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Traditional interval or ordinal rating scale protocols appear to be poorly suited to measuring vocal
quality. To investigate why this might be so, listeners were asked to classify pathological voices as
having or not having different voice qualities. It was reasoned that this simple task would allow
listeners to focus on the kind of quality a voice had, rather than how much of a quality it possessed,
and thus might provide evidence for the validity of traditional vocal qualities. In experiment 1,
listeners judged whether natural pathological voice samples were or were not primarily breathy and
rough. Listener agreement in both tasks was above chance, but listeners agreed poorly that
individual voices belonged in particular perceptual classes. To determine whether these results
reflect listeners’ difficulty agreeing about single perceptual attributes of complex stimuli, listeners in
experiment 2 classified natural pathological voices and synthetic stimuli~varying in f 0 only! as low
pitched or not low pitched. If disagreements derive from difficulties dividing an auditory continuum
consistently, then patterns of agreement should be similar for both kinds of stimuli. In fact, listener
agreement was significantly better for the synthetic stimuli than for the natural voices. Difficulty
isolating single perceptual dimensions of complex stimuli thus appears to be one reason why
traditional unidimensional rating protocols are unsuited to measuring pathologic voice quality.
Listeners did agree that a few aphonic voices were breathy, and that a few voices with prominent
vocal fry and/or interharmonics were rough. These few cases of agreement may have occurred
because the acoustic characteristics of the voices in question corresponded to the limiting case of the
quality being judged. Values off 0 that generated listener agreement in experiment 2 were more
extreme for natural than for synthetic stimuli, consistent with this interpretation. ©2000
Acoustical Society of America.@S0001-4966~00!01310-2#

PACS numbers: 43.71.Bp, 43.71.Gv@KRK#
se
s
Tr
er
p

li

ri
-

i-
ng
, o
a-

-
du
x
t
u

ha

nd
ble
gy,
at-
to

al

o
or

iques
es
ems
to

d
m
re-
we
to

w
ice
ld

ity

re
ma
I. INTRODUCTION

Rating scale measures of vocal quality are often u
clinically to evaluate pathological voices, and serve a
standard of comparison for acoustic measures of voice.
ditional rating protocols use unidimensional ordinal or int
val scales, and require listeners to focus selectively on s
cific aspects of voice~e.g., breathiness or roughness! and
assess the extent to which a voice has that particular qua
Although recent evidence~Kreiman and Gerratt, 1998! indi-
cates that such protocols may be poorly suited to measu
vocal quality, it is unclear why difficulties arise. Multidimen
sional scaling data~e.g., Kreiman and Gerratt, 1996! suggest
that fundamental problems exist with the validity of trad
tional voice quality scales. In that study, similarities amo
voices were not well predicted by traditional rating scales
indeed by any set of static phonetic or linguistic-style ‘‘fe
tures.’’ Other studies~e.g., Kreimanet al., 1993; Gerratt
et al., 1993; Kreiman and Gerratt, 1998! suggest that prob
lems with traditional voice assessment protocols may be
to factors in addition to or instead of scale validity. For e
ample, individual listeners are reasonably self-consisten
their judgments of specific aspects of vocal quality, b
across listeners more than 60%~and as much as 78%! of the
variance in ratings of voices may be due to factors other t

a!Author to whom correspondence should be addressed; electronic
jkreiman@ucla.edu
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differences among voices in the quality being rated~Kreiman
and Gerratt, 1998!. This discrepancy between test-retest a
inter-rater reliability suggests that factors including sta
long-term differences between raters in perceptual strate
or short-term differences within and between listeners in
tention to different aspects of the stimuli, may contribute
poor reliability of traditional voice rating protocols.~See
Kreiman et al., 1993, for a discussion of other hypothetic
sources of variability in ratings of voice.!

Although existing data do not allow rater unreliability t
be attributed unambiguously to any particular cause
causes, it is possible to use alternate measurement techn
to differentiate problems of scale validity from other sourc
of disagreements among raters. Binary classification syst
for describing voice quality, in which voices are assigned
broad categories based on quality~a breathy voice; a straine
voice! may offer such clues. Classification tasks differ fro
traditional scalar judgments in the level of measurement
quired and in the complexity of the judgment made, and
reasoned that these simplifications would allow listeners
focus on thekind of quality of a voice has, rather than ho
much of a quality it possesses. If traditional labels for vo
quality have psychological reality, then listeners shou
agree that some voices unambiguously possess that qual~a
breathy voice; a rough voice!.

