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Title: Correlates of Sophisticated Listener Judgments of

Esophageal Air Intake Noise.

APPROVED BY MEMBERS OF THE THESIS COMMITTEE:

oan McMahon

The literature on esophageal speech has identified
the problem of extraneous air intake noise, suggested its
possible etiology, and provided practical advice for clini-
cal management. Documentation on the efficacy of specific
methodology is lacking in the literature. Such documenta-

tion 'would be simplified if objective criteria were used to



rate the severity of intake noise. The present study was
prompted by the lack of basic data regarding listener evalu-
ation of intake noise.

The purpose of this study was to identify physical and
perceptual correlates of acceptability of esophageal air in-
take noise. A primary and a secondary question were asked:

Are selected objective measures of esophageal speech
significantly correlated with sophisticated listener judg-
ments of air intake noise acceptability? The measures
used were:

1. The mean intensity of air intake noise

2. The mean intensity of speech

3. The ratio of mean speech intensity to mean intake

noise intensity

4. The number of syllables uttered per intake

5. The rate of speech (in syllables per second)

Secondarily, are sophisticated listener judgments of
overall esophageal speech proficiency significantly corre-
lated with sophisticated listener judgments of air intake
noise acceptability?

Twenty-four laryngectomees, ranging widely in esopha-
geal speaking ability, read a standard passage for audio
tape recording. Four expert voice clinicians listened to
the tapes, rating subjects on the acceptability of air in-

take noise. Overall esophageal speech proficiency ratings
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for eighteen of the subjects were obtained from an indepen-
dent study conducted during the same week.

Five objective measures of esophageal speech were ex-
tracted from each speech sample, using a real-time intensity
display instrument and a storage oscilloscope.

Interjudge and intrajudge reliability were determined
by computing Pearson product-moment correlation coeffi-
cients. The means of the ratings on intake noise accepta-
bility were entered in a multiple regression analysis as
the criterion variable, with the objective measurements and
the overall speech proficiency ratings as the predictor
variables.

Three of the predictor variables were found to be
positively correlated with the air intake acceptability
ratings beyond the .01 level of significance: the number
of syllables uttered per air intake, the mean intensity of
intake, and the rate of speech. The ratio of mean speech
intensity to mean intake noise intensity was correlated to
intake noise acceptability at the .05 level. Neither mean
speech intensity nor the overall esophageal speech profi-
ciency variables were significantly correlated with intake
noise acceptability. The number of syllables uttered per
intake accounted for the largest share of the variance of
intake noise acceptability. Mean intake intensity was the

second, but far weaker predictor of variance. The remaining



variables accounted for a very slight percentage of the

total variance.
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CHAPTER I
INTRODUCTION

Advances in surgical technique and post-operative care
have dramatically increased the survival rate of persons re-
quiring total surgical removal of the larynx. The American
Cancer Society (1978) reports that approximately 80 percent
of laryngectomized persons live at least five years after
surgery, and that approximately 70 percent survive ten years
or more. Survival, however, is only the first critical step
in a series of challenges to be met by the recovering laryn-
gectomee. In a society which highly values verbal exchange,
the loss of voice may have a devastating impact on one's
employment, social relationships, and self-esteem. The ac-
quisition of adequate alaryngeal voice is a major goal in
the successful rehabilitation of the laryngectomized
individual.

It is estimated that 50 to 70 percent of laryngecto-
mized individuals utilize esophageal speech as their primary
means of communication (Gardner, 1978; Horn, 1962).

Studies of listener evaluation of esophageal speech indicate
considerable variability in levels of vocal proficiency
(Shames, Font, & Mathews, 1963; Shipp, 1967; Snidecor,

1968). When compared with normal speech, esophageal speech



has inherent limitations on rate, volume, and pitch. De-
spite these apparent limitations, a skilled esophageal
speaker communicates effectively with most listeners in
relatively quiet environments.

Snidecor (1968) has stated that certain extraneous
noises produced by some esophageal speakers may be problem-
atic. Many esophageal speakers produce unwanted noise when
taking air into the esophagus for use in speech. The injec-
tion method of esophageal insufflation has been associated
with a low-frequency noise which is often referred to as a
klunk (Diedrich & Youngstrom, 1966). This air intake noise
has been variously described as sounding like "thump,"
"punk," or "clump" (Snidecor, 1968) or as a loud gulp
(Greene, 1957; Hyman, 1971). Klunk seems to be the term
most widely accepted, and will be used in this paper. The
klunk may range in character from an infrequent, barely
audible sound to a very distracting noise which may equal or
exceed phonation intensity and may be produced one or more
times per air charge.

