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Measuring vocal quality with speech synthesis

Bruce R. Gerratt® and Jody Kreiman®
Division of Head and Neck Surgery, UCLA School of Medicine, 31-24 Rehab Center, Los Angeles,
California 90095-1794

(Received 7 December 2000; accepted for publication 13 August)2001

Much previous research has demonstrated that listeners do not agree well when using traditional
rating scales to measure pathological voice quality. Although these findings may indicate that
listeners are inherently unable to agree in their perception of such complex auditory stimuli, another
explanation implicates the particular measurement method—rating scale judgments—as the culprit.
An alternative method of assessing quality—listener-mediated analysis-synthesis—was devised to
assess this possibility. In this new approach, listeners explicitly compare synthetic and natural voice
samples, and adjust speech synthesizer parameters to create auditory matches to voice stimuli. This
method is designed to replace unstable internal standards for qualities like breathiness and
roughness with externally presented stimuli, to overcome major hypothetical sources of
disagreement in rating scale judgments. In a preliminary test of the reliability of this method,
listeners were asked to adjust the signal-to-noise ratio for 12 synthetic pathological voices so that the
resulting stimuli matched the natural target voices as well as possible For comparison to the
synthesis judgments, listeners also judged the noisiness of the natural stimuli in a separate task using
a traditional visual-analog rating scale. For 9 of the 12 voices, agreement among listeners was
significantly(and substantiallygreater for the synthesis task than for the rating scale task. Response
variances for the two tasks did not differ for the remaining three voices. However, a second
experiment showed that the synthesis settings that listeners selected for these three voices were
within a difference limen, and therefore observed differences were perceptually insignificant. These
results indicate that listeners can in fact agree in their perceptual assessments of voice quality, and
that analysis-synthesis can measure perception reliably20@1 Acoustical Society of America.

[DOI: 10.1121/1.1409969

PACS numbers: 43.71.Bp, 43.71.(KRK]

I. INTRODUCTION breathinesgGelfer, 1988; Kreiman and Gerratt, 1998; Or-
likoff, 1999; Wuytset al,, 1999; but cf. Hillenbrancet al.,
The study of voice quality has always been chaIIenging.1994; Hillenbrand and Houde, 1996 See, e.g., Poulton
Difficulties arise at the definitional levéé.g., Jensen, 1965; (1979 and Gescheidef1997) for review of similar issues
Sundberg, 1987and compound at every step of investiga- regarding judgments of the loudness of pure tonsfi-
tion. The links between perceived quality and the underlyingCulty isolating single perceptual dimensions of complex,

vocal physiology or acoustics are not well understood, so th?nultidimensional stimuli appears to be a significant source

importance of perceptual voice features cannot be estal%)-]c listener disagreementKreiman and Gerratt, 2000:

lished by reference to objective measures of phonatory func-, . . .
tion or the acoustic waveform. The inherently multidimen—cKre'rnan et gl., 1994)'.S.UCh Ilstepgr dlsagregment reduces
onfidence in the validity and utility of existing perceptual

sional nature of voice quality increases the complexity of° : - :
measurement and interpretation of results. Further, no satigl€asures of voice, further undermining attempts to define,
factory basis exists for defining anpriori structure for the ~9€SCribe, or quantify vocal quality. , o
perceptual space, and the nature of a set of features that Fmdmg val|d_ and reliable alt_ernatlves to traditional
might specify voice quality remains unknown. Because of/0!C€ quality scaling methods requires hypotheses about the

