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Summary: The most common measurement tools used in the perceptual evaluation of voice quality yield ordi-
Accep
Fundi
From

South F
of the Vi
Addre

Commun
Avenue,
Journa
0892-1
© 202
https:/
nal data and thus do not support the establishment of mathematical relationships among different measurement
values. This makes their interpretation challenging. Among the many desirable features of any psychophysical
measurement tool is the ability to quantify the difference between two or more measurements and the ability to
interpret the measurements in a manner that is related to the experience of the observer. The former allows one
to compare among measurements using simple mathematics, while the latter allows that comparison to be inter-
preted in constructive ways. In this paper we describe the development of standard measurement scales for two
dimensions of voice quality, following an approach that has been applied successfully to the perception of loud-
ness. The scales follow step-by-step procedures used to develop the sone scale of loudness, which ties physical
units to the perceptual estimates of loudness magnitude. Goals of the current work include development of analo-
gous scales for the perception of breathy and rough voice qualities. First, the relationship between perceived voice
quality and physical units were established using single-variable matching tasks. Second, the relationship between
a change in physical units from the single-variable matching tasks and perceived voice quality magnitude were
established using magnitude estimation tasks. Third, single reference points were identified on breathy and rough
continuums. Finally, all points on the newly established voice quality continuums were rescaled relative to these
arbitrary reference points. The proposed breathiness and roughness scales result in ratio-level data with standard
measurement units that support quantitative comparisons of perceptual judgments. Such judgments can be used,
for example, to compare magnitude of change pre- and post-treatment.
Key Words: Voice quality−Clinical scales−Breathy voice−Rough voice.
INTRODUCTION
Quantifying voice quality or changes in voice quality in the
context of a clinical evaluation of voice can be challenging
both for practical and theoretical reasons. Nevertheless,
recovery of a voice over time and/or with treatment typically
is associated with improved quality-of-life and it is expected
that, successful treatment practices result in positive changes
in voice quality. Thus, there is a need for accurate quantifica-
tion of improvement or decline in voice quality. Current clini-
cal practice nearly always relies on subjective assessment,
using simple but limited methods, and frequently includes
quantitative measures of the vocal acoustic signal, using algo-
rithms available in commercial hardware/software systems.
While easy to use, tools used to measure voice quality in clini-
cal settings lack the psychometric qualities of perceptual tasks
used in other clinical settings such as audiology and neuro-
psychology. A long-term goal of the work reported here is to
improve the clinical and research tools available for assessing
dysphonic voice quality. One way to improve the measure-
ment of voice quality in clinical and laboratory settings is to
develop standard measurement scales for fundamental voice
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qualities such as breathiness and roughness. That is the focus
of the current study.

The most common clinical tools used for evaluating voice
quality consist of auditory-perceptual assessments such as the
Grade, Rough, Breathy, Asthenia, Strain scale1 and the Con-
sensus Auditory-Perceptual Evaluation of Voice.2 Although
these are considered the current “gold standards,” there are
two fundamental weaknesses in the rating-scale approach: the
ordinal nature of the task and poor rater reliability as
observed empirically. The ordinal nature of rating-scale meas-
ures eliminates the possibility of comparing voice quality mea-
surement values (eg, by addition, subtraction, or division)
across time, clinicians, and patients. For example, using
visual-analog scale of the Consensus Auditory-Perceptual
Evaluation of Voice, a change in roughness rating from
80 mm to 40 mm after vocal rest may represent less rough-
ness, but the magnitude of the change cannot be determined
because of inherent ordinal scale properties. Ratio-level data
permit such comparisons. Partial sacrifice of psychometric
properties with clinically useful tools is expected, but the abil-
ity to compare magnitude via ratio-level metrics is essential to
outcome measurement.