Gardner (1978) and Shanks (1977) suggest that once
klunking behavior is established, it is very difficult to
extinguish. Although many authors suggest clinical ap-
proaches to minimize or eliminate klunking noise, very
little is published regarding incidence or etiology. Many
questions remain unanswered. For example, what acoustic

parameters contribute to the listener's perception of air



intake noise as a klunk? When, if ever, is air intake

noise severe enough to interfere with communication? At
what stage in treatment might a clinician overlook the pro-
duction of air intake noise in deference to other aspects of
esophageal speech? In the absence of published information
on these questions, it would seem such decisions are pres-
ently made on the basis of clinical experience. While there
is no substitute for good clinical judgment, it is possible
that clinicians lack objective criteria for determining ac-

ceptability of esophageal air intake noise.
STATEMENT OF PURPOSE

This study sought to identify physical and perceptual
correlates for listener acceptability of esophageal air in-
take noise. The primary research question asked was: are
selected objective measurements of esophageal speech sig-
nificantly correlated with sophisticated listener judgments
of air intake noise acceptability? The specific measure-
ments used in this study are listed below.

l. The mean intensity of air intake noise

2. The mean intensity of speech

3. The ratio of mean speech intensity to mean intake

noise intensity

4. The number of syllables uttered per intake

5. The rate of speech (in syllables per second)



A secondary research question was also asked: are
sophisticated listener judgments of overall esophageal
speech proficiency significantly correlated with sophisti-

cated listener judgments of air intake noise acceptability?



CHAPTER II
REVIEW OF THE LITERATURE

Numerous authors have identified air intake noise as a
problem for many esophageal speakers, and/or have suggested
instructional treatment procedures (Diedrich, 1968; Gardner,
1978; Greene, 1957; Hyman, 1971, 1979; Kallen, 1934;
Luchsinger & Arnold, 1965; Salmon, 1971; Shanks, 1979;
Snidecor, 1968; Waldrop, 1956). Diedrich and Youngstrom
(1966), Martin (1963), and Shanks (1977, 1979) have specu-
lated on the possible etiology of klunking noise. Diedrich
and Youngstrom (1966) have published empirical evidence
which appears to associate the production of klunking noises
with a particular method of esophageal air intake. Shames,
Font, and Mathews (1963) studied the relationship of in-
structional practices with the level of esophageal speech
proficiency, but did not include the parameter of air in-
take noise.

The etiology of klunking noise is unclear. A frequent
explanation is "too much air taken in too fast, and in too
tense a manner" (Diedrich, 1971). Similar explanations are
found in Hyman (1971), Duguay (1977), and Martin (1979).
Shanks (1977) suggests the noise is produced by a partial

vacuum, created when the Pharyngeal-Esophageal (PE) segment
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is rapidly lowered as the bolus of air enters the esophagus.
Additionally, he associates klunking noise with the injec-
tion method of esophageal air intake. Diedrich and Young-
strom (1966) support such an association with their cine-
fluorographic studies. The injection technique relies on
the increase of air pressure in the oral-pharyngeal cavity
by a pump-like movement of the tongue. When intra-oral air
pressure is sufficient to push the bolus past the PE seg-
ment, the esophagus is partially inflated. Martin (1963)
states the probable cause of intake noise is the inability
of the speaker to sufficiently relax the PE segment, which
may act as a sphincter. Greene (1957), Hyman (1971), and
Salmon (1971) suggest that excessive muscular tension of
perhaps one or more of the oral structures may contribute
to unwanted noise production.

This survey of the literature found no data on the in-
cidence of klunking in esophageal speakers. It could be in-
ferred from descriptions by Duguay (1977) and Lauder (1972)
about the learning of the injection method of intake, that
some air intake noise is evident in many beginning speakers.
Luchsinger and Arnold (1965) state that all accomplished
esophageal speakers produce a clearly audible "trapping
noise."

