Research Note

The Effect of Visual Sort and Rate Versus
Visual Analog Scales on the Reliability
of Judgments of Dysphonia
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Purpose: The reliability of auditory-perceptual judgments
between listeners is a long-standing problem in the
assessment of voice disorders. The purpose of this study
was to determine whether a relatively novel experimental
scaling method, called visual sort and rate (VSR), yielded
stronger reliability than the more frequently used method
of visual analog scales (VAS) for ratings of overall
severity (OS) and breathiness (BR) in speakers with voice
disorders.

Method: Fifty speech samples were selected from a
database of speakers with voice disorders. Twenty-two
inexperienced listeners provided ratings of OS or BR in
four rating blocks: VSR-OS, VSR-BR, VAS-0OS, and VSR-BR.
For the VAS task, listeners rated each speaker for BR or
OS using a vertically oriented 100-mm VAS. For the VSR
task, stimuli were distributed into sets of samples with a
range of speaker severities in each set. Listeners sorted
and ranked samples for OS or BR within each set, and
final ratings were captured on a vertically oriented 100-mm
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VAS. Interrater variability, defined as the mean of the
squared differences between a listener’s ratings and
group mean ratings, and intrarater reliability (Pearson r)
were compared across rating tasks for OS and BR using
paired t tests.

Results: Results showed that listeners had significantly
less interrater variability (better reliability) when using VSR
methods compared to VAS for judgments of both OS and
BR. Intrarater reliability was high across rating tasks and
dimensions; however, ratings of BR were significantly more
consistent within individual listeners when using VAS than
when using VSR.

Conclusions: VSR is an experimental method that decreases
variability of auditory-perceptual judgments between
inexperienced listeners when rating speakers with a range of
dysphonic severities and disorders. Future research should
determine whether a clinically viable tool may be developed
based on VSR principles and whether such benefits extend
to experienced listeners.

uditory-perceptual judgments are a fundamental

component of voice quality measurement for clini-

cal and research purposes (Kreiman et al., 1993).
Although there is little agreement on which single or complex
objective measure underlies different voice qualities, such
as breathiness (BR), roughness, or strain (Eadie & Doyle,
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2005; Latoszek et al., 2018; Maryn et al., 2010), perceptual
assessment appears to be able to take into account the multi-
dimensional nature of the voice signal that contributes to
overall voice quality (Awan & Lawson, 2009). Poor voice
quality is the reason why many patients with voice disorders
seek treatment, and improvement in voice quality is consid-
ered one of the primary indicators of treatment success.

The majority of research experiments that measure
voice quality include listener judgments using a rating scale.
One commonly used method includes the use of an n-point
rating scale (also referred to as an equal-appearing-interval
scale), in which the endpoints are fixed and scaling is per-
formed using whole numbers (i.e., any whole number be-
tween “1” and “n”) that imply “equality” between the
numeric components on the scale (Stevens, 1975). These
scales are easy for listeners to use, but may artificially
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inflate levels of chance agreement between listeners and may
be less sensitive to detecting changes in patients’ voices over
time when there are relatively few fixed points on the scale
(Karnell et al., 2007). In addition, these scales may be inap-
propriate for measuring particular voice quality dimensions
that are nonlinear because the distances between the nu-
meric components on the scale are, in fact, not equidistant
perceptually (Eadie & Doyle, 2002).

As a result of the difficulties with n-point scaling, many
voice quality experiments use a visual analog scale (VAS). A
VAS is typically a 100-mm undifferentiated line with labeled
endpoints; in measuring voice quality, one endpoint may be
marked “typical/healthy,” and the other endpoint is marked
as the maximum severity of the dimension under evaluation.
A listener indicates the severity of the voice quality for the
speaker under evaluation by marking the point on the 100-
mm line that corresponds with the perceived severity of that
dimension, with a higher value indicating greater severity
(i.e., worse voice quality; Kempster et al., 2009). Scores are
measured from the endpoint labeled “normal” (0 mm) to
the listener’s mark (total indicated in mm). While a few
studies have shown advantages in listener reliability for n-
point scales over VASs (Wuyts et al., 1999), more recent
studies that include larger numbers of listeners have shown
that VASs are at least as reliable within and between lis-
teners as n-point scales (Zraick et al., 2011). The increased
resolution provided by VASs also has been proposed to
offset the biases that listeners may demonstrate in subdi-
viding the lower end of n-point scales for voice dimensions,
such as overall severity (OS), which are known to vary non-
linearly (Kempster et al., 2009). Finally, VASs have been
shown to be more sensitive than n-point scales (Karnell
et al., 2007; Kreiman et al., 2007; Nemr et al., 2012). How-
ever, there is still an ongoing debate as to whether VASs of-
fer ratio- or interval-level data for voice quality dimensions,
as for mood and pain (Myles et al., 1999; Price et al., 1983;
Zealley & Aitken, 1969).

