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Removal of the larynx necessitates an altered means of speaking.
Esophageal voice is the traditional and generally recommended substitute
voice. Because the pitch of the female esophageal voice may be strikingly
lower than that for normally speaking women, fundamental frequency may be
a variable influencing whether female esophageal voice is considered so-

cially acceptable. More importantly, listeners may apply different



standards to male and female esophageal voices, thus necessitating an
approach in research that treats them as separdte samples.

This study proposed to determine if male and female esophageal
voices were rated in the same manner by naive listeners. Answers to the
following questions were sought:

1. Is‘there.a difference in the social acceptability ratings
given to female esophageal voices compared to male esopha-
geal voices, when the speakers are matched for speaking
ability?

2. Does a relationship exist between the fundamental frequen-
cies of female esophageal voices and ratings of social
acceptability given by naive listeners?

3. Does a relationship exist between the fundamental frequen-—
cies of male esophageal volices and rxatings of social accepta-

bility given by naive listeners?

4. Do male and female naive listeners rate female esophageal
voices similarly? :

The subjects for this study were eight female and eight male esoph-
ageal speakers, matched for speech competency by the Barton-Hejna Scale
for Esophageal Speech Competency.

The subjects were tape recorded reading the first paragraph of the
"Rainbow Passage'" and saying a series of four CVQ syllables with the
vowel portions prolonged. The second sentence of the passage and the
four syllables were extracted and placed on a second generation Eape.
Listeners rated each esophageal voice sample for voice social accepta-
bility (VSA). Additionally, the vowel portions of the four monosyllabic
words were subjected to sonographic analysis; these were averaged and
the average considered to be the "fundamental frequency."

Analysis of the ratings given to the male and female voices indica-
ted that knowing the speaker's sex was not related to the social accept-

ability of the esophageal voice. The total mean VSA rating for the



male voices was not significantly different from the total mean VSA
rating given to the female voices. These findings, however, do not indi-
cate identical standards of soclal acceptability are applied to each
voice.

Analysis of fundamental frequencies and VSA ratings for female
voices shows a moderate correlation. The fundamental frequency, then,
may be considered a factor related to the VSA rating given to a female
esophageal voice. A negligible relationship was found when correlating
the fundamental frequencies of male esophageal voices and VSA ratings.
The necessity of treating male and female esophageal voices as separate
samples in perceptual research is supported.

The findings indicate the sex of the listeners did not influence the
rating scores assigned to the voices. Male and female listeners rated

the esophageai voices in a similar manner.
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CHAPTER 1

INTRODUCTION AND PURPOSE

Much of the research on esophageal voice has been directed toward
obtaining data from samples of male esophageal speakers. Male subjects
have been used in studies to obtain statistical and descriptive data on
the physiological correlates of esophageal speech (DiCarlo, Amster and
Herer, 1955; Snidecor and Isshiki, 1965a; Lavorato, 1970; Murray and
Brown, 1975), the acoustic parameters of fundamental frequency, inten-
sity and rate (Snidecor and Curry, 1959), and dimensions of articulatory
change (Christgnsen and Weinberg, 1976; Nichols, 1976).

Attempts to telate varilotis parameters of the esophageal speaker's
performance with listener judgements of speech intelligibility, communi-
cative efﬁectiveneés, or social acceptability have included comparisons
of the esophageal speaker to normal speakers (Tikofsky, 1965; Gilmore,
1974) and to artificial larnyx users (Hyman, 1955; McCroskey and
Mulligan, 1963; Shaﬁes, Font and Matthews, 1963; Bennett and Weinberg,
1973). Judgéﬁents héve been made under varying environmental conditions
(Berry and Knight, 19?5; Horii and Weinberg, 1975), according to lis-
tener sophistication (Hoops and Noll, 1971), and in relation to speaker
variability in terms‘of frequency, duration, rate, intensify, phrasing,
articulation and auditor& functioning (Shipp, 1967; Hoops and Noll,
1969; Hoops.and Guzek, 1974; Martin, Hoops and Shanks, 1974; Filter and
Hyman, 1975). With the exception of rate, these investigations have

resulted in conflicting evidence as to the contribution of each variable
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to listeners'_perceptual judgements. Rate is the common variable found
to be significant By several investigators (Shipp, 1967; Hoops and Noll,
1969; Filter and Hyman, 1975). The studies mentioned were conducted
with male populations (Hoops and Noll, 1969) or did not report separate
results for the female éubjects (Shipp, 1967; Filter and Hyman, 1975).
It is possible fundamental frequency might be a more significant vari-
able were female,speakers considered.

The importénce of tfeating male and female speakers as separate
populations in perceptual studies of fundamental frequency becomes ap-
parent in consideration of research by Weinberg and Bennett (1972a). A
significant differénce was found between the mean fundamental frequency
of a sample of femaie esophageal speakers (87,Hz) and that produced by
the male sample (69 Hz). It also was found that naive listeners can re-
liab1y4and accuratély identify the sex of esophageal speakers (Weinberg
and Bennett, 1975); Male esophageal speakers tend to average one octave
below the socially‘aécepted fundamental frequency standard for their
sex. = Females, thougﬁ the esophageal voice may be at a higher fundamen-
tal frequency than ﬁale esophageal voices, may be approximately two oc-
taves below the socially accepted standard for females (Curry, Snidecor
and Isshiki, 1973). Naive listeners may apply different standards in
deterﬁining the social acceptability of the female esophageal>voice than
that of the ﬁale esobhageal voice based on the relative degree of pitch

difference compared to normal speakers.

Statement of Purpose

The purpose of the present study was to compare social acceptabil-

ity ratings given by naive listeners to male and female esophageal



voices.

1.

The following questions were asked:

Is there a difference in the social acceptability rat-
ings given to female esophageal voices compared to male
esophageal voices, when the speakers are matched for
speaking ability?

Does a relationship exist between the fundamental fre-
quencies of female esophageal voices and ratings of
social acceptability given by naive listeners?

Does a relationship exist between the fundamental fre-
quency of male esophageal voices and ratings of social
acceptability given by naive listeners?

Do male and female naive listeners rate female esopha-
geal voices similarly?