this, instrumental measures of voice cannot be validated in 80urces of listener disagreements, so that techniques can be
straightforward manner by their relationship to indepen-developed to control such variability. Previous studies of
dently validated perceptual constructs. Finally, the appropriPathological voicegGerrattet al, 1993; Kreiman and Ger-
ate method for measuring what listeners hear remains an ufiatt, 2000 suggest that traditional perceptual scaling meth-
resolved issue. Research on voice quality perception ha@ds are effectively matching tasks, where external stimuli
used rating scale techniquéacluding visual analog scales, (the voice$ are compared to stored mental representations
equal-appearing interval scales, and direct magnitude estim#iat serve as internal standards for the various rating scales.
tion) almost exclusively. However, listeners often disagree inThese idiosyncratic, internal standards appear to vary with
their assessment of overall voice quality and in their use ofisteners’ previous experience with voicél§reiman et al,
scales for individual voice qualities like roughness and1990; Verdonck-de Leeuw, 199&nd with the context in
which a judgment is madéGerrattet al, 1993; cf. Gesc-
3Electronic mail: bgerratt@ucla.edu heider and Hughson, 1981and may vary substantially
PElectronic mail: jkreiman@ucla.edu across listeners as well as within a given listef@erratt
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et al, 1993; Kreimanet al, 1993. In addition, severity of (e.g., breathiness, roughness, etSuch scales have resisted
vocal deviation, difficulty isolating individual dimensions in empirical validation, and the nature of the “correct” set of
complex perceptual contexts, and factors like lapses in atterscalar features for voice quality remains unknown. In con-
tion can also influence perceptual measures of vgie trast, analysis-synthesis techniques permit assessment of
Krom, 1994; Kreiman and Gerratt, 2000 hese factoréand  quality without the need to postulate discrete perceptual
possibly otherspresumably all add uncontrolled variability scales for particular aspects of quality, because synthesis pa-
to scalar ratings of vocal quality, and contribute to listenerrameters combine to model overall vocal quality. These the-
disagreement. oretical advantages should provide better measurement reli-
This article describes a preliminary test of an alternativeability and validity for a synthesis rating task relative to
approach to the assessment of voice quality that is designdthditional scalar voice rating techniques. The experiment re-
to control these sources of measurement error. In thiported below provides a preliminary test of this hypothesis.
method, listeners vary speech synthesis parameters to create
an acceptable auditory match to a natural voice stimulusy. EXPERIMENT 1
When a listener chooses a best match to a test stimulus, the ) o ) )
synthesis settings parametrically represent the listener's per- N this preliminary test of the analysis-synthesis method
ception of voice quality. Because listeners directly compard evaluating voice quality, listeners were asked to manipu-
each synthetic token they create to the target natural voice®t€ @ single acoustic parameter. Although voice quality is
they need not refer to internal standards for particular Voicénultldlmensmnal, restricting the task in this way simplifies

qualities. Further, listeners can manipulate acoustic paran?—omparing the reliability of the synthesis task to that of tra-
)ﬂitional rating scale measures of voice, and presents the sim-

eters and hear the result of their manipulations immediately. ) X . )
lest case to test the potential efficacy of this technique. The

We hypothesize that this process will help listeners focud

attention on individual acoustic dimensions, reducing thes!gnal_-to-nm_se rauchNR) was se_le_cted b(_ecause |t_has been
istorically important in describing voice qualitye.qg.,

perceptual complexity of the assessment task and presur@. e . )
ably the associated response variability. In theory, then, th Irano, 1988,.M|chaellset aI.,. 1998; Yur.'notoet. al, 1989,
d because it can be manipulated with a single parameter

analysis-synthesis method should improve agreement amonfé]

listeners in their assessments of voice quality relative to tra: n_Ilke the penodlc.c.:ompgnent of the source, for examp_le,
vthh must be specified with several parameters as described

ditional rating scale techniques, because it controls the maj%elovxb In a separate experiment. listeners also evaluated the
sources of variance in quality judgments. “noisin.ess" of fhe stimuIFL)Js voice,s using a traditional visual
Similar logic motivated a previous attempt to reduce . 9 )
L . ) . ) analog rating scale. To the extent that the synthesis protocol
variability in ratings of voice quality through the use of fixed ) o K
controls sources of interrater variability, listeners should

external reference stimuliperceptual “anchorsf (Gerratt . . : . .
et al, 1993. Listeners in that study assessed vocal roughnes%gree better in their choice of synthesis settings than they do

