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The purpose of this study was to investigate the
effects of speeker~sex-cifference on listeners' perception
of vecal roughness in the vowel [@] produced by normel male
and femsle speakers. In a previous investigation by Wendahl
(1963} it was found that when listening to two synthegized
vowels, of equal aperiocdicity, judges tended to rate the
lower pitched vowel as being more vocally rough, If this
is true fer ligteners'! verception of human vowel productions

as well then it might be advantepecus for voice clinicians,



when making wvocal roughness assessments, to regard malé
and female speakers as two separate populations in view
of the inherent pitch differences between the sexes,

In this current investigation, pairs of vowels
produced by normal adult male and female speakers were
presented to 10 speech pathologists (5 males and 5
females). Each vowel pair contained one male and one
female production of the vowel [zl which had been assigned
equal roughness ratings in a previous Jjudging task. The
50 vowel pairs contained 10 pairs of vowels at each of
five roughness rating levels. The 10 judges were required
to listen to each of the 50 pairs and to meke a forced-
chiclce selection of the most wvoecally wrough production
within each pair.

The findings in this study revealed that for the 50
vowel pairs the judges selected the vowels produced by
males as being more vocally rough a significantly greater
proportion of the time. With respect to the five roughness
rating levels, judges chose the male produced vowels as
being rougher a significantly greater proportion of the
time at rating levels one, three and five but illustrated
no significant preference between the sexes at rating
levels twp and four. Further analysis revealed that the
five male judges selected the vowels produced by males as
being the rougher a significantly greater proportion of the

time for all 50 pairs at each of the Tive roughness rating
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levels. The five female judges, on the other hand, illus-
trated no significant preferences between the sexes for
the 50 vowel pairs. They did show a significant prefer-
ence for the males at rating level one, a significant
preference for the females at rating level two but no
significant at rating levels three, four and five. In
addition, male judges illustrated substantially greater

- inter-judge agreement and intra-judge reliability for this

Judging task than did the female judges.
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CHAPTER 1

INTRODUCTICN

Practicing clinicians readily recognize the clinical
significance of making perceptual judgements of vocal qual-
ity aberration and fluctuation. Such judgements, when
accurately and reliably made, mmay be employed to reflect
the patient's voice improvement {or lack of such) with
treatment and to alert the medical specialists of the
possibility cf existing or coantinuing laryngeal pathology.

Ment of the literature pertainin

¢ to voice disorders indi-
cates that vocal quality is the principal parameter of con-~
cern to the voice clinician. Although clinicians utilize
different terms to describe an aberiant vocal quality
(hoarseness, harshness, raspiness, huskiness, etc.) these
quality disturbances can be conveniently grouped under the
general term of vocal roughness (Third Regional Workshop
on the Rehabilitation Codes and Communicative Disorder
1967). This term is useful also in that it can be used

to describe a quality inherent in the normal voice (but to
a lesser degree) as well as in the pathological voice
(Sansone and Emanuel, 1970; Lively and Emanuel, 1970
Whitehead, 1970; Hanson, 1970).

The voice clinician will have in his caseload both



male and female clients who manifest rough vocal quality.
It is interesting, however, that when speaking of vocal
quality aberrations most clinicians tend to regard their
male and female patients as a single population. This
tendency is not observed in the assessment and treatment
of patients.of both sexes with respect to disturbances in
other vocal parameters. It is generally accepted that

the mean pitch and loudness ievels of the adult male

voice %g significantly lower and louder than that of the
female voice (Boone, 1971; Brodnitz, 1968; Fairbanks, 1960;
Fisher, 1966; Green, 1966; Murphy, 1964). For this reason
the two sexes are generally viewed as two distinct popula-
tions with regard to these parameters.

While the pitch and loudness levels of the male and
female voices are distinctly different one must realige
that these parameters are intimately related tc the percep-
tion of vocal quality. This suggests perhaps that males
and females might be regarded as two populations with
respect to veocal quality. Support for the view that sex
difference may play an important part in the assessment
of aberrant vocal quality was initially offered by Wendahl
(1963) who used a laryngeal analog to generate complex
acoustic stimuli which varied randomly around median
frequencies cf 100 Hz and 200 Hz. He found that very
slight cycle-to~cycle frequency variations (as little as

Plus or minus 1 Hz) were perceived as rough and thzt the



same frequency variations around a medien freguency of

100 Hz received higher {(more rough) roughness ratings than
the same frequency wvariations around & median frequency of
200 Hz. Wendzhl hypothesized that if the vowel productions
of male and female voices of equal aperiodicity were rated
for vocal roughness, the male voice would be rated as the
rougher of the two on the basis of its lower pitch level.
Some limited experimental support for this hypothesis has
been offered by Sansone and Emanuel {1970) and Lively and
Pmanuel (1970) who found that listeners vocal roughness
ratings of normal speakers vowel productions encompassed

a greater range of severity for male than for female sub-
dects. Wendahl's criginal hypothesis has yet to be glini-

cally validated, however.,

I. STATEMENT CF THE PROBLEM

With the exception of the studies by Sansone and
Emanuel (1970) and ILively and Emanuel (1970), the litera-
ture reveals a lack of information with respect to the
effects of sex difference on perceptual judgements of
vocal roughness in the human voice. Information with
respect to the influence of the speaker?s sex upon vocal
roughness assessment could be valuable to the practicing
clinician who must rely on his perceptual skills to make
such assessments. Accordingly the principle purpose of

this study was to investigate the effects of speaker-sex-



difference on listeners' perceptual Jjudgements of vocal
roughness on the vowel [&] produced by normal male and

female speakers.