With rating-scale measures, listener reliability can be inade-
quate due to various factors including the type of rating scale
used, nuances of the voice being evaluated, stimulus context,
and environmental factors.3−5 In some investigations, reliabil-
ity is reported to be quite high6−7 while others report consider-
ably lower reliability.8−10 Reliability often varies by quality
dimension as well, with rater reliability for breathiness gener-
ally being a bit higher than for roughness and both of those
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considerably higher than for ratings of strain.11 When
repeated ratings of the same voice are obtained for the same
judge, later ratings may be different than the initial ratings.
Ratings may differ between clinical and laboratory settings,
where clinical bias may exacerbate ratings in the clinic.12

While some experts may consider the reliability of clinical per-
ceptual voice evaluations based on ratings to be acceptable,
and others may consider methods to increase reliability,13−16

accepting poor reliability or the use of procedures to improve
reliability does not overcome the fundamental limitations of
an ordinal scale.

The problems associated with measuring voice quality are
not unique to voice and are not new. Such problems are
encountered when trying to measure any qualitative sensory
attribute. Methods developed to quantify the loudness of
sound, for example, can serve as a model for how one might
deal with accurate estimates of the perception of breathy or
rough voice quality. Stevens (1936)17 noted perceptual scales
are needed “to facilitate the description of natural phenome-
non in terms of functional relationships using the symbols of
conventional mathematics.” He pointed out that when quan-
tifying perception, it is insufficient to use ordinal scales such
as A to F or 1 to 7. Rather, Stevens argued that it is desirable
to use numbers that have an obvious, simple relationship to
the perception of the observer. An important attribute of
such a scale is that it should be able to connote the relative
magnitude of the stimuli to be represented by the scale. The
sone scale developed by Stevens (1936)17 is an example of a
magnitude-based psychophysical scale that correlates sound
intensity levels in dB to the sensation of loudness. The sone is
a unit of perceived loudness. Doubling the perceived loudness
doubles the sone value. Stevens (1936)17 suggested that a
scale could be constructed if “a number N was assigned to a
particular magnitude, and the numberN/2 would be assigned
to the magnitude which appears half as great to the
experiencing individual.” Therefore, the scale was designed,
through various experiments, so that 1 sone unit was defined
as the perceived loudness of a 1000 Hz tone with an intensity
of 40 dB above absolute threshold. A 47 dB tone was judged
to be 2 sones because it produced a sound perceived to be
twice as loud as the 1 sone reference. The sone scale, devel-
oped over 80 years ago, is still used widely to quantify the
loudness of arbitrary simple and complex sounds such as the
loudness of room fans, refrigerators, or automobile cabin
noise. Analogous scales can be developed to quantify vocal
breathiness and roughness.

Following the methods of Stevens used in the context of
the development of the sone scale, a similar process will be
undertaken here to produce scales for the dysphonic voice
qualities of breathiness and roughness. The process involves
four basic steps outlined by Stevens (1936).17 Step one
involves the establishment of physical scales that express the
relationship of the magnitude of the perceived voice quality
to appropriate physical units. In the case of loudness, a loud-
ness matching task was used. Step two involves establishment
of psychophysical scales that express the relationship between
a change in perceived magnitude to a change in physical
units, effectively determining the relationship among different
perceptual magnitudes. Stevens used a loudness magnitude
estimation (ME) task for this step. Step three defines a single
reference point on the psychophysical scale. In the case of
loudness, a 40-dB SPL, 1000 Hz tone was established as the
reference and defined as having a loudness of 1 sone. Step
four involves a rescaling of all other points on the psycho-
physical scale continuum relative to the newly defined refer-
ence point (eg, a loudness less than or greater than 1 sone).
Following these four steps, the goal, through the use of anal-
ogous scales for vocal breathiness and vocal roughness, is to
increase the utility of voice quality assessment in the clinic
and thus provide a precise, ratio-level, standardized measure-
ment for voice quality dimensions.