Several investigators mention the considerable diffi-
culty of eliminating klunking, once established (Diedrich,

1971; Gardner, 1978; Martin, 1963; Salmon, 1971; Shanks,



1977). Martin (1963) states that intake noise production
is probably related to anatomic and physiologic differences
in those speakers who produce such sounds. Martin suggests
even a qualified speech instructor is unlikely to correct
the problem. The majority of the authors cited above do not
address the question of physiologic and anatomic differences
as a factor in klunking. Gardner (1978), Greene (1957), and
Salmon (1971) refer to the habitual nature of klunking.
This might imply they regard klunking as learned behavior.
The classification of klunking as a learned behavior does
not make it simple to extinguish, but does perhaps offer
more hope for improvement than an assumption of physiologic
or anatomic anaomaly.

One physiologic condition which might seem to have
an influence on an esophageal speaker's perception of in-
take noise is his or her hearing acuity. Studies by Mar-
tin, Hoops, and Shanks (1974) demonstrate a positive corre-
lation between poor audition and poor esophageal speech
skill. Such results underscore the necessity for hearing
screening of all candidates for esophageal speech training
but do not specifically address the problem of klunking.
Since klunking noise is generally reported to be relatively
low pitched, it would seem reasonable to assume that many
esophageal speakers have sufficient hearing acuity to per-

ceive the sound. It is possible, however, that many



speakers who klunk learn to adapt to and ignore the
behavior.

A partial list of methods of treatment for air intake
klunk noise would include the following: muscular relaxa-
tion techniques, alteration of speed and/or volume of air
intake, use of a stethoscope or other amplification devices
to enhance the clients' sensation of the klunking act, nega-
tive practice, and positive reinforcement of non-klunking
intakes. Shanks (1977) states that while klunking can be
eliminated by changing the force or brevity of injection,
very few laryngectomees actually do eliminate the klunk.
Shanks suggests considering a change to consonant injection
as the primary means of intake, as he believes to continue
standard injection technique may lead to reinforcement of
the klunking behavior. Shanks, like Greene (1957) and Sal-
mon (1971), stresses the importance of recognition and
treatment of klunking early in the course of speech instruc-
tion. Gardner (1978) advocates modeling and reinforcing a
quiet, relaxed intake. If klunking persists, Gardner sug-
gests considering use of the inhalation technique of air
intake. Diedrich (1971), Duguay (1977), and Salmon (1971)
encourage the clinician to identify and reinforce those air
intakes which do not include klunking noise. Virtually all
published sources of information on esophageal speech in-
struction encourage patience on the part of instructor and

student. A step-by-step progression of mastery from sound



to syllable to word to phrase, etc. is widely advocated.
None of the references cited above provides data on the ef-
ficacy of techniques to manage klunking noise.

The degree to which air intake noise may influence
communication is largely unreported in the literature.
Since klunking usually occurs immediately prior to each ut-
terance, some authors describe it as a distraction, rather
than a direct interference to speech (Hyman, 1979; Shanks,
1979). No references identify the specific characteristics
of klunking behavior which might cause it to be distracting
to the listener. Hyman (1979) states that klunking noise
may not affect intelligibility, but may adversely influence
oral communication.

Since klunking usually occurs immediately before onset
of voice, it does not compete directly with speech sounds.
Shanks (1979) includes klunking with a group of distract-
ing behaviors which are "not phonemic and not truly speech
elements,"” but which influence intelligibility by distract-
ing listener attention. Hyman (1979) also describes klunk-
ing behavior as a distraction rather than a direct inter-
ference.

In summary, the literature has identified esophageal
air intake noise (more specifically, klunking) as a problem
for many alaryngeal speakers, but has not defined its inci-
dence or severity. Research has suggested possible etiol-

ogy, but not conclusively. Treatment procedures described
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appear to have been based on anecdotal evidence. The under-
standing of esophageal air intake noise might be facilitated
by the identification of measurable correlates to listener
acceptability of such noise. The apparent lack of objec-
tive criteria for listener judgments was the primary moti-

vation for the present study.