Classification systems for describing voice quality a
il:
18678(4)/1867/10/$17.00 © 2000 Acoustical Society of America
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very old, and underlie many modern studies of voice. S
systems have their basis in studies of oratory and elocut
with many common terms dating from the Romans. For
ample, in the first century BC Cicero~see Cicero, 1948! used
the term ‘‘asperam’’~‘‘rough’’ !, and in the second centur
AD Julius Pollux~see Pollux, 1706; cited by Austin, 1806!
employed terms like ‘‘aeneam’’~‘‘brassy’’! and ‘‘raucam’’
~‘‘hoarse’’! ~Austin, 1806; Laver, 1980!. Attempts at system-
atic classification of vocal quality began in the 19th centu
For example, Rush~1859! distinguished four qualities o
voice ~‘‘natural,’’ ‘‘falsette,’’ ‘‘whispering,’’ and an ‘‘im-
proved’’ quality labeled ‘‘orotund’’!, and also described
‘‘guttural vibration’’ and ‘‘tremulous movement.’’ Goldbury
and Russell~1844; cited by Gray, 1943! distinguished the
qualities harsh, smooth, aspirated, pectoral, guttural, o
orotund, and pure tone.~For interesting reviews see Plugg
1942; Gray, 1943; Laver, 1980!.

Despite early concerns that such labels for voice are
best metaphorical~Rush, 1859!, these traditional classifica
tion systems for describing voice are readily discernible
contemporary descriptive usage. Although modern clas
cation systems for measuring vocal quality have not to
knowledge been formally proposed, common usage
many studies assume that such systems are valid. Class
tion of voice qualities is especially prevalent in studies
speech synthesis, because attempts at synthesizing part
qualities ~e.g., Wendahl, 1966; Klatt and Klatt, 1990
Childers and Lee, 1991; Lalwani and Childers, 1991! presup-
pose that perceptual classes for voice exist. Authors in s
studies typically sort voices into groups based on percep
criteria, and then investigate the synthesis strategies ne
sary to model that kind of phonation. Thus Childers and L
~1991! selected examples of breathy, modal, fry, and false
phonation, and then examined the synthesis parameters
essary to reproduce each voice type. Gobl and Ni Chas
~1992! modeled a single normal speaker who produc
modal, breathy, whispery, tense, lax, and creaky voice,
Kasuya and Ando~1991! studied the synthesis of breathine
by selecting two ‘‘breathy’’ voices and copying them.

Other researchers~e.g., Martinet al., 1995; Hillenbrand
and Houde, 1996! have used a classification step as a prec
sor to gathering scalar rating of vocal quality. In these st
ies, voices were first sorted into classes correspondin
specific pathological voice ‘‘types’’~i.e., qualities!, and then
were rated on the extent to which they possessed that qua
For example, Hillenbrand and Houde~1996! first selected a
set of voices that ‘‘appeared to depart from normal vo
quality primarily in the direction of breathiness’’~p. 313!,
after which listeners rated the level of breathiness of th
stimuli.

A few researchers have examined listeners’ abilities
classify voices in the manner required by such studies. C
ton and Estill ~1981! asked normal speakers to produ
samples of conversional speech, cry, twang, and ope
ring, which listeners then sorted into four classes with be
than chance accuracy. Rammageet al. ~1992! trained expert
listeners with standard samples of several qualities~breathi-
ness, strain/harshness, high pitch, low pitch, glottal atta
phonation breaks, pitch breaks, and roughness/glottal!.
1868 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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They then asked listeners to rate severity of dysphonia
check off which features were present in each voice sam
and to indicate which of the checked features was domin
in the sample. Although no statistical analysis was und
taken, listeners reportedly agreed well about the overall
verity of pathology, but not about the specific perceptu
features present or dominant in each sample. Martin and
leagues~Martin et al., 1995; Martin and Wolfe, 1996! asked
listeners to sort voices into four groups~breathy, rough,
hoarse, normal! after training with synthetic prototypes fo
each voice type. In both studies, about 60% of listen
agreed about the class in which about 60% of voices
longed; agreement was below 60% for the remaining voic
It is not clear from their discussion if agreement exceed
chance levels.

In the present study, we examined levels and pattern
listener agreement in a binary classification task for pat
logical voices. In particular, we attempted to determi
whether listener disagreements were due to fundame
problems of scale validity, or to the manner in which qual
has been measured. If listeners agree reliably in their cla
fications, the validity of traditional scales is supported, a
disagreement in ordinal and interval rating scale protoc
may be attributed to other factors, including limitations
the particular measurement techniques employed.

