Levitt, 1978).

In addition, deviation in phonatory control including inap-
propriate pitch (Angelocci et al., 1964; Levitt et al.,
1974), excessive variability in pitch (Levitt et al., 1974;
McGarr and Osberger, 1978), and less than normal variation
in pitch resulting in flat and monotonous speech (Green,
1956; Hood, 1966; Smith, 1972), also contribute to reduced
intelligibility.

The consistency of the reported error patterns in
segmental and suprasegmental production suggests that one
‘possible explanation for the differences between experienced
and irexperienced listeners may be found in the ability of
the experienced listeners to recode deaf speech so as to
compensate for typical errors in production.

Another factor of importance may be the relative
ability of the experienced listeners to make use of contex-
tual information. Hudgins and Numbers (1942) suggested that
the inexperienced listener was so distracted by the quality
of the speech of the deaf, that she could not derive infor-
mation from contextual cues as could the experienced listener.

On the other hand, the difference in scores between isolated



words and sentences led Brannon (1964) to conclude that con-
text was extremely important for naive listeners. Similarly,
Thomas (1963) showed that scores for "everyday" sentences
were higher than those for isolated monosyllabic words for
both experienced and naive listeners.

In these investigations, and in others as well
(Hudgins, 1949; Subtelny, 1977), context was defined as
words produced and heard in sentences. While the studies
concluded that words produced and heard in sentences received
higher scores than words produced in isolation (for either
experienced or inexperienced listeners), specification of
context per se was not made. Several factors may be playing
a part such as the context of the sentence as well as differ-
ences in articulation.

Thus, it is not known if the differences in scores
for isolated words and sentences may be attributed to
(1) contextual constraints in the sentences, (2) the articu-
latory environment; that is, the articulation of words in
isolation is not identical to those in a sentence, or
(3) an interaction of these. Furthermore, it is not known
to what extent the experienced and inexperienced listeners
may use context to disambiguate errors in production.

Although there appears to be a significant differ-
ence between experienced and inexperienced listeners'
ability to understand the speech of the deaf, a systematic
investigation to isolate those factors which contribute to

the differences between groups has not been conducted.



The purpose of this study was to isolate several factors
which were believed to contribute to the reported differ-
ences between listeners.

Specifically, the study was designed to answer the
following gquestions:

1. 1Is there a significant difference between
experienced and inexperienced listeners in understanding the
speech of the deaf?

2. What is the effect of listener experience on the
intelligibility of words produced in isolation, in sentence
context, and produced in sentence context but heard in iso-
lation?

3. What is the effect between listener experience
and context, e.g. does context benefit the experienced
listener more than the inexperienced listener?

4. Are'any of the above effects influenced by the

relative intelligibility of the test words?



CHAPTER II

REVIEW OF THE LITERATURE

The Differences Between Experienced and
Inexperienced Listeners

Hudgins and Numbers (1942) in their classic study on
the speech of the deaf claimed there was a significant dif-
ference between experienced and inexperienced listeners.
Experienced listeners were thought to use sentence context
in addition to articulatory information obtained from view-
ing the speaker's face to increase intelligibility scores.
In fact, intelligibility scores obtained by experienced
listeners were 10-15% higher when they were permitted to see
the speaker's face than when only auditory cues were permit-
ted. On the other hand, Hudgins and Numbers suggested that
the inexperienced listener was so distracted with the unus-
ual voice quality of deaf speakers, that overall speech
intelligibility was severely impaired. However, data was
not collected on intelligibility scores for inexperienced
listeners. Nevertheless, Hudgins and Numbers reasoned that
the inexperienced listener was of little value as an evalu-
ator of deaf speech.

Data on experienced and inexperienced listeners were
obtained in a study by Thomas (1963). Three groups of lis-

teners (6 listeners in each group) were tested on their



ability to understand deaf speakers. The three groups were
composed of: (1) naive listeners--no previous exposure to
the speech of the deaf, (2) semi-naive listeners--college
seniors enrolled in a teacher training program who had
worked with the deaf for approximately 1 year, and

(3) experienced listeners--teachers of the deaf.

A group of 8 deaf speakers (pure tone averages
unspecified) produced a list of 50 words from the CID
Auditory Test W-22 as well as a list of 10 CID sentences of
"everyday American speech"” also known as the CHABA sentences
(Davis and Silverman, 1978). Half of the listeners in each
group evaluated the 8 deaf speakers using only auditory cues
to transcribe speech production; the remaining half of the
listeners evaluated the 8 deaf speakers using combined audi-
tory and visual cues.

The overall results showed that scores increased
from naive to experienced listeners with the largest inter-
group differences occurring between the naive and semi-naive
groups. Table 1 shows the range and mean scores for senten-
ces and words in the two listening conditions and across the
three levels of listener experience. Several observations
can be made in this data:

1. The experienced listeners' scores were consis-
tently higher than those of the semi-naive or naive listeners
for sentences as well as for isolated words in either listen-
ing condition. There was also considerable overlap in scores

between groups of listeners for sentences or words. However,



Listeners

Naive

Semi-Naive

Experienced

TABLE 1

PERCENT INTELLIGIBILITY OF WORDS AND SENTENCES OBTAINED BY
EXPERIENCED., SEMI-~NAIVE. AND NAIVE LISTENERS

(THOMAS, 1963)

Auditory Cues

Words

Range
Mean of
Percent Percent

27.5 12.7-48
34.9 24-54
37.0 22-52

Sentences
Range
Mean of

Percent Percent

50.3 18.1-80
69.5 41.6-84.7
76.8 51.1-95.5

Auditory and Visual Cues

Words

Range
Mean of
Percent Percent

38.3 29.3-58.9
52.0 38.0-68.7
59.0 44-74

Sentences
Range
Mean of

Percent Percent

68.4 36.1-88
88.5 76.7-97.4
92.0 80.8-100



as a group, the scores of the naive listeners did not
approach those of the experienced listeners.

2. Scores for sentences were consistently higher
than those for words by all listeners. In fact, the percent
intelligibility for the "everyday sentences" was almost
double that of the monosyllables.

3. Both experienced and inexperienced listeners
obtained scores 10-22% higher for the combined auditory-
visual condition than for the auditory-only condition. This
improvement in intelligibility scores when visual cues were
permitted was similar to the gain reported by Hudgins and
Numbers (1942).

The results of Thomas's study showed that experienced
listeners were clearly superior to the semi-naive or naive
listeners in understanding the speech of the deaf. However,
all listeners obtained higher scores for sentences than for
words, and also for the auditory-visual condition than for
the auditory-only condition. These results suggest that
effective use of sentence context and visual information is
not limited to the experienced listener as proposed by
Hudgins and Numbers.

The Use of Experienced and Inexperienced Listeners
to Evaluate the Intelligibilitv of Deaf Speech

Numerous investigators (Mangan, 1961; Brannon, 1964;
John and Howarth, 1965; Markides, 1970; Smith, 1972; among
others) have used experienced or inexperienced listeners to

obtain measurements of the intelligibility of deaf speech.

Mangan (1961) used teachers of the deaf, mothers
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of deaf children, and naive college students to evaluate a
group of partially deaf children (mean hearing loss 65-75 dB)
and a group of deaf children (mean hearing loss greater than
75 dB). Each child read a list of 50 PB words before the
panel of listeners who were allowed to watch and listen to
the children when transcribing the speech production samples.
The percent of words correct was computed for the three
groups of listeners and averaged across all hearing impaired
speakers. The mean score for each group of listeners was:
experienced listeners--65%, mothers of deaf children--51%,
and inexperienced college students--50%. No significant
difference was found between the parent group and the inex-
perienced college students but a significant difference was
found between the parent group and the teachers. These
intelligibility scores for PB words are slightly higher than
the 59% for experienced and 38% for naive listeners reported
by Thomas (1963), but are approximately the same for the
semi-naive listeners, in both studies.

Brannon (1964) used naive listeners to evaluate the
speech production of severe to profoundly deaf children.
The speech stimuli included 50 PB words, 10 spondees, 10 poly-
syllabic words, ten 2-word sentences, ten 4-word sentences
and 10 sentences from the CID sentences of "everyday Amer-
ican speech." The naive listeners transcribed the speech
stimuli on a word-by-word basis using only auditory cues.
The scores for overall intelligibility ranged from 7.8% to

35.6% with a mean score of 20.7%. Scores for sentences were
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26% while those for words in isolation were approximately
17%. While this trend is similar to that reported by Thomas
(1963) , overall intelligibility scores obtained by Brannon's
naive listeners were considerably poorer for PB words. 1In
general, as the number of words in the sentence increased,
the overall intelligibility increased. However, an increase
in intelligibility was not observed as the number of syl-
lables in the isolated words increased. Since scores for
sentences were higher than those for isolated words, and
also intelligibility scores increased slightly as the overall
sentence length increased, Brannon concluded that sentence
context was important for the naive listener.

John and Howarth (1965) assessed the importance of
timing errors on the overall intelligibility of deaf speech.
Experienced teachers of the deaf and university students with
no previous experience with the hearing impaired, judged the
intelligibility of sentences produced by deaf children before
and after a training program. The first set of sentences
was spontaneously generated by the children in response to
picture stimuli. This set constituted the before-training
sample. Each child then practiced the sentences he had pro-
duced, imitating a teacher-model's rate of speaking. These
samples subsequently constituted the after-training stimuli.
The authors claimed that there was a significant difference
between the intelligibility scores of the experienced and
inexperienced listeners but reported only the inexperienced

listeners' scores. These were: 19% for sentences produced
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before training, and 30% for sentences produced after train-
ing. The overall intelligibility scores for sentences in the
before-training condition is very similar to the 20% score
obtained by Brannon's naive listeners.

Markides (1970) used experienced teachers of the deaf
and university students with no previous experience, to
transcribe the speech production of hearing impaired speakers
on a word-by-word basis and to rate the speech for overall
intelligibility. The subjects were a group of partially deaf
children (mean hearing loss 57 dB) and a group of deaf chil-
dren (mean hearing loss 95 dB) who described several picture
stimili. The experienced listeners obtained higher scores
and rated the speech more intelligible than the inexperienced
listeners. However, considerable overlap in scores was ap-
parent especially for the better hearing impaired speakers.
The mean percent intelligibility scores for the partially
deaf children were: 83% for the experienced and 76% for the
inexperienced listeners; for the deaf children, 31% for the
experienced and 19% for the inexperienced listeners. A cor-
relation of .94 was obtained for the intelligibility scores
between the experienced and inexperienced listeners. Mar-
kides noted that even when the scores of the inexperienced
listeners were 50% or better, the speech was reported as
difficult to follow.

Smith (1972) obtained measurements of intelligibility
of 20 congenitally deaf children using large groups of inex-

perienced listeners. Each child read a list of sentences
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designed to evaluate the production of vowels and consonants
in key words. The inexperienced listeners were asked to
transcribe the sentences on a word-by-word basis using only
auditory cues and to rate the production for overall intel-
ligibility. The intelligibility scores for the naive lis-
teners ranged from 0-76% with a mean of 18.7%; average
ratings were not reported. However, Smith noted that overall
intelligibility ratings were not always consistent with the
number of words understood correctly. Inexperienced lis-
teners frequently rated the child's speech intelligible, when
in fact, they had understood very few words correctly. How-
ever, the correlation between the ratings and the intelligi-
bility scores was high (p= -.83). It is interesting to note
that the intelligibility scores obtained by naive listeners
in this study, and in those by Brannon (1964), John and
Howarth (1965) and Markides (1970), are all remarkably close
to 20%, but considerably poorer than those reported by

Thomas (1963) for naive listeners.

Nickerson (1973) used a group of listeners highly ex-
perienced with deaf speakers and a group of listeners with
little or no experience to assess intelligibility. Six
deaf children recorded read and spontaneous speech samples
as part of a study to evaluate speech before and after train-
ing. For each child, scores could range from 0-100% repre-
senting a continuum of poor to good performance. The data
for experienced and inexperienced listeners are summarized

in Table 2.



14

TABLE 2

PERCENT INTELLIGIBILITY OF READ AND SPONTANEOUS
SPEECH FOR EXPERIENCED AND
NAIVE LISTENERS
(NICKERSON, 1973)

Read Speech Spontaneous Speech
Before After Before After
Experienced
Mean 59% 73.5% 47.5% 59.8%
Range 22-98% 18-99% 17-95% 26-98%
Naive
Mean 34.1% 36% 27.6% 24.3%

Range 4-91% 3-88% 0-84% 3-58%
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Briefly, Nickerson's data showed: (1) scores for exper-
ienced listeners were consistently higher than those for
naive listeners both for read and spontaneous speech,

(2) all listeners obtained higher scores for read speech
than for spontaneous speech, (3) the difference between read
and spontaneous speech scores was greater for the experienced
listeners, and (4) experienced listeners scored samples
recorded after training higher than those in the before-
training condition for most all children. However, there
was little difference between the intelligibility scores for
samples before or after training as evaluated by the naive
listeners. In many instances, the naive listeners scored
the speech samples produced after training, lower than the
samples produced before training.

A scatterplot was obtained of the intelligibility
scores for read and spontaneous samples obtained by exper-
ienced and naive listeners. Although intelligibility scores
for experienced listeners were higher thanthose of naive
listeners, a linear relationship was found between the
groups. Nickerson suggested that the difference between ex-
perienced and naive listeners was relatively stable across
deaf speakers with a wide range of intelligibility. The data
suggests that when the experienced listeners' scores fell
within the range of 40-80%, the naive listeners' scores would
be expected to be 30-40% lower.

Monsen (1978) used 35 naive and 15 experienced lis-

teners to assess the intelligibility of a large group of deaf
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students who produced simple sentences and questions. The
speech materials contained common monosyllables and spondees
so that even the poorest speaker was partially intelligible.
Each listener heard four successive tapes containing 39 sen-
tences spoken by the deaf subjects. The listeners trans-
cribed the sentences on a word-by-word basis. Percent intel-
ligibility was weighted for each sentence with common func-
tion words assigned a smaller value than less common content
words.

Naive listeners received lower scores than exper-
ienced listeners. The mean score for the naive listeners
across the four listening tapes was approximately 72.5%;
for experienced listeners, the mean score was approximately
83%. For the first tape heard, the difference between the
mean of the two listening groups was approximately 14%, but
the difference between listeners decreased as the amount of
listening time increased. By tape four, the difference be-
tween the mean scores for the groups was only 5%. Consider-
able overlap in scores for the last three tapes was also
noted. However, this may be an effect of the scores ap-
proaching 100%. Monsen suggested that the advantage of ex-
perience in listening to the speech of the deaf was one
easily acquired and in a relatively short period of time.

Table 3 summarizes intelligibility scores obtained by
experienced and inexperienced listeners as reported in the
literature. Several observations may be made in these data.

1. A difference in intelligibility scores obtained



TABLE 3

INTELLIGIBILITY SCORES OBTAINED BY EXPERIENCED AND INEXPERIENCED
LISTENERS IN STUDIES ON THE SPEECH OF THE DEAF

Percent Intelligibility Percent Intelligibility
Study For Experienced For Inexperienced
Isolated Words

Hudgins, 1949. . . . . . . . . . 42% -——
Mangan, 1961 . . . . . . . . . . 65% * 50% *
Thomas, 1963 . . . « .« ¢« ¢« « + 37% 28%

59% 38%
Brannon, 1964. . . . . . . . . . ———— 17%
Subtelny, 1977 . . . . . . . . . 35% ————

Sentences

Hudgins, 1949. . . . . . . . . . 71% ————
Thomas, 1963 . . . +« ¢« « ¢« « « & 59% 50%

92% 68%
Brannon, 1964. . . . . . . . . . ——— 26%
John and Howarth, 1965 . . . . . ,— 19%
Markides, 1970 . . . . . . . . 31% 19%
smith, 1972. . « ¢« « ¢« ¢ « o« « & ——— 18.7%
Nickerson, 1973. « « « « ¢ o « & 47% speech 28% speech

59% reading 34% reading
Subtelny, 1977 . . . . . . . « & 66% vm——
Monsen, 1978 . . . ¢ ¢« « ¢« « « 83% 73%

*auditory and Visual Cues

LT
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by experienced and inexperienced listeners has been consis-
tently reported in several investigations (Mangan, 1961;
Thomas, 1963; Nickerson, 1973; Monsen, 1978). Overall intel-
ligibility scores decreased from experienced to semi-naive

to naive listeners. While there may be considerable overlap
in scores for individual listeners, as a group the scores of
the naive listeners did not approach those of the experienced
listeners.

2. Scores obtained by experienced and inexperienced
listeners were higher for sentences than for isolated words
(Hudgins, 1949; Thomas, 1963; Subtelny, 1977).

3. Both experienced and inexperienced listeners evi-
denced a wide range of intelligibility scores for sentence
material. For example, scores for inexperienced listeners
ranged from 18.7% (Smith, 1972) to 73% (Monsen, 1978); scores
obtained by experienced listeners ranged from 31% (Markides,
1970) to 83% (Monsen, 1978).