CHAPTER II
REVIEW OF THE LITERATURE

Investigation of the laryngeal mechanism indicates
that for the normal voice the motion of the vocal folds is
relatively periodic (Timcke, vonLeden and Moore, 1958),
whereas the vocal fold vibratory patiern for rough voice
evidences aperiodic movements (Mcore and Thompscn, 1967).
Abnormaiity has alsc been noted in the acoustical wave
spectra of individuals presenting vocal roughness. A
number of studies report the existence of random variations
in the periods of successive cycles of productions among
subjects with deviant vocal quality. Such frequency varia-
tions have been found to be highly correlatéd with listeners?
perception of vocal roughness. For example, in an analysis
of the fundamental frequency characteristics of harsh vocal
quality, Bowler (1964) employed an oscillograph to examine
recordings of harsh and non-harsh connected speech samples.
He reported that the most striking feature in the harsh
portions of connected speech samples was the presence of
"frequency breaks." These frequency breaks occurred in
both upward and downward directions of the frequency scale
and typically encompassed a range 0f one octave. In no

instance did the segments perceived as non~harsh contain



these frequency break characteristics. Ir addition, the
harsh segments were found to have lower mean fundamental
frequencies than the non-harsh segments. Coleman (1960)
evaluated sustained vowels produced by pathologically
hoarse subjects but failed to find frequency breaks as
large as these reported by Bowler., He did, however,
identify aperiodic cycle-to-cycle freguency variations
of less than one octave which he termed "voice breaks,"
These voice breaks were prominent in the waveform of the
subjects? pvhonations, and their presence was closely
associated with the degree of perceived hoarseness., In
a study of laryngitic hoarseness, Shipp and Huntington
{1965) also found voice breaks to be less frequeni than
those reported by Bowler. When present, however, such
breaks were felt to contribute greatly to the perception
of hoarseness. Also in contrast to Bowler's (1964) find-
ings, Shipp and Huntingbton noted a more restricived range
of fundamental frequencies for their hoarse subjects and
failed to find significant differences between either mean
or median fundamental frequencies for hoarse and normal
voices. Lieberman (1963) and Michel {1964) have also
suggested that the fundamental freguencies of abnormally
rough speakers are within the medal range for the subject's
age and seX.

Other studies of disturbances evidenced in the phcna-

tory acoustic waves, suggest that the duration of cycle-~to-



T
cycle frequency variations also. affect perception of vocal
roughness., Cooper, Peterson and Fahringer (1957) found
that when period variations were eliminated from synthesized
speech samples listeners perceived the sample to be mechani-
cal and unnatural. This finding is consistent with Lieber-~
mants (1967) observation that pitch perturbations (small,
rapid variations in the duration of successive cycles) are
apparently essential cues to natural speech q%glity, He
found tha% in normally produced vowels the perturbation
factor is small in comparison +o those in rough vowels.
Perturbations of less than 0.5 ms were typical of mormally
phonated isolated vowels; for mildly and moderately rough
phonations; however, the perturbation factor generally
exceeded that of normal phonation. Michel (1964) points
out that a wave is aperiodic when there is %, . . a lack
of recognizable repeating wave-forms," §H)e determined the
amount of time that the phonatory acoustic wave was aperiodic
in relation to the total phonation time for standardized
passages of connected speech spoken with harsh, vocal fry,
and normal vocal quaiities. The total time of each sample
was first measured by phonellographic records of the signal.
Subsequently, the amount of aperiodicity, or that portion
of the total signal which lacked recognizable re-appearing
cycles was determined and a ratic computed by dividing the
time of aperiodicity by total phonation time. This made it

possible to specify the proportion ¢f total phonation time



a phonatory signal was characterized by aperiodicity.
Michel concluded that normal sustained vowel phonations
are aperiodic approximately two percent of the time, while
harsh phonations are aperiodic approximately seventeen
percent of -the time,

Additional information, supporting the premise that
random variations in the periods of successive cycles in
the voice wave are ascociated with perception ¢of vocal
roughness, has been contributed through study of acoustic
analogs of phonation. To investigate the degree of signal
aperiodicity required for listener judgements of roughness,
Wendahl {1963, 1966a, 1966b) employed an electrical laryn-
geal analog to generate complex acoustic stimuli which
varied randomly in freguency around a median fregquency.

He reportved that slight frequency variations, as small as
plus one cycle around a median frequency of 100 Hz, caused
the signal to be perceived as rougk. As the frequency
variation around the median frequency increased, listeners
perceived an increase in signal roughness. In a later
study, Coleman and Wendahl (1967) provided more quantitative
data regarding the relationship between stimulus duration
and perceived vocal roughness. They found cycle-to-cycle
frequency variations, which they called "jitter," in a
synthesized complex wave were related to perceived signal
roughness. They also synthesized complex acoustic stimmli

which contained both aperiodic and periodic components so



that the duration of the aperiodic segmants within the
total stimulus, as well as the amournt of aperiodicity
around a median frequency, could be varied. As the dura-
tion of the aperiodic segment incressed from .16 to .80
seconds in a signal of finite length, more severe rough-
ness was perceived by the listeners. A trading relation-
ship between the duration and the amount of aperiodicity
in the signal was also revealed. In other words a stimulus
containing large cycle-to-cycle fregyuency variations,
within a short aperiodic segment, was judged less rough
than a stimulus containing an aperiodic segment of longer
duration and smaller szperiodic excursion.

Recently, sound spectrographic analyses have yielded
additional information regarding the acoustic properties
of vocal roughness. A number of investigations have pro-
vided data on the suprafundamental energy distribution
within the wave envelope and how this energy distribution
relates to perceived roughness, Isshiki, Yanagihara, and
Morimoto (1966) and Yanagihara (1967a, 1967b), in studying
harmonic and noise components in the spectra of sustained
vowels phonated by subjects with laryngeal pathologies
found that noise components were mixed with the harmonics
in the formant regions for speakers evidencing slight
hoarseness. This was particularly evident in the second
and third formants., As the severity of hoarseness increased,

the noise components tended to appear in the high frequency
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region above 3000 Hz. Yanagihara (15672) also observed a
relationship between the degree of spectral noise abnor-~
mality and the magnitude of cycle-to-cycle variations in
the shape, amplitude and periodicity of the glottal area
waves as measured by ultra-high speed cinematographic
analysis. To support his findings for human phonations,
Yanagihara (1967b) synthesized hoarseness by mixing re-
corded rnormal vowels with band-pass filteired noise. He
found that as the noise components intruded into formant
ranges and as the high frequency harmonic components became
obscured by neoise, the severity of perceived hoarseness
increased. More recently Sansone and Emanuel {(1970) and
Whitehead (1970), using a constant bandwidth wave analyzer,
obtained 3 Hz bandwidth frequency-by-amplitude acoustic
spectra of vowels produced by adult males, both normslly
and with simulated vocal roughness. They found that for
all vowel productions, spectral noise was most prominent
in the lower spectral frequencies and tended to decrease
in the higher frequencies. Similar results were obtained
by Lively and Emanuel (1970) who studied the spectral noise
levels associated with normal and simulated rough vowel
productions of adult females, and by Hanson (197C) who
studied the phonations of adult male subjects with patho-
fogically rough voices, The results of these investiga-
tions tend to support the data reported by Isshiki,