CHAPTER II

REVIEW OF THE LITERATURE

To understand the acoustic and perceptual parameters of esophageal
voice, it is necessary to know the physiological and anatomical condi-
tions under which the pseudo—vdice is produced. The laryngectomy opera-
tion, the mechanism and characteristics of eséphageal voice, and
"special" problems of the female laryngectomee are reviewed. Studies
that relate the acoustic paraﬁeters (e.g., fundamental frequency) of
esophageal voice to perceptual judgements (e.g., acceptability) conclude

the chaptér.

Removal of the Larynx

In a total 1a¥yngéctomy operation, the ofal cavity is isolated from
the“pulmonary tract by laryngeal excision. The best known procedure re-
moves the enﬁire larynx, including the cartilages and the intrinsic
muscles. The attached extrinsic muscles that originate in the larynx
and insert in the hyoid bone are usually included. tThe hyoid bone may
or may not be removed. After removal of the larynx, the end of the
trachea is brought fo the surface of the skin at the lower level of the
neck. A stoma (breathing hole) is created here; air passes directly
" into the lungs without passing through the upper respiratory changels
of the nose, mouth and throat (Figure 1) (Pressman, 1962).

This type of anatomical and physiological alterafion of the respir-~

atory system necessitates the development of a new speaking method:
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esophageal speech or speech produced by an artificial larynx. 1In the
case of a standard laryngectomy operation, esophageal voice is the tra- .
ditional and generally recommended substitute voice.(i?hough considered
by some to be more desirable than the artificigl larynx (Levin, 1952;
Hunt, 1964; Shanks, i967), statistical predictions for success are not
very optimistic (Snidecdr,.1975)£:}%he percentage of laryngectomees us-

ing intelligible esophageal speech ranges from as low as 43 percent

(King, Lowlks, and Peirson, 1968) to 84 percent (Hunt, 1964).

i

The Mechanism of Esophageal Voice

Theqposterior.wall of the larynx is the anterior wall of the esoph-
agus. Removal of the larynx usually results in the surgical narrowing
of a band of muscle tissue in the upper esophagus, most often located at
the favel of tHe Pifth of sixth carviedl vesbuhea, thie saghiit Hay be
made up of muscle fibers from the‘superior esophageal sphincter, the
cricopharyngeous aﬁa the inferior comstrictor; it is often referred to
as the pharyngo-esophageal (P-E) segment.

‘The 1aryngectomee compresses air from his mouth and hypépharynx im-
mediately above the P-E segment using one of a combination of three
methods: "Sniffing" the air through the nose or mouth; injecting air
with a pumping—like'motion of the tongue; compression of air in prep-
aration for the production of either a plosive or a fricative sound.
When the positive air pressure is greater above than the pressure below
the segment (negative pressure exists in the esophagus in its natural
state), the vacuum cééses the positive air in the oral and pharyngeal
cavities to be sucked in through the P-E segment. The stream of air

sets the tissues into vibration. The sound is converted into speech by



movements of the articulators, which remain unaltered after surgery

(Salmon, 1971; Knox, 1978).

Characteristics of Esophageal Voice

The voice and speech productions resulting from air expelled from
the upper alimentary tract through a pseudoglottis have been the foci

of many investigations. 1In general, the _effectiveness of eewphageal

Aspeech is%}imgggg(by‘igedeggege“eir support, resulting in an increased

-

number of pauses. The speaker's effective speaking rate will be re-

Ao AR M ~<a“~v~'3"’~«“““

duced and speech may be either '"choppy" or_ h hesitant as he pauses to

recharge thewesophagus w1th a1r (Snidecor and Isshiki, 1965a).

e R A

e Rty

Sn1decor (1951) found normal speakers PESE?E;?;Jfrom 60 to 75 percent of
the time during continuous speech. For esophageal speakers, the range
of phonated time was from 38 to 57 percent (Snidecor and Isshlkl, 1965b).
Abeorditg to Sﬁidécor and Curry (1959), 4 speaking tate of 80 £6 128
words per minute is realistic for esophageal speakers, compared tox%ggg
words per minute for.normal speakers.

An outsfand;ng eharacteristic of the esophageal voice is its low
.pitch‘(Sni&ecor, 1975). The comparatively large mass of the vibrating
pseudoglottie and lew airflow rates cause the pitch of esophageal speech
‘to be considerably lower than normal. The average normal male voice is
perceived te be about 132 ﬁz; while the mature female speaker is approx- .
imately 220 Hz. . The male esophageel speakeg averages 63 Hz (Snidecor,
1975). The average fundamental frequency of 15 female esophageal voices
was measured to be 87'Hz (Weinberg and Beﬁnett, 1972a). Curry et al.

(1973) indiceted‘the female esophageal voice may be two octaves below

the speaker's presurgical voice. 'Despite the low pitch, a normal range



of pitch variability can be expected. The esophageal speaker may sound

monotone desplte hls ab111ty to alter pltch because _the frequency of vi-

it e Yer o o e T

bration is often less than 100 Hz, and listeners are unable to perceive

PR e i AvH s D -\wwvw-.:

changes in such low pitched voices (Diedrich and Youngstrom, 1966). In
addition, the intensity of the esophageal voice is reduced, but is suf-
e o]

ficient to be heard in a group of 25 people under ideal listening

conditions (Snidecor, 1971).

The "hoarse quality of esophageal voice also differentiates it
from the normal voice. The nature of the pseudoglottis and the reduced
elasticity of the tissues due to scarring account for the irregular,
aperiodic noise in the spectrum of esophageal voice. The vibration of

accumulated mucus at the pseudoglottis also contributes to the

complexity of the vibratory pattern (Nichols, 1962).

Female Esophageal Voice

The literature suggests female laryngectomees are less motivated to
learn to speak esophageally for several reasons: the hoarse quality;
the low, "unfamiliar" pitch; and fear of social rejection due to either
pitch and quality differences or the way in which she produces sound.
‘Gardner (1966) made the following observations based on a survey answered
by 237 laryngectomized women:

Successful adjustment depends on the nature and temperament
of the patient...The masculine esophageal voice attracts at-
tention; it is not acceptable to the public...She is reluc-
~ tant to use her masculine voice for fear of losing her
position in relationship with the other sex.
Putney (1958) included 23 women in his study, two-thirds of whom did

not learn esophageal speech. He speculated that "...psychologic ele-

ments associated with fixed emotional attitudes were strong factors in



women and generally deterred them from perseverence." Gilchrist (1973)
agreed that the low tones of esophageal speech were likely to be embar-
rassing and distésteful to women; thus, they experience a higher failure
rate. The esophageal voice seems to be more unfamiliar and unpleasant
for the female than the male.