This wide variation in intelligibility scores for
either group of listeners may be related to the speech sti-
muli the deaf subjects were asked to produce. Scores which
clustered near the low end of the intelligibility range for
either experienced or inexperienced listeners were generally
obtained from sentence material such as spontaneously gener-
ated speech samples (John and Howarth, 1965; Markides, 1970;
Nickerson,1973). Scores which clustered near the high end of
the intelligibility range for either experienced or inexper-

ienced listeners were those which contained words of common
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usage or were highly redundant such as the CID sentences of
"everyday American speech" (Thomas, 1963; Monsen, 1978).
However, the magnitude of difficulty appears to be similar
for both groups; that is, speech materials devoid of context
seemed to be considerably more difficult for both groups of
listeners than those high in context.

The Effect of Training Listeners on
Intelligibility Scores

The difference between listeners in understanding the
speech of the deaf raises important questions in evaluation
procedures. What are the effects of training listeners prior
to evaluation? How much listening time must elapse during
the evaluation before the scores of the inexperienced lis-
teners approach those of the experienced? These questions
have received relatively little attention in the literature
on the deaf.

According to Hudgins (1949) use of either experienced
or inexperienced listeners to judge the intelligibility of
deaf speakers may result in overall scores that are too high
or too low, therefore not accurately representing the intel-
ligibility of the deaf speaker. Hudgins suggested that eval-
uations should only be conducted bya trained panel of lis-
teners.

Inexperienced undergraduates were selected to form a
panel and were trained on listening tapes prior to evalu-
ations. The training tapes consisted of 8 deaf speakers with

a wide range of intelligibility, each of whom produced a list
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of 50 phonetically balanced monosyllables. A training ses-
sion lasted 1 1/2 to 2 hours during which time the listeners
heard the entire set of recordings produced by the 8 deaf
speakers played twice. Listeners' scores were computed as a
percentage of words correctly understood at each session and
learning effects were noted. By the end of the 6th training
session (approximately 12 hours), the listeners had reached
a plateau in their learning. The most dramatic gain in
scores occurred during the first three sessions (approxi-
mately 6 hours). However, it should be noted that the same
children reading randomized versions of the same word list
were heard during each training session.

Improvement in scores was also noted after the train-
ing sessions were completed. The listening panel evaluated
the speech of a large group of deaf children who produced
the lists of 50 monosyllables and a list of sentences. The
8 deaf subjects from the training sessions were also included
in this evaluation. During the test procedure, the 8 sub-
jects trained on received intelligibility scores 10% higher
than had been awarded them during the last training session.
Since the speech samples for these 8 speakers were the same
for both training and evaluation, the gain in intelligibility
could not be accounted for by improvement on the part of the
speakers. Rather, Hudgins held that improvement in scores
was due to familiarity with the test material and the in-
creased experience obtained by the listeners in hearing many

deaf speakers. Hudgins showed that an inexperienced listen-
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er's ability to produce higher intelligibility scores may be

the result of training prior to evaluation (which may include
familiarization with the speech as well as the material), and
also of learning effects which occurred during the testing.

Apart from Hudgins, only Monsen (1978) has shown that
the scores of inexperienced listeners will improve while lis-
tening to the speech of deaf children. Briefly, as the
amount of listening time increased (from tape 1 to tape 4),
the difference between experienced and inexperienced listen-
ers decreased. Also intelligibility scores showed consider-
able overlap. The difference between listener§ averagé
scores on the first tape was 14%, but only 5% on the last
tape.

While only Hudgins (1949) and Monsen (1978) have data
on learning effects which occurred during evaluations, and
only Hudgins , on the effects of training listeners prior to
evaluation, the effect of listener experience has been ac-
knowledged in the literature in a somewhat general way.

For example, Mangan (1961) used experienced teachers,
mothers of deaf children and inexperienced listeners to
assess the intelligibility of deaf speakers. Mangan assumed
that mothers of deaf children had more experience than naive
listeners but somewhat less experience than classroom teach-
ers. Thus, the percent intelligibility of deaf speech of
these three groups would be a function of their experience
with the deaf. Briefly, scores obtained by the mothers were

essentially the same as the inexperienced listeners. These
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scores in turn were considerably poorer than those of the
experienced teachers.

On the other hand, Thomas (1963) showed a difference
in intelligibility as a function of listener experience.
Semi-naive listeners, defined as students in teacher training
program with approximately one year's work with the deaf,
achieved scores that were poorer than the experienced teachers
of the deaf, but considerably better than the inexperienced
listeners. Thomas suggested that the greatest gain in intel-
ligibility occurs during the first year of exposure to deaf
speech with smaller gains thereafter.

That improvement in the scores of listeners with
little or no experience with the deaf could be affected by
training prior to evaluation or learning effects which occur
during evaluation is not surprising. In the speech percep-
tion literature, attention has been given to listener effects
in evaluating the intelligibility of speech. Briefly, this
work has shown that providing the listener with training
prior to listening, or more specifically training the lis-
tener on the test materials, will improve performance.

Egan (1948) found that listeners who received train-
ing prior to evaluating speech-in-~-noise received higher
scores than untrained listeners. Significant improvements
in the scores of the untrained listeners were shown with
practice. Stable scores were obtained after 10-15 hours of
practice over a 5-7 day period. However, the nature of the

training given the experienced listeners prior to the eval-
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uation was not specified. The experienced listeners may
have been trained on the speech materials per se or parti-
cipated in other speech-in-noise evaluations, or both.
Similarly, the improvement in the inexperienced listeners'
scores was not quantified.

Improvement in scores was also noted by Moser and
Dreher (1955). Stable listening scores for speech-in-noise
testing were obtained by inexperienced listeners in 8-10
hours over a 4-5 day period. Also familiarizing the listen-
ers with the message set in quiet resulted in higher scores,
in subsequent evaluations. A correlation of .65, significant
at the .05 level was obtained between listener performance
and training.

Milner (1973) also suggested that listener effects
could be controlled if a highly reliable panel of listeners
were trained on the test materials prior to evaluations.

In sum, the experience of the listener, training
prior to evaluation, and learning effects during testing,
may all influence intelligibility scores of deaf speakers.
Most studies evaluating the speech of the deaf have used
large groups of listeners, frequently inexperienced, to eval-
uate intelligibility. These large groups served to reduce
variability. Furthermore, the amount of speech each listen-
er heard was usually limited in order to avoid problems such
as those which might occur with increased familiarity of the
test material or the speaker.

Coincidentally, studies by Hudgins (1949), and by
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Egan (1948) and Moser and Dreher (1955), have shown that
plateaus in the learning curves for deaf speech and for
speech-in-noise testing respectively, occurred after 10-12
hours of exposure. 1In fact, Thomas (1963) has suggested
that deaf speech imposes a "hearing loss" on listeners with
normal hearing that is analogous to adding noise to the
speech signal. This discrimination loss, according to
Thomas, is greater for listeners with little or no experience
with the deaf. However, systematic studies to substantiate
this notion have not been conducted. The combination of
segmental and suprasegmental errors in production as well as
the substantial language problems of the deaf would suggest
that the intelligibility of deaf speech, especially when
produced spontaneously, may not be the simple discrimination

problem that Thomas suggests.

The Effect of Context

While it is clear that listener experience, training,
and learning effects during testing, may influence the intel-
ligibility scores of deaf speakers, contextual factors may
also be highly important. In the literature on the deaf, the
effect of sentence context has been noted primarily as infor-
mal comments. For example, Hudgins and Numbers(1942) sugges-
ted that cues a listener obtained from sentence context would
limit the effect of articulatory errors on intelligibility.
However, a detailed investigation of the effect of sentence
context on such errors in deaf speech is non-existant.

Studies such as Hudgins (1949), Thomas (1963), Brannon (1964)
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and Subtelny (1977) have shown that words produced and heard
in sentence context received higher intelligibility scores
than words produced and heard in isolation. However, these
studies have not investigated the effect of context on arti-
culation per se (e.g. the same word in isolation and in sen-
tence context).

Hudgins (1949) compared the intelligibility scores
for phonetically balanced monosyllables and sentences pro-
duced by deaf children. Listeners who had been trained to
evaluate the speech production of the deaf transcribed the
recordings. Scores for the production of monosyllables
ranged from 9-86% with a mean score of 42%. Scores for the
production of sentences were 35-100% with a mean of 71%.
Over 30% of the children achieved scores of 90% or better on
the sentence lists, although few were characterized as having
perfectly intelligible speech. |

When the scores for sentences were plotted against
those for words, a large proportion of the sentences clus-
tered near the high end of the scale. That is, a sentence
score of 90-100% corresponded to a word score of approxi-
mately 50%. Correlations of .76 (Pearson Moment Method)
and .81 (Correlation Ratio Method) were obtained between
words and sentences. According to Hudgins, sentence lists
may be less discriminating over a wide range of speakers.

On the other hand, Hudgins also felt that word lists may
underestimate the intelligibility of the speaker, since a

word produced in isolation does not convey contextual cues.
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As shown in Table 1, Thomas (1963) also compared the
intelligibility scores for monosyllables and sentences ob-
tained for naive, semi-naive, and experienced listeners.
Scores for sentences were almost double those of monosyl-
lables for each group of listeners. The difference between
words and sentences increased from naive to experienced lis-
teners suggesting that experience enabled the listener to
take greater advantage of contextual cues and thereby im-
prove overall intelligibility.

Subtelny (1977) also investigated the difference in
intelligibility of isolated words (W-22 lists) and sentences
(Clark School for the Deaf). The stimuli were produced by
young deaf adults and 5 experienced listeners transcribed the
recorded speech. Scores obtained for words produced in iso-
lation by 66 deaf subjects were 35.11% (standard deviation
of 23.17%). Scores for sentences produced by 156 deaf sub-
jects were 66.13% (standard deviation of 30.00). As in
Thomas's data, the advantage of sentence context resulted in
scores nearly double those for isolated words. Subtelny sug-
gested that any measurement of overall speech intelligibility
should be made on the basis of speech produced in context.

The advantage of context to increase the intelligibi-
lity of deaf speech parallels results obtained in speech per-
ception literature (Miller et al., 1951; O'Neill, 1958;
Lieberman, 1963; Pollack and Pickett, 1963; among others).

In general, these studies have consistently demonstrated

that words heard in sentence context received higher intel-
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ligibility scores than did isolated words. However, these
studies differ from those with deaf speakers, since the iso-
lated words in this literature were originally produced in
sentences, segmented from context, and presented to the lis-
tener in isolation.

Miller, Heise and Lichten (1951) examined the effect
of context on intelligibility. Test words were produced in
sentences and presented to the listener in context. The
same test words were also segmented from the sentence and
presented to the listeners in isolation. The words produced
in sentence context and the segmented words were heard by
listeners in a wide range of signal-to-noise ratios. Brief-
ly, scores for test words produced in sentences were consis-
tently higher than those for segmented words. As the signal-
to-noise ratio increased, the difference in intelligibility
between words and sentences increased. Also limiting the
corpus of vocabulary improved intelligibility scores. The
authors concluded that producing a test word in context was
analogous to limiting the listener's vocabulary since both
factors limited the possible alternatives available to the
listener and thereby resulted in improved intelligibility.

O'Neill (1957) replicated Miller et al. (1951) using
a larger corpus of words presented in sentence context and
also in isolation. Once again, scores for words in sentence
context were higher than for segmented words. As the signal-
to-noise ratio decreased, the differences in intelligibility

scores between words in sentences and segmented words also
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decreased. However, as the signal-to-noise ratio became more
favorable, sentence context contributed at least a 20% in-
crease in intelligibility scores above those for segmented
words. This percent gain in intelligibility is consistent
with that found by Miller et al. (1951).

In the previous investigation, context was defined
as a word produced in a sentence. But the degree of sentence
context was not controlled. Lieberman (1963) examined sen-
tence context, defined as the amount of redundant (high con-
text) or non-redundant (low context) information available
to the listener. The speech stimuli consisted of lists of
key words produced in sentences that contained high amounts
of contextual information (i.e. familiar maxims and stereo-
typed phrases) as well as in sentences that contained little
context. Each key word was segmented from the sentences
using electronic gating techniques. Word boundaries were
determined by visually monitoring the speech waveform while
simultaneously hearing the signal. The segmented words were
re-recorded on listening tapes. The tapes consisted of
words produced in sentence context and heard in sentence con-
text, as well as words produced in sentence context but
heard in isolation (i.e. segmented words).

Lieberman's results clearly demonstrated the advan-
tage of sentence context in increasing intelligibility.
Scores for words heard in context were 100% and consistently
higher than the same words in isolation. Segmented words

produced in high context sentences were 24% and considerably
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poorer than the same word produced in a low context sentence.
The mean score for low context segmented test words was 59%.
The speakers were found to produce the low context words with
greater stress, longer duration, or more precise articulation
than when the word had appeared in a high context sentence.
Lieberman surmised that speakers used different articulatory
strategies in producing high or low context sentences, in
order to resolve any linguistic ambiguities in the message
heard by the listeners.

Pollack and Pickett (1963) hypothesized a trading
relationship between differences in production (in this study
defined as speaking rate), context (defined as length of ut-
terance) and intelligibility. That is, high intelligibility
scores might be achieved by providing the listener with more
context (longer utterances) or with more precise articulation
of the message (as in a slower speaking rate). Speakers read
the materials at three different rates: deliberately slow,
normal, and deliberately fast. One or more words were seg-
mented from the passage using gating procedures as Lieberman
(1963). Samples varied from 1-8 words in length for each
speaking rate and were then re-recorded on listening tapes.

Since intelligibility scores were interpreted for
individual speakers, at each speaking rate, and for each sam-
ple varying in length, only overall trends will be discussed
here. Samples equal in duration received essentially similar
scores for any speaking rate. Speech produced at the slower

rate did provide the listener with less context but more pre-
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cise articulation. This condition also provided the listener
with more processing time. On the other hand, the faster
rates of speaking provided the listener with more context,
but generally less accurate articulation. When the utter-
ance varied in length, intelligibility increased as the num-
ber of words in the sentences increased. Similar results
were also obtained by the authors when the speech stimuli
examined were excerpts of conversational speech (1963).

Table 4 summarizes the intelligibility scores for
isolated words, segmented words, and sentences reported in
the literature. The effect of sentence context was clearly
one of increasing intelligibility above that of isolated
words. Listeners of deaf speech achieved higher scores for
sentences than for isolated words (Hudgins, 1949; Thomas,
1963; Brannon, 1964; Subtelny, 1977). For experienced lis-
teners, the difference between words and sentences ranged
from 29% (Hudgins, 1949) to 49% (Thomas, 1963). For inexper-
ienced listeners, the difference between words and sentences
ranged from 9% (Brannon, 1964) to 22% (Thomas, 1963). The
advantage of sentence context above isolated words for
speech-in-noise testing was also about 20% (Miller et al.,
1951; O'Neill, 1957).

A significant difference in studies on the speech of
the deaf and those in the speech perception literature is
found in the definition of an isolated word. 1In studies on
the speech of the deaf, the test words were produced and

heard in isolation. Also, the isolated word was different



TABLE 4

SUMMARY OF SCORES FOR ISOLATED WORDS, SEGMENTED WORDS., AND SENTENCES
REPORTED FOR DEAF AND NORMAL SPEAKERS

Isolated Words Segmented Words Sentences
Score Listeners Score Listeners Score Listeners
Studies on Deaf Speech
Hudgins, 1949. . . . . 42% Trained 71% Trained
Thomas, 1963 . . . . . 37% Experienced 77% Experienced
35% Semi-Naive 70% Semi~-Naive
28% Naive 50% Naive
Brannon, 1964. . . . . 17% Naive 26% Naive
Subtelny, 1977 . . . . 35% Experienced 66% Experienced
Studies on Normal Speech
Miller et al., 1951. . 70%%* Semi-Naive 94%* Semi-Naive
80%** Semi-Naive 98%** Semi-Naive
O'Neill, 1957. . . . . 70%* Naive 88%* Naive
Lieberman, 1963. . . . 24%+ Naive 100%+ Naive
59%++ Naive 100%++ Naive

* +12dB signal to noise ratio
** +]18dB signal to noise ratio
+ Redundant sentences
++ Non-redundant sentences

T¢
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from the words in sentence context (e.g. PB monosyllables
versus sentences of "everyday American speech"). 1In the
non-deaf literature, the isolated words were originally pro-
duced in context, segmented from the sentence, and presented
to the listener in isolation. Thus, the test words were
identical in segmented and sentence conditions.

To sum, differences between scores for words and sen-
tences reported in the speech of the deaf, are confounded by
several factors. Briefly, these are: (1) differences in
vocabulary, (2) differences in production; that is, a word
is produced differently in sentences and in isolation, and

(3) differences in the degree of sentence context.

Other Factors Which May Influence the Intelligibility
Scores of Experienced and Inexperienced Listeners

In addition to the effects of listener experience and
context, several other factors were of interest. These in-
cluded: (1) the relative intelligibility of the test mater-
ial, (2) the length of the sentencé, and (3) the position of
the test word in the sentence. There is little direct re-
search on the effects of these factors in the speech of the
deaf.

As noted in the Introduction, the speech of the deaf
is characterized by numerous segmental and suprasegmental
errors. Because of these, a test word which might be rela-
tively intelligible for a normal speaker, whether produced

in sentence context or in isolation, would not necessarily



33

receive a similarly high score by a deaf speaker. That is,
a word produced by a deaf speaker, containing certain pho-
nemes, may receive a relatively low intelligibility score,
not only because of differences in articulatory environment
(sentences versus isolation) or contextual cues, but also
because the deaf speaker is known to have success producing
some phonemes more than others. 1In the research previously
reviewed, the relative intelligibility of the speech stimuli
used in obtaining measurements of deaf speech has not been
carefully controlled.