For step one in the development of scales for breathy and
rough voice quality, we lean on previous research using a sin-
gle-variable matching task (SVMT) in which listeners matched
the perceived dysphonic voice quality to the perceived quality
of a synthetic comparison (nonspeech) sound that had a single
adjustable parameter that increased or decreased the perceptual
quality to be matched. In the case of vocal breathiness, the vari-
able parameter of the comparison stimulus was the signal-to-
noise ratio (SNR) with units of dB. Adjustment of this parame-
ter makes the comparison soundmore or less “noisy,” as shown
in the left panel of Figure 1. For the roughness quality, the
parameter of the comparison manipulated was amplitude mod-
ulation depth in dB, as shown in the right panel of Figure 1.

Adjustment of this parameter makes the comparison sound
more or less “rough.” Thus, the previous matching experi-
ments5,18 provide physical units that correspond to perceived
voice qualities of breathiness (Figure 2, left panel) and rough-
ness (Figure 2, right panel).

In a clinical setting, one does not expect a clinician to per-
ceive breathiness in terms of the absolute SNR in dB or to per-
ceive a change following treatment or pathology progression
as a change in dB SNR. Such numerical estimations would be
difficult, at best, even for a trained professional. Furthermore,
the matching task used to generate the data in Figure 2 is not
practical for use in a clinical setting. The method does, how-
ever, map perception to physical units. Step two in developing
perceptual scales is to determine the relationship between the
change in physical units in each voice quality dimension (SNR
or amplitude modulation depth in dB) and the change in per-
ceived magnitude. The experiment reported in this investiga-
tion accomplishes step two. In this experiment, breathy and
rough voice quality attributes will be gauged through a ME
task. Quality judgments will be mapped to the matching stim-
uli of step one using a wide range of physical values represent-
ing breathiness in dB SNR. Similar procedures will be taken
to map perception to physical units representing roughness in
dB amplitude modulation (AM) depth. In step three, a single
reference point will be defined on the VQ continuum (eg, anal-
ogous to establishing 40 Phons as a standard reference point
for loudness). In step four, all perceptual data will be rescaled
relative to that single reference and the reference value will be
considered one scale unit. The quality of any voice will be
compared to that reference value of one-scale unit and



FIGURE 2. Left: Breathiness matching values for 11 natural voice stimuli ranging from normal to severely breathy. Matching values are
expressed in physical units of dB signal-to-noise ratio, SNR (Adapted from Patel et al, 2010). Right: Roughness matching values for 10 natu-
ral voice stimuli ranging from normal to severely rough (adapted from Shrivastav and Eddins, 2012). Matching values are expressed in phys-
ical units of dB amplitude modulation depth. In each panel, the box and whiskers plots represent data from 10 listeners. See Methods for
more details regarding comparison stimuli.

FIGURE 1. Left: Breathiness matching procedure with SNR in dB (y axis) across trials (x axis). Listener’s response is depicted for a single
talker/dysphonic voice using the up-down tracking procedure in SVMT. The first trial of each adaptive track started with an initial value (IV) of
either 30dB (low breathy) or 0 dB (high breathy), and results for the high- and low-IV are averaged for each of five replicates of each stimulus.
Right: Roughness matching procedure with modulation depth in dB (y axis) across trials (x axis). Listener’s response is depicted for a single
talker/dysphonic voice using the up-down tracking procedure in SVMT. The first trial of each adaptive track started with an IV of either �35dB
(low rough) or�5dB (high rough), and results for the high- and low-IV are averaged for each of five replicates of each stimulus.
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expressed numerically as a fraction (eg, 1/2 or 0.5 scale units) or
multiple (e.g., 2 times or 2 scale units) relative to the reference
value. In this manner, the new scale is considered to be a ratio
scale, in that the quality of the voice sample is judged as a ratio
of the reference value. This also is analogous to the common
decibel scale where the reference is in units of pressure or
intensity rather than modulation depth or SNR. The mathe-
matical advantages of a ratio-level scale has been championed
by many authors.19−22