Svane-Knudsen (1960) found laryngectomized women fear social rejec-
tion, due to listeners' misconception that tﬁe laryngectomee's hoarse
and rough voice is the result of a life spoiled by 'beer and tobacco."
The laryngectomee may have been told the production of the esophageal
voice is based on a physiological principle similar to belching. Though
this is erroneous,“the laryngectomee may feel she‘is.being asked to talk
in a voice thgt is culturally rejected (Klinger, 1971).

Cooper (19735 stated all speakers visualize themselves as being a
certain type of speéker with a certain type of voice. This '"vocal
image'" is a determinant in the successful acquisition of esophageal
voice. A laryngectomized woman must deal with the sound of her presur-
gicai voice compared to the extremely low pitched esophageal voice
which is noticeable‘and varies from societal standards.

Relationship Between Acoustic Parameters and
Perceptual Judgements of Esophageal Voice

Oral communication involves the interaction of the speaker and his
listeners. Various étudies have attempted to correlate physical meas-
urements of the parameters of esophageal voice to listener judgements of
"social acceptability" or "speech effectiveﬂess." Despite her special
problems, few researchers have dealt with the female laryngectomee,

either in physical measurement or perceptual studies of esophageal
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speech. Studies investigating the acoustic variables of esophageal
speech related to acceptability ratings have used male populations or
did not report separate results for female subjects.

IA sample of 33 esophggeal speakers was judged for acceptability on
a five-point scale in an ipvestigation by Shipp (1967). These phonatory
variables of esophageal speech were analyzed: mean, standard deviation
and 90 percent range of fundamental frequency; total duration; and per-
centage of entire utterance spent in periodic phonation, aperiodic
phonation, and éilence. Factors coincident with above-average accepta-
bility ratings'included a higher mean fundamental frequency, a more
rapid utterancé’éf the test sentence, a greater proportion of periodic
phonation, and a lesser proportion of both aperiodic phonation and si-
lence. There was great variability among the esophageal speakers' av-
erage frequency levels, and the higher mean level was a ''desirable"
trait. Frequency variation appeared to be unimportant, but the loca-
tion within the frequency spectrum where the variation occurred may have
affected the listeners' evaluation of speech acceptability. Shipp did
not report what percentage, if any, of the subjects were female. It is
difficult to interpret the importance of fundamentai frequency as a
variable in Shipp's.étudy, because the sex of the speakers was not indi-
cated.

Filter (1971) sﬁowed that 10 female esophageal speakers received
significantly higher effectiveness and articulation scores than 10 male
esophageal speakers. The mean fundamental frequency measurements be-
tween the groﬁps were'not significantly different. In this study, no
attémpt was made to show a relationship between effectiveness ratings

and fundamental frequency, but only how female and male esophageal
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speakers differed on various measures. A later publication (Filter and
Hyman, 1975) investigated the relationship of these acoustic measures to
the effectiveness ratings. Correlational data was not reported accord-
ing to speaker sex. As with Shipp's study, it appears effectiveness was
significantly correlated.to mean fundamental frequency when the 20
speakers were considered together. Other parameters in the Filter and
Hyman study significantly correlated to effectiveness were intelligibil-
ity, articulation, faster rate, and greater mean inteénsity. .

Hoops and Noll (1969), in contrast to Shipp (1967) and Filter and
Hyman (1975), did.not find fundamental frequency to be a significant
factor in judgemeﬁts of effectiveness. The subject sample, however, was
comprised of only‘male esophageal speakers.

Perhapslthe éonflicting results of these studies relative to the
relationship between fundamental frequency and effectiveness ratings are
based on the nature of the subject samples (Hoops and Noll, male; Filter
and Hyman, male andvfemale; Shipp, unknown). Listeners may apply dif-
ferent standards of social acceptability or effectiveness to a female
esophageal voice than to the male, yet this is difficult to interpret
from the published data.

Some studieé proQide some basis for treating female esophageal
voices as distinct from the male in perceptual studies. Despite the
description of "masculine" given by some to the female esophageal voice
(Svane-Knudsen, 1960; Gardner, 1966; Cooper, .1973), Weinberg and Bennett
(1975) determined thaf’naive listeners reliably and accurately identify

the sex of esophageal speakers from tape-recorded voice samples, and
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that male and female esophageal voices differ significantly in
fundamental frequency (Weinberg and Bennett, 1972a).

Stewart (1975) investigated listener reactions to artificial

larynx, esophageal and Asai speech. Asai speech is the product of a
" three-stage surgical procedure which allows the 1aryngectomée to use
pulmonary air expired throygh a dermal tubé, activating a pseudoglottié
at the base of the tongue. In Stewart's study, each group was repre-
sented by one.female and three male speakers, and ranked by naive lis-
teners. The eéoPhageal,mode was most preferred for méle speakers. For
females, Asai speéch was ranked more acceptable than either esophageal
or aftificial 1érynx speech. Asai speech is breathier and has a higher
fundamental frequéﬁcy than other typeé of alaryngeal speech, suggesting
listener preference for a higher pitch in female alaryngeal speakers.

>Investigators have treated the relationship between esophageal
speakers and listener perceptions in many ways, with conflicting or un-
replicated results; Research needs to be completed that not only re-
lates acoustié parameters of esophageal speech to perception of its
listeners, bgt treats male and female esophageal voices as different

samples.