II. EXPERIMENT 1

A. Method

1. Stimuli

Stimuli were drawn from a previous study~Kreiman and
Gerratt, 1996!, where they are described in detail. Briefl
the voices of 80 male and 80 female speakers with vo
pathology were selected from a large library of samples
corded under identical conditions as part of a phonat
function analysis. Each speaker sustained the vowel /a/ fo
long as possible. Voices were recorded using a microph
placed off-axis 5 cm away from the speaker’s lips. Utte
ances were low-pass filtered at 8 kHz and digitized direc
at 20 kHz with 12-bit resolution. A 2-s sample was excerp
from the middle of each utterance. Stimuli were equaliz
for peak intensity, and onsets and offsets were multiplied
40-ms ramps to eliminate click artifacts.

Speakers ranged in age from 18–96 years, and re
sented a variety of diagnoses. Severity of pathology w
rated on a 6-point equal-appearing interval scale by un
mous vote of the authors and an experienced spe
language pathologist.~Differences in rating were resolved b
discussion.! Chi square analysis indicated that severity
pathology, diagnostic category, gender, and speakers’ a
were statistically independent in these voice sets~Kreiman
and Gerratt, 1996!, reducing the likelihood that difference
in quality are confounded with extraneous factors.

2. Listeners

A total of 19 expert listeners participated in these expe
ments. Eleven listeners provided two sets of quality jud
ments ~one for breathiness and one for roughness!, and 8
listeners made judgments of one quality only, for a total
15 listeners/task. Each listener had a minimum of 3 yea
1868and B. R. Gerratt: Disagreement in voice quality assessment
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post-graduate experience evaluating and/or treating v
disorders. Listeners reported no history of hearing diffic
ties.

3. Procedure

At each session, listeners heard the 160 stimulus voi
along with 40 repeated trials~inserted at random into th
sequence of trials!, for a total of 200 trials/session. Testin
took place in a double-walled IAC sound-attenuated boo
Stimuli were low-pass filtered at 8 kHz and presented in f
field over high fidelity loudspeakers~Boston Acoustics
AD40! at a comfortable listening level~approximately 80 dB
SPL!.

Judgments of breathiness and roughness were mad
separate sessions. For each voice, listeners were instruct
decide whether or not its quality departed from normal p
marily in the direction of breathiness~or roughness!, and to
respond either ‘‘primarily breathy’’ or ‘‘not primarily
breathy’’ ~or ‘‘primarily rough’’/‘‘not primarily rough’’ !.
They were asked to disregard the severity of pathology
apparent type of voice disorder, and were allowed to rep
each stimulus as often as necessary before making their j
ment. When listeners participated in two sessions, these w
separated by at least 1 week. Task order was random
across listeners, and stimuli were rerandomized for ev
presentation. Each listening session lasted about 30 min

B. Results

1. Test-retest agreement

For judgments of breathiness, test-retest agreement~the
percentage of repeated voices placed in the same class
times they were presented! averaged 85.0% across listene
@standard deviation~s.d.!56.81; range572.5%–97.5%#. For
judgments of roughness, test-retest agreement aver
80.7%~s.d56.97; range570%–92.5%!.

2. Classification responses

Listeners varied in how frequently they applied the
bels ‘‘primarily breathy’’ and ‘‘primarily rough’’ to the
stimuli. Across listeners, the number of ‘‘rough’’ respons
ranged from 26–101/160~mean563.4; s.d.520.3!. The
number of ‘‘breathy’’ responses ranged from 33–94/1
~mean560.8, s.d.515.4!.

Despite differences in rates of responding, pairs of
teners agreed fairly well in their classification judgments.
average, two listeners agreed in their responses for 73.5
voices in the breathiness task~s.d.56.3%; range558.1%–
88.1% agreement!, and for 69.5% of voices in the roughne
task ~s.d.57.3%; range549.4%–100%!.

However, across all listeners, agreement levels w
rather poor. The frequency with which listeners respond
‘‘primarily breathy’’ or ‘‘primarily rough’’ was calculated
for each voice, and the distribution of these frequencie
shown in Fig. 1. In this figure, a value of 15 on thex axis
~rightmost columns! indicates that all 15 listeners agreed
voice was primarily breathy or rough; a value of 0 indica
that all listeners agreed the voice was not primarily brea
or rough ~i.e., 0 listeners classified the voice as breathy
1869 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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rough!. The relative height of the endpoints depends on tha
priori distribution of voice qualities in the population, an
thus cannot be interpreted directly. However, if listene
agree in their judgments that voices did or did not belong
a class, these functions should dip to zero between endpo
because the center of thex axis represents maximum dis
agreement. Thus good listener agreement should result
roughly U-shaped curve.