Despite some of the relative advantages of using a
VAS to measure voice quality, reliability of judgments made
with these scales may also be problematic, in addition to
other limitations related to the task, the rater, and diffi-
culties assessing multidimensional voice signals (Nagle, 2016;
Wauyts et al., 1999). Furthermore, most experiments that in-
clude either an n-point scale or a VAS use an unanchored
approach, in which listeners compare the speaker’s voice
quality to their own internal standards for the voice quality
dimension being rated. Internal standards are shaped by ex-
perience and memory, and may be unstable and susceptible
to change, even within a single listening session (Kreiman
et al., 1993). The comparison with internal standards may
result in increased variability, particularly between listeners
(Kreiman et al., 1993), and thereby pose challenges for both
VAS and n-point scales.

To address these limitations, several alternative tasks
have been suggested (paired comparison, matching with a
known stimulus, comparison with anchors, etc.). Such tasks
have in common the use of external comparisons, which
may improve listener reliability by bypassing idiosyncratic
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internal perceptual standards, which often vary across lis-
teners. In a traditionally defined psychometric paired com-
parison task, listeners compare all possible pairs of stimuli
in both A-B and B-A orders and judge the extent to which
the stimuli are similar or different (Stevens, 1975). In this
task, listeners rank the order within the pairs. The main lim-
itation with this approach is that the number of pairs that
need to be compared increases nonlinearly with the num-
ber of stimuli, which may lead to an overwhelming num-
ber of pairs that need to be evaluated within a given study
(to N?, with N being the number of stimuli evaluated within
a study). Measures derived from paired comparisons also
may be difficult to interpret because they result in ordinal
data, although several transformative models have been
proposed to derive interval level data (Thurstone, 1994).

A second method that overcomes a listener’s reliance
on unstable internal referents is the use of anchors (referent
samples). In this approach, anchor stimuli are provided
that represent positions on the rating scale to illustrate the
severity of the dimension being evaluated. These external
referents serve as explicit comparisons to which listeners
make their judgments of individual speaker stimuli. Typi-
cally, anchor stimuli possess archetypical properties rele-
vant for the dimension under study. Anchors have been
shown to increase listener reliability in the use of both n-
point scales and VASs (Awan & Lawson, 2009; Eadie &
Kapsner-Smith, 2011); however, it is difficult to obtain
naturally dysphonic samples that represent a known severity
level for a particular voice quality dimension along any rat-
ing scale. Assignment of anchors to fixed scale values may
systematically increase or decrease ratings, limiting compari-
son between ratings made under different anchor conditions
(Eadie & Kapsner-Smith, 2011). In addition, most naturally
dysphonic samples do not vary as a function of a single voice
quality dimension and they cannot easily be validated using
a single acoustic measure. Therefore, it is difficult to vali-
date where such anchor stimuli lie on any unidimensional
scale, including a VAS.

Finally, visual sort and rate (VSR; Grangqvist, 2003)
is a relatively novel rating task that retains the benefits of
using a continuous scale, such as a VAS, while also encour-
aging the listener to make comparisons to external stimuli
rather than relying on internal standards. In VSR, a listener
is presented with a set of voice samples, and first sorts them
into the relative order by comparing each sample one to the
other. Then, the listener is asked to rate the samples along
a continuum of voice quality using a VAS. By listening to
multiple samples and rating them as a set, each voice serves
as a comparison for all other samples in the set. The advan-
tage over anchor methods is that no predetermined severity
levels for the anchors need to be defined; they are simply
judged relative to the other voices by that listener. The lim-
ited number of voices in the set and the use of a continuous
rating scale (in addition to the rank ordering that is accom-
plished by the sorting task) provides an advantage over tra-
ditional paired comparison paradigms.

