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Validity of rating scale measures of voice quality
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California 90095-1794

(Received 2 June 1997; revised 10 March 1998; accepted 5 May) 1998

The validity of perceptual measures of vocal quality has been neglected in studies of voice, which
focus more commonly on rater reliability. Validity depends in part on reliability, because an
unreliable test does not measure what it is intended to measure. However, traditional measures of
rating reliability only partially represent interrater agreement, because they cannot reflect variations
or patterns of agreement for specific voice samples. In this paper the likelihood that two raters would
agree in their ratings of a single voice is examined, for each voice in five previously gathered data
sets. Results do not support the continued assumption that traditional rating procedures produce
useful indices of listeners’ perceptions. Listeners agreed very poorly in the midrange of scales for
breathiness and roughness, and mean ratings in the midrange of such scales did not represent the
extent to which a voice possesses a quality, but served only to indicate that listeners disagreed.
Techniques like analysis by synthesis or judgment of similarity avoid decomposing quality into
constituent dimensions, and do not require a listener to compare an external stimulus to an unstable
internal representation, thus decreasing the error in measures of quality. Modeling individual
differences in perception can increase the variance accounted for in models of quality, further
reducing the error in perceptual measures. Thus such techniques may provide valid alternatives to
current approaches. @998 Acoustical Society of Amerid&0001-496€28)04708-(

PACS numbers: 43.71.Bp, 43.71.GWS]

INTRODUCTION tocols imply a model of the construct being measured.
Therefore studies of the validity of rating scales for voice

instrument measures what it is intended to measure—is %ISO serve to test the adequacy of the implied model of vocal

central concern in the development and evaluation of an}guality._ Be_cause vqcal quality is a perceptual _response. to an
measurement system. Measures that are weakly or variabRFOUStiC signal, rating protocols for vocal quality comprise a
related to a concept are not useful indices of that conceptet of claims about both signals and listeners. When vocal
(e.g., Kerlinger, 1973; Carmines and Zeller, 1979; Crockeuality is measured by means of ratings on scales for par-
and Algina, 1985 This paper examines the validity of tra- ticular aspects of quality, this implies that the overall impres-
ditional rating protocols that use scales like breathinesssion a listener receives from a voice can be decomposed into
roughness, hoarseness, or harshness as measures of vamleral perceptually distinct aspects corresponding to various
quality. Although a few authors have expressed doubt aboutrms such as breathiness and roughness. It is assumed that
the validity of such scale€Jensen, 1965; Perkins, 1971 individual listeners can focus their attention on these differ-
issues of the validity of perceptual measures are typicallyant aspects of the stimuli, and can make the judgments re-
neglected in studies of voice, which focus more commonlyyyired. Finally, and crucially, it is assumed that characteris-
on rater reliability(see Kreimaret al, 1993; Kreiman and s of the measurement tool remain constant across listeners
Gerratt, 19984, for review and voices, so that different listeners use the scales in the

The validity of traditional protocols for rating vocal . .
Lo . same way and measurements of different voices can be
quality is important in part because perceptual methods are

often used clinically to evaluate vocal disorddiGerratt meaningfully compared. This implies that quality is fairly

etal, 1991. Perceptual ratings are also used to validateconstant across listeners, so that voice quality may be treated

acoustic and other instrumental or “objective” measures of2S an attribute of the voice signal itself, rather than as the
voice (e.g., Fritzellet al, 1986; Hillenbrancet al, 1994; de product of a listener’s perception. That is, traditional proto-

Krom, 1995; Martinet al, 1995; Sodersteret al, 1995.  cols for assessing voice quality necessarily treat individual
Voice quality is an interaction between an acoustic voicedifferences in perception as noise, and do not model them
stimulus and a listener; the acoustic signal itself does nogxplicitly. Because voice signals provide listeners with large
possess vocal quality, it evokes it in the listener. For thisamounts of informatiortfor example, about the identity and
reason, acoustic measures are meaningful primarily to thphysical, mental, and emotional state of the speaker; see
extent that they correspond to what listeners hgerratt  Kreiman, 1997, for revieyy such claims about the perceptual
and Kreiman, 1995; Kreiman and Gerratt, 1296 process have interest beyond their clinical applications, and
Finally, validity is important because measurement prothe validity or invalidity of voice assessment protocols has
important implications for models of auditory pattern recog-
dElectronic mail: jkreiman@ucla.edu nition and perception of complex signals in general.

Measurement validity—the extent to which a scale or
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A. Approaches to the study of scale validity ments, the critical assumption of listener equivalence is vio-
lated, and the validity of traditional protocols for quality as-
lsessment is not supported.