Yenagihara and Morimoto (1966) and Yaragihara (1966a, 1966b),.
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A further comparison between the studies by Sansone
and Emanuel (1i970), Lively and Emanuel (1970), Whitehead
(1970), and Hanson (1970) reveals that vowel roughness
exists in the normel vecice, but to a lesser degree than
in either sinulated vowel roughness or vowels produced by
pathologically rough voices. Sansone and Emanuel obtained
median roughness ratings for vowels produced by males first
normally and then with simulated roughness. Based on a
five point equal-appearing-interval scale the median rough-
ness ratings ranged from 1.19 to 1.69 and 3.58 to 4.26
respectively. Whitehead obtained median roughness ratings,
using the same roughness scale for vowels produced normally,
with vocal fry and with similated roughness by adult malies.
His obtained median roughness ratings ranged from 1.56 to
2.11, 4.48 to 4,76 and 4.08 to 4.39 respectively. Hanson's
obtained median roughness ratings for vowels and connected
speech samples produced by pathological male voices ranged
from 2.50 %0 3.53., Lively and Emenuel obtained median
roughness ratings of 1.14 to 1.55 and 3.60 to 4.08 for
normal and simulated rough vowels respectively, produced
by females. In each of these studies the simulated and
pathologically rough vowel productions consistently re-
ceived higher median roughness ratings than their normal
counterparts. When a comparison is made between the over-
all median roughness ratings reported for the normal male

speakers by Sansoae and Emanuel (197C) and Whitehead (1970)
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to those reported by Lively and Emanuel {1970} for the
normal female speaker it is apparent thal the vewels
produced by the male speakers were rated more severely
than the vowels procduced by the female speakers, Lively
and Emanuel (1970) repert that a direct comparison, based
on sex difference, can not be made between their study and
that of Sansone and Emanuel {1970) becasuse *the roughness
ratings assigned to normal producticns may have been
influenced by the degree of simulated roughness for the
vowels in each stvudy. ©She suggests that the roughness
associated with normal vowels may be different for the

two sexes because of vocal piteh differences between the

It is generzlly agreed that sex associated fundamental
frequency differences are due primarily to differences in
the length and mass of the vocal folds (Hollien, 1960;

1962; Murphy, 1964; Fisher, 1966; Green, 1966; Brodnitz,
1968; Moore, 1971; Boone, 1971), The males vocal Ffolds
average 18 mm in length while the femzles average 10 mm in
length. The average fundamental frequency for the female
is approximately 200 cps while that for the male is approxi-
mately 125 cps (Fisher, 1966; Brodnitz, 1968; Becone, 1971).
Sex related pitch differences appear to be an accepted fact.
The effect of these pitch differences on the perception of
guality disorders is not clear, however. As stated earlier,

Lively and Emanuel (197C) point out that perception of
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roughness for vowels produced normally by females may 5e
different than those produced normally by males because
of pitch differences. I+ will be recalled that Wendanl
(1963) in his laryngeal analog study reported slight
frequency variations (as small as plus or minus one Hz)
were perceived as rough and that frequency variatiocns
around a median frequency of 100 Hz &égbrated by the
judges in his study as being more rough than the same
frequency variavions around a median frequency of 200 Hz.,
The inferences made by ILively and Emanuel, and Wendahl
not only points out the importance of considering the
speaker!s pitch level when assessing vocal roughness but
also that it might be beneficial to the voice clinician
to regard males and females as twc separate populations
when assessing the severity of vocal quality disorders.
It has been the purpose of this chapter to review the
literature on vocal roughness and to provide background

information for the present investigation.



CHAPTER III
METHODS AND PROCEDURES

It has been hypothesized by Wendahl {1563) that if a
male and a female with equal aperiodiciity in their voices
were judged for vocal roughness, the male woutld be judged
as being the rougher due to his lower pitch level. Wendahl
based this hypothesis on the results c¢f his study in which
he employed synthesized vowel stimuli and not on human
voices, t was the purpose of the present study *to in-
vestigate the effecte of Speaker-Sex-Lifference {35D) on
listenerst! perception of vocal roughness in normal mnale

and female productions of the vowel [e].
I. RESEARCH QUESYTICN

The following research guestion was invastigated
regarding the ef*cbt ol SS5D on listeners! perceptual judge-
ments of vocal roughness:

When male and female productions of the vowel

[=], having previous]v received the same rough-
ness rating, are paired and preseltea to judges,
wili the male vowel preduction be selected as the
more vocally rough?

Subjects. The subjects in this study included 150

adults, 75 females and 75 males. Subjects were all students

at Pertland State University, Fortland, Oregon, majoring in
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a variety of fields., Criteria for subject selection wére
(1) that subjects be between 18 and 45 years of age and (2)
have no present or past history of voice, speech or language
disorders. Subjects were asked if they were currently or
had in the past been to an Otolaryngologist due to a voice
problem or received voice, speech or ianguage therapy from
a speech pathologist. The investigator was not concerned
whether the subject was a smoker cxr suffered with allergies.
The primary concern was that subjects had normél sounding
voices at the moment and no previous history of a vcice
disorder.

Each of the 150 subjects produced the isolated wvowel
[@] for approximately 3 seconds duration at a comfortablie
pitch level. When producing this vowel each subject sat
before an Unidyne III microphone {Model 545) placed at a
70 degree angle to his mouth and six inches in front of his
mouth. Each subject visually monitored the intensity of
his phonation within a plus or minus 2 dB by means of a
VU nmeter of an Ampex magnetic dual-channel tape recorder
(Model AG-500)., Prior to subjects actually prodﬁcing the
vowel sample, the experimenter explained and demonstrated
the procedure and allowed the subject several practice
trials., All subjects! vowel productions were recorded
for later analysis by the Ampex tape recorder. These 150
recorded vowel productions served as the voice samples for

this investigation. The voice samples were dubbed onto two
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additional tapes which were used in the two Jjudging tasks
in this investigation. The two tapes will be referred to
as Listening Tape 1 (LT-1) and Listening Tape 2 (1LT-2),

The purpose of these tapes and the meatheds used in pre-

paring them are as follows:

Listening Tape 1. IT-1 contained all 150 vowel

productions. Female subjects'! prcductions of [l made

up the first 75 samples on the tape; male subjects! produc-
tions of [=] made up the second 75 vowel samples on the

same tape. LT-1 was played for thrse experienced speech
pathologists each of whom made vocal roughness ratings for
each of the 150 vowel produntions. Ratings of vocal rough~-
ness were made on a five point equél~appearing-interval
scale with number one being designated as the least rough
and number five being designated as the most rouvgh. Because
the rating of vocal roughness for normal speakers has proven
to be a difficult perceptual task (Sansone and Emanuel,
1970; Lively and Emanuel, 197C; Whitehead, 1970) judges

were given practice in rating both male and female vowel
samples before actually beginning the rating task. During
the practice session and the actual rating task judges

were permitted to hear each vowel sample as many times as
they wished and to mutually discuss their ratings of the
various vowels if they felt it necessary. The practice

session tcook twenty minutes., The rating task tock one
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hour. All vowel roughness ratings were made in a quiet
room with the judges seated in front of an Ampex speaker
(Model AG~500) through which the vowel stimuli were played.
The judges were given the opportunity for a rest period at
fifteen minute intervals.

Following the rating of the 150 vowel samples, a
second listening tape was prepared which contained the
voice samples employed for the second judging task. The

purpose and method of preparing LT-2 was as follows:

Listening Tare 2. LT-2 contained 100 selected vowel

samples (50 female and 50 male) and was constructed in the
following fashions
1. Those vowel samples on which judges had agreed
in their ratings withinr one scale value in LT-1
were assigned single number ratings. Feor exam-
ple, if a particular vowel had received ratings
cf 4, 3 and 4 respectively, by the three judges,
the assigned rating was 4. If a vowel received
respective ratings of 3, 4 and 3 the assigned
rating was 3.
2., Male and female vowel productions having the same
assigned roughness rating, were then arranged in
‘pairs to form 50 pairings each containing an (=]
produced by a male speaker and an [z] produced by

a female speaker. For example, a vowel assigned
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a roughness rating of 1 from a female speakef
was paired with a vowel assigned a rating of 1
from a male speaker. This procedure continued
until ten vowel pairings for each of the five
roughness rating levels had been constructed.
Male and female vowel samples for each of the
ten pairs at each of the five roughness rating
levels were selected in a random fashion. When
é vowel sample was drzwn from the pooi it was
returned to the pool to insure that each sample
had the opportunity of being selected an equal
number of times. At four of the roughness

-

cating levels {(levels 1 and 5 for females and

levels 2 and 5 for males) fewer vowel samples
went into the pool. The reason for this was

that Jjudges on the original rating task did not
agree in their vocal roughness ratings (within
one scale value) an equal number of times at all
rating levels.

The 50 vowel pairings were made by dubbing the
selected vowels from the original data tape onto
LT-2. Precautions were taken to insure that

male and female vowel productions of a particular
4pair had an egual chance of being first or second
in a pair. Each of the vowel palrings were separ-

ated by approximately a one second interval. The
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order of presesntation of the 50 pairings was
determined randomly, without regard to vocal
roughness rating levels (See Appendix B).

Ten of the 50 vowel pairings were randonly
selected and placed after the 50 original

pairs at the end of LT-2., These ten pairings
were utilized to assess judges' reliability

for the perceptual judging task described in

the following section.

Ten speech pathologists listened to the 50
male-~female vowel pairs of 1T-2., Five speech
pathologists heard LT-2 on one occasion with

the five adadilional speecl. pathologists hesring
ILT7-2 some two weeks later., Both judging sessions
took place in the same room with the five listen-
ers seated in a semi-circuvlar fashion in front

of an Ampex loud speaker (Model AG-500) through
which the vowel pairs were presented. The judg-
ing task for the ten speech pathologists involved
making a forced-~choice response in which they
selected the vowel sample in each of the 50

pairs, they perceived as being the more vocally

‘rough of the two. Specific instructions given

to the ten judges were as follows:

Yeu will hear two speakers produce the
same vowel. After the second speaker has
finished, circle the number 1 or 2 according
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to the speaker whose voice you perceive
as being the most vocally rough. Do the
same for the other pairs of vowel produc-~
tions. Do not leave any space blank--
guess if you have to--but circle only

one nuuber for each space,

The vowel productions may vary accord-
ing to parameters other than roughness;
however, you are asked to ignore these
variactions., As you are asked to deter-
mine which production you perceive o Dbe
the most vocally rough, there are no right
or wrong decisions. Therefore, make your
decision independent of the person sitting
next to you. Do not discuss your decisions
during the judging session. You may hear
each peair as many times as you wish. Are
there any questions?

Prior to beginning the actual judging task the
ten judges were given practvice in making forced-
cnoice judgements, Ten pairs of vowel samples
not used in the actual Jjudging task, were played
for the judges. Judges made forced-choice reg-
ponses to these vowel pair samples and then
mutually discussed their rationale for selecting
one vowel of a pair as being rougher than the
-other., During the actual judging task judges
were allowed to hear each vowel pair as often

as they wished but were not permitted to discuss
their choices for the 50 experimental or the 10
‘reliability vowel pairs. The instruction and
training period took 30 minutes. The judging

task took 45 minutes.



CHAPTER IV
RESULTS AND DISCUSSION
I. RESULTS

The purpose of this investigation was to deternine
the effects of Speasker-Sex-Difference {SSD) on listenerst
perception of vocal roughness in normally produced vowels.
On the basis of previous investigations by Wendahl (1963)
and others (Sansone and Emanuel, 1970; Lively and Emanuel,
1970; Whitehead, 1970) it has been suggested that when
hearing twc prcductions of the same vowel, which had \
received approximetely equal scale value ratings for
roughness severity; listeners wouvld Tend to perceive the
lower pitched vcice (male) as being mere vocally rough
than the higher pitched voice {(female). To test this
hypothesis an initial step in this study, previously dis-
cussed in Chapter IIY, involved the rating by three judges
of 150 productions of the vowel [=] (75 female and 75 male)
on a five point equal-appearing interval scale, Teable I
gives the roughness ratings assiguned by the three judges
to each of the 150 vowel samples.