Although VSR has increasingly been used as a rating
tool to generate auditory-perceptual judgments in research
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settings (e.g., Gerratt et al., 2016; Heller Murray et al., 2016;
Lien et al., 2015; Signorello et al., 2016), examination of the
effects of VSR on reliability of these judgments relative to
more frequently used rating tasks has been limited. To date,
the impact of VSR on listener reliability has been explicitly
examined in one study (Grangvist, 2003), with a homoge-
nous set of voice samples (recordings from a single speaker
with vocal fold nodules and a set of synthetically generated
voice samples) rated by experienced clinicians. In that study,
Grangqvist found that VSR improved both inter- and intrara-
ter reliability compared to ratings made using a VAS for the
highly controlled sets of stimuli used in the study. Thus, it
is yet unknown whether VSR is an experimental approach
that may improve listener reliability for a diverse set of nat-
urally dysphonic samples that range in severity. The purpose
of this study was to compare listeners’ reliability using a rel-
atively novel experimental scaling method, called VSR,
versus the more frequently used VAS method for speakers
with dysphonia that ranged in OS and BR. Because the pur-
pose of our study was to investigate a novel method that
might be used by inexperienced listeners, we selected voice
dimensions that could be understood and rated with at least
moderate reliability to ensure valid interpretation of our re-
sults. We also wanted to investigate dimensions that would
have face validity among the majority of speakers with
voice disorders. OS and BR were selected as the dimensions
that would meet both criteria (Zraick et al., 2011). We hy-
pothesized that interrater reliability would be significantly
better for both OS and BR when listeners used VSR com-
pared to VAS, due to the advantages of external comparison
described above. We hypothesized that intrarater reliability
would not differ significantly between the two rating methods.

Method

All procedures were approved by the University of
Washington Institutional Review Board.

Stimuli Selection and Preparation

Sixty speech samples (30 males, 30 females) were ini-
tially chosen by the first author from a clinical database of
speakers with voice disorders to represent a range of sever-
ities and voice qualities. Speakers were chosen with a diverse
range of diagnoses and who were perceived by the first
author to vary across multiple voice quality dimensions
(e.g., OS, BR, roughness, strain) to represent the diverse
range of voice qualities encountered in a clinical setting.
Speakers who were perceived to have motor speech im-
pairment (e.g., imprecise articulation, velopharyngeal im-
pairment) were excluded. In this experiment, stimuli were
the second sentence of the Rainbow Passage (Fairbanks,
1960). These speaker stimuli were taken from a database
of voice recordings obtained in prior studies in a quiet room
using a headset condenser microphone (AKG C420) routed
to a digital audio recorder (Tascam DAPI) and digitized
at a sampling rate of 44100 Hz, as well as recordings from
a commercially available voice database (Disordered Voice

Database Model 4337 [Ver. 1.03], 1994). To ensure a broad
distribution of stimuli, five experienced speech-language
pathologists rated all of the speech samples for OS and BR
using a traditional VAS. OS was defined as a comprehen-
sive measure of how “good” or “poor” the voice is, and
BR was defined as the perception of audible air escape in
the voice (Eadie & Baylor, 2006). Endpoints of the VAS
ranged from 0 (normal) to 100 (severe). Fifteen percent of
the samples were repeated to assess intrarater reliability using
Pearson correlation coefficients (for OS, mean r = .95,
SD = .04; for BR, mean r = .92, SD = .09). Interrater re-
liability was assessed using intraclass correlation coefficients
based on a single rating (k = 1), absolute agreement, two-
way random-effects model (for OS, ICC(2, 1) = .83, 95%
CI [.75, .89]; for BR, ICC(2, 1) = .71, 95% CI [.56, .81]).
Experienced listeners’ average ratings of OS ranged from