Such quantification would support quantification of change
over the course of pathology progression, before, during, and
after treatment, and across treatment methods. Consequently,
there is a need to develop a simple and relatively quick mea-
surement tool for voice quality perception that can be effec-
tively translated to the clinic but has strong psychometric
properties. Here we report the development of such scales for
the breathy and rough voice qualities.
METHOD

Listeners
Twenty-five listeners ranging in age from 19 to 51 years were
recruited from the University of South Florida to participate
in this study. All listeners had normal hearing bilaterally
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(pure tone thresholds <25 dB HL 250 to 8000 Hz; ANSI,
2010)23, confirmed through a hearing evaluation, and were
native speakers of American English. Participants had mini-
mal to no previous exposure to dysphonic voice quality. All
listeners consented to participate according to procedures
approved by the university institutional review board.
Stimuli
Practice Stimuli: Nine pure tone stimuli were created for the
loudness training task. Each stimulus consisted of a 1000 Hz
tone, 500 milliseconds in duration including 20 milliseconds
cosine-squared rise/fall ramps, and ranging in level from 60
to 92 dB SPL in nine 4-dB steps.

Experimental Stimuli: The stimuli used in the breathiness
arm of this study are identical to the comparison stimuli used
the matching task of previous experiment to gauge breathi-
ness.24 Those stimuli were based on the acoustic characteristics
of a set of disordered voice stimuli from the Kay Elemetrics
Disordered Voice Database (KEDVD; Kay Elemetrics, Inc.,
Lincoln Park, New Jersey). Accordingly, the breathy compari-
sons were created by mixing a sawtooth wave and noise to cre-
ate a carrier stimulus. The spectrum and the harmonics of the
sawtooth wave are associated with the glottal source of natu-
ral speech, therefore providing a close approximation to the
perception of periodic voiced speech. The sawtooth wave had
a fundamental frequency (f0) of 151 Hz mixed with speech-
shaped noise. The sawtooth and noise were low-pass filtered
to have a slope of�7 dB per octave above 151 Hz.

Thirteen breathy stimuli were created by varying the SNR
of the carrier over a range of 0 to 36 dB in 3 dB steps. This
range was chosen to exceed the range established in previous
matching experiments.24 A stimulus with 0 dB SNR is said
to have extremely high breathiness, while one with 36 dB
SNR would indicate extremely low breathiness. These stim-
uli exceed the range of breathiness observed in natural stim-
uli that span the range from normal to severely dysphonic
voices and the relationship between those voices and these
synthetic stimuli was established in the earlier studies.

The stimuli for the roughness arm of the study were created
similar to prior matching experiment on roughness.25 The
sawtooth plus noise stimulus used in breathiness experiments
was fixed in SNR (+12 dB). This carrier stimulus was used to
create 13 stimuli that varied in degree of roughness by impos-
ing amplitude modulation on the carrier. As other experi-
ments have studied, the perceptual roughness of a sound can
be produced by amplitude modulating sounds.26,27 The degree
of modulation (modulation depth) directly impacts the degree
of perceived roughness.28,29 The modulating waveform took
the form:

Y ðtÞ ¼ 1þm½ sinð2pftþTÞ�4 � cðtÞ
where m is the modulation depth (0 to 1), f is modulation fre-
quency in Hz (fixed at 25 Hz), t is time in seconds, T is starting
phase (fixed at 0 radians), and c is the sawtooth-plus-noise car-
rier. The modulation depth is typically varied on a logarithmic
scale (in dB) where the modulation index equals 20*log10 (m),
and m can vary from 0 to 1.The stimuli for this experiment
varied in AM depth from �12 to �36 dB in 2 dB steps span-
ning the range of relevant depths matched to stimuli from
extreme to limited perceived roughness.28 A stimulus with an
AM depth of�12 dB is said to have extremely high roughness,
while one with an AM depth of �36 dB would indicate
extremely low roughness.
Instrumentation
All experimental procedures were conducted in a sound
attenuating chamber. Stimulus generation, presentation, and
response collection were controlled via Tucker-Davis Tech-
nologies (TDT) SykofizX software via TDT System 3 RZ6
real-time processor connected to a TDT HB6 headphone
buffer and stimuli were delivered to the listener monaurally
at a level of 80 dB SPL through Etymotic Research Inc. ER2
insert earphones. The listener interface consisted of a flat-
screen display, keyboard, and mouse. The interface displayed
a red visual cue to prompt that the stimulus was being pre-
sented. Participants then typed a numeric perceptual rating
in a white box displayed on the screen followed by the
“Enter” key once they had rated the stimulus.
Procedures
The breathy and rough voice quality attributes were evalu-
ated through a direct ME task without anchors. For breathy
voice quality, breathiness judgments were mapped to physi-
cal units representing breathiness in terms of SNR in dB.
For rough voice quality, roughness judgments were mapped
to physical units representing roughness in terms of AM
depth in dB. The ranges of breathiness units and roughness
units were based on previous published studies of those
dimensions using a SVMT.
Magnitude estimation for loudness (practice)
Prior to data collection for the breathiness and roughness con-
ditions, participants were familiarized with the task by complet-
ing a ME practice task for the loudness of pure tone stimuli
presented at 9 different intensity levels. The participants were
instructed to estimate the loudness of the tone at each level on
a ratio scale of 1 to 1000 and to enter that value on the user
interface by typing using a wireless keyboard. A value of 1 indi-
cated extremely low loudness while a value of 1000 indicated
extremely high loudness. Data were collected and analyzed for
this task before proceeding to the breathiness and roughness
ME tasks to assure that the participant understood the use of
the interface, to encourage the participant to use a wide range
of magnitudes in their judgments on the ratio-level ME scale,
and to evaluate whether or not the participant could accurately
and consistently order pure tones according to loudness.
Magnitude estimation for breathy and rough stimuli
(experiment)
A similar ME task examined the perceived roughness and
breathiness of each element in a set of 13 stimuli described



FIGURE 3. Magnitude estimation (ME) of loudness as a func-
tion of stimulus level for 25 listeners (dashed lines) and the average
across listeners (solid line). The data summarize the practice task
completed prior to the breathiness and roughness ME tasks
reported below.
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above as spanning the relevant range of perceived vocal
breathiness or roughness over natural and dysphonic voices.
For the breathiness and roughness conditions, each of the
13 stimuli was presented 10 times in random order. The test
block for each of the breathiness and roughness conditions
consisted of three separate runs (13 stimuli £ 10
repetitions £ 3 runs). The participants were instructed to
estimate the magnitude of breathiness/roughness on a ratio
scale of 1 to 1000 where a value of 1 indicated extremely
low breathiness/roughness and a value of 1000 indicated a
sound with extremely high breathiness/roughness. The par-
ticipant was told that the roughness quality could also be
judged by the amount “fluctuation strength” and that
breathiness could be judged as the overall “noisiness” of the
sound. To assist the participant in understanding the use of
a ratio scale, it was explained that a sound perceived to be
twice as rough/breathy as the previous sound should be
given double the score. A sound perceived to be 10 times as
breathy/rough as the previous sound should be given a score
10 times as great as the previous sound. Likewise, a sound
that is perceived to be 1=4 as breathy/rough as the previous
sound should be given a score that is 1=4 the value of the pre-
vious sound.