Table II shows the degree of agreement reached by

the three judges for samples where they agreed 100 percent
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TABIE I
F
PHREE JUDGES' RCUG/N®SS RATINGS O A FIVE
POINT SCATH FOR BACH MALE AND
FEMALE/VOWEL PRODUCTION
/ r
/
/ | i,
Female Judges Female Judges ~Temale Judges
Sample 12 3 /Sample 12 3 Sample 123
1 424 / 26 33 2 51 4 4 2
2 332/ 27 43 4 52 535
3 2 2 3/ 28 2 3 2 53 32 3
4 4 3 % el 4 3 4 54 4 1 4
5 4 4 /4 20 4 2 7 5 324
6 5 4/ 2 %1 %2 2 56 35 3
7 4 2 3% 32 2 22 57 & B2
8 3'% 4 35 1153 58 545
9 22 2 34 314 59 3 4 4
10 222 35 432 60 34 2
11 , 232 36 2 13 61 52 3
iz 133 37 4 4 2 62 22 %
13 4 55 38 52 4 63 4 4 4
14 14 4 39 5358 64 555
15 32 2 40 224 €5 22 %
16 7/ 52 3 41 22 2 56 545
17 4 4 4 42 3 2 4 67 2 32
18" 323 43 4 4 3 68 33 2
19 4 3 4 44 4 2 5 69 4 4 4
z0 534 45 41 2 70 32 2
21 2 % 2 46 52 3 71 112
" 22 121 47 343 72 211
23 32 3 48 4 4 3 T3 2 1 1
24 3253 49 525 74 12 1
25 2 31 50 3252 75 4 3 4
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TABLE 11

DEGREE OF AGREEMENT BY THREE JUDGES ON ROUGHNESS
RATINGS OF SEVENTY-FIVE MALE AND SEVENTY-
FPIVE ¥YEMALE PRODUCTIONS
OF THE VOWEL [eld

Totval AgreemaniiAgreement within scale values of

1 2 3
I N % N % N %
Males 11 14.80 37 49.33 21 28,00 6 8.00

Females 10 13.33 32 52,00 18 24.00 8 14.60

Total 21 14.00 76 50.66 39 26.00 14 9.30
and foxr samples wiere whelr ratings varied within cne, Two

or three scale values., The judges agreed unanimously on
14.80 percent of the male vowel samples, on 13.33 percent
of the female vowel samples and there was 14.00 percent
agreement on all vowel productions, Percentages of judges
rating agreement for the 150 productions, which varied
within one, two and three scele values were 50.66, 26.00
and 9.30 percent respectively,

Those vowel samples upon which the three judges
demonstrated 100 percent concurrence cor agreement within
one scale value were used te form 50 vowel pairs. ZEach
pair contained one male and onre female vcowel production
that had received +the same roughness rating. A group of

ten speech pathologists (five males and five females)
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listened tc¢ each of the 50 vowel pairs and made a forced-
choice selection as to which vowel within each pair they
perceived to be the most vocally rough. The ten judges?
selections ¢f the most vocally rough vowel (male or female).
for the 50 vowel pairs are summarized in Table IIi. Out of
the 500 forced clhoices madé, the judges selected the male
vowel samples as being more vocally rough a significantly

greater proportion of the time (X2=33.84; df=1; p<.C01),

TABLE ITI

TEN JUDGES! SELECTION BY SEX OF THE
MOST VOCALLY ROUGH VOWELS OF
FIFTY VOWEL PAIKS

CHUTT Y LA ETLN ~ 3 A T

Judges #1 #2 #3 #4 #5 #6 #7 #8 #9 #10  Total
Males 40 40 34 31 26 26 28 23 27 21 296
Females 10 10 16 19 24 24 22 27 23 29 204

Total 500

296/500=0,590

X235 .84:df=1:D<, 001

The ten judges selections of the most vocally rough
production (male or female) at each of the five roughness
rating levels are itemized in Table IV. The ﬁaie vowel
samples were selected as being more vocally rough a sig-
nificantly greater proporticn of the times at rating levels
one (X2=46.08; df=1; p<.001), three (X2=8.OO; df=1; p<.01)
and five (X2=6u48; af=1; p<¢.02). A% levels two and four



TABLE IV

TEN JUDGES! SELECTIONS EY SEX OF THE MOST VOCAILLY
ROUGH VOWELS OF TEN VOWEL PAIBRS AT EACH OF
THE FIVE ROUGHNESS RATING LEVELS

Roughness Percentage
Rating Judges of Chi-Square
Level 1 2 %3 4 5 6 7 8 9 10 iTotal! Agreement Anzlvsis
1 Meles 8 9 8 8 7 7 6 410 71 74 | 74/100=0,74} 1°=46.08:df=1;p4 0O
FTemales 2 1 2 2 3 35 4 &6 ( 3 26
2 lales 8 8 5 6 6 4 5 4 2 31 51 151/100-0.510 n s
Females 2 2 5 4 4 6 5 6 8 T1 49
3 Males 9 7 8 7 5 4 8 i 31 60 | 60/100=0.601X%=8,00;df=1;p<.01
Females 1 3 2 3 5 6 2 5 ¢ 7 40 i
4 Males 7. 9 6 4 5 5 4 4 5 31 52 152/100=0,520 n s
Females 3 1 4 6 5 5 6 6 5 7.1 48
5 Meles 8 7 7.6 3 6 5 6 €& 51 59 159/100=0,5901X%=6,48;4f=1;p¢.02
Females 2 3% 3 4 7 4 5 4 4 5 1 41
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judges showed virtually no preference for selection of the
male or female vowels as being more vocally rough and the
Chi-Square values were not statistically significant.

Separate analiyses were also conducted of the vocal
roughness selections for the five male and five female
judges in this study. Selections of the most vocally
rough vowel (male or female) made by male judges and by
female Jjudges for all 50 vowel pairs are summarized in

Table V. Out of the 250 forced-choice responses made, the

TABLE V

FIVE MALE AND FIVE FEMALE JUDGES' SELECTIONS
BY SEX OF THE MOST VOCALLY ROUGH
VOWEL PRODUCTION

Judges? Judges?
Male Selections Female Selections
Judges Males Females Judges Males Females
#1 40 10 #6 34 16
#e 33 17 #1 18 32
#3 36 14 #8 24 26
#4 31 19 #9 21 29
#5 31 19 #10 28 22
Motal 171 79 Total 125 125
171/250=68.50 percent 125/250=50.,00 percent
X2=1?.)2;df=1;p40001 Yie Se




28
five male judges selected the vowels produced by males'as
being more vocally rough a substantislly greater proportion
(68.50 percent) of the time (X%=17.52;df=13p<.001). Of
the 250 forced-choice responses made by the five female
judges, male and female produced vowels were chosen with
equal frequency and the Chi-Sguare value was not signifi-
cant (125/250=50,00 percent).