2 to 96 (M = 35, SD = 30), and ratings of BR ranged from
0to 98 (M = 23, SD = 26). Average ratings from the expe-
rienced listeners were used to distribute the stimuli into sets
of 10 samples with a range of severities present in each set,
as outlined in the VSR procedure (Grangvist, 2003; Lien
et al., 2015). The final sets included 50 (25 male, 25 female)
speakers for OS and the same number for BR. Table 1 sum-
marizes the voice diagnoses of the speakers in each set.
Twenty percent of the samples were repeated to test intra-
rater reliability, resulting in a total of 60 samples (six sets
of 10 samples) for each dimension. Repeated samples were

Table 1. Speaker diagnoses.

a) Voice disorder diagnoses included in speech samples for
overall severity ratings

Diagnosis Number
Benign vocal fold lesions 10
Nonphonotraumatic vocal hyperfunction 2
Unilateral vocal fold paresis/paralysis 12
Bilateral vocal fold paresis 4
Laryngeal cancer 3
Papilloma 2
Other (chronic laryngitis, laryngopharyngeal reflux, 8
Reinke’s edema, glottic stenosis, subglottic stenosis,
unilateral vocal fold hemorrhage, multiple diagnoses)
Typical speaker 9
Total 50

b) Voice disorder diagnoses included in speech samples for
breathiness ratings

Diagnosis Number
Benign vocal fold lesions 10
Nonphonotraumatic vocal hyperfunction 2
Unilateral vocal fold paresis/paralysis 12
Bilateral vocal fold paresis 4
Laryngopharyngeal reflux 2
Laryngeal cancer 3
Papilloma 2
Other (bilateral vocal fold edema, chronic laryngitis, 8

unilateral vocal fold hemorrhage, glottic stenosis,

subglottic stenosis, multiple diagnoses)
Typical speaker 7
Total 50
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distributed across sets, resulting in one to two repeats per set,
and were never presented in the same set as the original.

Participants

Twenty-two inexperienced listeners were recruited to
participate in the VSR and VAS rating tasks (16 women,
six men; M,,. = 28 years, range: 19-48, SD = 8.1). Eligi-
bility criteria included age > 18 years, fluent English
speaker, no reported history of hearing loss, and little or
no formal coursework related to voice disorders. Listeners
passed a hearing screening (pure tones were presented via
headphones in a quiet room at 25 dB HL at 250, 500, 1000,
2000, and 4000 Hz, using a Garson-Stadler GSI 17 portable
audiometer).

Listener Procedures

To compare the reliability of listeners’ judgments of
dysphonia using VSR and VAS procedures, inexperienced
listeners rated the speech samples in four blocks: VSR-OS,
VSR-BR, VAS-OS, and VAS-BR. The order of rating
tasks (VSR/VAS) and voice quality dimensions (OS/BR)
was approximately counterbalanced across participants to
control for learning and order effects (22 listeners distributed
across four listening order conditions). Listeners were oriented
to the rating tasks with written instructions and completed a
practice set comprising five voice samples (two mild, two
moderate, and one severe, as selected by the first author)
that were not included in the test sets before each block.

Stimuli were presented via custom-made computer pro-
grams (see Figures 1a and 1b). Both rating tasks were oriented
in the vertical plane to reduce effects related to handedness
(Chapanis & Gropper, 1968). For the VAS, listeners rated
each sample using a vertical scroll bar with labeled endpoints
(0 = normal voice quality, represented at the bottom of the
scale; 100 = severely dysphonic or breathy, represented at the
top of the scale; see Figure 1a). The listener moved the scroll
bar to rate OS or BR. Samples were presented in a random
order, and listeners rated one sample at a time. For the VSR
task, listeners rated the samples in sets of 10. All listeners
were presented with the same sets of voice samples; however,
the order of sets was randomized within each dimension
condition (OS/BR). Listeners saw a series of dots represent-
ing the samples, all initially oriented at midline. To sort the
samples into their rank order, listeners moved each dot up
or down the screen, which had a vertically oriented VAS
on the left side (see Figure 1b). Listeners were instructed to
compare each sample to one another, and then adjust the or-
der and position accordingly. After making adjustments,
the listener clicked a button to submit ratings for the entire
set before moving to the next set. In both tasks, listeners
were allowed to listen to each voice as many times as they
wished.