Another factor of interest, somewhat related to the
effect of context, is the effect of overall sentence length.
Specifically, the longer the sentence, the more information
(i.e. context) is conveyed to the listener, and hence, the
greater the intelligibility score. In the previously re-
viewed literature, the sentences produced by the deaf chil-
dren varied in length and complexity. These ranged from
sentences produced spontaneously by deaf children in response
to picture stimuli (John and Howarth, 1965; Markides, 1970),
to different sets of the CID sentences of "everyday American
speech"” (Thomas, 1963; Brannon, 1964). Only Brannon (1964)
reported that as the number of syllables in the sentence in-
creased, the overall intelligibility increased, but the dif-
ferences between sentences varying in length were not large.

Finally, for normal speakers, a test word is known
to be produced differently in a sentence depending on its

position in the utterance. Specifically, test words produced
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in the final position of utterances tend to be longer than
non-final words (Oller, 1973; Klatt, 1975). However, Nick-
erson et al. (1974) observed that when there was evidence of
pre-pausal lengthening in deaf speech, the increase in the
duration of the final syllable was much smaller, on the
average, for deaf speakers than for normal hearing speakers.
While the effect of word position has been studied relative
to use of durational cues in normal or deaf speech, its in-
terest in this study is only with respect to overall intel-~
ligibility. That is, are words produced near the end of the
sentence more intelligible than words near the beginning or

middle of the sentence?

Conclusions

In sum, the review of the literature concludes that
there is a difference between experienced and inexperienced
listeners in understanding the speech of the deaf and that
for both groups of listeners, there is a difference in test
scores between sentences and isolated words. Also, several
studies have shown that when the listener is able to watch
the deaf speaker, intelligibility scores are higher. How-
ever, the investigations do not provide information on the
reasons for the differences between listeners. This absence
of information suggests several guestions which may reveal
important information to quantify the differences between

experienced and inexperienced listeners.
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1. Are the differences in test scores between words
and sentences the result of differences in production? That
is, a word may be produced differently in isolation and in
sentence context.

However, in the investigations on the speech of the
deaf, the words produced in context were not the same words
produced in isolation. Hence, differences in production are
also confounded by differences in vocabulary, and no direct
answer to the above guestion can be derived from the liter-
ature review.

2. Are the differences in test scores between words
and sentences also the result of the semantic context which
effects a word in a sentence but not in isolation? Since
the sentence material varied considerably from investigation
to investigation, and the degree of context for a given set
of sentences was not specified, the effect of context on
experienced and inexperienced listeners' scores cannot be
quantified from the literature.

3. What is the effect of the relative intelligi-
bility of the words on the test scores obtained by experi-
enced or inexperienced listeners? None of the investigations
reviewed have attempted to control for the relative intelli-
gibility of a word when produced by a deaf child, thus its
influence on test scores obtained by the experienced and
inexperienced listeners is unknown.

4. What is the effect of sentence length on the

test scores obtained by experienced and inexperienced lis-
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teners? In other words, does intelligibility increase as
the overall sentence length increases? As previously noted
in the investigation on the speech of the deaf, the sentence
material varied greatly, and there was little effort to con-
trol for this variable of sentence length. Hence, the
effect of sentence length on intelligibility scores cannot
be answered from a review of the literature.

5. Does production of a word in different positions
of the sentence affect intelligibility? None of the inves-
tigations reviewed have examined this variable.

While the literature has also shown that training
effects and visual information may contribute to differences
between listeners, an investigation of these variables is
beyond the scope of this study. Thus, the differences be-
tween experienced and inexperienced listeners will be inves-
tigated by quantifying the effects of those questions posed
above, on intelligibility scores obtained in the acoustic

domain.
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CHAPTER III

EXPERIMENTAL PROCEDURES

Listeners

Listeners to Deaf Speech

One of the key purposes of the study was to quantify
the difference between experienced and inexperienced listen-
ers in understanding deaf speech. 1In order to accomplish
this goal, large groups of experienced and inexperienced
listeners served as subjects. 8ixty listeners were highly
experienced in listening to the speech of the deaf; sixty
listeners had no previous experience in hearing deaf speech.

An experienced listener was defined as one having had
more than one year's experience in listening to the speech of
the deaf. The 60 experienced listeners were teachers of the
deaf, speech pathologists, and audiologists who were re-
cruited from schools for the deaf. None of the experienced
listeners knew the child whose speech they heard or the
school at which the child received his training. The number
of years experience ranged from just over 1 year to 25 years.
The mean number of years experience was 6.8 years.

The 60 experienced listeners ranged in age from 23

to 56 years with a mean age of 28 years. In addition to
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meeting the experience criterion, each of the listeners was
also required to have normal hearing and to be a native
speaker of English.

There were 60 inexperienced listeners. An inexper-
ienced listener was defined as one having no previous exper-
ience in hearing the speech of the deaf. The inexperienced
listeners were recruited among relatives, friends, and under-
graduate students in nearby college programs. These listen-
ers were also required to have normal hearing and to be
native English speakers.

The 60 inexperienced listeners ranged in age from 18

to 64 years, with a mean age of 27.4 years.

Listeners to Hearing Children's Speech

Since the speech stimuli produced by the deaf chil-
dren were manipulated in certain listening conditions (des-
cribed in detail later in this chapter), a group of normal
speaking, hearing children served as a control. These speech
production tapes were heard by an entirely different group of
listeners than those previously described.

A total of 24 listeners recruited primarily from
undergraduate classes formed this group of listeners. These
listeners may be considered inexperienced in the sense that
they had not previously participated in a study to evaluate
either deaf or normal speech, and they did not receive any
training prior to listening for this study.

The criteria for their selection was as follows:
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Each listener had normal hearing and was a native speaker of
English.
The 24 listeners ranged in age from 19-56 years, with

a mean age of 25.4 years.

Subjects

Deaf Subjects

The deaf subjects were 20 deaf children who were en-
rolled in the Lexington School for the Deaf. This day and
residential school adheres to an oral philosophy of deaf
education. Speech training and personal amplification is an
integral part of the education program.

The children were equally divided in age groups of
8 to 10 (at least 8 years old and less than 11 years) and 13
to 15 (at least 13 years old and less than 16 years). There
were 5 males and 5 females in each age group. Eight years
was designated the youngest age since the children were re-
quired to read sentence material for collection of a speech
sample. The two age groups assured differences in pitch with
respect to voice changes due to puberty. These age groups
were also selected since there already exists a large body
of data on the speech production skills of similar age deaf
children for purposes of comparison (Smith, 1972; Levitt et
al., 1976).

The subjects were selected from the school register

with respect to the following criteria:
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1. Congenital Deafness. This was necessary to as-
sure that all subjects had little exposure to speech and
language prior to hearing loss.

2. No known physical or psychological anomaly other
than deafness. This criterion avoided those children who
because of neurological impairment, known brain injury or
slow mental development may have additional handicaps which
would interfere with the development of speech and language.

3. Enrollment in the selected school for a minimum
of two years preceding the study. This assured continuity
in the educational and speech training programs.

4. Representative range of speech intelligibility
among deaf speakers. This criterion was necessary in order
to examine the effect of relative intelligibility for exper-
ienced and inexperienced listeners of deaf speech.

The relative intelligibility of the children's speech
was determined by conferences with the speech supervisors.

No child whose speech was judged to be totally unintelligible
was included, since a pilot study, using a different group of
subjects, determined that children with unintelligible speech
are perceived the same way by experienced and inexperienced
listeners. The 20 deaf children in the present study had
speech which was judged to be good, average, or fair deaf
speech according to the speech supervisors.

For all deaf children, the mean pure tone average of

500 Hz, 1000 Hz, and 2000 Hz was 98.6 dB in the better ear.
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For the older deaf children, the mean pure tone average was
98.9 dB in the better ear; for the younger deaf children, it
was 97.8 dB in the better ear. Table 5 shows the group mean
pure tone averages and the range of the pure tone averages for
the deaf children in the study. Appendix A shows the pure

tone averages for each of the deaf children in the study.

Hearing Subjects

In addition to the 20 deaf children, 8 hearing chil-
dren were also tested as a control group. These children
were enrolled in public and private school programs in the
greater New York area. The children were divided into the
same age groups as the deaf children: 8 to 10 years and 13
to 15 years. There were 4 children in the young age group,
2 males and 2 females. There were 4 children in the older
age group, 2 males and 2 females. |

The children were selected with respect to the fol-
lowing criteria:

1. Normal hearing

2. No physical or psychological anomaly which may
have interfered with the normal development of speech and
language.

3. Speech production skills considered to be within

normal limits as evaluated by a trained speech pathologist.
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TABLE 5

MEAN PURE TONE AVERAGE FOR
DEAF CHILDREN GROUPED
FOR AGE AND SEX

Young Young 0ld 01ld

Males Females Males Females
Number 5 5 5 5
Mean PTA * 97.8dB 97.8dB 98dB 99.8dB
Range of PTA 78-107d4B 82-110+dB 92-105dB 93-107d4B

* The mean pure tone average is for the better ear.
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Materials

A Priori Estimate of Intelligibility

As noted in the review section, it was necessary to
control for relative intelligibility of the test material.
However, traditional speech tests were generally not appro-
priate for this evaluation as the vocabulary was not within
the age norms for deaf children in this study. More impor-
tantly, detailed intelligibility data were not available on
the production of the individual words by deaf children.
Test words were therefore selected from data collected by
Smith (1972), whose test material was within the vocabulary
of deaf children of this age group. All words produced by
Smith's deaf children were ranked for intelligibility based
on the responses of a large group of inexperienced listeners
who transcribed the sentences on a word-by-word basis. These
rank scores were examined and a set of 36 monosyllabic words
were chosen to form the nucleus of test materials in this
study.

The monosyllabic words were as follows:

1. Half of the words were the 18 monosyllabic words
which were ranked highest for intelligibility.

2. Half of the words were the 18 monosyllabic words
which were ranked lowest for intelligibility.

Table 6 shows the 36 monosyllabic words. Each of the
test words was subsequently produced by the deaf and hearing

speakers in sentence context and in isolation.



TABLE 6

MEAN SCORES FOR HIGH AND LOW INTELLIGIBILITY
MONOSYLLABIC WORDS
(SMITH, 1972)

High Intelligibility

Test Word
more
man
good
this
fat
book
fall
read
coat
will
piece
have
name
cake
red
need
hear

with

Mean Score
.729
.625
.583
.562
.542
.437
.437
.375
.375
.333
.333
.292
.292
.292
.292
.262
.250

.250

Low Intelligibility

Test Word
cat
food
has
keep
could
feed
that
ball
lid
teeth
was
deep
hair
wish
beach
dog
cool

his

Mean Score
.167
.167
.167
.167
.146
.146
.125
.119
.119
.104
.104
.104
.083
.062
.042
.042
.042
.021
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A Priori Estimate of Context

In order to examine the effects of context on word
intelligibility each of the 36 test words was embedded in a
sentence. The sentences contained either a high or low

amount of contextual information. In addition, the vocabu-

lary in the sentences was within the range for deaf children

8 to 15 years (Silverman-Dresner and Guilfoyle, 1972).

A definition of high or low contextual information
was established for the 36 sentences using a standard word
prediction technique. Ten undergraduates read each of the
sentences. The test word was omitted from the copy and the
students were asked to fill-in the word most appropriate to
complete the sentence. A sentence was defined as having
high contextual information if the majority of the under-
graduates completed it using the deleted word. A sentence
was defined as having low contextual information if the un-
dergraduates selected different words to complete the sen-
tence. The design of the 36 sentences was as follows:

1. Eighteen sentences contained a high amount of

contextual information. 1In 9 of these sentences, the under-

lined test word in Table 7, set A received a high intelligi-

bility ranking. In the other 9 sentences, the underlined
test words in Table 7, set B received a low intelligibility

ranking.1

45

2. Eighteen sentences contained a low amount of con-

textual information. These sentences were also balanced for

a priori intelligibility of the monosyllabic test words.
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Table 8, set C, shows the 9 underlined test words with high
intelligibility ranking; Table 8, set D, shows the 9 under-
lined test words with low intelligibility ranking.2

Thus, the interaction between context (high versus
low) could be systematically investigated. For example,
those test words which received a high intelligibility rank-
ing and were in sentences with high context (set A) were ex-
pected to receive the highest scores. These sentences pro-
vided the listener with the greatest possible combination
of information for all variables in the sentence condition.

On the other hand, the test wordswith low intelligi-
bility ranking in sentences with low context (set D) provided
the listeners with a paucity of information and were there-
fore expected to receive the lowest overall scores.

These two sets of stimuli with high context-high in-
telligibility and low context-low intelligibility represent
opposing examples of the interaction between sentence con-
text and the intelligibility of the test word. In two addi-
tional sets of sentences (sets B and C), the intelligibility
of the test word and context were systematically varied.
That is, sentences with high context had test words with low
intelligibility; sentences with low context had test words
with high intelligibility. In these sentences, the central
interest was to determine if the a priori estimate of intel-
ligibility of the test word could be changed as a consequence

of sentence context.



TABLE 7

SENTENCES WITH HIGH CONTEXT CONTAINING TEST WORDS
WITH HIGH OR LOW A PRIORI INTELLIGIBILITY

High Ccntext, High Intelligibility
(Set a)

3 Syllables

Read the book. *

Come with me.

That's no good. *
5 Syllables

My name is Nancy.
Get your coat and hat.
Is there no more milk?

7 Syllables

That man is not my father.
The flag is red, white and blue.

May I have a piece of cake?

High Context, Low Intelligibility
(Set B)

3 Syllables

Keep quiet. *
The dog barks.
Comb your hair.

5 Syllables

The cat chased the mouse.
Get your ball and bat.
Did you brush your teeth?

7 Syllables

I wish I had a pony.
We have food for the picnic.

Can you dive in deep water?

* These sentences were defined as lower in context than others in the table.

Ly



TABLE 8

SENTENCES WITH LOW CONTEXT CONTAINING TEST WORDS
WITH HIGH OR LOW A PRIORI INTELLIGIBILITY

Low Context, High Intelligibility

(Set C)

Syllables

Have a lot.
I need it.
Get the cake.

Syllables

They will come again.*
Who wants this ice cream?
It's easy to hear her. +

Syllables

The book is on the table.
Is the fat baby crying?

It is nice on a fall day.

Low Context, Low Intelligibility

(Set D)

3 Syllables

Feed the dog.
You did it.
This is his.

Syllables

Is that the tall one?
Mother has the car.
He said he could go.

Syllables

What was the name of that boy?
If it's cool I cannot go.

We will go to the beach today. +

* This sentence was defined as higher in context than others in the table.
+ These sentences contain an additional syllable.

8V
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Number of Syllables and Word Position in the Sentence

The 36 sentences have also been developed with res-
pect to other factors which might result in differences in
intelligibility. These include: (1) the number of syllables
in the sentence, and (2) the location of the test word in
the sentence.

The 36 sentences were arranged with respect to length
as follows: 12 were three syllables in length, 12 were five
syllables in length, and 12 were seven syllables in length.3
The 3, 5 and 7 syllable sentences contained an equal number
of high and low intelligibility test words, and were equally
divided with respect to high and low sentence context. Thus,
in each set of 9 sentences with high intelligibility-high
context, 9 with low intelligibility-high context, etc., there
were an equal number of 3, 5 and 7 syllable sentences. This
design is apparent in the grouping of sentences arranged in
Tables 7 and 8.

The location of the test word in the sentence was
also varied. For 3 syllable sentences, the test word oc-
curred either: (1) in the word initial position; (2) in the
middle of the sentence, or (3) in the word final position.
For 5 and 7 syllable sentences, the test word occurred
either: (1) near the beginning of the sentence, (2) in the
middle of the sentence, or (3) near the end of the sentence.
Each of the test words is underlined in Tables 7 and 8, and
the location of the test word in the sentence is fairly ob-

vious.
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Summary of the Design of the Test Materials

To sum, the factors of interest in the test materials
are: (1) a priori intelligibility of the test word, (2) sen-
tence context, (3) the number of syllables in the sentence,
and (4) the position of the test word in the sentence. These
are schematically diagrammed in Figure 1.

For the 36 test words in sentences, all factors
through word position are relevant to this type of speech
stimulus. Since the 36 segmented test words (to be described
in the following sections of this chapter) were originally
produced in sentences, all factors are also applicable to
this type of speech stimulus. For the 36 test words in iso-

lation, only a priori intelligibility is a factor.

Recordings of the Children's Speech

The speech samples collected from the deaf and hear-
ing children were recorded on a Tandberg Model 11 tape recor-
der using low print-through tape (Scotch #206) and a Norelco
microphone, Model DZ24E.

The recordings of the deaf children's speech were
made in a sound proof booth with the child positioned to
face the microphone at a distance of approximately 10 inches
from the lips. Each child was seen for a recording session
approximately 20 minutes in length. No practice preceded
the recording of the speech stimuli. Each deaf child read
the list of words and sentences twice, since Smith (1972)

demonstrated considerable variability between practice and



Figure 1.
the test materials.