CHAPTER III
METHODS AND PROCEDURES
SUBJECTS

The sample was comprised of twenty-four volunteer
laryngectomees who were attending the XIV Annual Institute
in Laryngectomee Rehabilitation at Eastern Washington Uni-
versity, Cheney, Washington, 1981. The only criterion for
participation was the ability to read the sample paragraph

aloud.
RECORDING EQUIPMENT AND PROCEDURES

Audio-tape recording was performed in the audiometric
suite at Eastern Washington University. Equipment consisted
of a SONY model 366 reel-type recorder, an Electrovoice
model 631B dynamic microphone, and Maxell UDXL high-output,
low-noise magnetic tape. The VU meter was adjusted to peak
at "zero" for each subject and the tape speed set at 7.5
inches per second. The microphone was mounted on a stand
such that the receiving end was situated approximately one
foot in front of and one foot to the side of the subject's
mouth. This placement appeared to minimize microphone pick-
up of extraneous body movement and stoma noise yet provided

clear recording of speech and air intake noise.
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Recordings were conducted between the hours of 9:00
A.M. to 4:30 P.M. allowing at least forty-five minutes from
the most recent meal to minimize possible influence of feed-
ing on esophageal function. After explaining the purpose
and securing written consent, each subject was instructed to
read aloud the first paragraph of the "Rainbow Passage"
(Fairbanks, 1960) twice for practice. This enabled the sub-
jects to adjust to the soundproof booth and to "warm up"
their esophageal voices. Each subject cued the investigator

when he or she was ready to begin.

RATING SESSIONS

Judges

Four judges were obtained from the distinguished
faculty of the XIVth Annual Institute in Laryngectomee Re-
habilitation, Eastern Washington University, 1981. Each
judge had professional experience with hundreds of layngec-
tomees over a minimum of twenty years as a speech clinician.
Hearing sensitivities of the judges were within normal
limits for speech.

Equipment and Procedures for Air
Intake Acceptability Ratings

To avoid group influence on the ratings, each judge
had an individual listening session. These sessions were
conducted in an audiometric control booth, using a SONY

model 366 tape recorder and TDH-39 headphones. The
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recordings were presented in a random order at a mean lis-
tening level of 70 dB, SPL. The tape was stopped for two
minutes after each ten minutes of play, to minimize listener
fatigue. Each listener unknowingly rejudged four of the
recordings, to sample intrajudge reliability. Esophageal
air intake noise was rated on a five-point equal-appearing
interval scale with number one being the least acceptable
air intake noise and number five indicating the most accept-
able (Appendix A).

Procedures for Overall
Proficiency Ratings

Overall esophageal speech proficiency ratings were
available for eighteen of the twenty-four subjects. These
proficiency assessments were done by the faculty of the
laryngectomee institute as part of the normal proceedings.
Although the proficiency ratings and the intake acceptabil-
ity ratings took place at the same week-long institute and
shared some of the same judges, the ratings were conducted
independently. The procedures and conditions for the pro-
ficiency ratings were quite different from those of the in-
take noise acceptability ratings. Proficiency was judged
during direct observations of each subject as he or she
spoke briefly to a group in a university lecture hall. A
six-point scale was used, with number one being "very
strong" and number six being "no voice" (Appendix B). The

proficiency scores were reversed for the statistical
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comparison with the present study. For example, number one
on the proficiency scale was changed to represent "no voice"
and number six to indicate "very strong." This score re-
versal insured that both the proficiency scale and the in-
take acceptability scale had the same numerical direction,
i.e., numerically higher scores on either scale were indica-

tive of superior performance.

RAW DATA ANALYSIS

Instrumentation

An acoustic analysis of the recorded speech samples
was performed with the aid of a Visi-pitch, model 6087,
frequency and amplitude extractor, connected to a Tektronix
storage oscilloscope. This instrumentation produced a
graphic display of relative intensity over time. A four-
second display time was used for this study. Several four-
second segments of each sample were photographed for a
permanent record. Each photograph was annotated, syllable
by syllable, to insure correspondence with the particular

segment of speech being displayed on the oscilloscope.

Procedures

Mean Intensity of Speech and Air Intake Noise. Intake

noise was readily identified on the oscilloscope display as
it typically preceded and followed speech signals of greater
amplitude and duration. Examples of this noise are observ-

able in Figure 1. The relatively smooth, straight sections
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of the oscilloscope trace represent the noise floor of the
tape recording. Syllables are seen as the higher peaks
(see "into," "many," and "beautiful," Figure 1) while the
intake noises are displayed as much lower peaks of brief
duration (see short peaks immediately preceding labelled
syllables, Figure 1). Due to the thickness of the trace
line, the durations of very brief events were difficult to
measure reliably and were, therefore, not included in this
study. Intensity peaks, however, were easily read on the
grid scale. On the vertical axis of the display, each large
grid square represents 10 dB SPL. Horizontally, each large
grid square represents .4 seconds.