This was not the case in the present data. Listen
agreed better that a voice was not primarily breathy or rou
than they did that a voice belonged in a class, but otherw
levels of agreement were rather flat across the scale, and
not approach zero between endpoints. Further, listen

FIG. 1. Distribution of agreement levels for the two binary classificati
tasks. Thex axis shows the number of listeners agreeing in their classifi
tion of a voice; they axis shows the number of voices which received th
level of agreement. Column totals sum to 160, the number of voice stim
~a! Breathiness judgments.~b! Roughness judgments.
1869and B. R. Gerratt: Disagreement in voice quality assessment
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unanimously agreed that only 3/160 voices~1.9%! were pri-
marily rough; only 5/160 voices~3.1%! were unanimously
judged primarily breathy.

All five voices unanimously classified as ‘‘primaril
breathy’’ were aphonic or near-aphonic, with limited ha
monic structure above 700 Hz@Figs. 2~a!, ~b!#. The three
voices unanimously classified as ‘‘primarily rough’’ we
acoustically heterogeneous. All three were characterized
intermittent or continuous bifurcations and interharmoni
one had a very lowf 0, and one included prominent vocal fr
@Fig. 2~c!#. The number of listeners responding ‘‘rough’’ wa
also significantly correlated with rated severity of vocal p
thology~r 50.70,p,0.05!, suggesting that roughness is al

FIG. 2. Examples of linear FFT spectra for voices unanimously judged t
primarily breathy or primarily rough. Amplitude ranges from minimum
maximum, in percent.~a! A voice unanimously judged to be primarily
breathy.~b! A voice unanimously judged to be primarily breathy.~c! A
voice unanimously classified as primarily rough. Note the presence of in
harmonics.
1870 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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confounded with severity of pathology. The likelihood tha
voice would be judged primarily breathy is also significan
correlated with severity in these data~r 50.49,p,0.05!, but
the correlation is significantly lower than for roughne
(t(157)54.15,p,0.05).

Statistical analysis of these data is complicated by
fact that there are no correct or incorrect answers. Voi
cannot be placeda priori into perceptual classes, so thea
priori proportions of breathy and rough voices in the pop
lation of pathological voices are unknown. For this reas
we used three different estimates of the frequency of ‘‘p
marily breathy’’ and ‘‘primarily rough’’ voices in the overal
population of voices to test the hypothesis that observed
terns of agreement were due to chance. The first estim
was the proportion of ‘‘primarilyx’’ responses by the lis-
tener who responded ‘‘primarilyx’’ least often; the second
estimate was the proportion of responses by the listener
the largest number of ‘‘primarilyx’’ responses; and the third
estimate was the overall proportion of ‘‘primarily breathy
or ‘‘primarily rough’’ responses across the pooled group
listeners. The binomial probabilities of observingN agree-
ments,N-1 agreements,N-2 agreements, and so on, we
calculated~e.g., Hays, 1994, p. 140 ff.! for each of these
three different estimates of the frequency of each quality
the population of speakers.1

Expected values~given the assumed proportion o
‘‘breathy’’ and ‘‘not breathy’’ voices in the sample and th
assumption of random sampling from that population! are
plotted with observed levels of agreement in Fig. 3. As t
figure shows, observed agreement for both qualities is ab
the expected values at the margins of the figures, but be
expected values in the middle of the figures. In other wor
listeners agreed at above chance levels, and disagreed a
low chance levels. Thus the hypothesis that results refl
random guessing can be rejected, for a range of assu
probabilities of ‘‘primarily breathy’’ and ‘‘primarily rough’’
voices.

C. Discussion

These results do not support the traditional assump
that pathological voices can be meaningfully assigned
broadly applicable perceptual classes. Although listen
agreed at better than chance levels, for most voices subs
tial disagreement existed as to whether or not that voice
longed in a given class. However, listeners did agree in th
classification judgments for a few pathological stimuli, co
sistent with the venerable idea that commonly used cate
ries like breathiness and roughness are real. We spec
that listeners agreed in their judgments of these partic
voices because the stimuli correspond to acoustic or ph
ological extremes, which represent a limit of phonation a
thus are perceptually stable across listeners. When voice
not approach such a phonatory limit, we speculate, listen
are unable to consistently isolate and assess single dim
sions in highly variable perceptual contexts, so percep
strategies diverge.