Male and female judges' selectiongs of the most vocally
rough vowels at each roughness rating level are sumnarigzged
in Table VI. At roughness rating level one, hoth male and
female Jjudges selected male vowel productions as being more
vocally rough a significantly greater proportion of the time
2.20,00;4f=1;p<.00% Tor male judges; XC=12,9565d =15 p<»001
for female judges). At roughness rating level two, male
judges selected the male produced vowels as being nmcre
vocally rough a significantly greater proportion of the
time (X2=1O.24;df=1;p<.01) while female judges illustrated
a statistically significant preference for selection of
female produced vowels as being more vocally rough
(X2=7°84;df=1;p<.01). At roughness rating levels three
(X2=19,36;df=1;p<.001), four (X2=5.76;df=1;p<.02) and five
(X2=5.76;df=1;p<.02) male judges selected male vowel samples
as being more vocally rough a significantly greater propor-
tion of the time. At these same roughness rating levels,
however, female judges showed no significant preference for

selection of the male or female produced vowels as being



TABLE VI

FIVE MALE AND FIVE FEMALE JUDGES' SELECTIONS BY SEX OF
THE MOST VOCALLY ROUGH VOWEL PRODUCTION AT EACH
OF FIVE ROUGHNESS RATING LEVELS

Roughness Mzale Judges Female Judges
Rating Roughness Chi--Square Roughness Chi~-Square
Level Selections Analyeis Selecticn Arzalysis
a 2
1 Male 40 X%=20,00;df=1;p<. 001 Male 34 X“=12,953dF=1;p<. 001
Female 1C Pemale 16
2 Male 3% X2=10,243df=1;p<.01 Male 18 .
Female 17 Female 32 X"=T7.84;df=1;p4.01
3 Male 36 ¥2=19,36;4f=1;p<.001 Meie 24 n. 5.
Temoale 14 Female Z6
4 Male 31 X2=5,76;df=1;p<,02 HMale 21 . s
Female 19 Fenale 29 e
5 Male 31 X%=5,76;df=13p<.02 Male 28 o
Female 22 e

Female 19

N
WO
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more vocally rough and Chi-Sgquare values were not signifi-

cant,

Intra-Judge Reliability, To assess Jjudges! reliabil-

ity for the second listening task (IF-2), ten vowel pairs
were selected randomly from the fifty vowel pairs of LT-2
and placed at the end of 1T-2. Intra-judge reliability was
then computed by comparing each judges?® selections of the
most vocally rough vowel of the ten repeat pairs with his
responses to those same pairs in LT7-2. Intra-judge reli-
ability ranged from 40 percent tc 90 percent for the ten
Judges with a mean agreement of 73.00 percent. Intra-

judge reliability for male judges ranged from 70 percent

to 90 peféent with a mean agreement of 80.00 percent. Intra-
Judge reliability for female judges ranged from 40 percent
to 90 percent with a mean agreement of 66.00 percent. Table

VII shows the percentages of intra-judge reliability.

TABLE VII
INTRA-JUDGE RELIABILITY

Judges
1 2 3 4 5 6 7 8 9 10
90 g0 80 70 70 a0 80 60 60 40

Inter-judge Agreement. Inter-judge agreement for

the ten judges ranged from 32 percent to 74 percent with
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a mean agreement of 56.33 percent. Table VIII shows the
percentage of intex-judge agreement for the 50 pairs of

vowel samples.

TABLE VIIL

PERCENTAGE OF INTER~-JUDGE AGREEMENT FOR
FIFEY PAIRS OF VOWEL SAMPLES

Judges
Judges 10 9 8 7 3 5 4 3 2
1 54 46 50 60 62 60 T4 64 T2
2 52 58 54 52 58 68 70 64
3 42 50 42 48 52 58 62
4 - 56 56 46 58 - 58 66
> 46 50 32 48 52
6 58 54 66 52
7 44 54 54
8 62 48
9 56

Inter-~judge agreement percentages were alsgo calculated
at each of the five roughness levels. Tables IX, X, XI, XII
and XIII show the percentages of inter-judge agrecement at
each of the five roughness rating levels. At rating level
one (Table IX) judges'! percentages of agreement ranged from
40 percent to 90 percent, with a mean agreement of 62.66

percent. At rating level two (Table X) judges! percentages



TABLE IX

PERCENTAGE OF INTER-JUDGE AGREEMENT BY
TEN JUDGES AT ROUGHNESS RATING
LEVEL ONE

A

Judges
Judoes 10 Q 8 7 £ 5 A 3 2
1 70 80 40 40 70 70 60 70 70
2 90 90 50 70 70 €0 7GC 70
3 70 80 40 40 ‘70 SO 50
4 70 80 40 40 50 50
5 60 70 40 5C 60
6 80 70 60 50
1 40 60 60
8 40 40
9 70 R
TABLE X
PERCENTAGE OF INTER-JUDGE AGREEMENT BY
TEN JUDGES AT ROUGHNESS RATING
LEVEL TWO
Judges
Judges. 10 9 8 7 6 5 4 3 2
i 50 20 60 50 60 60 80 70 80
2 30 20 60 70 60 90 80 70
3 60 320 70 40 70 40 70
4 50 40 60 70 €0 60
) 10 40 40 70 60
6 50 40 80 50
T 40 50 50
8 70 490
9 50
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PERCENTAGE OF INTER~JUDGE AGREEMENT BY
TEN JUDGES AT ROUGHNESS RATING
LEVEL THREE

33

Judges
Judres 10 9 8 7 6 5 4 2 2
1 40 50 60 70 50 60 8C 70 80
2 60 70 60 50 50 80 30 50
3 10 40 50 38C 40 30 50
4 40 50 50 50 70 8C
5 60 50 40 %0 70
6 50 40 40 60
1 30 40 50
8 60 50
AN A% O
TLBLE XII

