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Quality Index (AVQI) in a Korean population. We investigated the feasibility of its cutoff values and diagnostic
accuracy in discriminating between normal and dysphonic voices.
Materials and Methods. A total of 1,524 native Korean subjects with normal voices (n = 113) and with voice
disorders (n = 1,411) were asked to speak and sustain the vowel “a” and to read the Korean text “Walk” aloud.
A 2-second mid-speech portion of the sustained vowel sound and two sentences (with 26 syllables) were edited
and concatenated, and the AVQI was calculated. Additionally, two auditory-perceptual assessments, namely the
Grade, Roughness, Breathiness, Asthenia, Strain scale, and the Consensus Auditory-Perceptual Evaluation of
Voice were used by five speech language pathologists to rate the severity of dysphonia.
Results. Both auditory-perceptual assessments showed high confidence levels among the five speech language
pathologists. The AVQI correlated with grade (G) and overall severity (OS). There were statistically significant
differences in AVQI, G, and OS between normal and pathological speech groups. In the receiver operating
characteristic curve analysis, AVQI, G, and OS cutoff values were <3.33, <0.00, and <22.00, respectively.
The receiver operating characteristic curve analysis indicated that AVQI had excellent diagnostic accuracy for
discriminating between normal and dysphonic voices (area under the curve: 0.970-0.977).
Conclusions. We demonstrated the concurrent validity of AVQI as a promising tool for assessing overall voice
quality and quantifying dysphonia in a Korean-speaking population.
Key Words: Acoustic Voice Quality Index�Voice�Dysphonia�GRBAS�CAPE-V.
INTRODUCTION
Dysphonia evaluations often rely on the integration of infor-
mation from acoustic and auditory-perceptual evaluations.1

These evaluations should comprise both sustained vowel
sounds and verbalized sentences in clinical voice eval-
uations.2�5 The results of vowel phonation and sentence read-
ing may differ depending on the presence of and causes of
voice disorders.6�8 Quantifications of dysphonia are per-
formed by MDVP, Dr. Speech, ADSV, SpeechTool, and
other tools.9�12 The voices of the patients are analyzed to
confirm the effectiveness of laryngeal microsurgery, injection
laryngoplasty, botulinum toxin treatment, and voice
therapy.13�16 The voice samples obtained during vowel pho-
nation and sentence reading are analyzed to judge whether the
patients’ voices have recovered after treatment. Laryngeal
examinations such as laryngeal endoscopy and laryngeal vid-
eostroboscopy can confirm the possibility of voice impairment,
but are invasive and can be uncomfortable to the patient.17,18
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Alternatively, acoustic voice analysis is noninvasive and easy
to use because there is no inconvenience to the patient.19,20

Auditory-perceptual assessment is considered to be
the gold standard to verify the validity of other methods.
Various auditory-perceptual ratings, such as the Grade,
Roughness, Breathiness, Asthenia, Strain (GRBAS) scale,
or the Consensus Auditory-Perceptual Assessment of Voice
(CAPE-V), have been suggested to standardize auditory-
perceptual assessments, improve their reliability, and to
quantify dysphonia severity.21�24 However, the reliability
of the evaluation was based on the experience of the exam-
iner with voice disorders in clinical practice, since auditory-
perceptual assessments are subjective examinations.

To overcome these limitations, Maryn et al introduced the
Acoustic Voice Quality Index (AVQI), which can quantify the
severity of dysphonia.25�29 Because judgments of the severity
of voice disorders may differ remarkably between voice tasks,
the AVQI was designed to quantify concatenated voice sam-
ples in vowel and sentence reading. The robustness of the
AVQI in different languages and phonemic environments has
been reported. Despite the different language and phonemic
situations, there was a high correlation between AVQI and
auditory-perceptual assessments.30�35 A previous Korean
study reported a similarly high correlation, but the number of
subjects was relatively low compared to other studies.