Data Analysis

The effect of the task (VSR vs. VAS) on inexperienced
listeners’ ratings of OS and BR was measured for two
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Figure 1. Computer interfaces for (a) visual analog scale and (b) visual
sort and rate.

a
Please rate the overall severity of this sound clip. Overall severity is
a comprehensive measure of how ‘good’ or ‘poor’ the voice is.
100
Severe
[ ]
0

Normal

b
Please rate the overall severity of these sound clips. Overall severity
is a comprehensive measure of how ‘good’ or ‘poor’ the voice is.
100
Severe
[ J
([ J
[ J [ J
T v 1.
t l o *
[ J
[ J
[ J
0
Normal

dependent variables: intrarater reliability and interrater vari-
ability. Intrarater reliability was calculated using an individual
listener’s first and second ratings of repeated stimuli and
determined using Pearson correlation coefficients. For de-
scriptive purposes, interrater reliability was calculated using
intraclass correlation coefficients, based on a single rating
(k = 1), absolute-agreement, two-way random-effects model,
for each of the four rating conditions. This model was chosen
to estimate the reliability of a single rater compared to other
raters in the sample. Interrater reliability was also measured
using a variability score, as defined by Chan and Yiu (2002),
hereafter referred to as interrater variability. To measure
interrater variability, the difference between a listener’s indi-
vidual rating of a stimulus and the group mean rating of the
stimulus was squared, and the squared differences were
averaged across all stimuli to obtain an interrater variability
score for the listener. In other words, where x is the listener’s
voice quality rating, v is the number of voice samples, and
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n is the number of raters, interrater variability was calcu-
lated as seen in (1).

Q)

The interrater variability score was calculated for each
listener in each rating task and rating dimension condition
(i.e., VSR-OS, VAS-OS, VSR-BR, VAS-BR). The interrater
variability score represents the degree of variability of the
ratings made by each listener relative to other listeners;
therefore, a low number indicates the listener varied less
from the group average, whereas a high score indicates that
a listener varied more from the group average. Interrater
variability was selected as one of the primary outcome var-
iables as it takes into account the amount of variability in
individual listeners’ ratings without the masking effects
of group correlations, and without creating arbitrary cut-
offs or imposing a linear scale upon a perceptual dimension
that may behave in a nonlinear fashion, as is inherent in
interrater agreement measures (Eadie & Kapsner-Smith,
2011).

The Shapiro-Wilk test of normality was conducted on
the differences in the dependent variables (interrater vari-
ability scores and intrarater reliability scores) between rating
conditions (VSR vs. VAS), for each perceptual dimension
(OS and BR), to assess the appropriateness of use of para-
metric statistics. For both interrater variability and intra-
rater reliability scores and for both perceptual dimensions,
Shapiro—Wilk tests of the differences between VAS and
VSR did not show a significant departure from normality.
Paired ¢ tests were calculated to determine whether there
was a significant difference related to task (VAS vs. VSR)
for the two dependent variables, and effect sizes and confi-
dence intervals were calculated. For descriptive purposes, a
variability score was also calculated for each voice sample.
The difference between each listener’s individual rating of
a voice sample and the group mean rating was squared,
and these differences were averaged across all listeners,
giving a variability score for each stimulus, shown in (2).
Voice sample variability scores were examined for pat-
terns of variability across severity levels of OS and BR in
the two rating tasks. Statistical tests were conducted using
SPSS Version 26.

i (X — Xn)z

flx) === @

Results

Two listeners did not complete the rating task, and
as a result, their results were not included in the final anal-
ysis. Outlier data from two additional listeners were ex-
cluded because their variability scores were more than 2 SDs
above the group mean in at least one rating task, suggesting
the task was not adequately understood and results were not

valid (Osborne & Overbay, 2004). Consequently, results are
based on data from 18 listeners.

Intrarater Reliability

For OS, there was no significant difference between
the intrarater reliability of ratings obtained using VAS
(mean r = .92, SD = .08) compared to VSR (mean r = .88,
SD = .12); (17) = 1.39, 95% CI [-.02, .10], p = .182, d = 0.33.
In contrast, intrarrater reliability was significantly higher
for BR ratings obtained using VAS (mean r = .94, SD = .04)
relative to VSR (mean r = .90, SD = .08); #(17) = 2.14, 95%
CI[.001, .09], p = .047, d = 0.50.