PERCENTAGE OF INTER-JUDGE AGREEMENT BY
TEN JUDGES AT ROUGHNESS RATING
LEVEL FOUR

Judges
Judges 10 9 8 7 6 5 4 3 2
1 40 40 30 70 70 60 70 40 60

40 60 50 30 40 60 50 70
30 50 20 40 30 70 60

50 70 40 80 50 70

40 60 30 50 40

60 60 70 70

O 0 3 O NN

50 70 40
90 50
40




TABLE XIIT

PERCENTAGE OF INTER-JUDGE AGREEMENT BY
TEN JURGES AT ROUGHNESS RATING
LEVEL FIVE

.
P
[t
S|
[6)
t

Judges 10 9 8 7 6 5 4 3 2
1 7C 40 60 70 60 50 80 70 70
2 40 50 50 40 70 50 70 60
3 40 50 306 40 50 60 7C
4 70 40 40 50 60 70
5 60 30 40 4C 30
5 50 €5 380 49
T 60 50 170
8 50 6O
S 50

of agreement ranged from 10 percent to 9C percent, with a
mean agreement of 54.88 percent, Juvdges!'! agreement at

rating level three (Table XI) ranged from 10 percent to 80
percent with a mean agreement of 54.88 percent. Agreement
at rating level four (Table XII) ranged from 20 perceunt o
90 percent with a mean agreement of 52.44 percent. Agree-
ment at rating level five (Table XIII) ranged from 10 per-

cent to 80 percent with a mean agreement of 55.76 percent.
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IT. DISCUSSION

It has been shown that judges, when listening to two
synthesized vowels of approximately equal aperiodicity,
tend to rate the lower pitched vowel as teing more vocally
rough (Wendahl, 1963%). If this is true for listeners?
perception of human vowel productions as well, then it
might te advantageous for voice clinicians, when making
vocal roughness assessments, to regard male and female
speakers as two separate populaticns in view of the inher-
ent pitch differences between the sexes. The findings of
this investigation indicate that whern judges select the
most wvocally rough vowel from pairs of male and female
normal vowel productions (assigned the same roughness
rating) they chose the male produced vowels a significantly
greater proportionr of the time. This result tends to sup-
port the findings of Wendahlt!s study of listeners'! percep-
tion of wvocal roughness in synthesized vowels and the con-
tention that SSD does affect lisieners' perception of vocal
roughness. This finding strongiy suggests the value of
regarding male and female speakers as two separate popula-
tions when making vocal roughness assessments,

The phenomenon of vocal roughness may be viewed along
a continuum. Normally prcduced vowsls can be expected to
be perceived as less rough than simulated rough vowels.

Simulated rough vowels will be perceived as being less
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rough than pathologically rough. vowels. The assignment
of vocal roughness ratings to normal speakers? vowel
productions, however, is a difficult perceptual task.
The range of vocal roughness ratings for normal vowel
productions of male and female speakers is somewhat more
constricted than for simulated rough vowels (Sansone and
Emanuel, 1970; Lively and Emanuel, 1970; Whitehead, 1970)
and for pathologically rough vewels (Hanson, 1970). Judges
in the present study made forced~choice selections of the
most vocally rough vowel (male or female) of 50 vowel pairs.
Vowels within each pair had been assigned identical rough-
ness ratings (based on a five point scale) by three judges
in_a ppior judging session. There were ten such vowel
pairs at each of the five roughness rating ievels. The
judgest selections at each of the five roughness levels
revealed that the male produced vowels were selected as
being more vocally rough a siguificantly greater propor-
tion of the time at rougimess rating levels one, three and
five. The judges illustrated wvirtuslly no preference,
however, for selections of male or female vowel samples
at roughness levels two and four. Thus, when judges made
forced~choice selections between male and female vowel
productions they chose the male prcduced vowels a sig-
nificantly greater proportion of ithe time at low (rating
level one), moderate (rating level three) and high (rating

level five) points on the five point equal-appearing rough-



ness scale. They displayed no seiection preference, how-
ever, for intermediate levels {rating levels two and four).
This tends to suggest that it might be more advantageous
to rate normal vowel procductions on a three point scale
rather than a five, six; seven or eight point interval
scale.

One of the more interesting and somewhat surprising
findings was that not only did the sex of the speaker
affect judges! perception of veccal roughness but that the
sex of the judges also appeared to influence the perception
of vocal roughness. The five male judges in this study
selected male produced vowels as being mcre vocally rough
2 significantly greater proportion of the time for all 50
vowel pairs and at each of the five roughness rating levels.
The five female judges, on the other hand, illustrated no
sex bias with respect to vocal roughness selections for
the total sample. They did show a significant preference
for males at roughness level one, a significant preference
for females at roughmness level two, but no preference at
roughness levels three, Ffour and five. Moreover, male
Judges illustrated substantially greater inter-judge
agreement (X=65.80 percent) than did the female judges
(X=55.00 percent). This fact coupled with the fact that
the mean intra-judge reliability for male judges (80.00
percent) was substantially higher than that for female

judges (66.00 percent) may indicate that the male evaluators
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of vocal roughness may be more consistent, and perhaps more
sex biased, in making assscsments of vocal roughness than
female evaluators., One nignt also speculate that male
listeners tend to cquate low-pitched male voices with the
quality roughness on a psychological basis., These inter-
pretations must be viewed cavtiously, however,

Intra-judge reliability and inter~judge agreement
was substantially lower for the present study then in
previous similar investigations. For example, in the
studies of Sansone and Emanuel {(1970), Lively and Emsnuel
(1970) and Whitehead (1970) reported intra~judge relizbility
ranges were from 92 percent To 10C percent. Inter-judge
agreemecnt ranges wsre fronm 80 percent %o 100 percent. These
studies differed methodologically from the present investi-
gation, however., The judges in the cited studies were asked
Yo rate vocal roughness on a five point scale, rather than
to select by means of a forced.--choice response, the rougher
of two vowels. In addition reliability measures, in the
afcrementioned studies, were based on percentages of judges
agreement within one scale value which affords some margin
of disagreement. The forced-chcice task imposed upon the
ten judges in the present study enhanced the possibility
for disagreement.

It is possible that selection of the rougher of two
vowels on a forced-choice basis is a more difficult per-

ceptual task and therefore necessitates more judge training
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than when making a vocal roughness scale rating. JIndge
training in this investigation was much less intense than
that employed in previcus studics (Sansone and Emanuel,
1970; Lively and Emanuel, 1970; Whitehead, 1970; Hanson,
1970). It was felt, however, that by providing limited
judge training in the forced-choice response task, condi-
tions might more closely parallel what transpires in the
clinical situation.

The possibility that the sex of the listener night
influence vocal roughness perceptiocn has yet to be explored.
Only one investigator (Coleman, 1971) has reported the sex

of judges used in percepitual studies of vocal roughness.