A schematic diagram of the design of
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performance recording by deaf children. The production of
the word or sentence which seemed more intelligible to the
experimenter was selected for later analysis.

Recordings of the young hearing children's speech
were made in relatively quiet areas in their school. The
speech samples of 3 of the older hearing children were re-
corded in a sound proof booth} the fourth older hearing child
was recorded in a relatively quiet area of his home. The
children were positioned to face the microphone at a distance
of approximately 10 inches from the lips. Each recording
session for the hearing children was approximately 10-15
minutes in length. The hearing children read each word or
sentence once. In the rare event that an error occurred, the

child simply re-read the item.

Listening Conditions

The speech recording of the deaf and hearing children
were prepared in order to present three types of speech stim-
uli to the listeners. These were:

l. Test words produced in sentences and presented to
the listeners in sentences.

2. Test words produced in isolation and presented
to the listeners in isolation.

3. Test words produced in sentences, segmented from
the sentences, and presented to the listeners in isolation.
Hereafter, these are referred to as segmented test words.

In order to obtain the segmented test words for the



54

third listening condition, the audio tape-recordings of the
sentences described in the previous section, were processed
using the Ubiquitous Spectrum Analyzer (Federal Scientific
UA-6A) and the Honeywell DDP 224 computer system at Haskins
Laboratories, New Haven. The system was used only as an
editing device to segment the test words from sentence con-
text.

The sentences were entered into the computer system
using the Ubiquitous Spectrum Analyzer and an input-editing
program (SEDIT). This program was used to create disc files
of edited waveform or spectrum data. The waveform data,
sampled at 10 KHz, was bandpassed at 90 Hz-3.2 Hz. Spectrum
data was the output of the Ubiquitous Spectrum Analyzer,
typically 128 samples per frequency scan (approximately
4900 Hz bandwidth), repeated every 12.8 msecs.4

The speech was stored in digital form by inputting
the waveform and the spectrum data to magnetic tape (in real
time), and then copying the data to an input file on disc.
Waveform playback and spectrogram displays could then be
used to edit the test words from each sentence.

The waveform display (up to 1.6 sec) was viewed on
an oscilloscope screen. The SEDIT program permitted two
pointers to be independently moved across the waveform dis-
play in 12.8 msec steps. The pointers were repeatedly adjus-
ted until the test word in the sentence was isolated. It was
also possible to play the portion of the acoustic waveform

between the pointers. Thus, by viewing the waveform on the
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oscilloscope and by listening to the segmented portion, it
was possible to isolate each test word from the sentence.

The waveform and spectrum data for the segmented test
word were temporarily stored on a disc file. The 36 segmen-
ted test words were recorded when the entire segmentation
process was completed for an individual child;

One limitation of the system was that the pointers
used to segment the test words from the sentences could not
be continuously adjusted. However, segmenting a test word
from a sentence produced by a deaf child proved to be rela-
tively easy in most cases, since many of the deaf children
produced the sentences on a word-by-word basis with rela-
tively large pauses between words. Figure 2 shows the wave-
form for an older deaf child's production of the sentences
"Read the book." with the pointers A and B indicating the
segmented test word "read." In the rare cases for which
there were no clear cut pauses between words in the sen-
tences, as in Figure 3, spectrograms were also made of the
edited test word, and the entire sentence whichserved to
confirm the segmentation procedure.

Spectrograms were made using the Haskins' CONVERT
program.5 Figure 4 shows the spectrogram for the sentence
and the segmented test word whose waveform has been illus-
trated in Figure 3.

The same procedure was followed for segmenting the
test words from the hearing children's sentences. 1In some

instances, segmenting the test words from the hearing chil-



Figure 2. The waveform of a sentence produced by
a deaf child with the pointers indicating the test word for
segmentation.
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Figure 3. The waveform of a sentence produced by
a deaf child for which segmentation of the test word was
difficult.
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Figure 4. Spectrogram of the sentence and test
word for the waveform illustrated in Figure 3.
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Figure 5. The waveform of a sentence produced
by a hearing child with the pointers indicating the test
word for segmentation.
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Figure 6. Spectrogram of the sentence and test
word for the waveform illustrated in Figure 5.
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dren's sentences proved slightly more difficult than for
the deaf children because of coarticulation effects. How-
ever, using the combined visual and auditory procedures
described, word boundaries could be determined.

Figure 5 shows the waveform for an older hearing
child's production of the sentence "Read the book." with
pointers A and B indicating the segmented test word "read."
Figure 6 shows the spectrogram for the same child's produc-

tion of the sentence.

Specification of Speech Levels

During input to the computer system, the overall in-
tensity level for each of the sentences was frequently
changed in order to make maximum use of the available dyna-
mic range of the digital storage. Thus, the intensity level
of the segmented word was frequently quite different than the
intensity level of the same word in the sentence. Similarly,
production of the test word in isolation also resulted in
intensity levels different from those for the same word in a
sentence or segmented. In summary then, the intensity levels
of the same word produced in 3 different conditions (sen-
tence, isolated or segmented) were different either because
of production differences or because of manipulation. These
differences in intensity alone might account for differences

in intelligibility, and thereby confound analysis of the
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effects of articulatory environment, a priori intelligibil-
ity, sentence context, etc.

In order to minimize this problem, level recordings
were made of the speech stimuli using the Bruel and Kjaer
Level Recorder (Model 2305). Levels were measured for each
of the test words produced in sentences, in isolation, and
segmented. The intensity level (in decibels) of each test
word in the sentence condition was set as the reference
level. Then, the levels for both the test word in isolation
and the segmented test word were adjusted to within : 1l dB
of the reference level. These stimuli were re-recorded.
Thus, the test word in all three conditions was presented at
a common intensity level within ha 1 dB. Appendix B shows the
block diagram of the equipment used to equalize the speech
stimuli and the description of the equalizing procedure.

Following the equalizing procedure, a 400 Hz cali-
bration tone was generated which preceded each child's 3 sub-
master tapes: test words in sentences, test words in isola-
tion, and segmented test words. The level of the calibration
tone was the mean of the 36 test words in sentences for each
child. This calibration tone was used to maintain the equal-
ized levels during the randomization procedure and during

playback.

Preparation of the Listening Tapes

The set of equalized sub-master tapes were random-
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ized, re-recorded and distributed on 84 listening tapes.
A tape contained 36 items produced by a single deaf or a
single hearing child. These items were the various pro-
ductions (sentences, isolated or segmented test words) of
the 36 test words described previously in this chapter. 1In
order to avoid later learning effects by the listeners, there
was no repetition of a test Qord in any condition on a tape.
A child's total production of speech stimuli was therefore
distributed over 3 tapes. Sixty tapes were produced for the
deaf children (3 tapes times 20 children); 24 tapes were pro-
duced for the hearing children (3 tapes per child times 8
children).

Each of the production conditions were arranged on a
tape as follows:

l. Twelve items were test words produced in sen-
tences and presented to the listeners in sentences;

2. Twelve items were test words produced in isola-
tion and presented to the listeners in isolation;

3. Twelve items were test words produced in sentences
and presented to the listener in isolation (i.e. segmented).

A strip of leader tape separated the 3 aforementioned
conditions on each tape. Each of the 12 items was selected
for a tape in such a manner that a tape contained an equal
number of test words with high or low a priori intelligi-
bility. Also, sentence context (high or low), number of
syllables (3,5 or 7) and position of the test word in the

sentence (near the beginning, middle or end) were also dis-
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tributed across the test items as appropriate (refer to
Figure 1). Appendix C shows the sequence of the test items
and the relevant factors for each on tapes 1, 2, and 3.

A perusal of the items on each tape shown in Appen-
dix C will reveal that the order of the conditions varied on
each tape. On the first tape produced for each child, the
first 12 items were test words in sentences, followed by
segmented test words, and then test words in isolation. On
the second tape for each child, the first 12 items were a
different set of segmented test words, followed by a differ-
ent set of test words, in isolation, and finally test words
in sentences. On tape 3, the order for the last set of words
was: test words in isolation, test words in sentences and
segmented test words. Within each group of 12 items the or-

der of the test words were also randomized.

Listening Procedures

In order to avoid learning effects by the listeners,
each tape produced by a deaf speaker was heard by one exper-
ienced and one inexperienced listener. There were a total
of 120 listeners in all--60 experienced and 60 inexperienced
listeners. Each of the listeners read a set of typed in-
structions shown in Appendix D. The listener's task was to
write down what he heard. Thus, in the sentence condition,
information was also obtained on words other than test words.
The listener was told in advance whether he would be hearing

a set of words or sentences.



Listening was done monaurally via TDH-49 headphones
and a Uher tape-playback system. A 400 Hz calibration tone
preceded the tape and allowed the listener to adjust the
volume to a comfortable listening level. Once this level
was set, it was not changed. The tape was then run by the
examiner, who replayed each item to the listener. A lis-
tening session lasted approximately 20 minutes,

The listening procedure for the tapes of hearing
children was essentially the same. Slightly different in-
structions were used. These are also shown in Appendix D.
A listening session lasted approximately 10 minutes.

The responses were scored similarly for all listen-
ers. For test words in isolation and for segmented test
words, the responses were coded as follows: correct, incor-
rect, or no response. For the main body of the analysis,

llno

responses were analyzed only as correct or incorrect;
response" items were coded as errors.

The responseé for all words in sentences were scored
on a syllable-by-syllable basis since many of the non-test
words in the sentences were bi-syllabic (e.g. Mother has the
car.). Although not of central interest in this study, the
responses for all words in the sentences were coded. Of
particular interest were the responses for the test words in
sentences. The responses for test words were analyzed sepa-
rately. The coding format for test words and non-test words

in sentences was the same as described for test words in

isolation and segmented test words.

71
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FOOTNOTES

lFormal definition of high or low context was made
by the undergraduates after the sentences had, in fact, been
recorded by the deaf children. 1In several instances, the
formal definition did not agree with the author's informal
estimate of context when the sentences were developed. 1In
Table 7, four sentences which had been developed as con-
taining a high degree of context elicited a variety of res-
ponses from the undergraduates. These sentences are marked
with an *, and may be considered not as high in the degree
of context as the other sentences in this Table. However,
the sentences are treated as high context sentences in the
data analysis.

2In Table 8, one sentence which was developed as low
in context, elicited the same deleted word from the undergra-
duates, indicating a high degree of context. This sentence
is marked with an *, and may be considered not as low in con-
text as the other sentences in Table 8. However, the sen-
tence is treated as a low context sentence in the data ana-
lysis.

3Two sentences were inadvertently included which con-
tained 6 instead of 5 syllables, and 8 instead of 7 sylla-
bles. The sentences are marked with a + in Table 8.

4G.M. Kuhn, "User's Guide to SEDIT," Haskins Labora-
tories, 1974 (mimeographed).

5G.M. Kuhn, "User's Guide to CONVERT," Haskins Labor-
atories, 1975 (mimeographed).
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CHAPTER 1V

RESULTS

Results For Deaf Children

Statistical Analysis

The primary purpose of this study was to investigate
the differences between experienced and inexperienced lis-
teners in their understanding of the speech of the deaf.
Intelligibility scores were obtained for experienced and
inexperienced listeners, and analyses of variance performed
to test for significant interactions between listener
experience and other factors of interest. A listing of the
intelligibility scores obtained by experienced and inexperi-
enced listeners for deaf speakers in each of the experi-
mental conditions is showﬁ in Appendix E.

In order to analyze the interaction between listener
experience and other factors, analyses of variance were
performed for test words in sentences, in isolation, and in
segmented conditions. Separate analyses were performed
because the number of factors were not similar for each
type of stimulus. The factors considered in the analyses
included listener experience, a priori intelligibility of
the test word, degree of sentence context, and two addi-

tional factors pertaining to the speakers. These were:
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age of the children (younger versus older), and sex (male
versus female). The analyses of variance for test words in
sentences and for segmented test words included all five
factors. The analysis for isolated words had only four
factors since context was not a factor for words produced
and heard in isolation.

In order to analyze the differences between the
types of stimuli, a fourth analysis of variance was done.
In this case the factors were: the type of stimulus (test
words in sentences, in isolation, and segmented conditions),
listener experience, and a priori intelligibility.

In performing the analyses of variance, data was
transformed using the arc sine transformation. This was
done so as to stabilize the variability that occurs when
estimating a proportion from a finite number of items. A
derivation and discussion of the transformation appears in
Brownlee (1965). The analysis of variance for test words in
sentences, in isolation, and in segmented conditions appear
in Tables 9, 10 and 11 respectively. The analysis of vari-
ance for the differences between types of speech stimuli is
presented in Table 12. Because of the large number of F
tests performed in each of these analyses, only those
effects with a significance level of .0l or smaller were
considered. Effects with a significance level of between
.01 and .02 are labelled borderline.

Of particular interest was the effect of listener

experience and any interaction between experience and other



TABLE 9

ANALYSIS OF VARIANCE FOR TEST WORDS
PRODUCED AND HEARD IN SENTENCES

Source of Sum of
Variation Squares DF Mean Square F Significance
Between Children

Age (A) . . . 12.04 1 12.04 11.58 .003 **

Sex (S) . . . 1.07 1 1.07 1.03 .326

AXS. . . 1.10 1 1.10 1.06 .320

Explained . . 14,21 3 4.73 4.54 .048

Between Children
Differences . . 16.58 16 1.04 ————

Total . . 30.79 19 1.62 ————

Within Children

Experience (E). . . . =« 2.440 1 2.44 20.5 .001 **
AXE. ¢« « ¢« ¢« o o .006 1 .006 .05 .817
S XE. - e o e o o .250 1l .250 2.10 .146
AXSXE. - . « . .600 1 .600 5.04 .025

A Priori Intell. (I)- 2.730 1 2.730 22.94 .001 **
AxI. ... . ... .010 1 .010 .08 .769
SxI. . . . .« .« . .630 1 .630 5.29 .021
AxSxI...... .110 1 .110 .92 .659
EXI. .« o « oo .003 1 .003 .02 .868
AxXxExI. .. ... .090 1 .090 .75 .609
SxExI. ... .. .006 1 .006 .05 .817
AXSXxXxExTI. .. .034 1 .034 .28 .600

SL



TABLE 9-Continued

** Significant at £.01 level.

B Significant between .0l and .02 level.

Source of Sum of

Variation Squares DF Mean Square F ‘Significance

Context (C) . . 6.38 1 6.380" 53.61 001 **
AxC., ... .. .020 1 .020 .16 .685
SxC. . . . .. .720 1 .720 6.05 .014 B
AxXxSxC. . .. .070 1 .070 .58 .549
ExC. . . .007 1 .007 .05 .804
AXExC. .013 1 .013 .10 .740
SxExC. . .001 1 .001 .00 .924
AxSxExC. .516 1 .516 4.33 .037
IXCe v o o o & 2.202 1 2.202 18.50 001 **
AxIxC. ... .107 1 .107 .89 .652
SxIxC. ... .168 1 .168 1.41 .235
AxSxIxC.. .112 1 .112 .94 .664
ExIxC. . .. .029 1 .029 .24 .628
AxExIxC. . .069 1 .069 .57 .545
SxExIxC. . .000 1 .000 .00 1.000
AXxSXxXExIxC .191 1 .191 1.60 .205

Explained. . . . . 17.51 28 .62 5.20 .021

Residual Sum of
Squares . . . . « 13.37 112 .119 —_———

Total. . - « - « . 30.88 140 .22 ——

9L



TABLE 10

ANALYSIS OF VARIANCE FOR TEST WORDS
PRODUCED AND HEARD IN ISOLATION

Source of Sum of
Variation Squares DF Mean Square F Significance
Between Children

Age (A) . . . . . . . . 3.08 1 3.08 11.84 .003 **

Sex (S) . « ¢ « o o« « . .10 1 .10 .38 .542

A X Se ¢« o ¢ 4 o o o .00 1 .00 .00 1.000

Explained. . . . . . . 3.18 3 1,06 4.07 .04

Between Children
Differences - . . . . 4.29 16 .26 ———— —_———

Total . « + « « o o« o & 7.47 19 .39 ——— _———

Within Children

Experience (E). . . . . .442 1 .440 14.6 .001 **
AXE. .. ... .. .006 1 .006 .2 .675
SXE. . .. . . .. .084 1 .080 2.66 .113
AXSXE. .. ... .000 1 .000 .0 1.000

A Priori Intell. (I). . 2.313 1l 2.310 70.9 .001 **
AxI. . ... ... .002 1l .002 .06 .809
SxI. . .. .. .. .007 1 .007 .23 .651
AxXxSxI. ... .. .015 1 .015 .45 .510
ExI. . .. . . .. .010 1 .010 .33 .590
AXExI. .. ... .003 1 .003 .10 .760
SxXxExI. .. ... .001 1 .001 .03 .850
AxSxExI. ... . 045 1 .045 1.5 .240

Explained. . . . . . . 2.92 12 .24 8.0

Residual Sum of Square 1.63 48 .03 ——— —-——-

Total. . . . . . . . . 4.55 60 .07 ——— ———

** Significant at £.01 level

LL



TABLE 11
ANALYSIS OF VARIANCE FOR TEST WORDS

PRODUCED IN SENTENCES AND HEARD
IN ISOLATION (SEGMENTED)