Interrater Variability

For descriptive purposes, interrater reliability was first
measured using intraclass correlation coefficients, to facili-
tate comparisons with prior studies. The ICC estimate
was calculated based on a single rating (k = 1), absolute-
agreement, two-way random-effects model, for each of
the four conditions: VAS-OS, ICC(2, 1) = .80, 95% CI
[.73, .86]; VSR-OS, ICC(2, 1) = .84, 95% CI [.78, .90];
VAS-BR, ICC(2, 1) = .74, 95% CI [.66, .82]; VSR-BR,
ICC(2, 1) = .80, 95% CI [.73, .86].

Second, interrater variability scores were calculated
for statistical comparisons. These scores reflect the degree of
deviation of an individual listener’s ratings from the group
mean ratings of each stimulus; therefore, a lower score indi-
cates better interrater reliability. For OS, there was a sig-
nificant difference between interrater variability of ratings
obtained using VAS (M = 240, SD = 111) compared to
VSR (M =179, SD = 85.7); «(17) = 2.39, 95% CI1 [7.17, 116],
p =.029, d = 0.56. For BR, there was also a significant dif-
ference between interrater variability of ratings obtained using
VAS (M = 300, SD = 104) compared to VSR (M = 225,
SD = 172.5); #(17) = 3.30, 95% CI [27.1, 123], p = .004, d =
0.78. Thus, interrater variability of ratings made using VSR
were significantly lower (better) than interrater variability
of ratings made using VAS for both OS and BR.

To examine whether group performance masked any
individual listener effects, differences in interrater variability
scores across ratings tasks (variability for VAS minus vari-
ability for VSR) for each listener are presented in Figure 2
for descriptive purposes (OS M = 61.6, range: —124 to 281,
SD = 110; BR M = 75.1, range: —67.0 to 337, SD = 96.4).
A positive change score indicates a reduction in variability
(i.e., better interrater reliability) for VSR relative to VAS.
The figure shows that, for both OS and BR, 13 (72%) lis-
teners showed lower interrater variability for VSR than
VAS; two listeners (11%) showed no clear difference, and
three listeners (17%) showed lower interrater variability
with VAS than VSR.

Variability scores also were calculated for each voice
sample by averaging the squared differences between each
listener’s rating and the group average rating (Chan & Yiu,
2002; Eadie & Kapsner-Smith, 2011). Mean interrater vari-
ability scores for each speaker were plotted as a function
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Figure 2. Differences in variability scores for each listener by rating task (visual analog scale [VAS] minus
visual sort and rate [VSR]) for (a) overall severity and (b) breathiness. A positive value indicates a reduction
in variability (i.e., better interrater reliability) for VSR compared to VAS, and a negative value indicates an
increase in variability (i.e., worse interrater reliability) for VSR compared to VAS. A score of 0 indicates no
difference in listener variability between the scale types. OS = overall severity; BR = breathiness.

a

OS Variability Difference by Listener

-150 -100 -50

o
w
o

VAS less variable

100

150 200 250 300 350 400
VSR less variable

BR Variability Difference by Listener

-150 -100 -50
VAS less variable

o

50 100

150 200 250 300 350 400
VSR less variable

of the severity of each speaker sample for each rating task
(VSR and VAS) for both OS (see Figure 3a) and BR (see
Figure 3b). After visual inspection, simple regression was
used to assess the relationship between severity (x) and var-
iability (y). Sequential predictor entry was used, with each
block including consecutively higher order polynomials (x,
X%, x°, etc.) until no significant improvement in model fit
was obtained. The lines of best fit for VSR and VAS are
displayed in Figures 3a and 3b with corresponding R* values.
In all cases, data were best predicted with nonlinear func-
tions; the highest interrater variability was observed in the
midrange of speaker severity, and the lowest interrater vari-
ability (i.e., better interrater reliability) was observed at the
ends. For OS, a cubic model provided the best fit for VAS
(y = —32.66 + 26.83x — 0.46x> + 0.002x>) and VSR (y =
—21.98 + 20.82x — 0.39x + 0.002x°); for BR, a quadratic
model provided the best fit for VAS (y = 13.73 + 20.20x —
0.21x%) and VSR (y = —3.14 + 16.26x — 0.17x?). Importantly,
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both Figures 3a and 3b also show that, regardless of the
severity of the rating dimension, ratings using VSR were
less variable than ratings from VAS. Stimuli that were in
the midrange of the scale showed the greatest decreases in
interrater variability scores (i.e., better interrater reliability)
when ratings were made using VSR, compared to VAS.