In clinical practice, voice specialists should be able to distin-
guish between normal and pathological voices. Previous
studies suggested cutoff values of AVQI for dysphonia
populations using the receiver operating characteristic
(ROC).28,30,33,34 ROC curves are simple analytical methods
and helpful for assessing the diagnostic capability of two or
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TABLE 1.
The Primary Laryngological Diagnoses Included in the
Present Study

Laryngeal status Absolute number % of total

Vocal nodules 330 21.7%

Presbylaryngis 261 17.1%

Vocal folds paralysis 198 13.0%

Vocal polyp 190 12.5%

Normal 113 7.4%

Papilloma 85 5.6%

PTC 62 4.1%

Glottic cancer 57 3.7%

Spasmodic dysphonia 53 3.5%

Vocal cyst 49 3.2%

Leukoplakia 40 2.6%

Functional dysphonia 33 2.2%

Sulcus vocalis 25 1.6%

LPRD 17 1.1%

Edema 10 0.7%

Total 1,524 100.0%
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more examination or for comparing the predictive power of
two or more variables.36�40 The cutoff values can be measured
based on the two indices of “sensitivity” and “specificity,”
both of which are used in clinical examinations. The accuracy
of the test depends on how well the test can distinguish the nor-
mal group from the group with the disease. Accuracy is calcu-
lated by the area under the ROC curve (AUC). An area of
one represents a perfect test while an area of 0.5 represents an
inadequate test (AUC < 0.5 = fail; 0.7�0.8 = acceptable;
0.8�0.9 = excellent; 0.9�1 = outstanding).41

In this study, we investigated the correlation between the
AVQI and auditory-perceptual assessments using a large
number of voice samples, and reported the cutoff and accu-
racy of the AVQI, grade (G), and overall severity (OS) of
dysphonia between normal and pathological groups.

This study addressed the following research questions.

(1) Can AVQI be used as an objective measurement of the
degree of dysphonia in Korean speakers?

(2) How closely does AVQI relate to the auditory-percep-
tion scale (G, OS)?

(3) How do G and OS correlate in the two auditory-per-
ception scales?

(4) What are the cutoff values and the accuracy of the
AVQI, G, and OS between normal and pathological
speech status?

The purpose of this study was to investigate the concur-
rent validity of the AVQI compared to two standardized
auditory-perceptual assessment tools in measuring the
severity of dysphonia in a Korean population.
MATERIALS AND METHODS

Subjects
The initial study group included 1,604 subjects’ voice sam-
ples. After calculating the signal-to-noise ratio (SNR) of the
recordings, the sound files of 80 subjects were excluded
from the study. Consequently, voice data of 1,524 native-
speaking Korean subjects from the Pusan National Univer-
sity Hospital were used in this study. The characteristics of
the study subjects are shown in Table 1. The clinical diagno-
ses were based on clinical evaluations via direct laryngos-
copy and laryngeal videostroboscopy.

The study subjects were considered to be representative
samples of the population with voice disorders, reflecting
different ages and sexes, voice quality, and organic, func-
tional, neurologic laryngeal pathologies. The focus of this
study was to assess the concurrent validity of the AVQI in a
Korean population in distinguishing between normal and
dysphonic voices. The normal group was defined as subjects
with no laryngeal disease or dysphonia and with an audi-
tory-perceptual assessment of Grade 0.
The subjects’ voices were recorded during the regular
voice evaluation, prior to surgical intervention, behavior
voice therapy, or medication. The group consisted of 783
men and 741 women, ranging in age from 9 to 89 years
(mean§ standard deviation [SD]: 51.9§ 15.7 years). The
Institutional Review Board of Pusan National University
Hospital approved this study (H-1801-012-063).
Voice recordings
We complied with the basic protocol of the European Lar-
yngological Society for voice evaluation proposed by
Dejonckere et al.1 All voice samples were recorded using a
Shure SM48 (Shure Inc), digitized at a sampling rate of
44.1 kHz and a quantization of 16 bits using the Computer-
ized Speech Lab (CSL, model4500, KayPENTAX, Lincoln
Park, NJ), and saved in WAV format.