In this study we combined traditional approaches to re-
lity with new analyses designed to examine patterns of
agreement and disagreement among listeners that bear upon
issues of measurement validity. Conventional statistical
analyses of reliability do not provide enough information to

breathiness, harshness, or styaidne way to motivate scales answer questions about sc_ale validity. SUCh. an_a_llyses produce
for specific aspects of quality is with reference to overall® single number representing the overall reliability of a set of

quality: Individual scales or sets of scales may be valid to the(atmgs, across all the voices and listeners in a study. This

extent that as a group they measure overall quality. For e)ﬁgonventlonal approach derives from the literature on psycho-

ample, studies using multidimensional scaliihurry et al, :Ig{cal tiztgcons_tr#ci_tlomnen ang \_(en,d1€f379; Cro.cker andd
1977; Kreimanet al, 1990, 1992, 1994; Kempstest al,, gina, 6, with listeners substituted for test items an

1991; Kreiman and Gerratt, 19p@ttempt to identify the voices substituted for examinees or subjects. Errors are as-
perceptual dimensions that underlie listeners’ judgments 0§umed fto be rlandom mbthls ;nO(tjeI, sqlla\(era?r:ngbtogt:]etf}er
the overall similarity of pairs of voices. Unfortunately, tradi- SCOTes rom a farge number of raters will give the best est-

tional scales have not generally emerged as perceptual dinate of the “true” score for a voice on a scale, and the mean

mensions from these studies, which in consequence provi(féltlng approaches the true score as the number of raters in-

little support for the validity of such scales as measures ofreases. Thus reliability in classic theory is a function of both
overall vocal quality the average interrater correlation and the number of raters in

However, for clinical purposes, it may not be necessary’i Stlljdi/h. traditional f K reliability imolies that
to model overall quality in detail. Instead, it may be adequate n this traditional framework, refiability implies that an-

to focus quality assessment on a limited number of clinically_Other sample of listeners would produce the same mean rat-

significant perceptual dimensions, while neglecting other ir\Ngs for the same Fest voices, but do?s not' necgssarlly inform
s of how the subjects would agree in their ratings of a new

relevant aspects of vocal quality. In this case, motivating and _ . o o )
defining individual scales remain critical aspects of scale de2®t pf VoIces. Conventlona! reliability statistics are not infor-
velopment, to specify what is being measured, to justify Wh);natlve about many other important a_spgcts of listener per-
those aspects of voidand not othersare of interest, and to formz_apce. _For example, they cannot indicate agreement for
clarify the relationship among different scales. Few studiesSpeclflc voice sgmple(sYpung and Downs, .1968&.1”(.1 they
have investigated these issues. Individual scales are typical hnot capture information about systematic variations in re-

validated by appeals to consensual or face valid@ijver- ability or agreement across raters or parts of the rating
man, 1977: Allen and Yen, 1979or by reference to their scale. Patterns of agreement and disagreement among listen-

association with purported acoustic, aerodynamic, and/of"S My provide evidence about the perceptual processes that

physiological correlates. However, because appeals to faﬁ?derlle. Judgmgntg of vocal qgallty. S.’UCh evidence may be
or consensual validity do not involve empirical examination elpful n establishing the vahdny_of different scales for vo-
of evidence or reference to theory, they are of little use in theCal quality, and may help determine why measurement pro-

assessment of measurement systems. Thus the literature E?r??ls ma);t_fall.tFllnzzlly, begauset:]he validity offr?r(]aasuréamlent
pathologic voice quality does not provide convincing or con-SYStems ultimately depends on the success ot the underlying

sistent evidence for the validity of traditional scales for Vocalperceptual model, such detailed knowledge about listener

quality. (See, e.g., Colton and Estill, 1981; Kreiman and Ger-2greement may guide the design of future protocols for qual-
: ’ : ' ity assessment.

ratt, 1998a, for extensive review of these issues.

Quality is traditionally defined as “that attribute of au-
ditory sensation in terms of which a listener can judge thal
two sounds similarly presented and having the same Iouq: .
ness and pitch are dissimilalfANSI Standard S1.1.12.9, p. iabi
45, 1960; cf. Helmholtz, 1885 However, most authors
avoid studying overall vocal quality, preferring instead to
focus on single dimensions or specific aspéfis example,