Discussion

In this study, the reliability of a relatively novel ex-
perimental method, VSR, was compared to the more fre-
quently used method of VAS for inexperienced listeners’
ratings of OS and BR of speakers with dysphonia. Overall,
findings showed that the VSR method significantly reduced
interrater variability for ratings of both OS and BR of dys-
phonic voices, with medium-to-large effect sizes. The effect
was strongest for ratings of BR; this finding is unsurpris-
ing, as ratings of individual voice quality dimensions such
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Figure 3. Voice sample variability scores for judgments of (a) overall severity (OS) and (b) breathiness (BR) as a function of severity and rating
task, visual analog scale (VAS) versus visual sort and rate (VSR; note, for clarity of visualization, data points not pictured in panel b for VAS
at (51, 1213) and (65, 1189), and for VSR at (53, 870), though all were included in regression analyses). Curves were fitted using polynomial

regression for descriptive purposes.
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as BR are typically more difficult for listeners to judge
than comprehensive judgments of overall voice severity, as
reflected by lower reliability of these judgments (Kreiman
& Gerratt, 1998). Furthermore, improved interrater reli-
ability was consistent across the majority (72%) of listeners
for both dimensions. Finally, results from this study showed
that the VSR method was effective in significantly reduc-
ing interrater variability across the range of scale values,
particularly in the midrange of the scale where variability
in listeners’ judgments of voice quality tends to be highest
in both research and clinical contexts (Eadie & Kapsner-
Smith, 2011; Kreiman & Gerratt, 1996; Kreiman et al.,
1993).

Although several studies have used VSR as a method-
ological approach that theoretically should strengthen the
reliability of auditory-perceptual measures of voice quality
(Anand & Stepp, 2015; Gerratt et al., 2016; Heller Murray
et al., 2016; Kreiman et al., 2015; Lien et al., 2015; Samlan
& Kreiman, 2014; Signorello et al., 2016; Zhang et al., 2013),
only one study has explicitly compared the reliability of this
method to VAS, using recordings of a single speaker and syn-
thetic stimuli (Granqvist, 2003). Consistent with this study,
Granqvist (2003) showed that the VSR method was signifi-
cantly better than a VAS for measures of interrater reliabil-
ity. This study extended the findings from Granqvist (2003)
to show that inexperienced listeners were significantly less
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variable in their ratings using VSR for a large number of
naturally dysphonic speakers who varied across multiple
voice quality dimensions. These findings suggest that VSR
is an advantageous method over VAS for evaluating a wide
array of voice stimuli and severities, and should be consid-
ered as an approach for measuring voice quality in research
studies.

According to a model of auditory-perceptual voice
quality assessment proposed by Kreiman et al. (1993), one
source of variability in listener judgments is a listener’s idi-
osyncratic internal standards for voice quality. In an unan-
chored VAS rating task or an n-point scale, listeners must
rely on comparison with these internal standards to make
judgments. In this study, listeners appeared to benefit from
making comparisons among stimuli in the VSR task, as
reflected in lower interrater variability scores, despite the
diversity of voice qualities and diagnoses of the speaker sam-
ples used in this study. The advantages conferred by VSR
are not unlike those for anchor samples (i.e., a set of refer-
ence stimuli with explicit positions along the scale; Awan
& Lawson, 2009; Eadie & Kapsner-Smith, 2011). However,
one advantage of VSR over an anchored VAS or n-point
scale is that it is not necessary to identify naturally dyspho-
nic anchor stimuli that differ along a single dimension at
agreed upon severity levels.