Each voice sample was recorded in a quiet room with the
ambient noise level kept below 40 dB. Subjects were
instructed to vocalize the vowel /a/ at a comfortable pitch
and loudness three times. Relatively more stable vowel
recordings were selected for each voice sample concatena-
tion. An active recording window was implemented to com-
prise only a mid-vowel portion of 2 seconds. Next, the
subjects were asked to read two sentences from the Korean
passage “Walk,” which contains 26 syllables.35,42,43 Audio
recording, editing, and SNR measurement methods were
similar to those presented in a previous study.25 Sustained
vowel and sentence files were concatenated into one single
voice sample for the AVQI calculation.
Measurement of SNR
To measure the SNR and evaluate the voice quality, parts
of pause and nonspeech components were subtracted from
the concatenated voice samples. Previous studies have
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reported that the recommended, acceptable, and unaccept-
able levels of SNR are above 42 dB, above 30 dB, and below
30 dB, respectively.44,45 The SNR ranged between 17.3 dB
and 75.5 dB, with a mean of 43.4 dB. The recordings of 80
subjects were excluded from this study because their SNRs
were below 30 dB. The voice samples of the 1,524 subjects
were recorded with sufficient SNR and therefore, were
determined acceptable for further analysis.
Auditory-perceptual assessments
We asked five speech-language pathologists (SLP), all
native Koreans with more than 7 years of experience in
voice quality assessment, to rate our voice samples (three
were SLPs working in ENT clinics, and two were professors
specializing in voice disorders). All the raters were blinded
to the 1,524 subjects’ information. In the auditory-percep-
tual assessment of dysphonia severity, concatenated voice
samples were randomly presented. The samples were judged
separately as to overall voice quality following GRBAS and
CAPE-V. The first parameter, “Grade” (G), was based on a
four-point Likert scale (normal: 0; mild: 1; moderate: 2;
severe: 3), and was evaluated by the methods of the Japan
Society of Logopedics and Phoniatrics.46 The second
parameter, “Overall severity” (OS), was based on the
CAPE-V method which uses a visual analog scale of
100 mm, with anchoring points, as suggested by the Special
Interest Division 3 Voice and Voice Disorders of the Ameri-
can Speech-Language-Hearing Association.24

It has been suggested to evaluate OS by CAPE-V when
the following tasks are completed: sustained vowel /a/ and /i/
for 3�5 seconds each, saying six sentences aloud, and spon-
taneous speech.22�24 This study focused on the analysis of
AVQI and therefore did not include various utterance tasks
as suggested by CAPE-V. The standardized CAPE-V senten-
ces in Korean do not yet exist. The Korean sentences from
FIGURE 1. Example of the Google questionnaire for GRBAS (A) and
roughness, breathiness, asthenia, strain; CAPE-V, consensus auditory-pe
‘Walk’ used in this study are phonetically and phonologi-
cally balanced sentences, as shown in previous studies.35,42,43

All ratings were conducted in a single session. The record-
ings of 300 randomly selected subjects (20% of rated voice
samples taken from the first session) were evaluated a sec-
ond time (after two weeks) to assess intrarater variability.
Scores of auditory-perceptual assessments between raters
were compared to calculate inter-rater variability.

The Google questionnaire (for GRBAS) and a custom-
ized computer program (Digital CAPE-V) were used to
facilitate the data analysis and management, and to save
the ratings of the voice samples. The graphic examples for
auditory-perceptual assessments are displayed in Figure 1.
After listening to the audio files, raters provided scores for
the auditory-perceptual assessments, which were then stored
for statistical analysis.
Theory and calculations
Acoustic measure for AVQI measurement
We applied the Praat (Version 5.4.19) script of Maryn et al25

for the automated detection, separation, and synthesis of the
voiced components since the specific acoustic methods used
in the present study are only valid for voiced components of
the concatenated voice files. For the AVQI measurement, a
2-second mid-vowel component was attached to the chain of
voiced text components resulting in a single sound file. Voice
quality was quantified by analyzing the same utterance.
Objective measurements of overall voice quality included
calculating the AVQI on the synthesized acoustic signals.29

AVQI was designed as a multivariable correlate of dys-
phonia severity comprising various acoustic parameters. The
AVQI was calculated by the following regression equation:

AVQI= 9.072¡ (0.245£ smoothed cepstral peak promi-
nence)¡ (0.161£ harmonics-to-noise ratio)¡ (0.470£ shim-
mer local) + (6.158£ shimmer local dB)¡ (0.071£ general
a customized computer program for CAPE-V (B). GRBAS, grade,
rceptual evaluation of voice.