[oJ)

The fact that the mals juo

ol ges in the presgent study showed
substantially higher intra-judge reliability and inter-
judge agreement points out the importance in considering
and possibly controlling for listener sex in future in-
vestigations of this nature. Furthermore, it may be that
males and females, when making roughness ratings, react
differently +to particular components of the human voice,
Further research would seem in order to answer this ques-

tion.



CHAPTER V
SUMMARY AND CONCILUSIONS
I. SUMMARY

The purpose of this study was to investigate the
effects of speaker-sex-difference on listeners'! perception
of vocal roughness in the vowel [l produced by normal male
and female speakers, Ia a previous investigation by Wendahl
(1963) it was found that when listening tc two synthesized
vowels, of equal aperiodicity, Jjudges tended to rate the
lower pitched vowel as being more vocally rough. If this
is true for listeners'! perception of human vowel produc-
tions as well then it might be adventageous for voice
clinicians, when making vocal roughness assessments, to
regard male and female speakers as two separate popula-
tions in view of the inherent pitch differences between
the sexes.

In this current investigation, pairs of vowels pro-
duced by normal adult male and female speakers were presented
to 10 speech patholcgists (5 males znd 5 females). Each
vowel pair contained one mzle and one female production of
the vowel [=] which had been assignet equal roughness ratings
in a previous Jjudging task. The 50 vowel pairs contained

10 pairs of vowels at each of five roughness rating levels.



The 10 judges were required to listen to each of the 50
vairs and te make a forced-choice selection of the most
vocally rough producticn within each pair,

The findings in this study revealed that for the 50
vowel pairs the judges selected the vowels produced by
males as being more vocally rough a significantly greater
proportion of the time. With respect to the five rough-
ness rating levels, judges chose the male produced vowels
as being rougher a significantly greater proportion of the
time at rating levels one, three and five, but, illustrated
no significant prefercence between the sexes at rating levels
two and four. Fucther analysis revealed that the five male
Judges gelected the vowels vroduced by males as peing the
rougher a significantly greater prcportion of the time for
all 50 pairs at each of the five roughness rating levels.
The five female judges, on the other hand, illustrated no
significant preferences hetween the sexes for the 50 vowel
pairs. They did show a significant preference for the
males at rating level one, a significant preference for
the females at rating level two but no significant prefer-
ences at rating levels three, four and five., In addition,
male Jjudges illustrated substantially greater inter-judge
agreement and intra-judge reliability for this judging
task than did the female judges.

The principle findings of this investigation tend to

support the findings of Wendahl's (1963) study of listeners!
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perception of wvocal roughness in synthesized vowels and the
contention that speaker~gex-differsnce does affect listen-
ers? perception of vocal roughness., These findings alse
strongly suggest the value of regarding male and female

speakers as two separate populations when making vocal

roughness assessments. Further implications indicate tha

rl'

it might be more aavantageous to empioy a three point scale
rather than a five point scale, when Jjudging normal male
and female vowel productions., There was also a significant
male bias displayed by male juvdges in this study which was
not observed in the female judges. What influence the sex
of the judge has on the perception of vocal roughness has
yet to be explored, Male judges in the present study
showed substantially higher intra-judge reliability and
inter-~judge agreement. This pecints out the importance in
considering and possibly controlling listener sex in fubure
investigations of this nature. It may be that msles and
females, when making roughness ratings, react differently
to particular components of the human voice. Further

research would seem in order to answer these questions.
IT. CONCLUSIONS

Future investigations of the effects of speaker-sex-
difference, on listeners! perception of vocal roughness in
vowels produced by normal male and female speakers, might

profit from the follcowing alterations and additions to the
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design of the present study:

1. Since the judges in this investigation displayed
significant preferences for selecting the male at rough-
ness rating levels one; three and five, fubture studies
might employ a three point scale rather than a five point
secale when assessing vocal roughness in normal vowel produc-
tions.

2, The fundamental frequencies of the subjects
employed in this investigation were not assessed. Future
research might profit from 1) analysis of subjects'! funda-
peatal freqnenéy differences, on a paired comparison basis,
to determine the effects of these differences on listeners!
perecaption nf vacal roughness., and 2) employ subject whois
fundemental frequencies encompass the traditional male and
female pitch ranges, including the overlavping frequencies
of the sexes.,

3. Provide more extensive training for the judging
task than was employed in this study.

4, The age range for subjects in this study was from
18 to 45 years of age. A more restricted age range of 18
to 30 years of age might kelp to control for the variable

w

[

of the aging proces
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IP-2 PATR PRESENTALION ORDER 50
Order Roughness Ratinz Poir Number Sex and Sample Number
1 1 3 M ooT F 72
2 1 6 ¥ 33 F 71
3 5 43 M 29 T 66
4 4 36 ¥ 27 M 10
5 2 i8 Fo2i M 35
6 5 50 M 23 64
1 4 33 P12 M 28
. 8 1 - * 71 M 43
9 1 10 [ 54  F T3
30 4 37 M7 T 19
11 ] 2 M 5 7 68
12 2 11 M 36 F 32
13 4 40 ® 29 M 40
14 4 33 F5 M 13
15 2 20 M 50 F 9
16 4 39 ¥ 63 M 18
7 1 3 F 73 M 33
18 2 14 M24 w3
19 3 25 F 56 M 38
20 4 34 M 60 17
21 5 42 M 22 F 64
22 5 49 F 58 M 22
2% %3 2% w26 M 14
24 5 41 ® 13 M 29
25 2 19 F 67 M 71
26 % 26 M3 . ®23
27 5 46 P64 M 29
28 1 7 ¥ 22 M 1S
29 2 15 P11 M 64
30 5 44 F 58 M 29
31 7 38 M 6 P 37
Y4 2 13 P41 M 71
33 3 21 M 30 F 56
24 5 45 P13 M 23
35 4 31 F 63 M 15
36 3 23 M 58 F 18
37 1 8 M 35 r 74
38 2, 29 F 16 M 38
39 5 47 M 32 F 58
40 3 22 M27 F 53
41 4 32 M 34 F5
42 2 12 F 15 M 24
4% 5 48 M 22 P 66
44 3 30 M 62 T 4
45 1 1 F 22 M 4
46 3 24 F 50 M 42
47 1 5 F 74 M 4
ig P 17 M 44 F 65
49 5 16 M 71 T 10
50 1 2 M 45 F 72
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