of synthetic stimuli using a five-point scale in which a syn- n the analogous rating scale task.
thetic voice sample exemplified each scale value. Becausg pethod
listeners compared test stimuli to these “anchor” stimuli, we
hypothesized that they would agree better in their ratingd- Voice samples
than they would when referring only to their internal criteria Twelve samples of the vowel /a/ were selected from a
for different levels of roughness in a traditional rating scaleset recorded from patients in a clinical setting. Pathological
task. In fact, listener agreement did increase significantlyoice samples were studied for two reasons. First, accurate
when test stimuli were identical to or immediately adjacentand reliable measurement of voice quality is of particular
to the anchor stimuli, but agreement decreased sharply faflinical importance, because patients and clinicians are often
stimuli that fell further from the anchors in the serigs.  concerned about the nature and extent of vocal deviation.
Wedell et al. (1990, who found similar effects in ratings of Further, pathological voices encompass a wide range of the
the severity of psychiatric symptomdPresumably, the fur- human larynx’s phonatory potential, and samples with
ther apart the test and anchor stimuli were acoustically, theathology have a greater range of vocal quality variables
more listeners relied on their internal quality standards, rethan do samples of normal phonation. Speakers ranged in
sulting in lower interrater agreement. Thus, while the an-age from 26 to 73 yearémean= 46.3 year§ and repre-
chored task reduced overall variation in listener ratings oksented a variety of primary diagnoses, including essential
voice quality, the limited scale resolution proved a significantvocal tremor, vocal fold mass lesions, vocal fold paralysis,
source of measurement error. adductory spasmodic dysphonia, reflux laryngitis, glottal in-
The analysis-synthesis technique described in this repodompetence, and laryngeal web. They ranged from mildly to
is designed to correct this limitation. This task provides theseverely dysphonic. Both mal@=4) and female speakers
same theoretical advantages as the anchored protocol, in th@t=8) were included.
listeners explicitly match reference and test stimuli. How- Voice signals were transduced with a 1-in. Bruel and
ever, the analysis-synthesis task provides much finer scal§jaer condenser microphone held a constant 5 cm off axis.
resolution, allowing listeners to create a very close match ta’hey were then low-pass filtered at 8 kHz and directly digi-
the perceived quality of the test voice. Anchored protocoldized at 20 kHz. A 1-s segment was excerpted from the
also require the experimenter to choose the specific unidimiddle of these productions, antialias filtered, and down-
mensional quality scales along which voices are to be ratedampled to 10 kHz for further analysis.
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2. Analysis and synthesis lation algorithm. Within each pulse, samples were interpo-

A synthetic copy of each voice was created by an expel-_ated at exact sample instants as f_ollows. A plot 6fversus
ime was generated for the duration of the 1-s token to be

rienced operator using a custom formant synthesizer implet- ) L
mented in MATLAB (MathWorks, Natick, MA.! The syn- synthesized, taking into account any modeled vocal tremor.

thesizer operates in near-real time, and allows users tgource pulses with frequencies dictated by fie versus

manipulate the fundamental frequen@), the shape of the time plot were calcu_lated, and then concatenated to produce
glottal volume velocity derivative, the spectrum of the inhar-2 synthetic time series. To reduce phase error, the absolute

monic component of the voice souréiae noise spectrum beginning and ending times of each pulse were tracked and

the overall signal-to-noise ratio, formant frequencies andJ_Sed _in the interpolation of succee_ding pulses. At the begin-
bandwidths, and the rate, extent, and regularity of frequenc )'ng 'T‘Sta”‘_ of each new pulsgvhich could occur at any
modulation(tremop. ime, |nclud|_ng between sampbeshef_o curve gener_ated
The goal of synthesis at this stage of the investigatior?b()t\]f% V‘t'ﬁs Ln;erpcl)lated to I'mchfO(; this LF pulse. d(?vegt .
was to create the best possible copy of each target voice, §Ea , the pulse was strelched or compressed 1o obtain

that listener performance later in the experiment could pdNe appropriate period, and sgmple_pomts wer.e.(.:alllculated
attributed to task factors, rather than to limitations of theaccordlngly. The overall effect is equivalent to digitizing an

stimuli. Initial parameter settings for synthesis were derivec?2/09 Pulse train with pulses of the exact desired frequen-

from acoustic analyses of the voices as follows. Forman?'es_ﬁ: thLeFﬂxefI 12'”_'2 sampldedragtei. th ise i :
frequencies and bandwidths were estimated using autocorre- € pulse train was added fo the noise time series

lation linear predictive coding-PC) analysis with a window previously descrlk_)ed to create a complete gl_o_ttal source
of 25.6 ms(increased to 51.2 ms when stimuli@was near waveform. The ratio of noise to LF energy was initially set to

or below 100 Hz The glottal volume velocity derivative match the value calculated from the original voice sample.