I. METHOD

To determine if patterns of rater agreement support rat-
Although the validity of traditional scales for voice qual- ing scale validity, we reevaluated existing data from experi-
ity has never been formally established, little evidence existesnents using unidimensional scales for different traditional
that such scales are invalid, largely due to lack of researchiocal qualities or ratings of the similarity of pairs of voices.
However, because the validity of perceptual measures dddata were drawn from four previously published studies
pends on characteristics of both listeners and stimuli, validitfKreimanet al,, 1993; Kreimaret al,, 1994; Rabinowet al,,
is partially determined by reliability. That is, because quality1995; Kreiman and Gerratt, 1998nd one unpublished study
is a function of both listeners and stimuli, an unreliable testChhetri, 1997. Two of these studie&reimanet al,, 1993,
cannot be a valid measure of quality, because it does ndRabinovet al,, 1995 were specifically concerned with issues
model listener behavior accuratelg.g., Young and Downs, of rating reliability. Listeners in these studies judged the
1968; Cone, 1977; Ventry and Schiavetti, 1980; Suen andoughness of samples of pathologic voices, and recorded
Ary, 1989. Thus evidence about patterns of agreement antheir responses on equal-appearing intef&l) or visual
disagreement among listeners in their use of quality scaleanalog(VA) scales.
can provide evidence for or against the validity of the scales.  Three other studieKreimanet al,, 1994; Kreiman and
If listeners cannot agree when making the required judgGerratt, 1996; Chhetri, 1997used EAIl scales to address

B. Reliability as a tool for assessing validity
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TABLE I. Characteristics of the data séts.

Study Raters Speakers Sdale Rating task
Kreimanet al. 30 expert 30 (22 disordered, seven-point EAl  Judgments of roughness
(1993 8 norma) 100 mm VA Judgments of roughness
Kreimanet al. 5 expert 18 disordered seven-point EAI Paired comparison:
(1999 Dissimilarity of pairs

of voices with respect to
breathiness

seven-point EAI Paired comparison:
Dissimilarity of pairs
of voices with respect to

roughness
8 expert 18 disordered seven-point EAI Judgments of breathiness
18 disordered seven-point EAI Judgments of roughness
Rabinovet al. 10 expert 50 disordered 75 mm VA Judgments of roughness
(1995
Kreiman and 8 expert 80 disordered seven-point EAI Paired comparison:
Gerratt(1996 (males Overall dissimilarity of
pairs of voices
80 disordered seven-point EAI Paired comparison:
(females Overall dissimilarity of
pairs of voices
Chhetri(1997) 9 expert 32 disordered seven-point EAI Judgments of severity

(pre/post operative of pathology

8EAl=equal-appearing interval scale; ¥Aisual analog scale.
PData from experiments 1 and 2 have been combined.

more general issues of the perception of pathologic voiceonsidered to agree exactly; ratings that differed by 21.5 mm
quality. Two groups of raters participated in the studies re{7.2+14.3) were considered to be within 1 scale value of
ported in Kreimanet al. (1994. The first group judged the each other, and so on. For the 75-mm VA scale, a scale
similarity of pairs of voices with respect to breathiness orinterval was defined as 10.7 mm. Thus ratings differing by
roughness. The second directly rated the breathiness @&:4 mm or less were considered to agree exactly, and ratings
roughness of the individual voices. Raters in Kreiman andliffering by 16.1 mm or less were considered within 1 scale
Gerratt (1996 judged the overall similarity of pairs of value of each other. Differences in mm and in scale value
voices. Raters in Chhet(il997 rated the severity of vocal equivalents were highly correlatédata from Kreimaret al,,
pathology for samples of voices gathered pre- and postt993:r=0.98; data from Rabinoet al, 1995:r =0.98).
operatively. Further details are given in Table I.

For our current purposes, we calculated several tradi-
tional measures of overall intra- and interrater reliability andj;. ReSULTS
agreement for each data set. We also examined an additional )
measure, the empirical likelihood that two raters would agre?é' Intrarater agreement. How self-consistent were
in their ratings of a specific voice, for each voice in the data'StenerS?
sets. These finer-grained analyses assessed how likely it was Traditional analyses of intrarater agreement examine
that individual raters would agree with one another for spe-overall levels of listener self-consistency, summed across
cific voice stimuli, rather than how well the population of voices. In contrast, Table Il shows the likelihood that a given
raters agreed on average or how well the averaged data estieice would be rerated consistently, calculated across listen-
mated the “true mean rating.” This approach also alloweders. Numbers in this table represent the likelihood that a
us to capture detailed information about variations in agreesingle rerating of a single voice would agree with the first
ment across voices and parts of the rating scale. Similamating by some amourfor example, exactly or within one
analyses of intrarater agreement were undertaken, comparisgale valug
the first and second rating of a voice by a single listener, to  Listeners produced the same value when rerating a
determine whether individuals were more self-consistent fostimulus for 32%—-50% of trials, depending on the study.
some voices than for others. Pooled across studies, a second rating agreed exactly with