Source of Sum of
Variation Squares DF Mean Square F Significance

Between Children

Age (A) . . . « « « . . .706 1 .706 4.46 .048
Sex (S) . « . .+« « « o« . 1.206 1 1.206 7.63 .013 B
A X S.e v v v 4 e e e .147 1 .147 .93 .648
Explained. . . . . . . 2.05 3 .683 4.32 .04
Between Children
Differences. . . . . 2.54 16 .158 ———- ————
Total Y . . . . . . . . 4.59 19 0241 - iadtd
Within Children
Experience (E} . . . . .292 1 .292 5.03 .025
A XE:e ¢ ¢ o o o o & .023 1l .023 .39 .537
SXE. « ¢« « ¢ « o« . .001 1 .001 .01 .891
AxXxSXxXE. . . . .. .000 1l .000 .0 1.000
A Priori Intell. (I). . .884 1l .884 15.24 .001 **
AxI. . . e o e o .006 1 .006 .10 .747
S X I ¢ v o o« o o . .108 1 .108 1.86 .171
AxSx1I. « e s e .090 1 .090 1.55 .213
E X TIe ¢ o o o o o o .001 1l .001 .01 .891
AXExI. .« .« « « & .035 1 .035 .60 .554
SxExI. . .. .. .049 1 .049 .84 .637
AXSxExI. ... .052 1 .052 .89 .652

8L



TABLE 1ll-Continued

Source of Sum of

Variation Squares DF Mean Square F Significance

Context (C). . . . . . 1.740 1 1.740 30.00 .001 *+*
AXCo v v v o o o & .020 1 .020 .34 .565
S X C:s o ¢« ¢« o o o .233 1 .233 4.01 .044
A XS XCe o o o o .107 1 .107 1.8 .173
EXC.e o ¢ ¢« ¢ o« o« & .035 1 .035 .60 .554
AXExC. . . . .. .027 1 .027 .46 .503
SXxExC. . . . . .045 1 .045 .77 .615
AxXSxExC. . . .025 1 .025 .43 .520
IXC.o ¢ o o o & . .169 1 .169 2.91 .086
AxIxC. ... . .099 1 .099 1.70 .191
SxIxC. .. . .031 1 .031 .53 .526
AxSxIxC.. . .152 1 .152 2.62 .104
ExI=xC. . . . .342 1 .342 5.89 .015 B
AXExIxC. . .. .022 1 .022 .37 .546
SXExIxC. . .. .037 1 .037 .63 .568
AXSXXExXxIxC. . .001 1 .001 .01 .891

Explained. . . . . . & 3.75 28 .13 2.24 .14

Residual Sum of
Squares . .« .« . . . . 6.51 112 .058 ———— -———-

Total. « « « « « « « « 10.26 140 2.24 ——— ————

** Significant at £.01 level
B Significant between .0l and .02 levels

6L



TABLE 12

ANALYSIS OF VARIANCE FOR LISTENER EXPERIENCE., TYPE OF STIMULI
AND A PRIORI INTELLIGIBILITY OF TEST WORD

Source of

Variation
Listener Experience (E).
Type of Stimulus (T)

A Priori Intelligibility
of Test Word (I).

EXT. v ¢ ¢ ¢« o o« &
EXI. ¢ ¢ ¢ ¢ ¢ o o o o«

Tonoo..ooo

ExTxI. . . . . ..
Explained. . . . . . . .
Residual . . . . . . .

Total. « « ¢ ¢ o o o« o &«

Sum of
Squares
5.14
31.54

11.72
l1.01
.08

50.62
760.48

811.10

DF

11
4308
4319

Mean Square

5.14

15.77

11.72
.50
.08
.54
.02

4.60
177
.188

F

29.11

89.34

66.39
2.86
.47
3.07
.104
26.07

Significance

.000

.000

.000
.058
.491
.045
.902
.000

08
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factors. Tables 9, 10, and 11 show that experience was
highly significant for test words in sentences and in iso-
lation, but about the borderline significance level for
segmented test words. There was no interaction between
experience and any of the other factors for test words in
sentences, in isolation, or in segmented conditions.

Other significant main effect included: context,
a priori intelligibility, and age (the latter factor was
significant only for test words in sentences and in iso-
lation). Sex was not a significant factor.

There was some evidence of an interaction between
a priori intelligibility and context (IxC) for test words in
sentences, and also a borderline interactive effect between
sex and context (SxC). There was also a borderline inter-
active effect between experience, a priori intelligibility,
and context (ExIxC) for segmented test words.

The Differences Between Experienced and Inexperienced
Listeners

Of primary interest was the difference between experi-
enced and inexperienced listeners. Table 13 summarizes the
mean scores obtained by experienced and inexperienced lis-
teners for each type of speech stimulus. Scores for experi-
enced listeners were consistently higher than those for
inexperienced listeners. For both groups, scores for test
words in sentences were consistently higher than those for
isolated words which in turn were higher than the scores for
segmented words. Scores for test words in sentences were

more than double the scores for segmented words.



TABLE 13

MEAN SCORES OBTAINED BY EXPERIENCED
AND INEXPERIENCED LISTENERS

Type of Mean Score Mean Score
Stimulus Listeners % Correct Arc Sine Units

Test words produced and
heard in sentences. . . . . . . Experienced .41 .018
Inexperienced .30 .017

Test words produced and
heard in isolation. . . . . . . Experienced .29 .017
Inexperienced .23 .016

Test words produced in
sentences and heard
in isolation
(i.e. segmented). . . . . . . . Experienced .16 .014
Inexperienced .13 .012

All words produced and
heard in sentences. . . . . . . Experienced .49 .015
Inexperienced .35 .014

c8
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The greatest difference between listeners occurred
on sentences. Scores for test words in sentences were 41%
for the experienced and 30% for the inexperienced listeners,
a difference of eleven percentage points. In contrast, the
difference between listeners for words in isolation was six
percentage points, and three percentage points for segmented
test words. Also shown in Table 13, are the average arc -
sine values.

All significant differences, including all reported
interactions between listener experience and other factors,
are based on the analysis of variance in which the arc-sine
transformation was used. The average scores are reported in
percentages (rather than arc-sine units) for the reader's
convenience. However, it should be remembered that the
arc-sine transformation significantly expands the measure-
ment scale for test scores that are close to 100% or close
to 0%. For example, a change in score of five percentage
points in the vicinity of 50% (such as from 50% to 55%) is
equivalent in the arc-sine domain : to a two percent change
in scores in the vicinity of a 5% or 95% score (that is,
from 5% to 7%, or from 93% to 95%). This effect should be
kept in mind when assessing the magnitude of interactive
effects as reported in terms of average percentage scores.

Intelligibility scores were also obtained for all
words in sentences. Although not of central interest,
these data are also included in Table 13. Scores for all

words in sentences were 49% for the experienced and 35% for
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the inexperienced listeners. The scores for all words were
higher by a smaller amount than for scores based on test

words only.

Degree of Sentence Context

Scores obtained by experienced and inexperienced
listeners for test words as a function of the degree of
sentence context are plotted in Figure 7. The percent
intelligibility is plotted on the ordinate; the degree of
sentence context (high or low) is plotted on the abscissa.
The average values in this plot were obtained from the
analyses of variance in inverse sine units and were then
transformed back to percentages. These values are similar,
but not identical to the original scores. This transfor-
mation has been used in plotting all data throughout this
chapter, unless otherwise noted.

Figure 7 summarizes the data for test words in
sentences as well as for segmented test words since the
latter were originally produced in sentence context. The
left hand side shows data for test words in sentences; the
right hand side shows data for segmented test words. On
average, the experienced listeners' scores were higher than
the inexperienced listeners. There was no evidence of an
interaction between experience and context since the
improvement in intelligibility due to experience was the
same for both high and low context words. This difference

was roughly equal to a 10% gain in intelligibility for



Figure 7. Mean scores obtained by experienced and
inexperienced listeners for test words as a function of
sentence context.
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sentences, and roughly a 5% gain for segmented words.

The magnitude of the context effect is also evident
from Figure 7. Scores for both experienced and inexper-
ienced listeners were greater for the high context sentences
than for the low. Scores for test words in high context
sentences were 49% for the experienced and 38% for the
inexperienced listeners; scores for séntences in low context
sentences were 33% for the experienced and 21% for the
inexperienced listeners. This represents a gain of roughly
16 percentage points for either experienced or inexperienced
listeners.

In contrast, scores for test words segmented from
high context sentences were 21% for the experienced lis-
teners and 16% for the inexperienced listeners. Scores for
test words segmented from low context sentences were 11% for
the éxperienced listeners and 9% for the inexperienced
listeners. This represents an average gain of about 8

percentage points for either group of listeners.

Thus, the effect of context for words produced and
heard in sentences is substantial. If the same test words
are segmented, such that, although produced in context they
are heard in isolation, the effect of context is much

smaller, but not negligible.

A Priori Intelligibility

The relative intelligibility of a test word as a
function of a priori intelligibility was also examined.

Scores obtained by experienced and inexperienced listeners



are plotted in Figure 8. The percent intelligibility is
plotted on the ordinate; the three types of speech stimuli
are plotted on the abscissa. As before, experienced lis-
teners obtained higher scores than inexperienced listeners
for either high or low intelligibility words in sentence,
in isolation, and in segmented conditions.

Figure 8 shows that the overall pattern of the data
for high and low intelligibility words was similar for both
groups of listeners. Test words with high a priori intel-
ligibility received higher scores than those with low
a priori intelligibility in each experimental condition.
For either high or low intelligibility words, scores were
highest when the test words were in sentences, followed by
test words in isolation, and finally segmented test words.
However, the effect of a priori intelligibility was most
pronounced for test words in sentences and in isolation. 1In
these conditions, scores obtained by experienced and
inexperienced listeners were noticably higher for test words
with high a priori intelligibility than with low. High or
low a priori intelligibility had less effect on the scores
for segmented words. The interaction between a priori
intelligibility and stimulus type reached the .05 level of

significance.

Interaction Between Experience, Context, and Intelligibility

Of special interest was the significant interaction
between intelligibility and context (IxC) for sentences as

well as any interaction involving experience and these



Figure 8. Mean scores obtained by experienced and
inexperienced listeners for test words as a function of
a priori intelligibility.
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factors. The interactions between experience, context, and
a priori intelligibility (EIC) was not statistically signif-
icant for test words in sentences but showed a borderline
interactive effect for segmented test words. Scores for
these three factors are summarized in Figure 9. The data
are shown separately for test words in sentences and seg-
mented test words.

For test words in sentences, the curves for experi-
enced and inexperienced listeners are essentially parallel
with the difference between listeners averaging about ten
percentage points across the four combinations of a priori
intelligibility and context. For both groups of listeners,
the ranking of scores (from highest to lowest) as a
function of a priori intelligibility and sentence context
were: (1) high intelligibility, high context, (2) low
intelligibility, high context, (3) high intelligibility,
low context, and (4) low intelligibility, low context.

For segmented test words, the curves for experienced
and inexperienced listeners were not parallel although the
rankings of relative intelligibility are virtually the same
for both groups; that is, for both experienced and inexperi-
enced listeners, high context words were most intelligible
and low context words, least intelligible. Also, on average,
the high a priori intelligibility words were more intel-
ligible than the low a priori intelligibility words,
although for experienced listeners' high context words, the

low intelligibility words were fractionally higher.



Figure 9. Mean scores obtained by experienced and
inexperienced listeners for test words as a function of
sentence context and a priori intelligibility.
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In contrast, for low context segmented test words,
the experienced listeners showed a greater drop from high to
low intelligibility words. This gives rise to the one case

where the curves cross indicating an interaction.

Between Children Differences

Intelligibility scores were also analyzed for factors
of the children's age and sex. Because age and sex differ-
ences are necessarily confounded with between subject
differences, the F-ratios for these effects used the between
children sum of squares as the denominator as shown in
Tables 9, 10 and 11.

Figure 10 is a plot of the scores obtained by experi-
enced and inexperienced listeners as a function of chil-
dren's age and sex. The ordinate shows the percent intel-
ligibility obtained by experienced and inexperienced lis-
teners; the abscissa shows the groups of young and old, male
and female speakers. Scores are plotted for test words in
sentences, in isolation, and in segmented conditions. Over-
all scores'for experienced and inexperienced listeners are
essentially parallel indicating no interactions between
listener experience and these variables. As indicated by
the analysis of variance shown in Tables 9, 10, and 11, age
was a significant factor for test words in sentences and in
isolation, but not for segmented test words. The data of
Figure 10 shows that the older children were consistently
better than the younger children. This was true for all

three types of stimuli. However, there were no significant



Figure 10. Mean scores obtained by experienced and
inexperienced listeners for test words as a function of the
children's age and sex.
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sex differences for test words in sentences and isolation,
and only a borderline significance level for segmented test
words.

In order to examine individual differences between
children and possible interactions with other factors, the
children were ranked in terms of average intelligibility and
the resulting scores plotted for experienced and inexperi-
enced listeners for each grouping of the children. These
data are shown in Figures 11, 12, and 13 for test words in
sentences, in isolation, and in segmented conditions
respectively. In each plot, the ordinate shows the percent
intelligibility score; the abscissa shows the subject's
identification code (from 1 to 20), with the children
grouped according to age and sex. Within each group, the
children are ranked from least to most intelligible based on
the averaged intelligibility scores. This method of repre-
senting the data allows one to examine the individual dif-
ferences as well as any possible interactions within rela-
tive intelligibility.

Figure 11 shows the data for test words in sentences.
Within each group of children, the scores for the experi-
enced and inexperienced listeners were roughly parallel, the
higher scores being obtained by the experienced listeners.
An exception to this pattern is seen with child ten for whom
the scores for the inexperienced listeners were slightly
higher. Two other exceptions occurred with children four

and thirteen. 1In these cases, the scores obtained by the



Figure 11. Mean scores obtained by experienced and
inexperienced listeners for test words in sentences as a
function of the children's rank of intelligibility, age and
sex.
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Figure 12. Mean scores obtained by experienced and
inexperienced listeners for test words in isolation as a
function of the children's rank of intelligibility, age and
sex.
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Figure 13. Mean scores obtained by experienced and
inexperienced listeners for segmented test words as a
function of the children's rank of intelligibility, age and
sex.



100

> 80
2
@
°
-4 60
-l
w
-
z
- 40
- 4
W
(5]
[ 4
w
a. 20

® Esxperienced
O Inexperienced

© Second Set - Inexperienced

C .
1 ] i L i L. i 1 A 1 4 1
I9 16 20 18 I7 9 6 7 10 2 13 1 15 14
YOUNG MALES YOUNG FEMALES OLD MALES OLD FEMALES

£0T



104

experienced listeners were considerably higher than those of
the inexperienced listeners.

Figure 12 shows the data for the test words in iso-
lation. Overall scores for experienced listeners were
higher than inexperienced listeners for each group of chil-
dren. In four cases (children ten, thirteen, sixteen and
eighteen), scores for the inexperienced listeners were
slightly better than the experienced listeners. A large
difference between listeners is seen for child four, with
the experienced listeners' scores higher.

The scores obtained by experienced and inexperienced
listeners for segmented test words are plotted in Figure 13.
Overall differences between listeners for each group of
children were small. Of interest is child ten for whom the
inexperienced listeners once again obtained scores higher
than the experienced listeners, and child four for whom the
difference between listeners continued to be large.

In summary, the overall pattern of relative intel-
ligibility of the deaf speakers was similar for both experi-
enced and inexperienced listeners. However, exceptions to
this pattern were observed for three children. For each
type of speech stimulus, the scores for child four, child
ten, and child thirteen were consistently different. For
child ten, scores for the inexperienced listeners were
higher than those for the experienced listeners. For child
four, scores for the inexperienced listeners were much

poorer than the experienced group. Scores for child
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thirteen varied with the experimental condition. For test
words in sentences, scores for inexperienced listeners were
considerably poorer than experienced listeners. For iso-
lated words, scores for inexperienced listeners were some-
what higher than experienced. For segmented words, the
inexperienced listeners' scores were lower.

In each of these cases, the difference between
children may have been confounded by the difference between
listeners since each child was heard by three different
experienced and three different inexperienced listeners. 1In
order to check this possibility, data was obtained from a
second set of inexperienced listeners. These additional
scores are also plotted in Figures 11 to 13.

For child four, scores for test words in sentences
obtained by the second set of inexperienced listeners were
higher than those obtained by the first group, and more
closely approximated the experienced listeners' scores.
Scores for test words in isolation and in segmented condi-
tions were the same or slightly poorer than those obtained
for the first group of listeners.

For child ten, scores obtained from the second set
of inexperienced listeners were lower for all experimental
conditions than those obtained from the first set of lis-
teners. These second set of data were the same, or slightly
poorer than those obtained by the experienced listeners.

For child thirteen, scores obtained from the second

set of inexperienced listeners were the same for test words
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in sentences, slightly poorer for test words in isolation,
and slightly higher for segmented test words, than those
obtained from the first set of listeners. Thus, scores for
inexperienced listeners continued to be considerably poorer
than experienced listeners for test words in sentences, but

as expected for isolated and segmented words.