CHAPTER III
METHODS AND PROCEDURES

Methods

General Plan of Study

‘ Twenty-three esophageal speakers, 11 female and 12 male, were
tape—recorded'reéding a portion of the "Rainbow Passage' (Fairbanks,
1960) and saying‘a series of monosyllabic words. The second sentence
of each speakeris passage was extracted and placed on an audio tape.
The samples were rated according to the Barton-Hejna Scale for Esopha-
geal Speech Competency (1960), by three professionals who have experi-
ence teaching laryngectomized individuals. From this, a sample of eight
male and eight female speakers were matched for speech competency.
These 16 esophageal speakers comprised the sample for‘this
investigatioﬁ. |

The second Senténce of the reading passage was extracted from each

subject sample andlélaced in two different random orders on an audio
tape for presentatién to naive listeners. To acquaint listeners with
_the range of voices go be rated, the first presentation consisted of the
16 voices. Thé voicés were then presented in a different random order
and the listeners réted each voice on the parameter of relative social
acceptability, using a seven-point equal appearing interval scale. The
rating form aﬂd.the4éﬁdio tape indicated whether the voice to be rated

was male or female. - Each monosyllabic word in the series was analyzed
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spectrographically for an estimate of fundamental frequency, and the
measured frequencies were averaged.

The listeners' ratings and speaker sex were compared to determine
if a difference:exists between the social acceptability rafings of male
and female eééphageal voices. The listeners' ratings and the fundamen-
tal frequency éverages were correlated to determine if any significant
relationship exists between fundamental frequency measurements of female
esophageal voices and social acceptability ratings by naive listeners.
The correlation.procedure was duplica;ed for the male esophageal voices
afid ratings of social a;ceptability. The ratings wete analyzed to dz-
termine if male and female listeners rated female esophageal voices in a

similar manner.

Subjects

The subject selection for this investigation involved two proce-
dures. Potential volunteer esophageal speakers were contacted through
the Portland New Voice Club and M. H. Hollyfield, lay teacher of esopha-
geai speech.‘ Twenty-three speakers who fﬁlfilled the following criteria
agreed to be taped;.,

4 1. Spokekin General American dialect;

2, Had the ability to read a 51-word passage aloud;

3. Could sustain a vowel for approximately one second.

?art two consisted of playing a speech sample from each volunteer
to a panel of thfee professionals who work with larygectomized individu-
als. The judges rated each voice on the seven-point Barton-Hejna Scale
for Esophageal‘Speech”Competency (Appendix A). From the results of

these ratings, eight male and eight female esophageal voices were
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matched for esophageal speech competency and comprised the subjects for

this study.

Listeners

The naive listeners were members of undergraduate classes at Port-
land State University. Students with self-reported normal hearing acu-
ity and no formal contact with esophageal spéech were considered
qualified listeners. The rating forms of 15 male and 15 female listen-

ers were randomly selected for analysis from a total of 50 forms.

Instrumentation

The speech‘samples were recorded on Maxell 35-90 tape with an Ar-
tik' Speech aﬁd Hearing Recorder, Model 414, and accompanying micro-
phone. Samples were recorded at seven and one-half inches per second.
Two>Sony 105 recorders were used to produ¢e the rating tape, which was
dubbed from the master tape. The tape was presented to the listeners
with a Sony 105 recorder at seven and one-half inches per second.

The four word series from each sample was analyzed spectrograph-
ically to determine fundamental frequency with a Kay Sona-graph, Model

6061-B. A Type A display, showing frequency plotted on the ordinate and

time on the abscissa, was used (Abpendix B).

Procedures

Recording Procedures

Each sample was collected in a quiet room in the subject's home.
The microphone was held six to eight inches in front of the mouth at
chin level. Speakers read the first three sentences of the "Rainbow

Passage," followed by the words "bid," "bed," "bide," and "bud"
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(Appendix C). These words were chosen because the vowel sounds are rep-
resented in the sentence that was presented to the listeners. Specific
instructions given verbally to each speaker were:
I am goiné'to record as you read this short passage. After you
read it, I want you to say the words printed below in the same
way that I demonstrate to you now.
A model was presented demonstrating each monosyllabic word, prolonging
the vowel portion approximately one second. The speaker was allowed to
practice reading the passage; the objective was for the speaker to be
comfortable reading the material. Recordings were made when the speaker
indicated he or she was ready to read aloud. This tape is referred to
as the "master tape" in this investigation. Selection of subjects from
the tape is described in the section "Subjects."

Thg second sengence read by each speaker who was a subject was ex-
tracted and dubbed‘in two different sections on a second generation
tape. The first sééfion consisted of the 16 samples, placed in random
order using a fandém numbers table. This section was presented to lis-
teners to acquaint‘tﬁem with the range of voices involved. The second
section consisted of 23 voices placed in a different random order;'each
sample consiste& of the second sentence of the "Rainbow Passage" and the
series of four monosyllabic words that were subjected to sonographic
analysis. Five of the voices (three male and two female) were randomly
selected and ﬁresentéd twice to determine intrajudge reliability. A
five-second interval followed each voice to allow the listeners time to
rate that voice on a seven-point scale of social acceptability (Appendix
D). Each voice was ipfroduced by the carrier phrase "Number one, fe-
male...(or whatever the gender)." Each voice was followed by a

five-second pause during which the listeners rated that voice.
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Ratiné Procedures
' Listeners4ﬁefe informed before the listening task they wouid hear

both female and male esophageal speakers. A seven-point equal appearing
interval scale was used to rate the esophageal voices. Each scale indi-
cated the sex of that speaker. No specific definition of social accépt—
ability was giQen to the liéteners, except to explain that an "X" on the
extreme left side'of the scale meant "least socially acceptable," and a
mark on the extreme right side of the scale meant "most socially accept-

able." Actual instructions to the listeners are found in Appendix E.

Measurement and Analysis of Data

Acoustic Measurement

A measure of each speaker's fundamental frequency was determined by
calculating the mean fundamental frequency for four monosyllabic words,
spoken by each subject after reading the '"Rainbow Passage.'" Resulting

values were expressed as a speaker's '"fundamental frequency."

Statistical Analysis

The Pearson product-moment correlation (r) was used to determine
intrajudge and interjudge reliability, and to determine if a relation-
ship exists betwgen the fundamental frequency of male and female
esopﬁageal voices and ratings of social acceptability. The Wilcoxon
matched-pairs signed ranks test was used to determiné if a difference
exists between social acceptability ratings given to male and female
esophageal voices (Siegel, 1956). A t test for depéndent means was used

to determine whether judge sex was a significant variable in the ratings

assigned to esophageal speakers.



CHAPTER IV
RESULTS AND DISCUSSION
Results

The purpose'of this investigation was to examine social accepta-
bility ratings given by naive listeners to male and female esophageal
voices. Additionally, the relationship of fundamentél'frequency of
esophageal voice to listener ratings of voice social acceptability
(VSA), relative go esophageal speaker sex, was determined. The rela-
tionship between listener sex and perceived esophageal voice social
acceptability wd8 also examinéd.