To simplify comparisons among studies using VA andthe first for 38.6% of repeated trials, and 76.8% of repeated
EAI scales, differences between pairs of ratings on the VAratings agreed with the first within 1 scale value. In compari-
scale were converted from mm to “scale value equivalents.”son, across studies traditional test—retest agreefceaitu-
For example, a 100-mm VA scale was divided into severlated across voices for each listener, and then averaged
intervals of 14.3 mm each, analogous to a seven point EA&cross listenejganged from 72.5%—92.0% of ratings within
scale. Pairs of ratings within 7.2 mm of each other were+1 scale value.
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TABLE Il. Likelihood that a single rerating of a single voice would differ from the first rating by a given

amount
Ratings differ Ratings differ Ratings differ
Exact by 1 scale by 2 scale by 3 or more
Study/Scale N®  agreement value values scale values
Kreimanet al. (1993 (EAI/Roughnesk 900 44.9% 38.6% 12.0% 4.6%
Kreimanet al. (1993 (VA/Roughness 900 48.8% 33.6% 11.8% 5.9%
Kreimanet al. (1994 (EAI/Roughnesp 144  38.9% 43.8% 11.1% 6.3%
Kreimanet al. (1994 (EAIl/Breathiness 144 47.2% 38.2% 11.1% 3.5%
Kreimanet al. (1994 765  36.5% 36.9% 15.3% 11.4%
(Dissimilarity/Roughnesgs
Kreimanet al. (1994 765  32.0% 40.5% 16.3% 11.1%
(Dissimilarity/Breathiness
Rabinovet al. (1995 (VA/Roughness 500 44.2% 35.4% 13.8% 6.6%
Kreiman and Gerratt1996 5056 36.6% 38.1% 16.4% 9.0%
(Dissimilarity/Male voice$
Kreiman and Gerratt1996 5056 38.4% 38.9% 15.7% 7.0%
(Dissimilarity/Female voices
Chhetri(1997 (EAl/Severity) 66 50.0% 42.4% 6.1% 1.5%
Pooled data 14296 38.6% 38.2% 15.3% 7.8%

®EAl=equal-appearing interval scale; WAisual analog scale.
5N = (number of listeneds<(number of repeated trials/listeneDifferences between VA ratings were con-
verted to scale equivalents, as described in the text.

Figure 1 shows how test—retest agreement varied acrosédual stimuli. Table Il lists the overall likelihood of raters
listeners and voices for EAI ratings of roughné¢bgy. 1(a); agreeing exactly, within one scale value, and so on, in their
Kreiman et al,, 1993, VA ratings of roughness$Fig. 1(b); ratings of a single voice or pair of voices. Across studies,
Rabinov et al, 1995, and ratings of overall similarity of pairs of listeners agreed exactly for 26.7% of trialersus
pairs of voicegFig 1(c); Kreiman and Gerratt, 1996In this  38.6% test—retest agreemenRatings differed by 1 scale
figure, each point represents a single stimulus presented tovalue or less for 63.7% of trialéversus 76.8% test—retest
single rater; the difference between the first and second raggreement Gross disagreementsatings differing by 3 or
ing that voice received from that rater is plotted against thamore scale values on a seven-point scateurred for a total
mean of that individual’s two ratings for that voice. Becauseof 15.6% of trials(cf. Mackey et al, 1997, who reported
agreement is plotted against the mean rating for a givesimilar values for ratings of speech naturalness
voice, the probability of agreement must be high when mean
ratings are near scale end points. However, agreement in the ] N
midrange of a scale may be high a listener consistently 2. Patterns of interrater agreement for traditional
rates voices as moderately pathologic low (if a listener ~ 'aling scales
responds with a large scale value on one occasion and a Patterns of interrater agreement depended on the listen-
small value on another occasjon ing task. For ratings of breathiness, roughness, and severity,

As Fig. 1 shows, for all three tasks individual listenersinterrater agreement levels were consistently poor in the
were often self-consistent in their use of these rating scalesnidrange of the rating scales. Figure 3 shows the likelihood
In particular, individual listeners appeared to maintain stablef two raters agreeing exactl¥rig. 3@ and(c)] or within 1
standards for the midrange of a scale, so that many voicescale valug Fig. 3(b) and (d)] for each voice in two repre-
received ratings of 3, 4, or 5 both times they were rated. sentative data sets. Because we were interested in the extent