The Number of Syllables per Air Intake. The number of

syllables uttered in a given sample was divided by the num-
ber of audible air intakes in the sample. The resultant
values were expressed as syllables per intake.

Rate of Speech. Each sample was timed with a hand-

held quartz-crystal chronograph watch. The number of syl-
lables uttered per sample was divided by its timed length.
Thus, the rate of speech for samples in this study is shown
as syllables per second. Speech rate is more commonly ex-
pressed as the number of words per minute, but a finer
measure seemed more appropriate for the short samples used

in this study.
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Figure 1. Overlay traced from a photograph of
Visi-pitch, model 6087, display of the esopha-
geal speech sample from subject number 5.
Asterisks represent esophageal air intakes.

STATISTICAL ANALYSIS

The statistical analysis of the data was used to as-
sess intrajudge and interjudge reliability, and to determine
the significance of correlation between the judges' ratings

and the objective measures.

Interjudge Reliability

The Pearson product-moment correlation coefficient (r)
for the ratings from each judge compared with the mean rat-

ings from all judges ranged from .78 to .86 (Table I).
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TABLE I

CORRELATION BETWEEN EACH JUDGE'S RATINGS AND THE
MEAN-OF-JUDGES RATINGS

Judge r Significance Level
A 0.86 .01
B 0.78 .01
C 0.80 .01
D 0.82 .01

Intrajudge Reliability

The internal consistency of the judges was sampled by
having them unknowingly rejudge four of the subjects. The r
values and corresponding significance levels for the test-

retest scores ranged from .88 to .98 (Table II).

TABLE II

CORRELATION BETWEEN EACH JUDGE'S TEST AND RETEST
RATINGS OF SELECTED SUBJECTS

Judge r Significance Level
A 0.96 .05
B 0.88 .10
c 0.95 .05
D 0.98 .02

Correlation of Objective Measurements with
Listener Judgments of Acceptability

The mean-of-judges rating for each of the twenty-four
subjects was entered into a multiple regression analysis

(Kim & Kohout, 1975) which compared the ratings with the
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objective measures of esophageal speech used in the study.
This analysis yielded the Pearson product-moment correlation
coefficient (r), the coefficient of determination (rz), and
beta value for each variable. The correlation coefficient
indicates the degree to which any of the objective measure-
ments is related to the judges' ratings. The coefficient of
determination indicates the percentage of the total variance
of judges' ratings which can be accounted for by the mea-
surements included in the regression formula. F values were
computed for each measurement variable and compared with a
table of critical values for F, at the .01 level. The beta
values may be used in a prediction formula to estimate the
probable air intake noise acceptability rating for a sub-
ject, given only the objective measurements of the subject's
voice.

Association of Listener Judgments of

Speech Proficiency and Noise
Acceptability

Independently conducted speech proficiency ratings for
eighteen of the subjects were compared with the intake noise
ratings obtained from the present study. The overall speech
proficiency scores were included as predictor variables in

the multiple regression analysis described above.



CHAPTER IV
RESULTS AND DISCUSSION

The results of this study are presented in the order
of the questions asked. The latter subsection of this chap-

ter is devoted to an interpretation of the results.
RESULTS

Are Selected Objective Measures of
Esophageal Speech Significantly Correlated
with Sophisticated Listener Judgments of
Air Intake Noise Acceptability?

Intake noise acceptability ratings were found to be
significantly correlated with four of the five measurements
used. Those measurements were: the numbér of syllables
uttered per air intake, the rate of speech, the mean inten-
sity intake noise, and the ratio of mean air intake noise
intensity to mean speech intensity. Mean intensity of
speech was insignificantly correlated to intake acceptabil-
ity. The multiple regression analysis indicated that ap-
proximately 83 percent of the total variance in the listener
ratings of air intake noise acceptability could be accounted
for by the measured variables. The measurement which ex-
hibited the most predictive strength was the number of syl-

lables uttered per intake. Computed F values for each
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variable exceeded critical values of F beyond the .01 level.
The results of the statistical analysis for each parameter
are described below and presented in Table III.