- ; - ; The complete synthesized source was filtered through the
was estimated by inverse filtering a single glottal pulse from i .
y g ge g P ocal tract modellestimated through LPC analysis, as de-

the microphone recordings, using the method described by . = .
Javkin et al. (1987. The frequency of this cycle served as cribed earlierto generate a preliminary version of the syn-
thetic voice. Finally, the operator adjusted all synthesis pa-

the initial estimate of meahO. . .
The output of the inverse filter was least-squares fit withrameters to achieve the best possible perceptual match to the

a Liliencrants—FantLF) source modelFant et al, 1985, original voice. Note that all synthesis parameters, including

and the parameters of the best-fitting LF model were used tBoise,_were optimi_zed simultaneously. Again, the gogl at this
specify the harmonic component of the voice source in thetage In the experiment was to creatt_'-z the best po_SS|bIe over-
synthesizer. The traditional LF model was slightly modifiedaII matph to each Farget voice. In the judgment of listeners in
to improve the fit of the return phase, and so that the begin"Zl previous e_xpenmen(ﬂ(relman etal, 2009, all 12 syn-
ning of the closed phase was explicitly specified with a pa—th(?tIC stimuli prpwded excellent ’T?atches o the .or|g|nal
rameter. The “equal area constraint,” which requires that arYolces. In pgrthular, spectral noise. mtegrateq mtp the
eas under the positive and negative curves in the ﬂoﬁtmuh, resulting in very natural-sounding synthetic voices.
derivative be the same, was also abandoned. When modeling
some voices _with this constraint in plac_e, _the return ph_aseg_ Listeners
did not consistently return to zero. This introduced high-
frequency artifacts when the next pulse began é&e@ Ep- Ten expert listeners(five otolaryngologists, three
steinet al, 1999, for further details speech-language pathologists, and two phoneticians, includ-
Slow variations inf O (Voca| trem0r$ were modeled by |ng both authOI’S, one of whom created the Stlmpb.l‘tICI-
modu|ating the nominafo in one of two patterns: a Sine pated in thIS eXperiment. A” had eXtenSiVe experience eVaIU'
wave, or irregu|ar modulation. Rate and extent of frequenc)ating. and/or treating voice diSOl‘del’S, and all reported normal
modulation in both cases were estimated frbntracks of ~hearing.
the natural voicegsee Kreimaret al, 2001, for details?
To synthesize noise, a cepstral-domain comb filter simi- . .
lar to that described by de Krof1993 first removed the 4. Experimental synthesis task
harmonic part of the signal, leaving an estimate of the inhar-  Prior to the experiment the signal-to-noise ratio for each
monic component of the voice. This residual was then in-synthetic stimulus was set to 50 dB. This produced synthetic
verse filtered to remove the effects of vocal tract resonancespices that were free of noise. Listeners were then asked to
leaving the inharmonic part of the source. Next, this noisechange the overall signal-to-noise ratio until the synthetic
spectrum was fitted with a 25-segment piece-wise linear aptoken perceptually matched the natural target token. Listen-
proximation. Finally, a 100-tap finite impulse response filterers made their adjustments by moving a sliding cursor with a
was synthesized for the fitted noise spectrum, and a speciouse along a 100-mm scale displayed on a computer
trally shaped noise time series was created by passing whiteonitor® Left and right endpoints of this scale corresponded
noise through this filter. The effects of jitter and shimmerto signal-to-noise ratios of 50 d@oise fre¢ and 0 dB(high
were not modeled separately from overall spectral noise. level of noisg. These limits spanned the range of noise lev-
The synthesizer sampling rate was fixed at 10 kHz. Tcels found in pilot studies of 70 pathological voices. Adjust-
overcome quantization limits on modelifd, the source ments could be made in steps of 0.05 dB. Changes in the
time series was synthesized pulse by pulse using an interpposition of the cursor increased or decreased the overall
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TABLE I. Rating variances for the two perceptual tasks. 100 . . . ; 100 . . T