Figure 2 summarizes the data from Figajland (b)  to which mean ratings represent the underlying raw data, the
(Kreimanet al, 1993 by showing the overall probability of probability of agreement is plotted against the group mean
test-retest agreement for individual voices. Levels of selfrating for each voice. As above, agreement near scale end
consistency for individual stimuli were quite high overall, points must be high in these plots, because average values
with most values above 0.8. This suggests that individuatan only approach scale end points when listeners agree.
listeners are able to make reasonably consistent judgments Bliowever, average values away from scale end points can

traditional vocal qualities. result from agreement that voices are moderately pathologic,
or from disagreement about the extent of pathology.
B. Pairwise agreement among raters In the present data, the likelihood that two raters would

agree exactly for voices with mean ratings between 2.5 and
5.5 on a seven-point EAIl scale averaged 0.21 (range
Measures of interrater agreement, like measures of in=0.19-0.24; chance agreement for independent ratings on a
trarater agreement, usually sum across voices to provide seven-point scake0.14), despite the fact that individual lis-
single measure of rater concordance. In contrast, the preset@ners were self-consistent in the same scale range. The like-
analyses sum across listeners to provide a measure of thibood of agreement within 1 scale value averaged 0.57
likelihood that two raters will agree in their ratings of indi- (range=0.50—-0.61; chance0.39). Although these values

1. Overall likelihood of interrater agreement

1601 J. Acoust. Soc. Am., Vol. 104, No. 3, Pt. 1, September 1998 J. Kreiman and B. R. Gerratt: Rating scale validity 1601
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FIG. 2. The probability of observing test—retest agreement within one scale
value (or scale value equivalentor individual voices. Each column shows

) 10 20 30 40 50 60 70 80 the number of voices for which overall test-retest agreement occurred with
the given likelihood.(a) EAI ratings of roughnesgKreimanet al, 1993.

(b) Visual analog ratings of roughne@Rabinovet al, 1995.

Diff. hetw. 1st and 2nd ratings of a voice

5

Individual's mean rating for that voice

] 7 T T significantly exceed chance levels of agreemene-sample

e 6l ° i t tests;p<<0.05), they are very low. Further, across all the
g data examined here, we did not find a single voice that lis-
o 5 ¢ @ 7 teners consistently agreed was moderately deviant in quality.
2 Thus the present data suggest that mean ratings in the
3 40 ¢ & o ] midrange of the scale do not arise from a consensus among
B sl s © o o i raters that the voice is moderately deviant, but indicate in-
: stead that raters disagreed about the extent of deviation on
S 2| ® & o o o . that scale.

K Because a significant statistical result does not necessar-
s 17 e & & & o o T ily indicate the size of the effed¢especially whem is large,

};: ol ¢ © ® o 8 @ ® A as it. is her_é: we also.calcul_ated the amount of variance in
£ quality ratings that is attributable to differences among
a L L L L ! ! ! voices. Variance accounted for was estimated by one-way

1.2 3 4 5 6 7 analyses of variance for the different sets of ratirigsy.,
() Individual's mean rating for that voice Young, 1993. The independent variable in these analyses

FIG. 1. Test—retest agreement for individual stimuli. A value of 0 onythe was the voice being rated, and the dependent variable was
axis indicates that a rater gave that voice the same score both times it wape rating received; the error term reflects all other sources of
rated(i.e., the difference between the first and second ratings yas\@lue il - : : : P

of 1 indicates that the first and second ratings differed by 1; and so onya'”at‘q,IIIty In qua_'l,lty ratings, includingbut not limited t9
Values on thex axis represent the mean of a single individual’s two ratings INterrater variability and random error. Because agreement
of that stimulus. Points have been jittered slightly to show overlapping val-near scale end points is in part artifactual, analyses included

ues.(a) Test—retest agreement for EAI ra_tings of roughr(e"seimanet al, only voices with mean ratings between 2.5 and Grlu-
1993. (b) Test-retest agreement for visual analog ratings of roughnes%ive)

(Rabinov et al, 1995. (c) Test—retest agreement for similarity ratings ) . . . .
(Kreiman and Gerratt, 1996 Results are given in Table IV. Differences among voices

1602 J. Acoust. Soc. Am., Vol. 104, No. 3, Pt. 1, September 1998 J. Kreiman and B. R. Gerratt: Rating scale validity 1602



TABLE Ill. Pairwise agreement among ratérs.