The Mean Intensity of Air Intake Noise. Intake noise

intensity was found to be inversely associated to the
judges' rating of intake noise with a correlation coeffi-
cient (r) of -.71. In other words, greater intensity of in-
take noise tended to lower listener acceptability. This is
significant at the .01 level with twenty degrees of freedom.
The coefficient of determination (r2) change caused by in-
cluding intake noise intensity into the regression was .13,
indicating this variable accounted for approximately 13 per-
cent of the total variance of the intake noise acceptability
ratings.

The Mean Intensity of Speech. Mean speech intensity

was associated with intake acceptability ratings below the
.10 level of significance, with an r value of -.14. The rz
change for this parameter accounted for less than 1 percent
of the total variance of listener ratings.

The Ratio of Mean Speech Intensity to Mean Air Intake

Noise Intensity. With a simple r value of .46, the ratio of

speech to intake noise intensity was positively correlated
with intake noise acceptability at the .05 level of signifi-
cance. Despite the size of the simple correlation, the re-
gression results indicated that this parameter was a weak

predictor of intake noise acceptability, accounting for less
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than 1 percent of total variance. Simply put, there was a
weak tendency for intake noise acceptability to increase as
the difference between speech intensity and intake intensity
increased.

The Number of Syllables Uttered Per Audible Intake.

This was the strongest variable of the study, both in simple
correlation and in predictive value. The positive r of .81
was significant at the .01 level. This variable accounted
for 65 percent of the variance in listener ratings of in-
take noise.

The Rate of Speech. Speech rate was positively corre-

lated with intake noise ratings at the .01 level of signifi-
cance, with an r value of .63. The multiple regression,
however, showed only 1.5 percent of the total variance of
intake noise ratings to be accounted for by rate.

Are Sophisticated Listener Judgments of

Overall Esophageal Speech Proficiency

Significantly Correlated with Sophisticated

Listener Judgments of Air Intake Noise
Acceptability?

The statistical analysis revealed that ratings of
overall esophageal speech proficiency were not significantly
related to the ratings of air intake noise acceptability.
The r value of .17 was indicative of a weak correlation.

The multiple regression analysis indicated that overall
speech proficiency ratings accounted for about 2 percent of
the total variance of the intake noise acceptability

ratings.
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DISCUSSION

Are Selected Objective Measures of
Esophageal Speech Significantly Correlated
with Sophisticated Listener Judgments of
Air Intake Nolse Acceptability?

The results suggest that of the variables compared,
the number of syllables uttered per air intake was by far
the strongest predictor of sophisticated listener acceptance
of esophageal air intake noise. Mean intensity of intake
noise was also predictive, but to a far lesser extent than
the number of syllables per air intake. The rate of speech
and the ratio of speech intensity to intake noise intensity
were significantly correlated with listener acceptance of
intake noise, but were weak predictors of such acceptance.
Mean speech intensity was insignificantly correlated with
listener acceptance of intake noise.

The predictive power of independent variables in a
multiple regression analysis is affected by the particular
variables included in the computation. Given the extremely
complex nature of the perceptual task of judging voice, it
is very unlikely that all appropriate measurable variables
were included in the present study. It is also probable
that not all the variance of intake noise acceptability
ratings can be accounted for by physical correlates. De-
spite these limitations, the results of the present study
reveal clear differences in the predictive value of the mea-

surements used in this study.
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The number of syllables uttered per esophageal air in-
take has been identified as one of the skills associated
with the acquisition of esophageal speech (Berlin, 1963;
Damste, 1979; Gardner, 1978; Snidecor & Curry, 1959). This
measure has usually been obtained by counting a subject's
repetitions of a designated monosyllable. The repetition of
a monosyllable obviously differs from the task used for the
present study, the production of connected speech. The pur-
pose of measuring syllables per intake in the present study
was not to compare the results directly with previous data.
Rather, the principle rationale was to provide a simple and
sensitive indicator of the frequency of occurrence of au-
dible air intakes. For example, five syllables per intake
would indicate that the subject produced an audible air in-
take every five syllables.