For example, all five voices unanimously classified
‘‘primarily breathy’’ were aphonic or near-aphonic, as not
above. Aphonia is a well-defined physiological and acous

e
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limit to phonation—the point at which the vocal folds cea
to vibrate and the vocal tract is excited solely with turbule
noise—and thus constitutes the limiting case for breathin
as classically defined~e.g., Fairbanks, 1940!. Because apho
nia is the extreme case of breathiness, other aspects of v
quality ~for example, fundamental frequency, overall lou
ness, or the spectral characteristics of the turbulence no!
are perceptually irrelevant; the voice is breathy whatever
ues any other characteristics may assume. Thus the liste
task is simplified; in essence, the voice loses degrees of f
dom perceptually, so listeners lose opportunities to disag

FIG. 3. Expected~dashed curves! and observed~solid curves! levels of
listener agreement for the binary classification tasks. Thex axis indicates the
number of listeners agreeing in their classification of a voice; they axis
shows the probability of that many listeners agreeing, given the assu
likelihood of ‘‘breathy’’ or ‘‘rough’’ voices in the population. The leftmos
dotted curve represents the most conservative assumption about thisa priori
probability; the rightmost curve represents the most liberal assumption~a!
Judgments of breathiness.~b! Judgments of roughness.
1871 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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Note that the values of these other aspects may be rele
when other qualities~such as the roughness of the voice! are
judged, so that a single voice can be placed in more than
perceptual class. Thus phonation that is ‘‘perceptua
stable’’ with respect to one quality is not necessarily ‘‘pe
ceptually simple.’’

In the case of roughness, vocal fry and bifurcated p
nation are also well-defined physiologically and acoustica
~e.g., Hollienet al., 1966, 1977; Herzelet al., 1991; Berry
et al., 1996; Omoriet al., 1997!, and are well-distinguished
perceptually from each other and from modal phonat
~Hollien and Wendahl, 1968; Michel and Hollien, 196
Omori et al., 1997; see Gerratt and Kreiman, 2000, for r
view!. Apparently these kinds of phonation are both asso
ated with the label ‘‘rough,’’ which is also significantly con
founded with overall severity of pathology. Variab
attention by individual listeners to these different aspects
the voice signal may account for lower overall agreem
that a voice was~and was not! ‘‘primarily rough.’’

One concern limits our interpretation of results from th
study. Although disagreements among listeners may be
lated to listener difficulty in agreeing about single percept
facets of complex voice stimuli, as argued above, findin
may also be artifacts of the restrictive binary classificat
task used. Because the task required listeners to seg
continuously varying vocal quality into two discrete class
listeners’ disagreements may reflect difficulties and diff
ences in the placement of class boundaries. To investi
this possibility, we asked listeners to classify the natu
voice stimuli used in experiment 1 according to their voc
pitch. Listeners were also asked to make similar judgme
for a set of synthetic stimuli varying only in fundament
frequency. Pitch was selected as a stimulus dimension
cause it fulfills several criteria. First, problems regardi
scale validity should not provoke disagreement among list
ers, because the psychological reality of pitch is well est
lished ~see, e.g., Plomp, 1976, for review!. Further, voice
fundamental frequency has consistently emerged as per
tually important from studies of vocal quality~Kreiman
et al., 1990!. Finally, the acoustic correlates of pitch are we
understood, so synthesis is straightforward and accurat
listener disagreements are related to inconsistent segme
of a stimulus continuum, patterns and numbers of disag
ments should be similar for the synthetic and natural voic
because pitch varies continuously in both cases. On the o
hand, if disagreements are due to inconsistencies in how
teners isolate single dimensions in complex patterns, t
agreement should be better for the synthetic stimuli than
the natural stimuli. In this view, the homogeneity of the sy
thetic stimuli promotes uniform perceptual strategies b
within and across listeners, because only one varia
changes within a fixed context across the stimulus set. T
a consistent perceptual strategy can be adopted across li
ers and applied for all the stimuli. With the natural voic
samples, a single perceptual strategy is far less likely
emerge across listeners and voices, because pitch cues
ate in perceptual contexts that vary widely from voice
voice. Consequently, the acoustic complexity of the pat
logic voices hypothetically prevents listeners from conve

ed
1871and B. R. Gerratt: Disagreement in voice quality assessment
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judgments.

III. EXPERIMENT 2

A. Method

1. Stimuli

Two sets of stimuli were used in this experiment. T
first included the 80 male and 80 female natural vo
samples used in experiment 1. The second included synth
male and female voices whosef 0 values varied to match th
distribution of meanf 0 values for the natural stimuli~Fig.
4!. Mean f 0 values were measured from the center f
quency of the lowest harmonic in a fast Fourier transfo
~FFT! spectrum calculated over the entire voice sample,
again with CSpeech software~Milenkovic, 1987; Milenkovic
and Read, 1992!. Values for voices with bifurcations o
prominent amplitude modulations were rejected. The fi

TABLE I. f 0 and formant frequencies for the synthetic stimuli.