For each of the breathiness and roughness conditions, a
single practice block preceded the main task. In the practice
blocks, three (rather than 10) repetitions of each stimulus
were presented for three separate runs (13 stimuli £ 3
repetitions £ 3 runs). After the first practice run, the data
were quickly analyzed and feedback was given to the partic-
ipant on their use of the scale to encourage them as needed
to use a wide range of magnitudes in their judgments. Par-
ticipants were encouraged to use the entire scale so that the
stimulus with the highest level of breathiness/roughness pre-
sented was rated closer to 1000 and the stimulus with the
lowest breathiness/roughness was rated closer to a 1. Partici-
pants were told that a rating of 100 is representative as the
middle of the scale. Most feedback of this sort took place in
the initial loudness training task, but the experimenter
reminded the participant of instruction of the task and how
to use the scale at the beginning of each task and whenever
necessary. The experiment was completed over two sessions
approximately 2 hours in duration.
RESULTS
The average of the magnitude estimation judgments from
the final two runs (20 total ratings) for each parameter was
used in data analysis. Inter-rater and intra-rater correlations
were also calculated using Pearson’s r to assess the reliability
of ratings5,30 between each pair of participants and repeti-
tions of each stimulus as reported below.
FIGURE 4. Perceived breathiness magnitude as a function of
stimulus SNR (dB) for 25 listeners. The solid curve represents the
mean across listeners.
Magnitude estimation
Practice stimuli
The dashed lines of Figure 3 show the loudness ME judg-
ments for 25 listeners across a 32-dB range (in 9 steps spaced
4 dB apart). The data are typical for group ME data over a
wide range, with a tighter cluster of judgments near the upper
end of the continuum and more spread at the lower end of
the continuum. The mean ME values across listeners is
shown by a solid black function and reveals a nearly linear
change in log-magnitude with level in dB.

Breathy Stimuli: Figure 4 shows the individual data for
breathiness ratings for 25 participants as dashed lines; mean
data are shown by the solid black line. Judgments were simi-
lar across all participants. Breathiness magnitude was highest
for the lowest SNR values (the noisiest stimuli) and systemat-
ically decreased as the SNR increased. Despite considerable
data scatter, the Pearson’s correlation coefficient among the
25 participants was high (r = 0.96), showing good inter-rater
reliability between all subjects. For intra-rater reliability, the
Pearson’s correlation coefficient was calculated for the final
two judgments of each breathiness condition. The mean
intra-rater reliability was 0.96, an indicator that participants
were highly consistent within their own judgments for breath-
iness. There were a few outliers with steeper or shallower
slopes than the mean, roughly equally distributed above and
below the mean function. The mean function can be taken as
the relationship between the physical units (dB SNR) and
perceptual magnitude of breathiness.

Rough Stimuli: As for breathiness, Figure 5 shows the indi-
vidual and mean data for roughness ratings for 25 partici-
pants in the same format. The roughness data are similar in



FIGURE 5. Perceived roughness magnitude as a function of
stimulus modulation depth (dB) for 25 listeners. The solid curve
represents the mean across listeners.
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form to the breathiness data (Figure 4). Roughness magnitude
was highest for the highest modulation depths (greatest fluctu-
ation) and systematically decreased with decreasing modula-
tion depth. The Pearson correlation coefficient for roughness
judgments was 0.94, showing high inter-rater reliability
between all subjects. The Pearson’s correlation coefficient for
intra-rater reliability of 0.94, indicating that participants were
highly consistent within their own judgments for roughness as
well. Again the mean function can be taken as the relationship
between the physical units (dB amplitude modulation depth)
and perceptual magnitude of roughness.
Physical scales to psychophysical scales
After initial analysis of both voice quality percepts, raw data
were fitted with a logistic function:

y ¼ a0 þ ð1000�a0Þ:=
�
1þ exp

�
�a2 � ðx�a3Þ

��
:

Where x is the value of independent variable (dB SNR or dB
modulation depth), a0, a2, and a3 are coefficients of the
logistic equation. The mean data from Figures 4 and 5 are
shown in Figure 6 (left and right panels, respectively) along
with curves representing the fitted functions. The logistic
functions provide a good fit (r2 = 0.99 for both breathy and
rough data) to the data over the range of dysphonic voices
yet deviate somewhat from the perceptual data at the nor-
mal end of the continuum. This is a chronic issue in evalua-
tion of sound quality at the end of the continuum at which
FIGURE 6. Transformation from physical scales (lower x axes) to ps
roughness (right panel). Steps for scale development, as outlined in the t
were defined by approximating the major inflection point in the fitted f
value sampled in the corresponding ME experiments.
the quality diminishes to an imperceptible magnitude (ie,
repeatable data are unlikely if one is judging the magnitude
of breathiness when essentially no breathiness exists).