.. .
Rating variance: Rating variance: £ 80- A £ 80 84
\Voice  Synthesis task  Visual analog rating task F(9,9 = S
£ e0- - £ e0- B
1 6.27 234.54 37.41p<0.05 E B *
2 35.13 806.27 22.95p<0.05 § a0k o § a0t . §
3 10.27 407.78 39.71p<0.05 g o .* g R
4 17.34 131.96 7.61p<0.05 g oo e . 4§ 2o .
5 485.88 144.10 3.37, nss. ¢
6 13.97 86.46 6.19p<0.05 % 20 40 e & 100 % 20 40 e 80 100
7 33.69 157.51 4_68p<0_05 Mean Visual Analog Rating Mean SNR Settingx 2
8 30.97 356.27 11.50p<0.05 . - ) L )
9 433.49 317.73 1.36. n.s. FIG_. 1. _For each voice, the likelihood of two r_aters agreeing W|th|n_7 mm in
10 358 241.96 67.59[’3<0.05 their voice assessments versus t_he mean r_atlng for that \(e)th_e w_sual
1 205,52 40223 1.36, n.s. analog s_cale tgsl(b) The analysis-synthesis task. One case is hidden by
12 11.42 554.18 485p<005  Overlapping points.

To compare patterns of listener agreement, we calcu-
signal-to-noise ratio, but did not change the shape of theated the likelihood that two listeners’ ratings would agree
noise spectrum, which remained fixed for each voicewithin 7 units on the 100 unit scaldsorresponding to ap-
throughout the experiment. Within each trial and across alproximately 0.5 scale valuenoa 7 point equal-appearing
listeners, other synthesis parameters were held constant jaterval scalgKreiman and Gerratt, 1998 These probabili-
values that produced good perceptual matches to the origingks are plotted against the mean rating for each voice in Fig.
voices(as determined by listeners in Kreimanal, 2001). 1. patterns of agreement for the visual analog task showed
This provided a constant perceptual frame for listeners’ nois@ear zero agreement between pairs of listeners for voices
manipulations. whose mean rating was near the middle of the scale, with

The experiment took place in a double-walled soundsjightly better agreement for voices with mean ratings at the
booth. Listeners heard the stimuli in free field over goodends of the scalgFig. 1(a)], similar to patterns observed for
quality loudspeakers, at a comfortable listening level. Voicesther voice quality scaleéKreiman and Gerratt, 1998In
were presented in a different random order to each listenegontrast, the probability of agreement between pairs of lis-
Listeners were able to play the synthetic token and naturakners was at or near ceiling for nine stimuli in the synthesis
target stimulus as often as necessary, and could make @sgsk, and decreased for the three voices that received the
many adjustments to the noise level as necessary to achiewgghest mean SNR settindg€ig. 1(b)]. The cause of this
a satisfactory match during their noise adjustments. Testingipparent decrease in interrater reliability for these voices is
took approximately 40 min. examined in experiment 2, reported later in this work.

5. Rating scale task

Ten expert listenergeight of whom also participated in
the synthesis experimenjudged the perceived noisiness of
the 12 original, natural, pathologic stimuli using a traditional These results indicate that the synthesis protocol does
100-mm visual-analog rating scale whose two ends were lareduce variability in measures of perceived voice quality
beled “no noise” and “extremely noisy.” The scale was dis- relative to a traditional visual analog scale task. Listeners
played on a computer monitor, and was the same lengttagreed perfectly or nearly perfectly in their perceptual evalu-
color, and shape as that used in the synthesis task. Listenesions of pathological voice stimuli when they were given a
made their judgments by moving a sliding cursor with asuitable tool for reporting their judgments. In particular, lis-
mouse, as above. Listeners were able to replay the voices &sners agreed at or near ceiling levels for the six stimuli in
often as necessary prior to making their responses. Stimuthe midrange of mean SNR responses. To our knowledge,
were rerandomized for each listener. When listeners particiagreement in the midrange never occurs for traditional rating
pated in both tasks, order of presentation was also randonprotocols (Kreiman and Gerratt, 1998 Because listener
ized, and tasks were separated by at least 1 week. agreement improved markedly when variability due to task-
related factors was controlled, listeners’ disagreements in tra-
ditional rating scale tasks can be attributed to task-related