..Preliminary to analysis of the data,‘the Pearson product-moment
correlation (r) was used to determine intrajudge reliability. Five ran-
domly chosen.esophageal voices were rated twice on the seven-point scale
for social acceptability; the first rating of each voice was correlated
with the second rating of the thirty listeners. As Table I shows, neg-
ligible intrajudge reliability was found in the rating comparisons of
one ésophageal voicé; i.e., speaker number four. Low (.20 to .40) to
moderate (.40 to .70)‘corre1ations were found for the remaining voice
pairs (Guilford, 19565!

Interjnge reliability on the rating scale data was determined with
tﬁe Pearson product—ﬁément correlation (r) for each listener. The rat-
ing given by>é-listénér to each voice was comparéd to the total mean

social acceptability rating for that voice. As shown by Table II,
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TABLE I

" RATING SCALE INTRAJUDGE RELIABILITY

Speaker No. Sex r
2 | Female .48

4 Male -.04

9 Male .32

10 Female .65

16 Male .54

interjudge reliability ranged ffom .17 to .90. It is important to note

that, with the exception of the lowest r, moderate to very high inter-

jUdge reliabiiity was achieved by the iistensrs. 'THe méan + was 175,
Answers tb four questions were sought based on the ratings given by

naive listeners to male and female esophageal voices. The first question

TABLE II

RATING SCALE INTERJUDGE RELIABILITY

r Value Ranges No. of Listeners
Less than .20 1
.20 - .40 0
.40 - .70 11
.70 - .90 17

.90 - 1.00 | 1
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posed was: Is,thére a difference in the social acceptability ratings
given to female esophageal voices compared to male esophageal voices,
when the speakgrs are matched for speaking ability? Appendix F shows
the mean social acceptability'rating given by male and female listeners
to each voice, and the fundamental frequency énd Barton—ngna Scale rat-
ing for each voice. The Wilcoxon matched-pairs signed ranks test was
used to determine the difference between VSA ratings given to male
esophageal voices as compared to female esophageal voices, when the
speakers were matched for esophageal speech competency. The resultant
T score of 9 was not significant at the .05 level, suggesting that know-
ing the sex of the esophagea1 speaker was not a statistically significant
variable in the listeners' estimations of voice social acceptability.

The second ana third questions asked were: 1) Does a relationship
exist between the £ﬁndamental frequencies of female esophageal voices
and ratings of social acceptability given by naive listeners? and 2) Does
a relationship exis£ between the fundamentgl frequenéies of male esopha-
geal- voices and ratings of social acceptability given by naive listeners?

Table III shows the mean fundamental frequency for the sample of female

TABLE III

SAMPLE MEAN FUNDAMENTAL FREQUENCY

Speaker Sex X F0 Range Sb
Female (n=8) 98.5 Hz 60-123 Hz 20.74
Male (n=8) 90.3 Hz 78-105 Hz 10.82

Total (n=16) 94.4 Hz 60-123 Hz 16.52
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and male esophagegl voices, separate and combined, theArange for each
sex and associated standard deviationms.

The relationship between esophageal voice fundamental frequency and
the mean VSA rating was determined by the Pearson product-moment corre-
lation. (r). Table IV shows a moderate correlation between the mean
female fundamental frequenq%es and the VSA ratings givenlby naive iisten-
ers. An r of .46 may be i;;erpreted to indicate mean fundamental fre-
quency accounted for approximately 21‘percent (r2 = ,2116) of the
variance of VSA ratings. By comparison, fundamental frequency was a less
significant variable in the VSA ratings of male voices only and>when
considering the téfal sample.

The last quésﬁion posed was: Do male and female naive listeners rate
female esophageal voices similarly? Two-tailed t tests for dependent
means were conductéd on the total sample and on female voices alone to

determine if listener sex was a variable in the ratings assigned to esoph-

ageal speakers. Results showed there was no significant difference in the

TABLE IV

- MEAN FUNDAMENTAL FREQUENCY AND MEAN VOICE
" SOCIAL ACCEPTABILITY RATINGS

o X VSA SD .

Sample X F, Rating* VSA Rating* r
Female (n=8). . 98.5 4.11 1.15 46
Male (n=8) 90.3 4.59 .99 .05
Total (n=16) 94.4 4.35 1.07 .24

*Voice Social Acceptability
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manner male and female listeners rate female esophageal voices (t = 1.3)

or the total sample of 16 esophageal voices (t = 1.5).

Discussion

When listener judgements of a subject's speech or voice are re-
quired in an investigation, audience composition and performance are im-
portant in consideration of the results. In this study, an individual
listener showéd only low to moderate agreement with himself in rating
two identical esophageal voices. 1In fact, negligible intrajudge relia-
bility was demonstrated with one voice. The results.of this study de-
pend on the percepfions of the listener, inconsistent as they may be,
and this must be éonsidgred when interpreting the data.

Other findings concerning the listeners suggest there was moderate
to high agreement between the listeners for the rating of each partic-
ular voice. fhe ﬁaive listeners also had high agreement (.78) with the
Barton-Hejna Scale fating given to each esophageal speaker by profes-
sionals. This sugéests the more competent esophageal speakers were
likely to havé their voices rated as more socially acéeptable by the
naive listeners. Using the ratings of the professionals as criteria,
some degree of.valiaity between the two measures is thus indicated; cer-
tain voice charactefistics were apparent to both sets of judges. The
Barton-Hejna Scéle tAppendix A) is a seven-point descriptive scale for
the parameters of séntence usage, rhythm and noise of production. On
the other hand, the scale used by the ﬁaive listeners was an equal
appearing interval scéle from 1 (least socially acceptable) to 7
(most socially acceptable) with no descriptions of esophageal voice

acceptability (Appendix D).
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Listener sex did not significantly effect listener ratings scores
for female esophageal speakers or in the rating of the total sample of
esophageal voiceé. This finding is in agreement with Stewart (1975) who
found that sex of the listener was not a variable in social acceptabil-
ity ratings for alaryngeal speakers using different modes of speech
(esophageal, Asai and artificial larynx users).