Following step three from the methodology of Stevens17, a
single point on the function is arbitrarily chosen as a reference
point. For the sone scale, recall that Stevens chose a 1000-Hz
tone with a level of 40 dB SPL. For breathiness, we chose as
the single reference value the lower x-axis value in the left
panel of Figure 6 which approximated the major inflection
point in the fitted function. We then rounded that value to the
point at which the fitted function crosses a perceptual magni-
tude of 100. This reference value is approximately equal to
18 dB SNR and is redefined on the upper x axis as 1 breathi-
ness unit. Likewise, for roughness (Figure 6, right panel), the
reference point corresponding to a perceptual magnitude of
100 is mapped to the lower x-axis value of �27 dB amplitude
modulation depth is redefined to be 1 roughness unit on the
upper x axis.

In step four, all other values on the x axis of each plot in
Figure 6 are transformed such the relative perceptual magni-
tude on a ratio scale is expressed relative to the standard ref-
erence from step three. This leads to the complete upper x
axis range in each panel of Figure 6. In this case, a doubling
of breathiness relative to the reference of 1 breathiness unit is
2 breathiness units while a halving of breathiness relative to
the reference of 1 breathiness unit is 0.5 breathiness units.
The scales are naturally skewed toward dysphonic voices
(physical and psychophysical units above the standard values
indicated by blue dashed lines in Figure 6). Below these val-
ues, the perception of breathiness or roughness is truncated.
This is similar to the range of voice quality magnitude among
voices, with a very small range among normal voices and a
much larger range among dysphonic voices.
DISCUSSION
Voice quality assessments are important tools for reliably
indexing voice quality in patients with dysphonic voices. Pop-
ular clinical voice assessments consist of rating scales along
several quality dimensions. Despite their clinical utility, such
ratings do not support comparisons of magnitude, differences
in magnitude, or direction of differences in magnitude. For
ychophysical scales (upper x axis) for breathiness (left panel) and
ext, are shown in the left panel. The values assigned to 1 scale unit
unction and rounding to the nearest discrete independent variable
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example, magnitude of change resulting from treatment or
disorder progression cannot be expressed based on rating-
scale data. Rating scales of voice only produce arbitrary val-
ues that may be influenced by contextual bias and often are
associated with poor reliability of perceptual judgments.
Despite the extensive research on the deficits of these rating
scales, little voice quality research has focused on surmount-
ing the limitations associated with rating scales to provide a
more concrete way to describe changes in voice quality. The
SVMT is one attempt to do so but brings with it another set
of challenges, notably the reliance on average data across lis-
teners and the time-consuming nature of the task.

Transforming what is known about the physical units that
relate to perceptual breathiness and roughness, based on data
from SVMTs, into standard scales can help quantify the
change in the perception of voice quality for a single speaker
and differences in quality across different speakers. Clinically,
standard scales for voice quality may provide more reliable
measures in the assessment of dysphonic patients than rating
scale measures. In order to do this, physical scales derived
from voice quality matching tasks needed to be transformed
into psychophysical scales. Psychophysical scales make it pos-
sible for changes in voice quality to be described based on
magnitude, making it possible to say, for example, that the
“The voice quality of a patient improved by 15% after 9
weeks of treatment and by 30% after 12 months of treat-
ment.” Thus, physical units and their perceptual equivalent
are related through psychophysical scales. Such scales are
likely to aid in clinical treatment practice and lead to a greater
advancement in the field of voice disorders.