Because the signal-to-noise ratio ranged from 50 to Odifficulties, rather than to differences between listeners in
listener responses in the synthesis task were multiplied by gerceptual processes or to the inherently subjective nature of

prior to statistical analysis. Thus, possible response valuegoice perceptior{Weismer and Liss, 1991
for both tasks ranged from 0 to 100. Table | shows the re-

sponse variances for each voice, for the synthesis and visual

analog rating tasks. For 9 of the 12 voices, variance in syny, expeRIMENT 2

thesis settings was significantfgnd substantiallyless than

that for the visual analog ratings. Rating variances in the two ~ Some of the remaining interrater variability in the syn-
tasks did not differ significantly for the remaining three thesis tasknoted particularly in 3 of the 12 voicesay be
voices. due to the lack of perceptual calibration of the signal-to-

C. Discussion

B. Results
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noise ratio scale. That is, differences among responses aloiity of an incorrect “same” response on theaxis versus the
this scale may not exceed a difference limen, and thus magrobability of a correct “same” response on tleaxis, for

not represent disagreement at all. Experiment 2 examinegach level of the ten-point scale. The area under the resulting
listeners’ ability to distinguish differences in levels of noise curve ranges from 0.&chance to 1.0 (perfect performange

for the stimuli in experiment 1, to determine if the apparentand is a measure of listeners’ ability to discriminate among
response variability in experiment 1 is perceptually signifi-the different stimuli that is independent of biases in favor of

cant. “same” or “different” responses(see, e.g., Egan, 1975, or
Swets and Pickett, 1982, for revigw

A. Method Recall that for each six-member series of stimuli, listen-

1. Stimuli ers heard pairs of voices that differed in noise levels by one

Twelve series of stimuli were synthesized, one series fof0 five steps. To assess listeners’ ability to hear larger or
each of the 12 voices in experiment 1, using the custon$maller differences in noise level, separate ROCs were con-
synthesizer previously described. Stimuli within each seriestructed for stimuli differing by one step, two steps, three
varied only in noise levels. The minimum value for eachsteps, or four to five steps, for a total of four ROCs for each
series corresponded to the lowest level of noise selected féf the 12 series. The 99% confidence interval around each
that voice by the listeners in experiment 1, and the maximunROC (as calculated by SPSS; SPSS Inc., Chicagowas
value corresponded to the highest level of noise selected fassed to determine whether listeners were able to discriminate
that voice. Four equal noise steps were created between thesimuli beyond chance levels. When the 99% confidence in-
levels, for a total of six versions of each original voice. All terval for the area under a given ROC included the chance
other synthesis parameters were held constant within a voiocealue of 0.5, we concluded that differences of that size in

“family.” noise steps were not perceptually significant.

Each stimulus wa 1 s induration. Stimuli were scaled No difference between expert and nonexpert listeners
for equal peak amplitude and multiplied by 30-ms ramps towas found in overall discrimination accurady(1,18=0.03,
eliminate click artifacts. n.sJ]. To interpret the results of experiment 1, we calculated

the differences between the signal-to-noise ratio levels se-
2. Listeners lected by all possible pairs of raters, and evaluated the sig-

Twenty listeners participated in this experiment. All re- nificance of each difference with respect to the ROCs de-
ported normal hearing. Both expér=>5) and nonexpert lis- rived earlier. For example, if a pair of raters differed in their
teners(UCLA studentsn=15) participated, because the task chosen noise settings by between two and three noise steps,
required a same/different judgment, and experts have beend stimuli differing by three steps were not discriminable in
shown to differ from naie listeners only for scalar ratings of the present experiment, those two responses were considered
individual qualities like those used in experiment(e.g., to be perceptually equivalent. These analyses indicated that