Females Males

f 0 ~Hz! 125–425 70–370
F1 ~Hz! 850 800
F2 ~Hz! 1400 1346
F3 ~Hz! 2815 2500
F4 ~Hz! 4299 3400
F5 ~Hz! ••• 4373

FIG. 4. Distributions of f 0 values for the natural and synthetic voic
stimuli. ~a! Male voices.~b! Female voices.
1872 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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set of synthetic voices included 77 male and 78 female
kens. Synthetic stimuli~2 s in duration! were created with a
custom-designed formant synthesizer. Synthesizer par
eters otherf 0 were modeled on natural tokens of /a/ spok
by normal male and female speakers~Table I!, and were held
constant across stimuli.

2. Listeners

Fifteen expert listeners participated in this experime
Four had participated in experiment 1; however, the two
periments were separated by several months. Each list
had a minimum of 3 years’ post-graduate experience ev
ating and/or treating voice disorders. Listeners reported
history of hearing difficulties.

3. Procedure

For each stimulus, listeners were asked to dec
whether the voice was low pitched or not low pitched, re
tive to average normal speakers of the appropriate gen
They were allowed to replay stimuli as often as necess
before making their decisions. Becausef 0 expectations dif-
fer for male and female voices, male and female stimuli w
presented in separate blocks of trials, as were synthetic
natural stimuli. Thus each listener heard four blocks
stimuli: male natural voices, female natural voices, male s
thetic voices, and female synthetic voices. Order of blo
was randomized across listeners, and stimuli within a blo
were rerandomized for each listener. Listeners were
formed of the class of stimuli to be judged prior to heari
each block of trials.

To assess test-retest reliability, 20% of trials~selected at
random! were repeated in each block of stimuli. Repeat
trials were inserted at random into the sequence of tri
Other testing conditions were identical to those used in
periment 1. Listeners completed all four blocks of trials a
single session lasting about 1/2 hour.

B. Results

1. Test-retest agreement

For the natural stimuli, test-retest agreement was co
parable to that observed in experiment 1, averaging 81
across listeners~s.d.59.61; range562%–95%!. Listeners
were significantly more self-consistent when classifying
synthetic stimuli @mean test-retest agreement586.7%;
s.d.59.0; range573.3%–100%; matched sample
t(14)522.21,p,0.05#.

2. Classification responses

As with judgments of breathiness and roughness, list
ers varied in the number of voices they considered l
pitched. For the natural stimuli, the number of ‘‘low
pitched’’ responses was similar to the number of ‘‘primar
breathy’’ and ‘‘primarily rough’’ responses, ranging from
40–91~out of 160 stimuli; mean562.5, s.d.515.3!. Pairwise
agreement among raters for judgments of the pitch of nat
stimuli was also similar to agreement for breathiness a
roughness. On average, two listeners agreed about 73.9
1872and B. R. Gerratt: Disagreement in voice quality assessment
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their pitch judgments~compared to 73.5% agreement
breathiness judgments, and 69.5% agreement in rough
judgments!.

For the synthetic stimuli, the proportion of ‘‘low
pitched’’ responses was lower than that for the natu
stimuli ~mean551.5/155 stimuli; s.d.518.3; range529–84!.
However, pairwise agreement among listeners was sig
cantly better for judgments of the synthetic stimuli@mean
pairwise agreement580.1%; s.d.57.6; range561.9%–
92.3%; matched samplest(103)527.85,p,0.05#.

Patterns of overall agreement for the two sets of pi
judgments are shown in Fig. 5. As in experiment 1, a va
of 15 on thex axis ~rightmost columns! indicates that all 15
listeners agreed a voice was low pitched; a value of 0 on
x axis indicates that all listeners agreed the voice was not
pitched~i.e., 0 listeners classified the voice as low pitche!.

As this figure shows, listeners agreed substantially be
for the synthetic than for the natural stimuli, even thoughf 0
values were identical for the two sets of stimuli. Listene

FIG. 5. Distribution of agreement levels for the pitch judgment tasks. Thx
axis shows the number of listeners agreeing in their classification of a vo
the y axis shows the number of voices which received that level of ag
ment. ~a! Natural voice stimuli. Column totals sum to 160, the number
pathological voice stimuli.~b! Synthetic voice stimuli. Column totals sum t
155, the number of synthetic voice stimuli.
1873 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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unanimously agreed that 27.1% of synthetic stimuli were
low pitched, vs 16.2% of natural stimuli; and they agre
unanimously that 11.0% synthetic stimuli were low pitche
vs 8.1% of natural stimuli.