In the present study, listeners were presented with a total of
26 synthetic stimuli (13 breathy and 13 rough) and those lis-
teners evaluating breathiness or roughness magnitude on a
magnitude estimation scale from 1 to 1000. Listeners were
instructed to use a ratio scale when rating voices in order to
understand the perceptual magnitude of roughness and
breathiness qualities in order to establish a continuum. As
expected, listeners were able to rate both breathiness and
roughness stimuli based on the varied SNR (breathiness) and
amplitude modulation depth (roughness) levels. Furthermore,
the average judgments for each stimulus were similar across
listeners. It is expected that there will always be some variabil-
ity in single judgments when dealing with behavioral measure-
ments, despite the high reliability seen here. For this reason,
the average of judgments was used in order to provide a more
stable representation of voice quality that could be used to
create a psychophysical scale. After fitting raw data from the
25 participants into a function, a reference value was estab-
lished for breathiness and roughness continuums, similar to
that of the sone scale of loudness.

These newly developed scales could be further validated if
used with vocal stimuli that have been previously evaluated
for breathiness and roughness either through matching tasks
or other models that are predictors of voice quality. The appli-
cability of the scales can be improved by assigning names to
the scale units analogous to the sone unit of loudness. Studying
the relationship between the psychophysical scale and already
established models of voice quality perception would further
demonstrate the practical use of these scales. Quantifying the
perception of voice will help generate computational models
of voice quality to eventually serve as a more objective evalua-
tion of voice quality to be used in the clinical setting. Future
work might also include development of an analogous scale of
the strain voice quality.

The use of these scales in both clinical practice and as a
tool for research holds great promise as we seek to docu-
ment, understand, and treat voice disorders. Clinical trans-
lation will be implemented via software that may be used to
load and play dysphonic voice samples previously collected
or to record and play voice samples during an evaluation.
This software would comprise synthetic anchor stimuli from
the SVMTs with different values of the independent varia-
bles spanning the range of perceived breathiness or rough-
ness. Clinicians will be able to listen to several anchor
stimuli and assign a scale value on the basis of their percep-
tion of the dysphonic voice and anchor stimuli. This soft-
ware would also incorporate computational models through
a click of a button. The computational model output values
that correspond to those independent variable values thus
can be translated into scale units using the fitted functions
in Figure 6. In the current insanitation, breathiness and
roughness scaling will be completed separately for the same
voice. Future developments on the software will allow voi-
ces to be evaluated simultaneously on multiple voice quality
dimensions. The results of such a scaling procedure can
inform clinical practice in several ways. Perhaps the three
most important attributes that can influence clinical practice
are: (1) the ability to express magnitude and direction of
change (ie, responsiveness to change); (2) the similarity of
standard scale value judgments across time, patients, clini-
cians, and clinics; and (3) the potential to evaluate the same
voices with a computational model grounded in the percep-
tual data and physical stimulus values that were used to
develop the scales. The latter could even be used in instances
where automated evaluation would be useful or preferred.
The translation of scales and the attributes they bring to
clinical practice will require practical implementation, vali-
dation, potential refinement, and widespread adoption. This
process typically unfolds over a several-year period.
CONCLUSIONS
Having developed scales for breathiness and roughness, it is
possible to describe breathy and rough voices based on stan-
dard units that tell the magnitude and direction of change of
each voice quality across treatment sessions. With some lis-
tening experience, such units become meaningful and can be
used to evaluate the breathiness or roughness of any voice
without having any intuitive knowledge of the actual physi-
cal units (eg, dB SNR or dB amplitude modulation depth)
underlying scale development. As such, these scales provide
well defined measurement units with reference values of
known scale properties that can be treated using logical and
lawful mathematical operations. The ability to quantify the
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magnitude of change in a voice is critical to understanding
the perception of voice quality in patients with voice
changes due to an underlying disorder.
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