Ancillary Analysis of Listeners' Scores

An additional analysis was performed in order to
check the relative variability of the intelligibility scores
of the experienced and inexperienced listeners. In this
analysis, the scores obtained by experienced and inexperi-
enced listeners were first averaged for each child. Then,
these averaged scores for the 20 deaf children were ranked
from the most to least intelligible speaker. Separate rank-
ings were obtained for test words in sentences, in isolation,
and segmented conditions. The scores for experienced and
inexperienced listeners were then plotted as a function of
the children's ranks. Separate plots of sixty points (one
for each listener) were made for experienced and inexperi-
enced listeners for each experimental condition. The plots
are shown in Figure 14 to 19. In each of these diagrams,
the ordinate shows the percent intelligibility; the abscissa
shows the rank of children. The solid line is a quadratic
curve fitted by the method of least squares to the measured
intelligibility scores. The deviation between the plotted

points and the fitted line is made up of these components:
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Figure 14. Scores obtained by experienced listeners
for test words in sentences plotted as a function of the
children's rank of intelligibility.
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Figure 15. Scores obtained by inexperienced
listeners for test words in sentences plotted as a function
of the children's rank of intelligibility.
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Figure 16. Scores obtained by experienced listeners
for test words in isolation plotted as a function of the
children's rank of intelligibility.
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Figure 17. Scores obtained by inexperienced
listeners for test words in isolation plotted as a function
of the children's rank of intelligibility.
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Figure 18. Scores obtained by experienced listeners
for segmented test words plotted as a function of the
children's rank of intelligibility.
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Figure 19. Scores obtained by inexperienced
listeners for segmented test words plotted as a function
of the children's rank of intelligibility.
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(1) between-listener differences (because each point repre-
sents a different listener), (2) test-retest differences,
and (3) any deviations between the shépe of the true curve
relating percent intelligibility to children's rank, and
the shape of the fitted curve.

Of the above components, test-retest differences are
typically smaller than between listener differences. Also,
deviations due to point three are expected to be small since
the method of ranking necessarily produced a smooth mono-
tonic function, which is well fitted by the quadratic curve.
Further, any large systematic differences from the fitted
curve will be evident from these diagrams. Thus, the
deviations from the fitted curve are believed to be due
primarily to between-listener differences.

Figures 14 and 15 are the plots for the test words
in sentences, for experienced and inexperienced listeners
respectively. Scores for the experienced listehers gener-
ally cluster close to the fitted curve (standard deviation =
0.28 in arc sine units). Similarly, scores for inexperi-
enced listeners, while somewhat lower than those for the
experienced listeners, also lie in close proximity to the
fitted curve. (standard deviation = 0.31 in arc-sine units).
The curve covers the range from roughly 75% to 15%.

The plots for test words in isolation are shown in
Figure 16 for the experienced, and Figure 17 for the
inexperienced listeners. For both groups of listeners, the

fitted curves are shallower than their respective curves for
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sentences. In this case, the fitted curves cover a range
from roughly 51% to 10%. The deviation of the plotted
pqints from the fitted line was essentially the same as in
the previous case; the standard deviations being 0.32 arc -
sine units for both experienced and inexperienced listeners.

The plotted points for segmented test words are
shown in Figures 18 and 19, for both experienced and
inexperienced listeners respectively. These curves show a
further reduction in range, from a maximum of roughly 29%,
to a minimum of 5%. The standard deviation of the plotted
points from the fitted line is essentially the same for the
experienced listeners (standard deviation = 0.28 arc-sine
units). There is, however, a slight increase in variability
for the inexperienced listeners, the standard deviation in
this case being 0.36 arc-sine units. Inspection of the data
indicates that this increase in standard deviation is due to
many more listeners obtaining scores of zero. These points
differed from the fitted line by a larger than average
amount.

In summary, there was no consistent difference
between experienced and inexperienced listeners in terms of
relative variability, except in the special case when
intelligibility was low and more inexperienced -listeners
obtained scores of zero.

Effect of the Position of the Test Word in the Sentence and
the Number of Syllables

An additional analysis of variance was performed to
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investigate the effect of the position of the test words in
the sentence, the number of syllables in the sentence, and
whether there were any interactions between listener
experience and these two factors. This analysis of variance
appears in Table 14. 1In order to perform this analysis, it
was necessary to collapse the data over other non-interac-
tive factors in order to obtain a large enough number of
samples for the intelligibility scores. Inspection of the
data showed no evidence of second or third order interaction
between context, a priori intelligibility, and the factors
of number of syllables or position of the test word in the
sentence. Similarly, there was no strong evidence of an
interaction between children and the latter two factors.

For these reasons, it was decided to collapse the data over
a priori intelligibility, context, and children in the
subsequent anaiysis.

The factors considered in this final analysis were:
listener experience, number of syllables, position of the
test words, and type of stimulus. Table 14 summarizes the
analysis of variance. For technical reasons, the analysis
of variance was done without the arc-sine transformation.
However, the F ratios were not expected to be different. As
before, because of the large number of F tests, only those
factors with a significance level of .0l or smaller were
considered significant.

Of particular interest was the effect of the number

of syllables in the sentence, the position of the test word,



TABLE 14

ANALYSIS OF VARIANCE FOR NUMBER OF SYLLABLES
AND WORD POSITION*

Source of Sum of
Variation Squares DF Mean Square F Significance
Number of Syllables (N). . . . 1.17 2 0.58 3.46 .031
Position of Test Word (P). . . 3.14 2 1.57 9.26 .000
Type of Stimulus (T) . . . . . 31.45 1 31.45 185.54 .000
Listener Experience (E). . . . 3.82 1 3.82 22.57 .000
NxXP. . o ¢ o v v v v v o o 6.21 4 1.55 9.16 .000
N XT. ¢ v ¢ o v o o o o« o o .73 2 .36 2.16 .115
NXE. ¢ ¢ v ¢« o o o ¢ o« o o .10 2 .05 .30 .740
PXTo o v v v o o o o o o o .43 2 .21 1.29 .275
PXE:. ¢« ¢ v ¢ v ¢ o ¢« o o o .19 2 .09 .55 .572
TXE. « ¢ ¢ ¢ v v ¢ ¢ o o o .97 1 .97 5.75 .017
NxP xT. o« e e e c e e e 3.28 4 .82 4.84 .001
NXPXE. . . .+ ¢ ¢ ¢« @ 1.33 4 .33 1.96 .097
N xTx E. v e e e e e e e .60 2 .30 .78 .168
PxTxE. e s e s s e e e .04 2 .02 .73 .872
NXPXTXE. « ¢« ¢ ¢« « &« o & .53 4 .13 .79 .529
Explained. . e v e s s « o« . 54,07 35 1.54 9.11 .000
Residual . . . . . « « . . . . 482.20 2844 .170 ———— ————
Total. . . . « . « « « « « « . 536.27 2879 .186 ———— ———

* For technical reasons, this analysis of variance was done without the arc sine
transformation.

(A
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and any interactions involving these factors. Table 14
shows that the main effect for the position of the test word
was highly significant. No statistical effect was found for
the number of syllables in the sentence. However, there was
a significant interaction between the number of syllables
and the position of the test word in the sentence (NxP).
There was also some evidence of an interaction between the
type of stimulus and listener experience (TxE). Of the
three-way and higher order interactions, only one was found
to be significant. This was the three way interaction
between number of syllables, position of the test word, and
type of stimulus (NxPxT).

Scores for the position of the test word in the
sentence are shown in Figure 20 for both experienced and
inexperienced listeners. The percent intelligibility is
plotted on the ordinate; the position of the test word (that
is, beginning, middle or end) is plotted on the abscissa.
The left hand side of the diagram shows the data for
sentences; the right hand side, the data for segmented words.

On average, the experienced listeners obtained
higher scores than the inexperienced listeners for all three
positions of test words whether in sentences or segmented
conditions.

For test words in sentences, the pattern of relative
intelligibility was similar for both groups of listeners.
Scores were highest for test words in the beginning of

sentences, followed by those in the middle, which were in
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Figure 20. Mean scores obtained by experienced and
inexperienced listeners for test words as a function of the
position in the sentence.
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turn higher than those at the end of sentences. The dif-
ference between experienced and inexperienced listeners was
roughly ten percentage pbints across the three word
positions.

In contrast, scores for segmented test words were
only slightly higher for the experienced listeners. The
difference between listeners was close for all word posi-
tions; in this case, approximately five percentage points.
Scores for test words segmented from the beginning, middle,
or end of the sentences showed essentially similar scores.

These plots indicate there is no significant inter-
action between listener experience and position of the test
word. However, there is some evidence of an interaction
between listener experience and type of stimulus, the effect
of experience being smaller for segmented words as already
described.

Figure 21 shows the scoreé for experienced and
inexperienced listeners as a function of the number of
syllables. For test words in sentences, scores for experi-
enced listeners were higher than those obtained by inexperi-
enced listeners for three, five, or seven syllable sentences.
For experienced listeners, scores for sentences were higher
for five syllable sentences, followed by seven syllable
sentences, which were higher in turn than three syllable
sentences. For inexperienced listeners, scores for sentences

were approximately the same, with the five syllable sentences

only slightly higher.
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Figure 21. Mean scores obtained be experienced and
inexperienced listeners for test words as a function of the
number of syllables in the sentence.
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Differences between the two groups of listeners were
essentially the same for five and seven syllable sentences,
being on the order of fourteen percentage points. However,
the difference for three syllable sentences was smaller,
only five percentage points.

As already discussed, scores between experienced and
inexperienced listeners were much smaller for the segmented
test words. In this case however, the largest difference
occurred with the three syllable sentences. However, the
interaction between listener experience, number of syllables,
and stimulus type was not statistically significant.

Table 12 shows that the interaction between the
number of syllables in the sentence and the position of the
test word was statistically significant, as was the inter-
action between these two factors and the type of stimulus.
Both interactions can be seen in Figures 22 and 23.

Figure 22 shows the percent intelligibility obtained
by experienced and inexperienced listeners for test words in
sentences as a function of number of syllables and word posi-
tion. For three syllable sentences, test words at the
beginning of the sentence were less intelligible than those
at the beginning of five and seven syllable sentences. It
should be noted that the test words in three syllable sen-
tences were always in the word initial position, while those
in the five and seven syllable sentences occurred close
(within two syllables) to the beginning of the sentence but

not necessarily in the word initial position.
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Figure 22. Mean scores obtained by experienced and
inexperienced listeners for test words in sentences as a
function of word position and the number of syllables.
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Figure 23. Mean scores obtained by experienced and
inexperienced listeners for segmented test words as a
function of word position and the number of syllables.
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Differences between experienced and inexperienced
listeners were greatest for test words near the beginning of
five syllable sentences, and for test words near the middle
and end of seven syllable sentences. However, the analysis
of variance showed no statistically significant interaction
between listener experience and these other factors.

Figure 23 shows intelligibility scores for experi-
enced and inexperienced listeners for segmented test words
as a function of the number of syllables and the position of
the test word. As already noted, intelligibility scores for
segmented test words were considerably poorer than those for
test words in sentences, and also that scores for experi-
enced and inexperienced listeners were close. Other than
the observation that experienced listeners had slightly
higher scores, there was no obvious pattern between listeners
as a function of the number of syllables or word position.

For segmented test words, there was some evidence of
a change in average scores for all listeners as a function
of the number of syllables in the sentence. For the three
syllable sentences, average scores increased from the begin-
ning to the end positions. For seven syllable sentences,
there was evidence of a systematic decrease from the begin-
ning to the end of the sentence. For five syllable sen-

tences, there was no evidence of change.

Summary of Results for Deaf Children

The data revealed several findings with respect to

the differences between experienced and inexperienced lis-
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teners. These were:

1. Scores for experienced listeners were consis-
tently higher than those for inexperienced listeners for all
experimental conditions.

2. The magnitude of the difference between experi-
enced and inexperienced listeners was largest for test words
in sentences, about two thirds as large for test words in
isolation, and roughly half again as large for words pro-
duced in context but heard in isolation (i.e. segmented test
words) .

3. There were no statistically significant inter-
actions between listener experience and other factors
considered in this study, specifically degree of sentence
context, the a priori intelligibility of the test word, the
number of syllables in the sentence, and the position of
the test word in the sentence. Similarly, there were no
interactions between listener experience and children (that
is, male or female, younger or older, more or less intel-
ligible).

4. For both groups of listeners, scores for test
words in sentences were higher than those for test words in
isolation, which in turn were higher than segmented test
words. The magnitude of the difference between test words
in sentences and segmented test words was substantially
greater than the differences observed between experienced
and inexperienced listeners.

5. For both experienced and inexperienced lis-
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teners, test words in high sentence context were more intel-
ligible than test words in low sentence context.

6. Scores for both experienced and inexperienced
listeners were greater for words with high a priori intel-
ligibility than those with low a priori intelligibility.

7. The intelligibility scores of experienced and
inexperienced listeners did not change as the overall length
of the sentence increased (that is, from three to five, to
seven syllable sentences).

8. There was a significant difference for words in
the beginning, middle, or end of the sentence. Scores for
test words in the word initial position of three syllable
sentences were consistently lower than those test words
occurring near the beginning of five or seven syllable sen-
tences. There was no major differences as a function of
word position for five or seven syllable sentences.

9. There was some evidence of a three way inter-
action between word position, number of syllables, and type
of stimulus.

10. Older children were slightly more intelligible
than younger children, but there was no significant dif-
ference between male and female subjects. Finally, there
were no interactions between these two factors, or the
relative intelligibility of the children, with any of the

other variables considered.
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Results For Hearing Children

Data was also collected on a group of normal speak-
ing, hearing children. The purpose of testing this control
group was to check on the relative intelligibility of each
type of speech stimulus, and specifically the segmented test
words, and to also compare overall findings to those
obtained by the deaf children.

Eight hearing children were tested. The listeners
who participated in this part of the study may be considered
inexperienced in the sense that they had not previously
participated in a study to evaluate either deaf or normal
speech. A listing of the children's intelligibility scores
obtained by these listeners for each of the experimental
conditions is shown in Appendix F.

An analysis of variance was not performed for this
data since a large number of the scores obtained as a func-
tion of the different factors, were nearly 100%. Data is
therefore reported in percentages, obtained without the arc
sine transformation.

Of primary interest was whether test words in sen-
tences, in isolation, and in segmented conditions would have
similar relative intelligibility for the hearing children as
for the deaf. 1Intelligibility scores obtained for each type
of speech stimulus were: 98% for test words in sentences,
92% for test words in isolation, and 71% for segmented test
words. Scores for test words in sentences and in isolation

were similar, while those for segmented test words were less
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intelligible. The ranking of intelligibility from test
words in sentences, to isolation, to segmented conditions
was the same as the ranking obtained for the deaf children.
However, the difference in test scores between the types of
stimuli were not as large as those observed for deaf
subjects.

Data were also analyzed for test words as a function
of the degree of sentence context. For test words in sen-
tences, the scores for high context sentences were 99%, for
low context sentences 97%. As previously noted, segmented
test words were far less intelligible than those in sentence
context. The scores for test words segmented from high
context sentences was 81%, for test words segmented from low
context sentences, 6l1%. Thus, the effect of context was
slight for test words produced and heard in sentences. How-
ever, if the same words were segmented from the sentence and
presented to the listener in isolation (i.e. segmented), the
effect of context was substantial. This result differs from
that obtained for deaf children. For the latter group,
experienced and inexperienced listeners' scores showed a
substantial difference between test words in high and low
context sentences, but a much smaller context effect for
segmented test words.

There appears to be no consistent differences
between test words with high or low a priori intelligibility
or between intelligibility and the type of stimulus for

hearing children. The scores for test words in sentences
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were 99% for high intelligibility and 97% for low intelligi-
bility words. Scores for high and low a priori intelligi-
bility words in isolation were 93% and 90% respectively.
Scores for segmented test words with high a priori intelli-
gibility were 69% and 72% for those with low a priori intel-
ligibility.

Since data for deaf children showed an interaction
between a priori intelligibility and context, it was of
interest to check if a similar interaction existed for
hearing children. As can be seen in Table 15 scores for
sentences were uniformly close to 100%, hence it was not
possible to make meaningful comparisons for this type of
speech material. However, scores for segmented words were
significantly lower than 100% for hearing children. There
appears to be an interaction between a priori intelligi-
bility and context that was similar in form to that obtained
for deaf children, i.e. scores for test words segmented from
low context sentences were consistently ldwer than those
segmented from high context sentences. Specifically, for
high context materials the scores for low intelligibility
segmented words were marginally lower than the high intel-
ligibility words. However, for test words segmented from
low context sentences, the scores for test words with low
a priori intelligibility were in fact slightly higher than
the test words with high a priori intelligibility. This
direction is contrary to that obtained for the deaf subjects.

Scores for test words in sentences did not differ as



TABLE 15

PERCENT INTELLIGIBILITY OF SCORES FOR HEARING CHILDREN
AS A FUNCTION OF A PRIORI INTELLIGIBILITY
AND CONTEXT

High Context Low Context
High Low High Low
Intell. Intell. Intell. Intell.
Test words in 1.00 .98 .99 .96
sentences
Segmented .82 .81 .57 .64

test words

ovT
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a function of sentence length, an average of about 96% being
obtained for sentences. Scores for segmented test words
showed some variation with the number of syllables. Scores
for three and seven syllable sentences were approximately
73%, whereas scores for five syllable sentences were only
60%. These results differ from those obtained for deaf
children in that for these children greater differences in
intelligibility were obtained between 3, 5 and 7 syllable
sentences while scores were very similar for segmented test
words.