In addition, patterns of listener agreement and disagr
ment differed for the two tasks. For the natural stimuli, lev
of agreement were rather flat across the figure, and did
approach zero between endpoints, indicating that for m
voices listeners were divided as to whether or not that vo
was low pitched. In contrast, for the majority of the synthe
stimuli ~91/155! all or all but one of the listeners agreed
their judgments. Significant disagreement occurred for re
tively few voices, resulting in the predicted U-shaped fun
tion. Thus the observed disagreements for the synth
stimuli seem to represent primarily minor differences in t
placement of boundaries between classes of stimuli.

To test the hypothesis that agreement rates were b
for judgments of synthetic stimuli than for judgments of t
breathiness, roughness, or pitch of natural stimuli, data w
first transformed using the following procedure. Recall th
classification responses for individual voices ranged from
~all raters agreed the voice did not belong in a class! to 15
~all raters agreed the voice did belong in the class!. This
scale was modified such that it ranged from perfect agr
ment to maximum disagreement among raters. That
scores of 0 and 15 were converted to 100% agreem
scores of 1 and 14 were converted to 93.3% agreement~i.e.,
all but one rater agreed in their classification judgmen!;
scores of 2 and 13 were converted to 86.7% agreement;
so on. Note that this new scale ranged from 100% agreem
to 53.3% agreement, because a divided panel~7 votes vs 8
votes! represented the maximum possible disagreem
among raters.

Because these data can assume only a small numb
values, a Kruskal-Wallis one-way nonparametric analysis
variance~ANOVA ! was used to compare transformed agre
ment rates for the four binary classification tasks~judgments
of breathiness, roughness, pitch/natural stimuli, and pit
synthetic stimuli!. Tasks differed significantly in the levels o
overall agreement observed~Kruskal-Wallis test statistic
521.21, d f53, p,0.05!. Post-hoccomparisons indicated
that listeners agreed significantly better (p,0.05, adjusted
for multiple comparisons! in their judgments of the syntheti
stimuli than they did in the other three tasks, for whi
agreement levels did not differ (p.0.05).

Figure 6 shows the likelihood of listener agreement pl
ted againstf 0 for the natural and synthetic stimuli. For th
natural voices, pitch category is apparently ambiguous
fundamental frequencies below about 300 Hz for fem
voices~shown as filled circles in the figure!, and below about
200 Hz for male voices~shown as stars!. Voices with f 0
above these values were unambiguously not low pitched;
voices with f 0 below these values might or might not b
considered low pitched. A different pattern emerged for
synthetic voices. For these stimuli, the likelihood of ‘‘lo
pitched’’ responses decreased smoothly across frequen
and bottomed out at about 150 Hz for males and 250 Hz
females.

e;
-
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C. Discussion

These results indicate that the high levels of disagr
ment observed for judgments of natural stimuli were not d
solely to difficulties segmenting a continuum or to som
other task-related factor. Instead, they appear to be dire
related to characteristics of the stimuli. Listener agreem
about the pitch of the natural voices did not differ signi
cantly from agreement about breathiness and roughn
However, both test-retest agreement and inter-rate agree
were significantly better when listeners classified the pitch
synthetic voice stimuli, which varied only inf 0. Listener
agreement for the synthetic voices was very well predic
by f 0, as one would expect. Agreement increased sha
and smoothly asf 0 departed from population mean valu
~about 130 Hz for male speakers and 220 Hz for fema
e.g., Peterson and Barney, 1952!. The relationship between
f 0 and pitch was more complicated for the natural voic
Although in general listener agreement varied withf 0, lis-
teners sometimes agreed about the pitch of voices whosf 0
was near the population mean, and disagreed about vo
for which f 0 was substantially above or below average@Fig.
6~a!#. Further, thef 0 values at which listeners no longe

FIG. 6. The likelihood of listener agreement about the pitch of natural
synthetic stimuli, vsf 0. Male stimuli are plotted with stars; female stimu
are plotted with filled circles.~a! Natural voice stimuli (n5160). ~b! Syn-
thetic voice stimuli (n5155). Note that many points overlap in this figur
1874 J. Acoust. Soc. Am., Vol. 108, No. 4, October 2000 J. Kreiman
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disagreed about vocal pitch were about 50 Hz higher for
natural than for the synthetic stimuli. Thus it appears that
only listener agreement levels, but also the amount of e
dence listeners require to agree about the presence of a v
quality, depend on stimulus complexity. These results
consistent with the hypothesis that listeners are unable
agree in their judgments of specific attributes of voice b
cause they cannot consistently focus attention on individ
quality dimensions of complex signals.