VSR proved beneficial in terms of reducing interrater
variability in this study; however, intrarater reliability was
less clearly impacted. VAS demonstrated a significant in-
crease in intrarater reliability of BR judgments compared
to VSR, with a medium effect size (d = 0.50). No signifi-
cant differences were observed in intrarater reliability for
OS judgments between the two methods (VAS vs. VSR).
If in fact listeners are relying on external comparisons rather
than internal standards to make judgments in the VSR task,
it is possible that repeated samples presented with different
comparison voices would result in somewhat different ratings,
thus reducing intrarater reliability compared to the VAS
task. This effect could be more significant for individual
voice quality dimensions (e.g., BR) that tend to have lower
reliability (Granqvist, 2003; Kreiman & Gerratt, 1998).
These results should be interpreted cautiously, however,
given the overall strong intrarater reliability values for both
OS and BR in this study, irrespective of the rating task
(ranging from r = .88-94). These intrarater reliability values
are relatively higher than comparable studies that have used
both VAS (anchored; Awan & Lawson, 2009) and VSR
(Grangqvist, 2003) and may represent a ceiling effect within
individual listeners in this study.

These results are promising for the use of VSR, but
should be interpreted with caution in terms of generalization.
This study included listeners who were unfamiliar with both
rating scales and dysphonic speakers. As a result, it is un-
known how the present results would generalize to experi-
enced clinicians who make similar types of judgments using
a VAS in clinical practice (Kempster et al., 2009). Likewise,
although the VSR task used in this study provided a signif-
icant reduction in interrater variability compared to ratings
of OS and BR using a VAS, it is also unknown whether
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similar advantages would be conferred for ratings of other
voice quality dimensions, such as roughness or strain. How-
ever, given that ratings of OS and BR are typically among
the most reliable even for inexperienced listeners (Eadie &
Baylor, 2006; Patel et al., 2010; Zraick et al., 2011), we pre-
dict that the VSR method would demonstrate an even
stronger effect over typical rating scales for other voice
dimensions. VSR has been used with reported high reliabil-
ity for inexperienced listener ratings of naturalness and intel-
ligibility in speakers with Parkinson’s disease (Anand &
Stepp, 2015), perceived vocal effort in speakers simulating
vocal effort (Lien et al., 2015), OS of dysphonia in synthetic
stimuli (Gerratt et al., 2016), and OS and strain in those
at high risk for voice disorders (Heller Murray et al., 2016),
among others.

Although VSR is relatively easy to use in an experi-
mental setting, it is not yet ready for clinical application.
Future research is needed to identify the key components of
the VSR task, such as the number and distribution of com-
parison voices required to produce a reduction in interrater
variability. Psychometric properties of the VSR should also
be delineated, including whether such scales produce ratio
or interval level data that are necessary for validly captur-
ing a number of voice quality dimensions (Eadie & Doyle,
2002). VSR may also be a useful tool for training inexperi-
enced clinicians. Evidence regarding the impact of training
on variability of auditory-perceptual voice quality judgments
is promising (Chan & Yiu, 2002, 2006; Eadie & Baylor,
2006), and some studies suggest that provision of feedback
may improve performance of inexperienced raters (Anand
et al., 2019). Given that the use of VSR alone reduces inter-
rater variability of ratings by inexperienced listeners, the
combination of VSR with feedback in a rater training para-
digm may also have the potential to further improve rater
performance, and remains a direction for future study.

In recent years, several research groups have proposed
alternatives for addressing challenges related to rater reli-
ability for auditory-perceptual measures of voice (Eddins
et al., 2020; Kreiman & Gerratt, 2005; Kreiman et al., 2007;
Patel et al., 2010). Although these approaches are promis-
ing, future research is needed to establish their validity
across different types of stimuli (in particular, connected
speech) that also extend to speakers with different diagno-
ses and clinically relevant voice quality dimensions. In
the meantime, we propose that VSR is another viable alter-
native that should be considered as an option in each re-
searcher’s methodological toolbox when perceived voice
quality is the dependent variable of interest.

Conclusions

Development of protocols to reduce variability of
auditory-perceptual judgments of voice quality remains an
important goal for reliable measurement of voice quality.
This study showed that a relatively novel method, called
VSR, significantly decreased the variability of auditory-
perceptual judgments between inexperienced listeners when
rating speakers with a range of dysphonic severities and
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disorders, when compared to the more typically used VAS.
Intrarater reliability was strong overall, regardless of the rating
task. Future research should determine whether a clinically
viable tool may be developed based on VSR principles,
and whether such benefits extend to experienced listeners.
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