The criteria for listeners in the present study was normal hearing
and no formal contact with esophageal speakers. Only university stu-
dents were usﬁd‘(modal age range = 17-22 years); caution should be ei—
ercised in prﬁjéqting results to other segments of the general popula-
tion. |

The speakef's sex was not a statistically significant factor in
VSA ratings. The'total mean VSA ratings for females was 4.11 (range:
2.54 - 6.04); fdf mgles, 4.59 (range: 3.14 - 6.14). In other words,
given a pair of ﬁaié and female esophageal voices matched for speech
competency, naive listeners made VSA ratings Sased on factors other than
speaker sex. Male‘esophageal voices did not receive statistically sig-
nificant higher scores than the female esophageal speakers. It is
interesting to note,‘however, that six of the eight females were given
lower VSA ratings tﬁan males of equal esophageal speech competence.
Filter's (1971) data is not supported. He showed female speakers had
significantly higher.effectiveness ratings than the maie speakers., Fil-
ter's listeners were ﬁot told the sex of the speaker. The findings of
the present study do nét imply identical standards for voice social ac-
ceptability werg considered for each speaker in the sample, as later

discussion will reveal; Table V shows the VSA ratings given to male and



TABLE V

BARTON;HEJNA RATINGS, MEAN VOICE SOCIAL ACCEPTABILITY
RATINGS, AND FUNDAMENTAL FREQUENCY
FOR MATCHED PAIRS

Matched Pair Sex B-H Rating¥* X VSA Rating** . E'FO (Hz)

1 F 3 2.97 94
M 3 4.40 98

2 F 4 3.77 116
M 4 3.14 105

3 F 4 2,54 60
M 4 4.80 85

4 F 4 3.85 86
M 4 3.47 76

5 F 5 5.40 119
5 5.70 103

6 F 5 3.91 123
M 5 4,87 79

7 F 5 4.44 94
M 5 4.71 82

8 F 7 6.04. 96
M 7 6.14 93

*Barton-Hejna Rating by Experienced Judges
**Mean Voice -Social Acceptability Rating
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female members of each matched pair, and the mean fundamental frequency
(FO) for each speaker.

When relating fundamental frequencies of female esophageal voices
and VSA ratings, fundamental frequency accounted for‘21 percent (r2 =
.2116) of the variance of the ratings. This was not found when corre-
lating the fundgmental frequencies of male esophageal speakers and VSA
ratings (r = .05). When the Pearson product-moment correlation was
applied to the ;otal sample of eight male and eight:female voices, a
low correlation.resulted (r = .24). Fundamental frequency appears to
be a greater faétor in the VSA ratings of the female esophageal voices
than for the male:ésophageal voices. Inspection of the individual pairs
reveals the femalé esophageal voice with the lowest fundamental fre-
quency was also given the lowest VSA rating for the éntire sample. The
VSA rating was bet%éen one and two points below all other subjects who
weré'rated at the séme level of esophageal speech competency. This sub-
ject's fundamentalhfrequency (60 Hz) was below the range of the men.
Because this female's voice was so obviously low compared to the other
female voices, a quéstion arises concerning how representative the voice
may be of female_laf&ngectomees who use esophageal speech. Table VI
shows previous studies that investigated the fundamental frequency of
esophageal voice, including the method used to obtain it. The funda-
mental frequency meaéﬁrement of 60 Hz falls well within ranges reported
for female samﬁles (Filter, 1971; Weinberg and Bennett, 1972a).

The results froﬁ questions two and three are pafticularly inter-
esting in coﬁsideratién of earlier studies that correlated acoustic
parameters to listener ratings of "effectiveness" or "acceptability."

Hoops and Noll (1969)'re1ated frequency, intensity and rate analyses
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to esophageal speech effectiveness ratings. Only rate was found to be
significantly feiated to speaker effectiveness; however, the sample was
composed of 22 male esophageal speakers. It appears, then, the Hoops
and Noll data support the findings of the present study that fundamental
frequency is ﬁot a significant variable in effectiveness ratings of male
esophageal speakers.

Shipp (1967) related several acoustic parameters to "acceptability"
ratings. Higher fundamental frequencies and faster speaking rates were
coincident with above average acceptability ratings. Shipp did not
identify the composition of the sample nor report the data with regard
to speaker se#. Perhaps the presencelof female esophageal voices in the
study elevated<the‘significance of the fﬁndamental frequency data, in
both the total meaﬁ fundamental frequency of the sample, énd in the ap-
parent relationshiplbetween higher fundamental frequency and above aver-
age acceptability ratings. In the present investigation, analysis of
the male voices algne indicated fundamental frequency was not a signif-
icant factor in acceptability ratings. When the total sample (male and
femaie) was considered, there was a positive correlation between funda-
mental frequency and acceptability ratings, sufporting Shipp. It is
important to keep in'mind, however, that significance was almost entire-
ly a function of the female segment of the sample. Based on Shipp's
published results, the separate contribution of either malé or female
speakers is unknown;v

The same phenomenon is demonstrated in the study by Filter and
Hyman (1975). Ten womén and' ten men were included in their study relat-
ing acoustic and peréeptual dimensions of esophageal speech. Results

indicated that higher‘intelligibility, more proficient articulation,
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faster rate, higher fundamental frequency and greater mean relative in-
tensity were positively related to effectiveness. Because results were
not reported according to speakér sex, the contribution of the female
speakers alone to the sigpificance of the data cannot be determined. A
correlation coefficient of r=.54 indicated épproximately 29 percent of
the effectivneéélfating wés based on fundamental frequency when the
total sample was conside;edl

In addition to providing a basis for comparison rggarding funda-
mental frequency.data, previous studies provide information of other
factors that may effect listener perceptions of esophageal voice or
speech acceptability. In this study, fundaﬁental frequency did not ap-
pear to be a factér in the male voice ratings; if was not responsible
for the majority of the variance in the female voices. Other‘param-
eters, perhaps thésé more amenable to speaker control than fundamental
frequency, may~have'effécted listener perceptions in this study. Pos-
sibilities iﬁclude.intelligibility, ar;iculation, pfoportion of periodic
phonation, aperiodié phonation and silencg, lack of stoma noise, absence
of strain in the voice, fluency in going from phrase to phrase, and rate
(Berlin, 1965; Shipﬁ, 1967; Hoops and Noll, 1969; Filtgr and Hyman,
1975). ’