Kreimanet al,, 1990. 72.5% of the responses produced by the listeners in experi-
ment 1 were in fact perceptually identic@rea under the
3. Procedure ROC=<0.5). An additional 14.2% of responses were signifi-

Listeners heard all possible pairs of the six different syn-cantly but poorly discriminablé0.6<area under the ROC
thetic stimuli in each series, along with an equal number 0f<0.7; hit rate=86.6%; false alarm rate58.0%, where a hit
pairs where the stimuli were identical, for a total of 360 was defined as a correct “same” responsgenly 3 listener-
trials/listener. Stimuli within a pair were separated by 500selected SNR values out of the 120 in experimeti2.5%
ms. Stimulus pairs were rerandomized for each listener.  resulted in stimuli that were consistently discriminable from

For each pair of voices, listeners judged whether the twdhe other members of their voice “familiesarea under the
stimuli were the same or different. They also rated their conROC=0.9). These three signal-to-noise ratio responses were
fidence in their response, on a five-point scale ranging frongenerated by different listeners, and were intended to match
“wild guess” to “positive.” These confidence ratings were different target voices, supporting the view that they repre-
used to derive receiver operating characteristR®C9, as  sent random rather than systematic err@werhaps due to
described in the next section. lapses in attention

Testing took place in a double-walled sound booth.  Recall that for three voices in experimen{Mos. 5, 9,
Stimuli were presented in free field over good quality loud-and 11; Table)l, ratings from the synthesis and visual analog
speakers. Listeners were able to replay each pair of voices ggsks did not differ in variance, and the likelihood of close
often as necessary before responding. Testing lasted approXgreement between pairs of listeners for these three voices in

mately 45 min. the synthesis task was relatively poor. ROC analyses for
. ] these voices indicated that, for voices 5 and 9, all tokens
B. Results and discussion were perceptually identicgarea under the RO€0.5), de-

Samel/different responses were combined with listenersspite the differences in signal-to-noise ratios. For voice 11,
confidence ratings to create a ten-point scale ranging fromine tokens were indiscriminable, while the tenth was only
“certain that voices are different” to “certain that voices are poorly discriminable from the otherg@rea under the ROC
the same.” Receiver operating characterisiR©C9 were  =0.63. Thus, the majority of apparent listener disagree-
constructed from these recoded data by plotting the probabiiments in the analysis-synthesis task in fact resulted from the

2564 J. Acoust. Soc. Am., Vol. 110, No. 5, Pt. 1, Nov. 2001 B. R. Gerratt and J. Kreiman: Measuring vocal quality
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FIG. 2. Glottal volume velocity derivatives and associated linear source
spectra for two voices for which listeners agreed well in their choice of
signal-to-noise ratios. C

Amplitude
Ampiitude (%)

fact that most of the responses were within a difference
limen of each other.