The strong correlation between syllables per intake
and intake noise acceptability is perhaps best explained if
the syllables per intake parameter is looked at as the rate
of occurrence of air intakes. From this perspective, the
listeners tended to judge intake noise more favorably as
the number of intakes decreased. While it is not surprising
that listener acceptability of intake noise would improve as
the quantity of intakes decreased, it is interesting that
this parameter (syllables per intake) was so much stronger
a predictor of acceptability than the intensity of intake

noise. Apparently, the listeners could accept higher intake
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noise intensity levels if the intakes did not occur too

frequently.

Many clinicians are familiar with esophageal speakers
who have rather loud intake noises, but otherwise superior
esophageal voice. Perhaps if the speech intensity of such
speakers is sufficiently high, it can compensate for above
average intake noise intensity. To test this hypothesis,
the present study included the ratio between mean speech in-
tensity and mean intake intensity in the statistical analy-
sis. The supposition was that a higher ratio would be pre-
dictive of better acceptability. The results fail to sup-
port this hypothesis. The speech-to-intake intensity ratio
was moderately correlated with intake noise acceptability
(r = .46) but had negligible predictive value (less than
1 percent of total variance).

The mean speech intensity measurements of the speakers
were insignificantly correlated with both intake noise ac-
ceptability ratings and overall speech proficiency ratings.
Since mean speech intensity is one component of the previ-
ously described speech-to-intake intensity ratio, it would
seem logical that it too would be weakly related to intake
acceptability ratings. The low correlation of speech inten-
sity with overall esophageal speech proficiency is consis-
tent with the findings of Hoops and Noll (1969).

Rate of speech was moderately correlated with intake

noise acceptability, but accounted for less than 2 percent
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of the total variance of those ratings. Rate is a parameter
which has been associated with esophageal speech proficiency
(Snidecor & Curry, 1959; Hoops & Noll, 1969). This associa-
tion, however, does not assure that a faster rate of speech
will be predictive of intake noise acceptability, since in-
take noise is but one of many factors which may influence
overall speech proficiency ratings.

Are Sophisticated Listener Judgments of
Overall Esophageal Speech Proficiency
Significantly Correlated with Sophisticated

Listener Judgments of Air Intake Noise
Acceptability?

The results suggest that the sophisticated listeners'
ratings of overall esophageal speech proficiency had little
association with their ratings of air intake noise accepta-
bility. While klunking, the most common esophageal air in-
take noise, has frequently been described as a problem
requiring attention, the results of the present study sug-
gest that it has little impact on sophisticated listener
judgments of overall proficiency. A probable rationale for
this mild influence lies in a primary temporal characteris-
tic of esophageal inflation: it is usually pre-phonatory.
Klunking may distract the listener, but apparently not often

enough to impair communication seriously.



CHAPTER V

SUMMARY AND IMPLICATIONS
SUMMARY

The literature on esophageal speech has identified the
problem of extraneous air intake noise, suggested its pos-
sible etiology, and provided practical advice for clinical
management. Documentation on the efficacy of specific
methodology is lacking in the literature. Such documenta-
tion would be simplified if objective criteria were used to
rate the severity of intake noise. The present study was
prompted by the lack of basic data regarding listener evalu-
ation of intake noise.

The purpose of this study was to identify physical and
perceptual correlates of acceptability of esophageal air in-
take noise. A primary and a secondary question were asked:

Are selected objective measures of esophageal speech
significantly correlated with sophisticated listener judg-
ments of air intake noise acceptability? The measures used
were:

1. The mean intensity of air intake noise

2. The mean intensity of speech

3. The ratio of mean speech intensity to mean intake

noise intensity
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4. The number of syllables uttered per intake

5. The rate of speech (in syllables per second)

Secondarily, are sophisticated listener judgments of
overall esophageal speech proficiency significantly corre-
lated with sophisticated listener judgments of air intake
noise acceptability?

Twenty-four laryngectomees, ranging widely in esopha-
geal speaking ability, read a standard passage for audio
tape recording. Four expert voice clinicians listened to
the tapes, rating subjects on the acceptability of air in-
take noise. Overall esophageal speech proficiency ratings
for eighteen of the subjects were obtained from an indepen-
dent study conducted during the same week.

Five objective measures of esophageal speech were ex-
tracted from each speech sample, using a real-time intensity
display instrument and a storage oscilloscope.