To return. to tﬁe results of questions one, two and three, there is
an implication thaf while listeners in this study did not rate female
esophageal voices as iess acceptable than male esophageal voices, funda-
mental frequency wéé a factor in the list;hers' estimation of female
voice social acceptability. It should be noted the raﬁge of fundamental

frequencies was wider for the females (60-123 Hz) than for the maleé

(78-105 Hz), -with the lowest and highest fundamental frequencies being
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produced by female speakers. Interestingly, the ranges reported by
other investigators indicate the lowest and highest fundamental frequen-
cies belong to female speakers (45-125 Hz, Filter, 1971; 33~200 Hz,
Weinberg and Bennett, 1972a). Weinberg and Bennett (1972a) noted a sta-
tistically significant difference between the mean fundamental frequen-
cies of 18 male and 15 female esophageal speakers. Filter '(1971) found
no significant difference between the mean fundamental frequencies of 10
female compared to 10 male speakers. The present study supports Filter;
a t test for independent means resulted in t = 1.00, insignificant at
the .05 level. Female speakers averaged 98 Hz, compared to 90 Hz for -
the males. Generélly, the mean fundamental frequencies of speakers in
this investigation tended to be higher than those reported in the 1lit-
erature. The fundéﬁental frequencies for the women in this study fall
within the range of those reportéd by Weinberg and Bennett and Filter,
though the mean fuﬁdamental frequency is higher (98 Hz compared to 77 Hz
and 87 Hz). Thé mean fundamental frequency for males is higher than
those reported by studies with male samples: 90.3 Hz compared to 62.8
Hz (Curry and Snidecor, 1961), 50.4 Hz (Kyatta, 1964), 65.5 Hz (Hoops
and Noll, 1969), 64:8 (Filter, 1971), and 58 Hz (Weinberg and Bénpett,
1972a). 1t compareéufavorably to Shipp's six highest rated (for accept-
ability) esophageal épeakers (94.3 Hz). The range for the men in this
study falls within ?aﬁges found by Damste (1958) and Tato (1964). One
might assume thése stﬁdies used only male subjects because of the pre-
ponderance of male léryngectomees compared to females at those eafly
dates (10 males per female in 1965), and the tendency of early investi-
gators to use only maie subjects. The comparisons between those studies

and the present one, though, must be guarded.
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Shipp (1967)..considered the methods used to obtain fundamental fre-
quency as a possible explanation for the wide variance in fundamental
frequency among speakers across studies. Weinberg and Bennett (1972b)
conducted research that showed a difference existed when a voice was an-
alyzed with wave-by-wave analysis as opposed to the averaging method
utilized by Curry and Snidecor (1961); however, the difference was too
small to accouﬁt for the widely discrepant findings in the literature.
Weinberg and Bénnétt suggested actual speaker differences are responsi-
ble for the wide range of fundamental frequencies among esophageal
speakers. The. level of speaker competence probably varies across
studies. |

Frequency differenées have been attributed to selective control by
the speaker over whatever muscle group is the princiﬁie participator'in
forﬁing the ﬁeogldttis. A laryngectomee who is capabie of highly selec-
tive contractiofis ;:f this muscle group mdy be able to effect the neves-
sary tuscle teiidibn for a higHer volce freqtiency (Shipp, 1967). kyatta
(1964) stated the fﬁﬁdamental is definitely related to the shape and lo-
cation of the pseudoélottis, though it is greatly influenced by such’
factors as mucus and variations in esophageal pressure.

Despite the poééibility of actual speaker variation, the manner in
which fundamental frequency is obtained could affect frequenc& measure-
ments. In this stud&, fhe fundamental frequency for a speaker was de—
termined by sonograéﬁic analyses' of four prolonged vowel productions;
the mean of these was'reported. Isolated syllable productions in esoph-
ageal. speakers may beAat a different fundamental frequency than in
"running" speech. Listeners in this study were exposed to both "run-

ning" speech and the ‘single syllable utterances. However, extraction
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of words froﬁ "running speech" and subsequent sonographic analysis may
have represented a truer'measure of esophageal voice fundamental fre-
quency. Other investigatqrs have analyzed nonsense syllables sonograph-
ically (Filter and Hyman, 1975) and complete sentences of an entire
passage using wave-by-wave analysis (Shipp, 1967; Hoops and Noll, 1969;

Weinberg and Bennett, 1972a) or phonophotographic techniques (Curry and

Snidecor, 1961).



CHAPTER V

SUMMARY AND IMPLICATIONS

Summary

Removal of the larynx necessitates an altered means of speaking.
Esophageal voice is the traditional and generally recommended substi-
tute voice. Because the pitch of the female esophageal voice may be
strikingly lower than that for normally speaking women, fundamental £

quency may be a variable influencing whether female esophageal voice

re-

is

considered socially acceptable. More importantly, listeners may apply

different standards to male and female esophageal voices, thus necess

‘tating an approdch in research that treats them as separate samples.
This stﬁdy proposed to determine if male and female esophageal

voices were rated in the same manner by naive listeners. Answers to

following questions were sought:

1. Is there a difference in the social acceptability rat-
ings given to female esophageal voices compared to male
esophageal voices, when the speakers are matched for
speaking ability?

2, Does a relationship exist between the fundamental fre-
quencies of female esophageal voices and ratings of
social acceptability given by naive listeners?

3. Does a relationship exist between the fundamental fre-
quencies of male esophageal voices and ratings of so-
cial acceptability given by naive listeners?

4. Do male and female naive listeners rate female esoph-
ageal voiees similarly?

i-

the
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The subjects for this study were eight female and eight male esoph-
ageal speakers, métched for speech competency by the Barton-Hejna Scale
for Esophageal Speech Competency.

The subjects were tape recorded reading the first paragraph of
"Rainbow Passage'" and saying a series of four CVC syllables with the
vowel portions prolonged. The second sentencélof the passage and the
four syllables‘were extracted and placed on a second generation tape.
Listeners then rated each esophageal voice sample for voice social
acceptability (VSA). Additionally, the vowel portions of the four mono-
syllabic words were subjected to sonograpliic analysis; these were aver-
aged and the avérage considered to be the "fundamental frequency."