TABLE 2.
Inter-rater Reliability of the Five SLPs Who Judged G and OS in Concatenated Voice Samples

Rater 2 Rater 3 Rater 4 Rater 5

ICC on G ICC on OS ICC on G ICC on OS ICC on G ICC on OS ICC on G ICC on OS

Rater 1 0.693** 0.756** 0.687** 0.700** 0.878** 0.955** 0.849** 0.877**

Rater 2 0.580** 0.741** 0.712** 0.756** 0.702** 0.797**

Rater 3 0.661** 0.762** 0.926** 0.943**

Rater 4 0.895** 0.934**

** P < 0.01.

ICC, interrater correlation coefficient; G, grade; OS, overall severity; SLP, speech and language pathologists.
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slope of the long-term average spectrum) + (0.170£ tilt of
the regression line through the long-term average spectrum).
Statistical analysis
All statistical analyses were completed using R version 3.4.1
(The R Foundation for Statistical Computing, Vienna, Aus-
tria) and RStudio 1.0.143 (RStudio Inc., Boston, MA). The
inter-rater variability of the Likert G scores and the visual
analog scale OS scores for the five raters were examined
using the intraclass correlation coefficient (ICC). The intra-
rater reliability of the five raters for the 300 voice samples
was calculated. For each concatenated voice sample, the
scores of the five raters were averaged, resulting in mean G
and OS scores for the 1,524 subjects.

The correlation coefficient and coefficient of determina-
tion (r2) was used to investigate the concurrent validity of
the AVQI in Korean. The Pearson correlation coefficient
(rp) was measured between the auditory-perceptual assess-
ments (G and OS) and AVQI. In addition, the Pearson cor-
relation coefficient (rp) was measured to investigate the
correlation between G and OS.

An independent sample t test was used to assess the differ-
ences between the two groups. To obtain the cutoff values
and accuracy (area under curve: AUC) of the AVQI, G,
and OS between normal (G0) and pathological status, a
ROC curve analysis was performed. For analyzing and out-
putting data, R packages such as ggplot2, ggsignif, corrplot,
GGally, plyr, reshape2, and hexbin were used.
TABLE 3.
Intrarater Reliability of the Five SLPs Who Evaluated G
and OS in Concatenated Voice Samples

ICC Rater 1 Rater 2 Rater 3 Rater 4 Rater 5
RESULTS

Inter-rater variability
Table 2 summarizes the variability statistics for the auditory-
perceptual assessments between the five raters. The inter-rater
reliability ranged from low (ICC= 0.580 between rater 2 and
3 for G) to very high (ICC= 0.955 between rater 1 and 4 for
OS), with a mean inter-rater ICC of 0.790. The overall reliabil-
ity between the raters was felt to be sufficient for this study.
G 0.938** 0.746** 0.791** 0.854** 0.884**

OS 0.742** 0.784** 0.778** 0.891** 0.932**

** P < 0.01.

ICC, intrarater correlation coefficient; G, grade; OS, overall severity; SLP,

speech and language pathologists.
Intra-rater variability
Table 3 summarizes the data on variability in the auditory-
perceptual assessments among the five raters. The intra-
rater reliability for G varied from moderate (ICC = 0.746,
rater 2) to high (ICC = 0.938, rater 1), and the intra-rater
reliability for OS varied from moderate (ICC = 0.742, rater
1) to high (ICC = 0.932, rater 5), with a mean intra-rater
ICC of 0.842 (G) and 0.825 (OS). The general reliability
within the raters was considered acceptable for the purpose
of the present study.
AVQI, G, and OS values according to laryngeal status
The AVQI, G, and OS values according to laryngeal pathol-
ogy are shown in Figure 2. The mean values of AVQI, G,
and OS ranged from normal (AVQI = 2.4 § 0.7, G = 0.00,
OS = 12.1 § 5.4) to values consistent with glottic cancer
(AVQI = 8.7 § 0.8, G =2.4 § 0.4, OS = 69.9 § 18.7). The
measured values of AVQI varied depending on the laryn-
geal pathology.
AVQI and auditory-perceptual assessments (G and OS)
The correlation between AVQI data and G score was
r = 0.863, r2 = 0.745 (P < 0.01). The correlation between
AVQI data and OS score was r = 0.860, r2 = 0.740 (P <

0.01). The strong proportional relationships to the G and
OS scores were accounted for by the variance (74.5% and
74%) in the AVQI data, respectively. This result indicates
that voices with higher G and OS score are expected to cor-
relate with an equally higher AVQI, and the opposite is also
the case (Figure 3).
G and OS
The correlation between G and OS ranged from r = 0.704
(P < 0.01, rater 2) to r = 0.878 (P < 0.01, rater 5). The cor-
relation between the general (average of the five raters’