Ratings differ Ratings differ Ratings differ

Exact by 1 scale by 2 scale by 3 or more
Study/Scale NP agreement value values scale values
Kreimanet al. (1993 (EAI/Roughness 26 100 31.7% 40.2% 17.7% 10.4%
Kreimanet al. (1994 (EAI/Roughnesk 1008 20.7% 35.5% 22.2% 21.5%
Kreimanet al. (19949 (EAIl/Breathiness 1008 25.4% 41.7% 21.0% 11.9%
Kreimanet al. (1994 3060 24.4% 34.9% 21.3% 19.3%
(Dissimilarity/Roughnesgs
Kreimanet al. (1994 3060 20.9% 31.7% 20.4% 27.0%
(Dissimilarity/Breathiness
Kreiman and Gerratt1996 88480 24.9% 35.2% 21.4% 18.5%
(Dissimilarity/Male voice$
Kreiman and Gerratt1996 88480 26.2% 39.0% 21.5% 13.3%
(Dissimilarity/Female voices
Kreimanet al. (1993 (VA/Roughness 26 100  30.6% 33.3% 18.7% 17.4%
Rabinovet al. (1995 (VA/Roughness 4500 27.0% 37.9% 17.6% 17.4%
Chhetri (1997 (EAl/Severity 1152 32.2% 35.3% 22.3% 10.2%
Pooled data 242 948 26.7% 37.0% 20.7% 15.6%

8EAl=equal-appearing interval scale; WAisual analog scale.
PN =(number of possible pairs of listengrgnumber of stimuli. Differences between VA ratings were con-
verted to scale value equivalents, as described in the text.

with average ratings in the “moderately pathologic” range data in Figs. 3 and 4. Summary reliability statistics were high
accounted for an average of 32% of the variance in ratingsverall, ranging from 0.68—0.99 across studies. Thus these
(range=22%—-42%). In other words, for the midrange of data met conventional standards for reliabilisgge Kreiman
the scales examined here, on average more than(6@éas et al, 1993, for reviey, despite the great variability that
much as 78%of the variance in ratings of voices was due to appeared when agreement levels for specific voices were ex-
factors other than differences among voices in the qualityamined. In particular, values were very high for data sets
being rated. where the likelihood of listener agreement was poor
(Kreiman et al, 1993 or variable (Kreiman and Gerratt,

3. Patterns of interrater agreement for similarity 1996, butn was large

ratings

The pattern of pairwise agreement among listeners for
ratings of the similarity of pairs of voices was different than ;| piscussion
that for ratings of roughness, breathiness, and severity. Al-
though agreement levels varied substantially across voice The experimental tasks examined here—ratings of
pairs, perfect or near-perfect agreement among raters wageathiness, roughness and severity; similarity ratings; and
more common for ratings of overall similarif)Kreiman and  ratings of similarity with respect to breathiness and
Gerratt, 1996; Fig. @) and(b)] than for ratings of traditional roughness—showed varying patterns of agreement among
qualities (where the likelihood of two raters agreeing per- listeners. For ratings of traditional vocal qualitigsreiman
fectly never exceeded 0.8Good agreement occurred acrosset al, 1993, 1994; Rabinoet al, 1995; Chhetri, 1997 in-
the entire scale. In particular, listeners did agree that somdividual listeners were self-consistent in their use of EAI
pairs of voices were moderately similar. scales. However, there were relatively few voices about
Patterns of agreement for ratings of the similarity of which listeners as a group consistently agreed. In particular,
voices with respect to specific vocal qualitigdg. 4(c) and  consistent agreememiever occurred for voices with mean
(d); Kreimanet al,, 1994 shared characteristics of both simi- ratings in the midrange of a scale. In fact, only about 30% of
larity ratings and ratings of specific qualities. Although lev-the variance in quality ratings was related to differences
els of agreement were lower than for ratings of overall simi-among voices when average ratings were between 2.5 and
larity, listeners did consistently agree in their ratings of at5.5 on a seven-point scale.
least some voices in the midrange of the scale. For ratings of the overall similarity of pairs of voices
(Kreiman and Gerratt, 1996listeners as a group did agree
that some voices were moderately similar. Patterns of agree-
Conventional measures of rating reliability, such asment for ratings of similarity with respect to breathiness or
Cronbach’s alph&Cronbach, 1951and the intraclass corre- roughness(Kreiman et al, 1994 shared characteristics of
lation for the reliability of mean ratingéEbel, 1951; Berk, both traditional breathiness/roughness ratings and ratings of
1979; Shrout and Fleiss, 19790 not reflect the variability the overall similarity of pairs of voices. Unlike ratings of
that occurs in interrater agreement, because they cannot repreathiness and roughness, listeners sometimes agreed in
resent patterns of agreement among raters and they canrtbeir ratings for voices with mean ratings in the midrange of
indicate agreement for specific voice samp(¥sung and the scale, but overall reliability was lower than for ratings of
Downs, 1968. Table V lists values of these statistics for the overall similarity.

C. Conventional measures of rater reliability
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FIG. 3. For each voice in a data set, the probability that two raters agreed in their ratings of that voice, versus the overall mean rating for that voice. Results
reflect only the first rating given each voice by each rater; the second rating was dis¢aydée. likelihood of exact agreement for EAI ratings of roughness;

data from Kreimaret al. (1993. (b) The likelihood of agreement within 1 scale value for the same dgtdhe likelihood of exact agreement for EAI ratings

of breathiness; data from Kreimaat al. (1994. (d) The likelihood of agreement within 1 scale value for the same data.