There were also differences between the scores for
deaf and hearing children as a funétion of the position of
the test word in the sentence. For hearing children, scores
for test words near the beginning, middle, or end of the
sentence were essentially the same, each averaging about 98%.
For segmented test words, there was a small variation in
test scores as a function of word position. Scores for seg-
mented test words in the final position were slightly higher
(73%) than those in the beginning or middle (69% and 63%
respectively). The data obtained for the deaf children
systematically decreased from beginning to middle to final
positions for the test words in sentences, and were similar
for all positions for segmented test words. The magnitude
of the differences in scores although different in form are
comparable between deaf and hearing children.

Finally, there were minor differences in the scores

for the hearing children as a function of age or sex.
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Summary of Results for Hearing Children

The data revealed several findings with respect to
scores obtained for deaf and hearing children:

1. For both groups of children, scores for test
words in sentences were higher than words in isolation,
which in turn were higher thén test words produced in sen-
tences but heard in isolation (i.e. segmented test words).
The differences in test scores as a function of the type of
stimulus were much larger for the deaf children than the
hearing children.

2. For hearing children, context had little effect
on test scores for sentence material, these scores being
essentially 100% for either high or low context sentences.
For segmented test words, the scores for high context
sentences were twenty percentage points higher than those of
test words segmented from low context sentences. A context
effect for segmented test words was also found for deaf
children although the magnitude of this effect was smaller
than for the hearing group.

3. For deaf children, there was a significant
difference between test words with high and low a priori
intelligibility for each type of stimulus. This was not the
case for the hearing children.

4. For either test words in sentences or segmented
test words, there were small negligible differences in test
scores as a function of sentence length or word position.

In contrast, scores obtained with the deaf children showed
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evidence of an interaction between the number of syllables

in the sentences and the word position.
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CHAPTER V
DISCUSSION

Interpretation of the Results

The principle aim of this study was to investigate
the differences between experienced and inexperienced lis-
teners in understanding the speech of the deaf. The results
showed quite clearly that intelligibility scores for the ex-
perienced listeners were consistently higher than those for
the inexperienced listeners. Further, the differences in the
test scores between experienced and inexperienced listeners
were essentially constant for all factors investigated.

These factors included: (1) the degree of sentence context,
(2) the a priori intelligibility of a test word when produced
by a deaf child, (3) the number of syllables in the sentence,
and (4) the position of the test word in the sentence. It
was also found that for both groups of listeners, the scores
for test words in sentences were consistently higher than
scores for segmented test words.

The results of this study are consistent with the
findings reported in the literature. However, the data do
not support several hypotheses that have been advanced to

explain the differences between listeners.
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One commonly held view is that the experienced
listeners obtained higher scores than inexperienced lis-
teners because they are familiar with typical errors in
production of dzaf speech, and recode the speech so as
to compensate for these errors. If this were the case,
one would expect the data to show a difference between
experienced and inexperienced listeners in the relative
gain of test scores for words with high or low a priori
intelligibility. By definition, words with high a priori
intelligibility were words which deaf children were likely
to produce correctly (as determined empirically from Smith,
1972). similarly, words with low a priori intelligibility
were words which deaf children were likely to misarticulate.

Hence, if the above hypothesis is correct, then
experienced listeners would show a greater relative gain
for low a priori intelligibility words, since these should
have more errors for the listener to recode. However, no
significant interaction was observed between listener ex-
perience and a priori intelligibility. The measured dif-
ference in scores between experienced and inexperienced
listeners for test words with high a priori intelligibility
was about the same as those for test words with low a priori
intelligibility, as shown in Figure 8.

The lack of a statistically significant interaction
between listener experience and a priori intelligibility

does not necessarily mean that experienced listeners recode
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deaf speech in the same way as inexperienced listeners as
a function of relative intelligibility, but rather that
should such an effect exist, it is more subtle and less
easily detected than previously supposed.

A hypothetical example of the difficulty of detec-
ting such a differential effect is as follows. Consider
two samples of deaf speech, one with a 50% error rate in
articulation, and the other with a 20% error rate. If
the effect of listener experience in recoding the speech
is equivalent to a 10% reduction in errors, then for the
first sample, the error rate would be reduced to 45%, and
for the second sample, changed to an error rate of 18%.
An experiment of the type performed here would be quite
likely to detect a significant difference in scores be-
tween experienced listeners, but there is a good chance
that the differential improvement in test scores (between
experienced and inexperienced listeners) as a function of
the a priori intelligibility would be too small to be de-
tected in an experiment of moderate size.

Another commonly held hypothesis, advanced by
Hudgins and Numbers (1942) and also by Thomas (1963), is
that experienced listeners simply make better use of con-
textual cues than inexperienced listeners, thereby in-
creasing overall intelligibility. As is obvious from Fig-
ure 7, the scores for both experienced and inexperienced
listeners were higher for sentences with high context,

than for those with low context, but there was no evidence
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of a statistically significant interaction between lis-
tener experience and the degree of context. The improve-
ment due to experience was essentially constant for both
high context and low context stimuli. Again, the lack of
a statistically significant interaction does not rule out
the possibility of such an effect, but rather indicates
that, should an interaction exist, it is likely to be of
small magnitude.

While the importance of context has long been
realized, it has been argued by Hudgins and Numbers (1942)
that context may be even more important for listeners of
deaf speech. Specifically, they hypothesized that the ef-
fect of articulatory errors on the intelligibility of deaf
speech could be reduced by the contextual constraints of
the sentences, and by implication, the greater the articu-
latory errors, the greater the effect of context.

This third hypothesis concerning an interaction be-
tween a priori intelligibility and context, was supported
by the data. The effect of a priori intelligibility, from
high to low, accounted for a greater change in scores for
high context sentences than for low context sentences.
While there was a significant interaction between a priori
intelligibility and context for test words in sentences,
the interaction between these factors and listener exper-
ience was not statistically significant, suggesting that
both experienced and inexperienced listeners are benefitting

to the same extent from this information.



A fourth view, often held by persons not familiar
with the deaf, is that personal knowledge of the deaf speak-
er enables the experienced listener to obtain higher intel-
ligibility scores. Since the inexperienced listener does
not know the speaker, his scores would be lower.

In the literature, a definition of experienced lis-
tener includes listeners who knew the children, such as the
child's classroom teacher or the parents (Mangan, 1961),
listeners who were trained on either the test materials or
the deaf speakers (Hudgins, 1949), and also listeners who
were generally familiar with the speech of the deaf, but did
not personally know the speakers. 1In contrast, all inexper-
ienced listeners were specified as having no previous exper-
ience with the deaf.

In this investigation, none of the listeners, exper-
ienced or inexperienced, knew the child whose speech they
heard. Hence, the hypothesis of personal knowledge of the
speaker alone enabling the experienced listener to obtain
higher intelligibility scores was not supported by the study
While it is likely that children who are known to the lis-
teners may be more intelligible to parents or classroom
teachers than to other listeners, further research is war-
ranted to quantify the effect of personal knowledge.

A final notion is that knowledge of a pafticular
speech teaching strategy which results in a distinctive

speech pattern, and which is characteristic of the child's

148
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school, enables the experienced listener to obtain higher in-
telligibility scores. Similarly, if other experienced lis-
teners, or inexperienced listeners, are unfamiliar with this
educational approach, the intelligibility scores will be
lower.

This view is also not supported by the data. First,
the error patterns of the children in this study were similar
to other deaf children (Smith, 1972; Levitt et al., 1975).
Second, in most cases the experienced listeners did not know
the school at which the child received his training. Teach-
ers who served as experienced listeners from the same school
as the children, scored no better or worse than the exper-
ienced listeners from other schools. It would seem that
once familiar with deaf speech, the experienced listeners
were able to generate higher scores for deaf speakers in

general.

The Effect of Context on Perception and Production

One can infer from the results of this study, that
the effect of context is important in perception as well as
in production. For the former, the effect of semantic con-
text was seen in the differences in test scores for speech
stimuli with high or low degrees of context, and also in the
differences between test words produced and heard in senten-
ces, and test words produced in sentences but heard in iso-
lation (i.e. segmented). It should be remembered that the
recordings of test words in sentences and in segmented con-

ditions were identical.
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The effect of phonetic context on production is noted
in the differences in test scores between isolated words and
segmented test words, the scores for the former being consid-
erably higher. The difference in test scores indicates that
deaf children produce words in context much differently than
words in isolation. In other words, there are coarticulatory
effects in the speech of the deaf which have a significant
effect on intelligibility.

It would be wrong, however, to assume that since co-
articulatory effects seem to have a negative effect on intel-
ligibility, (as manifested by relatively low scores for seg-
mented test words), that production of speech one-word-at-a-
time would be helpful to improve intelligibility. While
this study did not consider test words produced in isolation
but heard in context, it is well known that speech produced
by the concatenation of isolated words, without additional
processing (Flanagan, 1972), is both difficult to understand
and unpleasant to hear.

Another production effect observed was that the total
energy for a word produced in isolation was different from
that for the same word produced in sentences. Specifically,
isolated test words tended to be more intense than those
produced in sentences, and longer in duration. However, the
perceptual differences observed between test words in senten-
ces and in isolation cannot be ascribed to differences in
intensity, since the levels for test words in each condition

(sentences, isolation and segmented) were equalized.
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Another important finding in production can be de-
rived from the data for segmented test words. For the deaf
children, there was a significant difference in test scores
between words segmented from high context sentences, and
those segmented from low context sentences, the former being
more intelligible than the latter. For hearing children, the
overall scores for segmented words from either high or low
context sentences were nearly the same, with the latter test
words slightly more intelligible. The direction of the con-
text effect for the deaf children, and the similarity in
scores for high or low context segmented test words for
hearing children, is opposite that reported by Lieberman
(1963).

Lieberman reported that scores for words segmented
from redundant (i.e. high context) sentences were only half
again as intelligible as those segmented from non-redundant
(i.e. low context) sentences. Lieberman showed that words
in low context sentences were produced with greater stress,
longer duration or more precise articulation than high con-
text words, thus helping the listener to resolve any lin-
guistic ambiguities in the message.

There were, however, several important differences
between this investigation and Lieberman's. First, Lieber-
man's subjects were adults, while those in this study were
children. Second, the test words in the redundant and non-
redundant sentences produced by the adults were the same

words, while those produced by the children in this investi-
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gation were different words in the high context and low con-
text sentences.

If, however, Lieberman's hypothesis were tenable,
then the differences in scoreS between the children and the
adults suggests that the younger group may not yet have
learned to use different production strategies to assist the
listener. Whether one can argue a trend in the data towards
these strategies for hearing children, and their absence for

the deaf children, requires further investigation.

Comparison with the Literature

While the results of this study do not support all
of the hypotheses forwarded by previous investigators, the
data obtained are not inconsistent with those of earlier
studies. The principle study on the differences between ex-
perienced and inexperienced listeners to date was conducted
by Thomas (1963). Scores obtained by Thomas and those of

the present study are contrasted as follows:

Study Isolated Words Sentences
Exper. Naive Exper. Naive
Thomas
(Auditory Only) 37% 28% 77% 50%
Present Study 29% 23% 41% 30%

In both these investigations, scores for experienced
listeners were higher, on the average, than those of inexper-
ienced listeners, and the difference between listeners was
greater for sentences than for isolated words. However,

overall intelligibility scores in the present investigation
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were poorer than those reported by Thomas, expecially for
sentences. There may be several reasons for the differences.

First, the audiological data were not repofted for
the deaf children in Thomas's study, while the subjects in
the present study all had severe to profound hearing losses.
Since several investigators (Boothroyd, 1974; Smith, 1972)
have shown that there is a correlation between intelligibi-
lity of speech and hearing level (especially up to 90 aB),
the differences in scores may be the result of differences
in the children's hearing levels.

Secondly, the CID sentences of "everyday American
speech" produced by the children in Thomas's study are noted
for high contextual redundancy and common word usage (Davis
and Silverman, 1978). In contrast, the speech stimuli in
this study were controlled for the degree of context. How-
ever, even the data for high context sentences obtained in
this investigation did not approach the scores reported by
Thomas.

Since scores for isolated words were closely grouped,
and those for sentences were more diverse, it may be that the
differences between the investigations are due more to choice
of sentence material than to differences in hearing levels.

As noted in the review of the literature, numerous
investigators have measured the intelligibility of deaf
speakers from scores obtained by experienced or inexperienced
listeners. As previously noted, the definition of the res-

pective groups of listeners was not always clearly specified.
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For isolated words, the scores obtained by experi-
enced listeners ranged form 35% (Subtelny, 1977) to 42% (Hud-
gins, 1949), with those of the experienced listeners in this
study 29%. For inexperienced listeners, the scores ranged
from 17% (Brannon, 1964) to 28% (Thomas, 1963), with scores
for the inexperienced listeners in this study, 23%. It is
interesting to note that when scores for test words are exa-
mined as a function of a priori intelligibility, those with’
high a priori intelligibility fell essentially mid-range of
the published data for either experienced or inexperienced
listeners. This suggests that the phonetically balanced
monosyllables used in the earlier research may be more like
test words with high a Eriori intelligibility, than 1like
test words with low a priori intelligibility for deaf speak-
ers, resulting in higher intelligibility scores.

Scores reported for sentences in the literature,
cover a much greater range of intelligibility than scores for
isolated words. For experienced listeners, scores ranged
from 31% (Markides, 1970) to 83% (Monsen, 1978); for inexper-
ienced listeners, the range was 18.7% (Smith, 1972) to 73%
(Monsen, 1978). Scores for test words in sentences in this
study were 41% for experienced, and 30% for inexperienced
listeners, with scores for all words in sentences, only
slightly higher (49% and 35%, respectively).

The scores for test words with a high degree of con-
text (49% for experienced and 38% for inexperienced listen-

ers) were mid-range of those reported in the literature.
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Scores for test words with a low degree of context (33% for
experienced, and 21% for inexperienced listeners), fell near
the lower end of the range for the respective groups.

Apart from the present study which controlled for
the degree of context, the speech materials which resulted
in lower scores were either spontaneous speech samples (John,
and Howarth, 1964; Markides, 1970) or sentences which varied
considerably in length and grammatical complexity (Smith,
1972). Speech materials that resulted in high intelligibi-
lity were those which contained words of common usage or were
highly redundant (Thomas, 1963; Monsen, 1978). The wide var-
iations in scores reported for deaf children with similiar
hearing losses, implies the necessity for a set of uniform
speech materials, thus permitting more meaningful evaluation

of intelligibility, and comparison between deaf speakers.

Implications

Of the variables considered in this study, only the
stimulus type (test words in sentences, in isolation or in
segmented conditions) showed any evidence of a possible in-
teraction with listener experience. That is, the difference
between experienced and inexperienced listeners was greater

in sentences than in isolation.

The finding of no significant interaction between
listener experience and any of the other factors investigated
implies that the effect of experience is not due to any su-
perficial recoding of deaf speech on the part of the exper-

ienced listeners. If the factors considered in this study
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(i.e. context, gwgriori intelligibility, sentence length or
word position) were the keys to the differences between lis-
teners, then marked improvement in the intelligibility of
deaf speech for the "man on the street" could be accomplished
by a training program that concentrated on those factors most
responsible for the differences between listeners. Training
procedures are not that simple, and the underlying mechanism
for why experienced listeners do so much better than inexper-
ienced listeners is not yet known.

In addition to the main effects tested, it is also
known that the difference between experienced and inexperi-
enced listeners are not due to any secondary effects such as
idiosyncracies in particular children, in specific test
words, or in either groups of listeners. As shown in Figures
11-13, the scores obtained by experienced or inexperienced
listeners for individual children in the study were roughly
parallel, regardless of relative intelligibility. Any vari-
ation from the pattern was easily explained by data obtained
from a second set of listeners. Overall scores for younger
children were slightly poorer than those for older children,
as was also observed by Smith (1972). However, there were
essentially no differences between male and female speakers.
Similarly, examining the scores obtained by experienced and
inexperienced listeners for individual test words did not
reveal any unusual variation from the patterns obtained for
any other variables in the study.

Finally, the data revealed that experienced and inex-
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perienced listeners showed no difference in the relative
variability of the scores for either test words in sentences
or isolated words. An exception for segmented words showed
a slightly larger variability for inexperienced listeners.
However, examination of the data showed that on the average,
scores were low for inexperienced listeners in this condi-
tion, and scores of zero, which inflated the estimate of the
variance, occurred more frequently.

In sum, the difference between experienced and inex-
perienced listeners cannot be accounted for in any obvious
way. For each factor, analysis of the data indicates a remark-
ably constant difference between groups. The result of this
finding suggests that the advantage of experience cannot be
attributed simply to one or two variables, at least within
the factors considered within this study.

Consequently, the differences between experienced and
inexperienced listeners must be due to fairly complex aspects
of deaf speech which are not immediately apparent to the lis-
tener, but which must be learned. The fact that the differ-
ence is ccnstant indicates that the effect occurs consis-
tently over a wide range of variables and there is a need
for additional research. Such research might include studies
of: the effect of the personal knowledge of the speaker; the
importance of visual cues; how spectral information in the
speech of the deaf is coded differently from that of normals;
and how coarticulatory phenomena are manifested in the speech

of the deaf.
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CHAPTER VI
SUMMARY

The study was undertaken in order to quantify the
differences between experienced and inexperienced listeners
in understanding the speech of the deaf. The specific
questions asked were as follows:

1. 1Is there a significant difference between
experienced and inexperienced listeners?