FIGURE 2. Box plots of AVQI, G, and OS according to laryngeal status. AVQI, acoustic voice quality index; G, grade; OS, overall severity.
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score) G and OS corresponded with r = 0.848, r2 = 0.719
(P < 0.01) on concatenated voice samples (Figure 3).
Cutoff values and accuracy of the AVQI, G and OS
between normal and pathological status
The AVQI, G, and OS of the normal group was signifi-
cantly different from those of the pathological group
(Figure 4). The normal group had relatively low values of
AVQI, G, and OS, whereas the pathological group had rela-
tively high values (Figure 5). The AVQI threshold of 3.33
for the detection of dysphonic voice exhibited reasonable
sensitivity (0.900) and excellent specificity (0.965)
(AUC= 0.970). For the G scores, a G threshold of 0.00 was
measured with a sensitivity of 0.950 and a specificity of
1.000 (AUC= 0.975). For the OS scores, an OS threshold
of 22.0 was measured, with a sensitivity of 0.934 and a speci-
ficity of 0.973 (AUC = 0.977) (Figure 6).
DISCUSSION
The present study explored the concurrent validity of the
AVQI in a Korean population, and investigated the
practicality of its diagnostic accuracy and cutoff values in
discriminating between normal and dysphonic voices. It
was important to evaluate not only sustained vowel phona-
tion but also sentence reading in the assessment of natural
voice and speech. Acoustic quantification of concatenated
voice samples has not been widely reported. The reliability
of the auditory-perceptual assessments was verified, and the
differences in AVQI, G, and OS between normal and patho-
logical voices were confirmed in this study. In addition, we
determined that AVQI is effective in evaluating voice disor-
ders by confirming the correlation between acoustic and
auditory-perceptual evaluations.

The AVQI is an acoustic analysis method designed to
quantify the severity of the disordered voice using both the
sustained spoken vowel and sentence reading. Although the
validity of the AVQI in a Korean population has been veri-
fied, the results were based on a small number of subjects.
For this reason, the present study was conducted on a group
of subjects with more diverse voice diseases and a greater
total number of subjects for strong validity. In contrast to
the correlation among AVQI, G, and OS, the cutoff values
of AVQI, G, and OS between normal (G0) and pathological



FIGURE 3. Correlation plots and correlation coefficients among
AVQI, G, and OS. AVQI, acoustic voice quality index; G, grade;
OS, overall severity.
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voice status has not previously been analyzed. Therefore,
this study explored the relationship between, and cutoff val-
ues for two widely used auditory-perceptual assessments
(GRBAS and CAPE-V) and the AVQI in a Korean popula-
tion.

Experienced evaluators were able to achieve results with
high reliability using a variety of evaluation tools. In the
case of the GRBAS, it is easily evaluated on a four-point
scale and the test-retest reliability is high. With the CAPE-
V, the degree of severity is evaluated based on a scale from
0 to 100, so the test-retest reliability is low; the advantage is
that the severity of voice impairments can be evaluated in
more detail. The reason for the high correlation between the
evaluation tools with different characteristics is that the
intensive auditory-perceptual assessment training was con-
ducted using various voice samples.
FIGURE 4. Comparison of AVQI, G, and OS between normal and pa
acoustic voice quality index; G, grade; OS, overall severity.
The ability of the skilled clinician to evaluate dysphonia
plays a crucial role in the voice evaluation, and it has been
reported that voice impairments can be accurately identi-
fied. We found that the AVQI did correlate with G and OS.
This result is consistent with previous studies that reported
a high correlation between acoustic measurements and
auditory-perceptual assessments. Shin et al47 and Uloza et
al48 reported that GRBAS, jitter, shimmer, and noise to
harmonic ratio were improved significantly after laryngeal
microsurgery. In addition, the acoustic measurements (max-
imum phonation time, jitter, shimmer, and noise to har-
monic ratio) were highly correlated with the auditory-
perceptual assessment (GRBAS), and improvements after
treatment were confirmed by jitter and shimmer. Research
on the correlation between the AVQI and auditory evalua-
tions has consistently been reported. There were many
reports on GRBAS at the beginning of the study, and
CAPE-V was also reported frequently thereafter. The corre-
lation between AVQI and G was reported to be
0.794�0.868 in the English, 0.780�0.858 in Germans, 0.781
in the French, 0.828 in Japanese, 0.911 in Koreans, and
0.680 in Spaniards. The correlation between AVQI and OS
was reported to be 0.852�0.876 in Germans and 0.924 in
Koreans.30�35,49,50 In the present study, the correlation
between G and OS was 0.836, and in the previous study was
reported to be 0.950 in the English, 0.969 in Brazilians-Por-
tuguese, and 0.955�0.965 in Koreans.22,35,51,52 The AVQI
has been studied in many languages and has been reported
to show very high confidence in the quantification of voice
impairment. As in previous studies, this study revealed a
high correlation among AVQI and G and OS, which is con-
sistent with the results of previous Korean studies.