Several broad issues emerge from the patterns of agresures of rating reliability are appropriate for evaluating data
ment observed, and from observed differences among taskis studies of vocal quality?
First, are patterns of results consistent with the assumption
that traditional voice rating protocols provide valid measures
of vocal quality? If these protocols are not sufficiently valid, A. Validity of rating scale protocols

i ? Fi -
how should vocal quality be measured? Finally, what mea Paradigms for assessing vocal quality on traditional uni-

dimensional scales like breathiness and roughness require the
TABLE V. Variance in voice ratings accounted for by differences among ?‘ssumptlon_that individual differences among listeners in .rat'
voices with mean ratings in the midrange of a séale. ings are noise or error, so that the “true score” for a voice
on a scale is solely a function of the voice itself. Average
ratings provide meaningful measures of quality only if this

Study/Scale R?

Kreimanet al. (1993 (EAI/Roughness 0.30 assumption holds. The present results are inconsistent with

Ere!man e: a:. Eiggz E\E/Z;lsougthhhesi 8-% this assumption, and thus provide evidence against the valid-
reimanet al. reatnines . . . . H

Kreimanet al. (1994 (EAIRoughness 0.22 |.ty of many protocols for assessing voice quality. AIthou_gh

Rabinovet al. (1995 (VA/Roughness 0.42 listeners agreed at above-chance levels, most of the variance

Chhetri(1997 (EAl/Severity) 0.34 in quality ratings was due to factors other than differences

— , : among voices. The extent of variability in ratings received
8EAl=equal-appearing interval scale; ¥Aisual analog scale. Midrange of

a seven-point EAI scale is defined as the segment between 2.5 and S.QY.VO'C.GS away_from scale end points indicates that mean
inclusive; VA scales were truncated proportionally. ratings in the midrange of such scales poorly represent the
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FIG. 4. For each pair of voices in a data set, the probability that two raters agreed in their ratings of the similarity of that pair of voices, versus the overall
mean rating for that voice. Points have been jittered slightly to show overlapping vau&ke likelihood of exact agreement for ratings of the similarity of

pairs of female voices; data from Kreiman and Ger(a®96. (b) The likelihood of agreement within 1 scale value for the same dexa he likelihood of

exact agreement for ratings of the similarity of pairs of voices with respect to breathiness; data from Keemhdh994). (d) The likelihood of agreement

within 1 scale value for the same data.

extent to which a voice possesses a quality. Instead, ironitraditional rating scale protocols do not measure what they
cally, mean ratings in the middle of a scale serve primarily toare intended to measure, and their validity is not supported.
indicate that listeners disagreed. If differences among voices Although traditional rating protocols do not appear to

are not consistently reflected by differences in ratings, themrovide valid measures of the quality of a given voice, scalar

TABLE V. Traditional measures of rating reliabilify.

Study Quality judged

Interrater agreement/reliability

Kreimanet al. (1993 RoughnessEAI scale

Kreimanet al. (1994 Dissimilarity of pairs
of voices with respect to
breathinesgEAI scale