IV. GENERAL DISCUSSION

These results are consistent with the claim that un
mensional rating scale approaches are inappropriate for m
suring pathological vocal quality. Even in a simple bina
classification task, listeners were unable to agree with e
other consistently about the breathiness, roughness, or p
of natural pathological voice stimuli. However, agreeme
was significantly better for pitch judgments when stim
were relatively simple synthetic vowels. This suggests t
disagreements are not due to characteristics of the class
tion task, but instead are related to listeners’ difficulty
isolating single dimensions of complex stimuli.

The notion that listeners agree about the quality of a f
pathological voices because those voices correspond
physiological or acoustic extremes accounts well for
present data. If listeners agree in their judgments only w
a voice is at or very near a phonatory limit, agreement w
be uncommon, because such voices are relatively rare.
explanation also accounts for the fact that listeners agr
better about which voices were not breathy, rough, or l
pitched than about which voices belonged in a particu
class. As argued above, only a single, extreme, relativ
uncommon vocal configuration will generate agreement t
a voice belongs in a class. Agreement that a voice is not
class requires that listeners agree that the voice does
correspond to one specific acoustic pattern, but does no
quire that they agree about the particular manner in whic
deviates from that pattern. Such limited agreement is ap
ently relatively easy to achieve. Although this interpretati
is speculative at present due to the small number of vo
about which listeners agreed, the hypothesis that phona
near physiologic or acoustic limits is reliably perceive
across listeners could be tested, using either natural or
thetic stimuli.

Because traditional dimensions for voice quality usua
range from ‘‘normal’’ to ‘‘severe,’’ the present results migh
seem to imply that valid rating protocols could be co
structed with reference to these extreme stimuli. For
ample, such voices could hypothetically be used to cre
sets of ‘‘anchor stimuli’’ varying in steps from normal to th
extreme. Listeners could then judge quality with reference
these anchors, rather than by comparison to variable inte
standards for a quality~e.g., Gerrattet al., 1993!. However,
even if a few acoustically extreme voice stimuli are trea
as ‘‘cardinal’’ in quality ~Jones, 1922; Abercrombie, 1967!,
these voices are unlikely to provide a basis for creatin
useful set of ordinal- or interval scale features for all voic
As voices depart from the extreme limits of phonation,
basis exists for weighing the many different facets of qua

d
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that occur, and listeners are free to focus their attention
any way they like, leading to listener disagreement. In t
way, the existence of a few ‘‘cardinal’’ voices does not im
ply that continuous features for the vast majority of voic
can also be defined, or that other voices can be classifie
ranked with reference to these extreme stimuli.

These results also suggest that perception of pathol
cal qualities like breathiness and roughness may differ fr
the perception of phonemic breathiness and roughness in
guages that distinguish phonation types, analogous to di
ences between the perception of~nonphonemic! pitch and
~phonemic! tone ~e.g., Gandour and Harshman, 1978; Ga
douret al., 1988!. Vocal quality varies continuously in man
dimensions, as phonetic quality does, but no formal sys
of contrasts~analogous to the phonology of a language! ex-
ists to divide this voice quality continuum into discre
classes. Linguistic sound categories~phonemes! can be es-
tablished by reference to contrasts in meaning, but w
judging voice quality, an infinite number of arrangements
possible, so ‘‘mistake’’ is undefined and listeners have
unrestricted choice of responses.~See Belkinet al., 1997, for
discussion of a similar problem with the description
odors.!

In conclusion, the data presented here suggest that
ditional labels for vocal quality may be valid in a limite
way, but that pathologic voice quality assessment using
ditional perceptual labels is not generally useful. The parti
lar pattern of observed listener disagreements appears t
related in part to difficulty isolating single perceptual dime
sions of complex stimuli, and listener agreements may
accounted for by the relative perceptual stability of a sm
number of stimuli corresponding to well-defined acoustic
physiological extremes. This pattern of agreements and
agreements among listeners is consistent with problems
have arisen in the study of other sensory modalities~for ex-
ample, taste and smell! that also lack category or featura
structure, and for which no satisfactory, consensually
cepted descriptive terminology exists~e.g., Belkin et al.,
1997!, and possibly cannot exist in the absence of such st
ture. Measuring perceptual responses to such stimuli pres
a considerable challenge.
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1With the number of listeners asN, the proportion of breathy~or rough!
voices in the population asp, andq equal to 12p, the chance probability
of N successes~N listeners responding ‘‘breathy’’ or ‘‘rough’’!, N21 suc-
cesses,N22 successes. . .0 successes, can be estimated using the fo
p(r successes;N,p)5( r
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