Cutoff values of AVQI, G, and OS and its AUC were cal-
culated for measuring the probability for dysphonic popula-
tion. Normal and pathological groups showed significant
differences in AVQI, G, and OS. The normal group con-
sisted of Grade 0 subjects who did not complain of laryngeal
disease or voice disorders. The cutoffs for the three variables
thologic groups. (A: AVQI, B: Grade, C: Overall severity). AVQI,



FIGURE 5. Scatter plot of AVQI, G, and OS. (A: normal versus pathologic group; B: according to diagnosis). AVQI, acoustic voice qual-
ity index; G: grade; OS, overall severity.
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were 3.33, 0, and 22, respectively. When the pathological
groups were compared with the normal group, significantly
higher values in all AVQI, G, and OS scores were found for
the pathological groups. The current results are consistent
with previous studies reporting significant differences
between normal and dysphonic groups in subjects speaking
different languages. Previous studies have reported cutoffs
of 3.19�3.66 in the Dutch, 3.25�3.29 in Americans, 3.05 in
Germans, 3.07 in the French, 2.97 in Lithuanians, and 3.15
in the Japanese.28,30,33,34 The differences in cutoffs are
attributed to the application of other versions of the AVQI
regression formula and the relatively low AVQI in the path-
ological group, which included some Grade 0 subjects with
laryngeal disease. In addition, a statistically significant dif-
ference was reported between the normal group, with a cut-
off of 6.23, and the pathological group with a cutoff of 7.70,



FIGURE 6. ROC curve analyses for distinguishing normal and
dysphonic voices. ROC, receiver operating characteristic.
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in Spaniards, but the value of the AVQI was much greater
than those of previous studies.32 The results of this study
support the results of previous studies showing that AVQI
can discriminate between normal and dysphonic voices well.

The perturbation analysis is not accurate in the case of
highly aperiodic speech signals, and the cepstral analysis is
performed to compensate for this limitation. However, the
CPP value has a limitation depending on the pause and the
unvoiced interval in the sentence. From this point of view,
AVQI analyzes the same vowel phonation length and sen-
tence reading, and additionally removes the pause and
unvoiced interval using the Praat script. It is possible to
quantify voice impairment by analyzing voice samples
obtained under the same conditions. If the same vowel pho-
nation section and sentence reading are united, it will be
comparable within the same language. The probability of
classifying dysphonic voice through acoustic and auditory-
perceptual assessments is 97.0�97.7%. It is possible to
improve the prediction of voice recovery by analyzing the
visual, acoustic, auditory-perceptual, and patient self-
reports altogether. In addition, this study suggests that the
newly proposed AVQI method, including the acoustic and
auditory-perceptual assessments, could be used as a promis-
ing tool in screening for voice disorders.

The limitations of this study are that the regression equa-
tions for the AVQI measurements are constantly being
developed and updated. In this study, the version of AVQI
applied is 2.02, but now version 3.01 has also been intro-
duced.31,53,54 In order to quantify and differentiate the path-
ological voice, the newly proposed regression equation
should be continuously applied to improve the discrimina-
tion accuracy. Most recently published studies have applied
version 2.02 and are also testing for version 3.01.
CONCLUSIONS
It has been found that AVQI is highly correlated with audi-
tory-perceptual assessments and has high reliability in quan-
tifying the degree of voice disorders in the dysphonic
population. This means that the AVQI and auditory-per-
ceptual evaluations are complementary. This study con-
firmed the concurrent validity of the AVQI and the Korean
standard auditory-perceptual assessment tool for quantify-
ing dysphonia.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article
can be found, in the online version, at doi:10.1016/j.
jvoice.2018.06.007.
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