BreathinesgEAI scale

Kreiman and
Gerratt(1996

Dissimilarity of pairs of
female voiceqdEAI scale

Reliability of mean rating (ICC¥0.99
Cronbach’s alpha0.99

Reliabity of mean rating (ICG;0.68
Cronbach’s alpha0.74

Reliability of mean rating (ICC¥0.93
Cronbach’s alpha0.97

Reliability of mean rating (ICC¥0.89
Cronbach’s alpha0.90

dCC=intraclass correlation coefficient; EAkqual-appearing interval scale.
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ratings may still provide valuable information, if used to voice assessment will result. Obviously, much study is nec-
evaluate individual differences in perceptual strategy. Foessary to evaluate alternative strategies. Novel approaches to
example, differences in patterns of disagreement thafuality assessment should address the problems that appear
emerged from different rating tasks may provide insight intoto underlie listener disagreements. First, the present findings
the mechanisms underlying the observed disagreementare consistent with the view that listener disagreements result
Both traditional ratings of specific qualities and judgments ofin part from comparing external stimuli to idiosyncratic
similarity with respect to specific qualities require listenersand/or unstable internal standards when attempting to use
to compare observed voice stimuli to mental representationsaditional rating scales. Second, it appears that listeners are
for the selected levels of that quality. This external-to-unable to selectively attend to individual elements or dimen-
internal comparison introduces several sources of rating varsions of quality, as required by traditional voice assessment
ability, including short- and long-term changes in mentalparadigms.
representations, differences across listeners in how they de- Measurement of overall vocal quality offers an alterna-
fine a quality or in standards for particular scale values, andive to traditional unidimensional ratings of specific vocal
variations in the importance of a cue in the context of varia-qualities. Many approaches to measurement of overall qual-
tions in other cues¢e.g., Kreimaret al,, 1992, 1993 In con- ity are possible. Techniques using analysis by synthesis
trast, similarity rating tasks require listeners to compareand/or similarity ratings have long histories in psychometric
stimuli globally and directly, without the need to refer to research, and issues of their validity have been addressed in
mental standards or assess particular attributes. Thus susbme detaile.g., Gregson, 1975Such tasks involve explicit
tasks are not subject to error related to internal represent@omparisons between stimuli, rather than mappings between
tions of a quality or drift in standards for particular levels of stimuli and internal standards, and they do not require listen-
that quality. However, all tasks are subject to errors due ters to focus attention on single dimensions of quality. Thus,
individual differences, perceptual biases, influences of perin theory, they should eliminate the two causes of listener
ceptual context, mistakes, and changes over time in attentiatisagreement described above.
to these complex multidimensional stimuli. We have previously suggested that analysis by synthesis
Hypotheses regarding the effects of unstable internatould be used to determine how listeners manipulate acoustic
standards for nonextreme levels of a quality are supported bgr other parameters to construct a synthetic token that
data from a rating protocol using explicit anchors for eachmatches the quality of a natural voice of interé§teiman
scale point(Gerrattet al,, 1993. When listeners made their and Gerratt, 1996 The values of these parameters would
ratings with reference to external “anchor” stimdlnstead then directly represent a listener’s perceptual response, rather
of presumed internal critefia good agreement occurred than only having a statistical association with that response
when stimuli were identical to the anchors. However, agreeas in current correlative approaches. Although synthesizer
ment dropped sharply between anchors, again suggestinmrameters are manipulated individually, listeners still judge
that listeners cannot maintain internal standards for differenquality as a whole when evaluating the success of the syn-
levels of traditional vocal qualities. These results also demthesis. Thus analysis by synthesis combines unidimensional
onstrate the major weakness of anchored protocols. The irand overall approaches to quality.
crease in agreement gained by including an external anchor Further, with the addition of multivariate or multidimen-
was limited to the stimuli identical to the anchor, and listenersional statistical techniques, analysis by synthesis may allow
agreement quickly decreased when stimuli fell between andevelopment and testing of specific hypotheses about the na-
chors. These data indicate that unless a protocol includestare and direction of changes in quality. For example, single
large number of anchors spaced closely together, referen@eoustic parameters can be manipulated systematically and
stimuli will not solve the problem of listener disagreementsthe resulting quality changes evaluated with similarity judg-
in ratings of particular voices. Further, providing anchors forments. If the acoustic parameter in question predicts patterns
a traditional quality scale circumvents the issue of the scale’sf perceived similarity, a strong case for its importance to
validity, which must be established by some other means. perception can be made. Note that this approach allows hy-
It remains possible that listener training may provide apotheses about perceptual dimensions and their correlates to
partial solution to these difficulties. Although short-term be investigated without the use of traditional scales for single
training has not been shown to consistently improve overalfualities.
listener agreementsee Kreimanet al, 1993 for review,
with extensive training listeners may learn to focus selecC. Reliability and the measurement of vocal quality
tively on different aspects of complex auditory stimuli.

Whether this is in fact the case, and whether the effects Oégreement and reliability varies from study to study, a con-

training persist after training ceases, remain as issues fc’érensus exists that for most statistics, a value aboved.7
future research. In any case, the scales and stimuli witlag% variance in commonis “good” to “excellent,” but

which listeners are trained must be viewed as arbitrarily chog, . -\ ,21ue above 0.5 is adequésay., Kazdin, 1977 Fleiss,

sen, unless independent evidence supports their validity. 1981; Hammarberg and Gauffin, 1995; de Betlal, 1997.
The present results highlight several difficulties with this
view. Measures of overall reliabilitysuch as intraclass cor-

If traditional unidimensional rating scales are aban-relations and Cronbach’s alphean mask large and predict-
doned, a large gap in the conventional approach to clinicahble differences in agreement levels for different voices. For

Although the minimum “acceptable” level for listener

B. How should vocal quality be measured?
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example, a data set for which Cronbach’s alpha equals 0.9 qgrerformance in voice evaluation tasks, and better quantifica-
better may include individual voices for which agreementtion of the adequacy of models of voice perception, will
levels do not exceed chance. The presence or absence adntribute to improved measurement of voice quality.
normal and/or extremely severely pathologic voices in the
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