Examination of estimated source spectra provides a pre- At ol
liminary explanation for the differences in listeners’ sensitiv- Time (ms)
ity to Chang,es in noise levels acrogs stlm'ull.'F|gure 2 ShOW1$—IG. 3. Glottal volume velocity derivatives and associated linear source
representative glottal volume velocity derivatives and the asgpectra for the three voices for which listeners gave varying responses when
sociated linear fast Fourier transform spectra for the Synasked to match the signal-to-noise ratio. Voice numbers correspond to Table
thetic stimuli about which listeners agreed precisely in theit: (@ voice 5,(b) voice 9, and(c) voice 11.
selection of noise levels. Figure 3 shows the volume velocity
derivatives and source spectra for voices 5, 9, and 11, foand that tools can be devised to measure perception reliably.
which listeners varied in their chosen signal-to-noise ratioMany previous studies have demonstrated disagreement
The voices about which listeners agreed well in their noiseamong listeners in their use of traditional unidimensional
settings all had sources with very little energy above the firstating scales for voice quality. However, the use of an
or second harmonic. In contrast, voices 5, 9, and 11 all had@nalysis-synthesis protocol greatly simplifies the task of as-
sources with significant amounts of high-frequency harmonisessing quality. It does not require listeners to refer to vary-
energy, in addition to the excitation provided by the aperi-ing internal standards for individual qualities, and facilitates
odic component of the sourdef. Cranen and Schroeter attending to single acoustic dimensions in complex, varying
(1995, who describe the different effects of posterior versuscontexts. Thus, this task appears to control several major
medial glottal gaps on source spectral sldpdhese two sources of variability in listeners’ responses, providing per-
groups of stimuli differed significantly in values of the LF ceptual measures that are relatively free of the confounding
composite parameter R@&ant and Lin, 1988 which mea-  influences of cognitive and task-related variables.
sures the amount of harmonic source energy in the higher A reliable, valid protocol for quantifying voice quality
frequencieg[F(1,10=75.35, p<0.05]. Although any inter- perception would have many applications. Researchers and
pretation must be tentative due to the limited amount of dataglinicians alike have long sought objective measures of voice
small differences in noise levels are apparently more difficuliquality, for example to examine prosodic or linguistic
to discriminate in the presence of harmonic energy in theehanges in voice quality, to model differences between
higher frequencies, presumably due to masking effects. Urspeakers in individual voice quality, or to track improvement
like rating scale tasks, the analysis-synthesis protocol coul#ithin a single speaker with treatment. One traditional re-
be used in a straightforward manner to test this hypothesigearch approach has been to gather scalar ratings for indi-
(and others like jt and to derive the precise relationship vidual voice qualities and calculate correlations between av-
between listener sensitivity and the characteristics of the hagrage ratings and acoustic or other instrumental measures of
monic and inharmonic components of the source. the rated voices. Obviously, this method cannot establish a

direct link between the perception of a specific voice and the

IV. GENERAL DISCUSSION acoustic element that gave rise to the perception, due to the

These results indicate that listeners do in fact agree ifimitations of correlational approaches and to the fact that
their perceptual assessments of pathological voice qualitfistener disagreements undermine the interpretation of aver-
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record their perception of voice quality parametrically and (1993. “Comparing internal and external standards in voice quality judg-

At ; ; _ ments,” J. Speech Hear. Re36, 14-20.
objectively by selecting the level of a set of acoustic at %j scheider, G. A(1997. Psychophysics: The Fundamentalird ed.

tributes. Be(;ause this approa(;h uses speech synthe_sis, SignalSribaum, Mahwah, NJ
can be manipulated systematically to demonstrate direct caGescheider, G. A., and Hughson, B. @991). “Stimulus context and ab-
sation between acoustic parameters and perceived qua|ity,SO|Ute magnitude estimation: A study of individual differences,” Percept.

. . S . _ Psychophys50, 45-57.
overcoming the first of these limitations; and the results Pr€illenbrand, J., Cleveland, R., and Erickson (F994). “Acoustic correlates

sented here suggest that the listening task produces reliablgg preathy vocal quality,” J. Speech Hear. R83, 769—778.
listener responses, removing the second impediment to urmiillenbrand, J., and Houde, R. A1998. “Acoustic correlates of breathy

derstanding the complex association between a signal and jtevocal quality: Dysphonic voices and continuous speech,” J. Speech Hear.

; : : Res.39, 311-321.
perception. Much more research is certainly needed to deteh—irano, M.. Hibi. S.. Yoshida, T., Hirade, Y., Kasuya, H.. and Kikuchi, Y.

mine a meaningful, parsim.onious set qf acoustic parameters(iggg. “Acoustic analysis of pathological voice,” Acta Oto-Laryngol.
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logical voice qualities. However, such a set could obviate thgavkin, H., Antonanzas-Barroso, N., and Maddiesof1987. “Digital in-

. . . .:_ verse filtering for linguistic research,” J. Speech Hear. RB@5122-129.
need for voice quality labels, allowing researchers and chmknsen’ P, X1965. “Adequacy of terminology for clinical judgment of

cians to replace quality labels with acoustic parameters ygice quality deviation,” Eye Ear Nose Throat Mofd, 77—82.
whose levels objectively, completely, and validly specify theKreiman, J., Gabelman, B., and Gerratt, B. 001. “Perceptual and
voice qua"w of interest. aqoustic modeling of vocal tremor,” su_bmitted fqr publication.
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