Analysis of the ratings given to male and female speakers indicated
that knowing the speaker's sex was not related to social acceptability
of esophageal voice. The total mean VSA rating for the male voices was
ot significantiy different from the total mean VSA rating given to the
female voices. fThese findings do not indicate that idedtical standards
of social acceptability are applied to each voice.

Analysis of fundamental frequencies and VSA ratings for female
voices shows.a moderate correlation. The fundamental frequency, then,
may be considered a factor related to the VSA rating given to a female
esophageal voice; A negligible relationship was found when correlating
the fundamental frequenéies of male esophageal voices and VSA ratings.
The necessit§ of,treating male and female esophageal voices as separate
samples in perceﬁtual research is supported;

The findings indicate the sex of the listeners did not influence

the rating scores assigned to the voices. Male and female listeners
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rated the esophageal voices in a similar manner.

Implications

Clinical

The findings of this study may have important implications in coun-
seling the feméle laryngectomee who dislikes using esophageal voice be-
cause of the possible effect of its pitch on listeners. This study
showed that listeners do base some perception of social acceptability
of the female esophageal voice on its fundamental frequency. However,
the ﬁajority of the variance (79%) in the ratings was not based on fund-
amental frequeﬁéy. Other parameters of esophageal voice, perhaps those
more amenable to speaker control than fundamental frequency, may be more
responsible for listeners' perceptual judgements. For both male and
female speakers, improved rate, intelligibility, articulation, absence
of strain in,thei§oice, decrgased stoma noise, and fluency between words
and phrases seett to be important clinical goals. Esophageal speakers
should be encouraged to continﬁe with clinical intervention for as long
as is necessary to produce the most effective speech.

Fundamental frequency should not be completely dismissed, however.
Shipp's (1967) hypothesis of selective muscle control by speakers with
higher fundamental .frequencies may provide a basis for clinical tech-
niques. Accordiﬁélto Van den Berg and Moolenaar-Bijl (1959) and Curry
and Snidecor (1961), it is possible to increase frequency variability.
Techniques to increase frequency variability may perhaps be applied to

increase the overall frequency level.



35
Research

This'study should be replicated using a larger sample of both fe-
male and male voices, with comparable ratings in esophageal speech com-
petency. Controiling for factors that may effect listener ratings
(rate, intelligibility, articulation, strain, stoma noise, and fluency
between phrases) would provide a clearer picture of the contribution of
fundamental frequency to voice effectiveness. It would be interesting
to compare raﬁings given to a sample of excellent female esophageal
speakers, to determine if voices with a higher fundamental frequency are
rated as mor; effective.

An important implication of this study is the necessity of con-
sidering female And male esophageal voices as separate samples, partic-
ularly in studies requiring listener's perceptual judgements. It would
be of interest to reanalyze findings in previous s;udies according to
speaker sex; pefﬁaps the repotted findings would bk altersed.

It is recommended that future studies of esophageal voice use an
alternative meané of fundamental frequency analysis. Extraneoué noise
in the poorer speékers' productions often made analysis of the sonograms

difficult. The sﬁectrograph, however, may be useful with excellent

esophageal speakers, whose stoma noise and speech air intake noise is

minimal.
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APPENDIX A

BARTON-HEJNA RATING SCALE FOR ESOPHAGEAL SPEECH

No sounds produced; cannot voluntarily produce belch.

Partial control of belch; with occasional vowel sound, but inabil-
ity to combine vowel and consonants to form words.

Some simple words produced; of one or two syllables. No phrases.

Combines two or three words in phrases; but production is not
smooth or well coordinated. Stops for obvious intake of air be-
tween phrases.

Softe sentetice usage; can carry through short sefiterices on one in-
take of ait, or produces phraseés with only slight pauses between
phrases.

Quite good use of sentences; with only slight noise of production.

Very good speech. Even rhythm; almost imperceptible intake of air.
Difficult to differentiate from a normal but hoarse voice.




APPENDIX B

TYPE "A'" SONOGRAM DTSPLAY

/b a a/

Méle Esophageal Voice



APPENDIX C

PORTION OF THE RAINBOW PASSAGE

When the sunlight strikes the raindrops in the air, they act like
a prism and form a rainbow. The rainbow is a division of white light
into many beautiful colors. These take the shape of a long round arch,

with its path high above, and its two ends apparently beyond the hor-

izon.

BID BED BIDE BUD



APPENDIX D
RELATIVE SOCIAL ACCEPTABILITY OF ESOPHAGEAL SPEECH

Listener's age: 17-22 M

23-30

31-40 Normal Hearing?
41-50

51-60 Y

over 60

1]

What is the extent of your exposure to alaryngeal speakers?

None : Very Little Frequent
: (Informally, once (Formal)
or twice)

Section one: Listen only, no rating.

Section two:

— - - 0 + ++ ++

least most

socially S socially

acceptable acceptable
1 — — - 0 + ++ ++ (F)
2 — — - 0 + ++ +H+ (F)
3 -—= - - 0 + ++ +H (¢))
4 —— - - 0 + ++ +H+ M)
5 —— - - 0 + ++ +H+ (F)
6 — —— - 0 + ++ ++ ™)
7 C— p— - 0 + ++ +H+ M)




APPENDIX E
INSTRUCTIONS TO LISTENERS

You are about to listen to a tape of speakers who have had their
larynxes (voiceboxes) removed. They have relearned to sbeak in a dif-
ferent way, célled esophageal speech. Each speaker will be reading one
sentence: '"The rainbow is a division of white light into many beautiful
colors." This will be followed by the words 'bid, bed, bide, bud," with
the vowel sounds elongated. Only listen during the first presentation
to acquaint yourselves with the range of voices involved. For the
second presentation, you will rate the voices for social acceptability.
The sex of each speaker is noted on each scale. The left hand side of
each scale indicates the least socially acceptable, the right hand side
indicates the most socially acceptable. Keeping the range of voices in
mind, rate each where.you believe it to belong on the continuum by mark-
ing an "X" on the symbdls. Each voice will be introduced by the carrier
phrase "ﬁumber one, female... (or whatever the case)." Each voice will
be followed by a five second pause during which you will rate that
voice. Are there any duestions? Be sure to answer the questions at the

top of the form.
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