Interjudge and intrajudge reliability were determined
by computing Pearson product-moment correlation coeffi-
cients. The means of the ratings on intake noise accepta-
bility were entered in a multiple regression analysis as
the criterion variable, with the obhjective measurements and
the overall speech proficiency ratings as the predictor
variables.

Three of the predictor variables were found to be
positively correlated with the air intake acceptability rat-

ings beyond the .0l level of significance: the number of
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syllables uttered per air intake, the mean intensity of
speech, and the rate of speech. The ratio of mean speech
intensity to mean intake noise intensity was correlated to
intake noise acceptability at the .05 level. Neither mean
speech intensity nor the overall esophageal speech profi-
ciency variables were significantly correlated with intake
noise acceptability. The number of syllables uttered per
intake accounted for the largest share of the variance of
intake noise acceptability. Mean intake intensity was the
second, but far weaker predictor of variance. The remaining
variables accounted for a very slight percentage of the

total variance.
IMPLICATIONS

Clinical

Two main implications emerged from these results, and
the findings of a previous investigation were supported.
The first significant finding was that the number of syl-
lables uttered per intake (the rate of intake occurrence)
was a stronger predictor of intake noise acceptability than
mean intake intensity. This suggests that clinic and prac-
tice time might be better spent improving the duration of
speech per audible intake rather than working directly on
quieting the intake noise. The results suggest that even if
the intake noise intensity remains static, an increase in

the production of syllables per audible intake may improve
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both intake noise acceptability and overall speech profi-
ciency ratings.

The finding that intake noise acceptability is not a
significant correlate of overall esophageal speech profi-
ciency also would imply that practice be concentrated on
other aspects of speech, such as rate, duration, vocal
quality, prosody, inflection, etc.

The finding which supports Hoops and Noll's (1969)
previous conclusion that intensity of esophageal speech is
not significantly related to proficiency might be of inter-
est to those who arduously struggle to increase volume at

the expense of other more significant parameters.

Future Research

Future researchers may wish to improve upon the
methods used in the present study and to include other
parameters.

The intake noise acceptability ratings may have been
somewhat compressed by the combination of very few judges
and a narrow range of possible scores for each subject.
With only four judges, the impact of a single judge's rating
can sharply affect the mean for any given subject. This
problem could be minimized by using an expanded rating
scale or more judges, or perhaps both.

Future researchers may be able to extract more infor-
mation by means of statistical analysis. Partitioning the

group by standard deviation breaks or quartiles might yield
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more specific data about the characteristics of those sub-
jects sharing a similar level of proficiency. Using a
larger sample could yield valuable normative data. Such
data might be used to set measurable progress goals which
would bear a strong relationship to listener evaluations.

The clinical implications from the present study
could be readily tested with a few cooperative laryngec-
tomees. The next logical step for the present study, how-
ever, would be to use naive listeners as judges and to com-
pare the results with those of the sophisticated listeners.

A well-equipped speech science laboratory might choose
to explore the possible effects of spectral components and
temporal relationships. Intake latency, pause time, posi-
tion of intake within a pause, and rate of multiple intakes
are all accessible parameters which have not been systemati-
cally compared with listener ratings. It would seem quite
plausible that a listener could be more likely to notice an
extraneous speech sound if that sound were "telegraphed," so
to speak, by an overly long pause and/or multiple inflations
within a pause.

Finally, a spectral analysis of esophageal air intake
noise might yield a more precise description of the klunk

and perhaps a clearer insight as to its etiology.
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APPENDIX A

INSTRUCTIONS READ TO JUDGES

You will be listening to recorded speech samples from
alaryngeal speakers. Please rate the acceptability of
esophageal air intake noise for each speaker on a five-point
scale, with number one representing the least acceptable in-
take noise and number five the most acceptable intake noise.
Please do not judge stoma noise or overall esophageal speak-

ing proficiency.

ACCEPTABILITY SCALE FOR ESOPHAGEAL AIR INTAKE NOISE

LEAST ACCEPTABLE MOST ACCEPTABLE

1 2 3 4 5



APPENDIX B

ESOPHAGEAL SPEECH PROFICIENCY SCALE USED BY THE 14TH
ANNUAL INSTITUTE IN LARYNGECTOMEE REHABILITATION,

EASTERN WASHINGTON UNIVERSITY, 1981

1 - very strong

2 - strong

3 - average

4 - weak

5 - very weak

6 - no voice
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