2. What is the effect of listener experience on the
intelligibility of words produced in sentences, in isolation,
and produced in sentences but heard in isolation, (having
been segmented from the sentence)?

3. What is the effect between listener experience
and context, e.g. does context benefit the experienced lis-
teners more than the inexperienced listeners?

4. Are any of the above effectsinfluenced by the
relative intelligibility of the test word?

One hundred twenty listeners, sixty listeners highly
experienced in hearing the speech of the deaf, and sixty
listeners with no previous experience in hearing the speech
of the deaf, participated in the study. An additional
twenty-four listeners heard the tapes produced by a control

group of hearing children.



The speech stimuli consisted of a list of 36 test
words in sentences, and a list of the same 36 test words
produced in isolation. These stimuli were recorded by
twenty deaf children as well as by eight hearing children
who served as the control group.

The speech stimuli were designed to include the
following factors: (1) an estimate of the a priori intel-
ligibility of a test word when produced by a deaf child
(i.e. high a priori intelligibility versus low a priori
intelligibility), (2) an estimate of the degree of sentence
context (i.e. high sentence context versus low sentence
context), (3) sentences that varied in length (i.e. three,
five or seven syllable sentences), and (4) test words that
varied in the position of the sentence (i.e. near the begin-
ning, the middle, or the end of the sentence). The 36 test
words in sentences included all of these factors; the 36
test words in isolation included only a priori intelligi-
bility.

Since factors in both production and perception may
account for any measured difference between test scores for
words produced in sentences and in isolation, an additional
experimcntal condition was included. Specifically, this was
test words produced in sentences but heard in isolation
having been segmented out of the sentence using computer
techniques.

Since the intensity levels of each test word varied

from sentences, to isolated, to segmented conditions,
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graphic level recordings were made for the speech stimuli,
and the levels of each word produced by a single child were
adjusted to within * 1 dB of the reference level which was
that of the test word in the sentence.

Thus, each listener was presented with three types
of speech stimuli. These were:

l. Test words produced in sentences and presented
to the listener in sentences.

2. Test words produced in isclation and presented

to the listener in isolation.
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3. Test words produced in sentences, segmented from

the sentences, and presented to the listener in isolation.

These three conditions are referred to as test
words in sentences, test words in isolation, and segmented
test words, respectively.

A listener heard 36 items produced by a single deaf

or a single hearing child, twelve items for each of the above

three experimental conditions. 1In order to avoid learning

effects, there was no repetition of a test word on any tape,

and each listener heard only one tape.

The data revealed several findings with respect to
the differences between experienced and inexperienced lis-
teners. Scores for the experienced listeners were consis-
tently higher than those for the inexperienced listeners
for all conditions. The magnitude of the differences
between listeners was largest for test words in sentences,

about two-thirds as large for test words in isolation, and
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roughly half again as large for segmented test words.

Further, there were no statistically significant
interactions hetween listener experience and the other
factors considered in this study, specifically the degree of
sentence context, the a priori intelligibility of the test
words, the sentence length, or the position of the test word
in the sentence. It was also found that the difference
attributed to experience was not due to any idiosyncracies
in particular children, in specific test words, or within
either group of listeners.

In addition, for both groups of listeners the pat-
tern of intelligibility scores were similar. These are
briefly summarized as follows. Scores for test words with
high a priori intelligibility were higher than those with
low a priori intelligibility. Also test words in high
context sentences were more intelligible than those in low
context sentences. Intelligibility scores did not increase
as the overall length of the sentence increased. Scores for
test words in the word initial position of three syllable
sentences were consistently lower than for other locations
in the sentence. However, for five and seven syllable sen-
tences, the reverse effect was observed, words produced near
the beginning of a sentence having higher intelligibility
scores.

Finally, the scores for older children were slightly
higher than those of younger children, but there was no

significant difference between male and female speakers.
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For hearing children, the ranking of the relative
intelligibility across experimental conditions (when pos-
sible) was similar to that obtained for the deaf children,
although the scores were much higher on average. Also, the
magnitude of the differences between conditions were quite
small, and for some factors a ranking was not possible
since many of the scores were either at or appfoached 100%.

The results of this study are consistent with the
findings reported in the literature; namely, that experi-
enced listeners obtain higher intelligibility scores than
inexperienced listeners. However, the data do not support
several hypotheses that have been advanced to explain why
the experienced listeners obtain higher scores.

The effect of context was found to be important in
perception as well as in production. For the former, the
effect of seméntic context was observed in the differences
in test scores for speech stimuli with high or low degrees
of context, and also in the differences between test words
produced in sentences and test words produced in sentences
but heard in isolation (i.e. segmented).

The effect of phonetic context on production was
noted in the differences in scores between isolated test
words and segmented test words, the scores for the former
being considerably higher. This indicates that the deaf
child produces words in context differently than words in
isolation. That is, there are coarticulatory effects in the

speech of the deaf which have a significant effect on intel-
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ligibility.

The findings of this study imply that the effect of
experience is not due to any superficial recoding of deaf
speech on the part of the listeners, at least within the
factors considered here. The differences between groups of
listeners were remarkably constant. Consequently, the
differences between experienced and inexperienced listeners
must be due to fairly complex aspects of deaf speech which
are not immediately apparent to the listener and must be
learned. Further research is necessary to d=lineate the
reasons for the differences between experienced and

inexperienced listeners.
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APPENDIX A

PURE TONE AVERAGES OF EACH DEAF CHILD
IN dB RE. AUDIOMETRIC ZERO (ISO)

Young Deaf Children 0l1d Deaf Children
Males Females Males Females
Right Left Right Left Right Left Right Left
98 100 110+ 107+ 103 103 102 99
95 78 110+ 82+ 105 100 103 108
106 110 110+ 110+ 98 98 97 105
100 110 105+ 105+ 102 105 109 107
110 107 102+ 85 97 92 93 95

S91



APPENDIX B

Procedure for the Specification of the
Speech Levels

The procedure for specifying the speech levels was
accomplished in two parts: (1) the intensity levels of the
test words in sentences, in isolation and segmented were
measured, and (2) the intensity levels were equalized so
that each test word was presented to the listener at the
same level regardless of the experimental condition.

Graphic level recordings were made of the tapes of
the test words in sentences, in isolation and segmented con-
ditions. The measurements were obtained using a Bruel and
Kjaer Graphic Level Recorder (Model 2305).

Prior to actual measurements, level recordings of
selected samples of the deaf children's speech were obtained
at different settings of the instrument. Of particular con-
cern was minimizing the amount of overshoot and undershoot,
since many of the test words produced by the deaf children
varied greatly in duration and intensity. Overshoot is evi-
denced by an inordinate deflection of the pen, which results
in inaccurate high measurements of the input signal. A pro-
blem of the opposite nature would be undershoot. In this
case, the pen deflection does not reach the target value of
the input signal, and the measurements are inaccurately low.

These problems were resolved in two ways. First,

the writing speed of the level recorder seemed to contribute
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to changes observed in preliminary measurements. Therefore
this setting was systematically increased and decreased until
evidence of overshoot’or undershoot in the children's speech
production samples occurred. A setting was then chosen below
or above the writing speed which produced the inaccurate mea-
surements.

Secondly, it was also found that the effective res-
ponse time of the level recorder varied with magnitude of the
pen deflection. The tape replay system and the input attenu-
ator of the level recorder were therefore adjusted in an
effort to obtain a maximum pen excursion of 40 mm. This was
not always possible since many of the deaf children produced
the speech samples with wide fluctuations in loudness.

The level recordings of the deaf children's speech
were obtained with the instrument set to operate as follows:

1. Potentiometer Range - 50 dB

2. Rectifier Response ; Peak

3. Lower Limiting Frequency - 50 Hz

4., Writing Speed - 400 mm/sec

5. Paper Speed - 30 mm/sec

6. Input potentiometer - 0 dB

7. Input Attenuator - variable

For level recordings of the hearing children's
speech, the instrument settings were the same as the deaf
children's, with the exception of the writing speed set at
250 mm/sec.

After graphic level recordings of the original tapes
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had been obtained, measurements were made of each test word
in a sentence, in isolation, and segmented. The intensity
level (in decibels) measured for each test word in a sen-
tence was set as the reference level. The differences (in
decibels) between the reference levels (for each individual
test word) and the intensity levels for the test word in iso-
lation and segmented were noted. These numbers obtained for
isolated and segmented test words represented the amount of
attenuation or amplification necessary to equalize the test
word in each listening condition. That is, the same test
word heard in sentences, isolation or segmented conditions
would be presented at an equal intensity level for each test
word in the isolated and segmented conditions would be pre-
sented at an equal intensity level I dB.

In the second part of the procedure, the intensity
level for each test word in the isolated and segmented con-
ditions was adjusted. A block diagram of the equipment used
to obtain equalized recordings of the speech stimuli is shown
in Figure 24.

The original tape recordings of test words in iso-
lation or segmented test words were first placed on tape
recorder B (Ampex Model 440B). A second set of level recor-
dings were then obtained for several words on the tape using
the same level recording settings as in the original measure-
ment procedure. These second level recordings were compared
to the original measurements and served solely as a check to

insure that all settings on the graphic level recorder and



169

tape recorder B were replicated exactly.

The original tape placed on tape recorder A (Ampex
AG-500) was then re-recorded on tape recorder B. The inter-
vening attenuators (Daven Models 2513 and 2511), together
with the fixed gain of the tape playback system, permitted
the speech to be attenuated or amplified in a combination
of 10 dB and 1 dB steps respectiﬁely. These attenuator set-
tings were systematically adjusted in turn so that the equal-
ized version of the isolated or segmented test word would be
at the level of the test word in the sentence : 1 dB.

Level recordings were obtained immediately after re-
recording to insure that each test word was equalized cor-
rectly. This procedure was repeated for each deaf and each
hearing child's recordings of test words in isolation and
segmented test words until equalized versions of all orig-
‘inal materials, except the reference test words in sentences,
were obtained.

Following the equalizing procedure, a 400 Hz cali-
bration tone was generated which preceded each child's 3 sub-
master tapes: test words in sentences, test words in isola-
tion, and segmented test words. The level of the calibration
tone was the mean of the 36 test words in sentences for each
child. This calibration tone was used to maintain the equal-
ized levels during the randomization procedure and during

playback.
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Figure 24, The block diagram of the equipment
used to equalize the speech stimuli.
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APPENDIX C

SEQUENCE OF THE TEST ITEMS AND FACTOR ANALYSIS

TAPE 1
A Priori
Stimulus Intell.
If it's cool I cannot go. Low
Did you brush your teeth? Low
Feed the dog. Low
The flag is red, white and blue. High
He said he could go. Low
Is there no more milk? High
Read the book. High
Have a lot. High
We have food for the picnic. Low
It's easy to hear her. High
Keep quiet. Low
Is the fat baby crying? High
will High
did Low
dog Low
that Low
piece High
cat Low
fall High
name High
with High
beach Low
need High
deep Low

Number of

Context Syllables

Low
High
Low
High
Low
High
High
Low
High
Low
High
Low

~NSwovwNwwuuigdwum

Position
in
Sentence

Medial
Final
Begin.
Medial
Final
Final
Begin.
Begin.
Medial
Final
Begin.
Medial

LT



Isolated
test words

Test
Item

25
26
27
28
29
30
31
32
33
34
35
36

this
was
good
man
hair
coat
cake
wish
has
his
ball
book

Stimulus

APPENDIX C-Continued

A Priori

Intell.

High
Low
High
High
Low
High
High
Low
Low
Low
Low
High

Number of
Context Syllables

Position
in
Sentence

gLt



Segmented
test words

Isolated
test words

Test
Item

ol el o
N,_,O\poo\lmm-bw [l

13
14
15
16

18
19
20

22
23

cake
this
wish
ball
his
man
has
good
book
coat
was
hair

more
could
red
teeth
have
keep
hear
feed
fat
read
food
cool

Stimulus

APPENDIX C-Continued

TAPE 2

A Priori

Intell.

High
High
Low
Low
Low
High
Low
High
High
High
Low
Low

High
Low
High
Low
High
Low
High
Low
High
High
Low
Low

Number of
Context Syllables

Position
in
Sentence

PLT



Test
words in
sentences

Test
Item

25
26
27
28
29
30
31
32
33
34
35
36

APPENDIX C-Continued

Stimulus

It is nice on a fall day.
The dog barks.

My name is Nancy.

Come with me.

We will go to the beach today.
I need it.

Can you dive in deep water?
Is that the tall one?

You did it.

They will come again.

May I have a piece of cake.
The cat chased the mouse.

A Priori
Intell. Context

High Low
Low High
High High
High High
Low Low
High Low
Low High
Low Low
Low Low
High Low
High High
Low High

Number of
Syllables

MNULWUNJYWIYWUHNWS

Position
in
Sentence

Final
Medial
Begin.
Medial
Final
Medial
Final
Begin.
Medial
Begin.
Final
Begin.

SLT
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WOV & WN

APPENDIX C-Continued

TAPE 3

Stimulus

name
need
deep
cat
dog
that
beach
with
fall
did
piece
will

Who wants this ice cream?
I wish I had a pony.

Comb your hair.

Get your ball and bat.

What was the name of that boy?

Get the cake.

That's no good.

Get your coat and hat.
Mother has the car.

The book is on the table.
This i1s his.

That man is not my father.

A Priori

Intell.”

High
High
Low
Low
Low
Low
Low
High
High
Low
High
High

High
Low
Low
Low
Low

High

High

High
Low

High
Low

High

Number of

Context Syllables

Low
High
High
High

Low

Low
High
High

Low

Low

Low
High

NwayumonwwsSaaumwa o

Position
in
Sentence

Medial
Begin.
Final
Medial
Begin.
Final
Final
Medial
Medial
Begin.
Final
Begin.

9LT



Segmented
test words

Test
Item

25
26
27
28
29
30
31
32
33
34
35
36

food
hear
keep
cool
have
more
read
could
fat
red
feed
teeth

Stimulus

APPENDIX C-Continued

A Priori

Intell.

Low
High
Low
Low
High
High
High
Low
High
High
Low
Low

Number of
Context Syllables

Position
in
Sentence

LLT
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APPENDIX D

Instructions to Listeners of the Speech
of the Deaf

You are going to hear 36 utterances recorded by a
deaf child. Twelve of the utterances are sentences; 24 of
them are single words. There are no repetitions of words or
sentences. Each utterance is different. Each utterance will
be played twice.

You are to write down whatever you think the child
is saying. Note: even the best of these children do not
sound like normal hearing speakers. If some words are un-
clear, you may guess. If you can catch only isolated words
in the sentence, write them down, indicating their approx-
imate position in the sentence. An example of this is:

boy not .

Have you any questions?
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APPENDIX D

Instructions to Listeners of Normal Speech

You are going to hear 36 utterances recorded by a
normal child. Twelve of the utterances are sentences; 24 of
them are single words. There are no repetitions of words or
sentences. Each utterance is different. Each utterance will
be played twice.

You are to write down whatever you think the child is
saying. If some words are unclear, you may guess. If you
can catch only isolated words in the sentence, write them
down, indicating their approximate position in the sentence.

An example of this is: boy not .

Have you any questions?
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APPENDIX E

A Listing of the Intelligibility Scores Obtained by Experienced and Inexperienced
Listeners for Each Deaf Speaker

SUBJECT 1
EXPERIENCED 3 AVERAGE 61 NALVE 63  AVERAGL A
6 v
SENTENCES , o.}e§ 0.333 0.837 0.306 v 0.16 0.367 0.367 ovcnakgzszcanet
COMPUTER WORDS 0.167 0.167 0.250 0.19% v.u .25 0:35¢ 0:1e7 o.i{81
ISOLATED WORDS 0.417 V.33 0.083 0.278 V.l 0.25¢ 0.083 0.167 0.222
SUBJECT 2
EXPERIENCED NAIVE
. 6 AVERAGE 64 s 66  AVERAGL OVERALL AVERAGE
SENTENCES , 0.083 0.417 .167 0.222 u,167 0.167 0.083 0139 0.181
COMPUTER WORDS 0.083 0.167 0.167 0.139 v UB3 .083 U.25V 0,13y 0:13%
ISOLATED WORDS 0.41 0250 0.083 0.250 LYY T167 0,167 0.19% 0.232
SUBJECT 3
EXPERJENCED 9  AVERAGL 6 NAIVE 69  AVLRAGL 0 L AVERAGE
RA
SENTENCES o.isz 0.500 0.083 0.278 u,u8s 0.2 0.36! 0.367 VERALL yer
COMPUTER WORDS 0.167 0,167 0.0 0.111 T Y] o0 v.25v 0.111 0.111
ISOLATED WOROS 0.167 0.083 0.250 0.167 V.le 0.167 0.167 0.167 0.167
SUBJECT &
1 EXPE?XENCED AVERAGE 70 NAIVE 72  AVERAGL o L AVERAGE
R
SENTENCES 0.333 0.50 0583 0e472 TPL Y 0.2 0.3e! 0.22¢ VERALL Y
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