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Summary: Objectives. We aimed to determine the most appropriate syllable number for analyzing the Acoustic
Voice Quality Index for the Japanese-speaking population (AVQIv3-JP) and to validate AVQIv3-JP using the deter-
mined syllable number.
Methods. First, we counted how many syllables should be included in each continuous speech (CS) sample to achieve
time-balanced analysis between CS and sustained vowel samples using our previous dataset including 336 CS samples
with 58 syllables. From the descriptive statistics of the counted syllable numbers, the most appropriate syllable number
was identified. Subsequently, we performed validation procedures of AVQIv3-JP using our latest dataset including 455
recordings.
Results. Thirty Japanese syllables were judged to be the most appropriate syllable number. The concurrent validity
of the AVQIv3-JP using 30 syllables was confirmed by Spearman’s rho of 0.873. Subsequently, the receiver operating
characteristic analysis demonstrated the excellent discriminative capability of AVQIv3-JP, showing the area under the
curve of 0.915. The AVQIv3’s original threshold of 2.43 in the Dutch language corresponded to sensitivity and speci-
ficity of 64.6% and 97.3%, respectively. In the present study, a threshold of 1.41 achieved the best accuracy with balanced
sensitivity and specificity of 84.4% and 85.6%, respectively. Furthermore, the 95th percentile of the control partici-
pants exhibited a threshold of 2.06, showing sensitivity and specificity of 72.1% and 93.8%, respectively, as well as
reasonable positive and negative likelihood ratios of 11.7 and 0.298, respectively.
Conclusion. The AVQIv3 using 30 Japanese syllables is a reliable measurement tool for estimating the severity of
voice quality and detecting abnormal voices.
Key Words: Acoustic voice quality index–Voice disorders–Auditory-perceptual judgment–The Japanese language–
Multivariate acoustic measurement.

INTRODUCTION

In the clinical course for patients with pathological voice, cli-
nicians such as laryngologists and speech-language therapists
should assess patient’s vocal and laryngeal functions through mul-
tidimensional methodologies to comprehend the problems related
to voice abnormalities.1,2 The guideline from the European
Laryngological Society1 advocated a basic set for the assess-
ment of common dysphonia including the auditory-perceptual
judgments; videostroboscopic, acoustic, and aerodynamic as-
sessments; and patients’ subjective ratings. In particular, the
auditory-perceptual judgment and acoustic measurement are

directly concerned with the voice itself, which can be a chief
complaint and a primary outcome for therapeutic interven-
tions. These assessments provide different points of view in the
estimation of the severity degree of voice quality, which is one
of the most essential and crucial evaluations when clinicians di-
agnose and treat patients with voice problems.

In the actual clinical scene, we can use several kinds of as-
sessment tools for the auditory-perceptual judgments, such as
the Grade, Rough, Breathy, Asthenic, and Strained (GRBAS)
scale3 and the Consensus Auditory-Perceptual Evaluation of Voice
(CAPE-V).4 In particular, the GRBAS scale has often been used
worldwide as well as in Japan for 50 years since its establish-
ment, thanks to the efforts of Isshiki et al,5 Takahashi and Koike,6

and the Japan Society of Logopedics and Phoniatrics.3 On the
other hand, the CAPE-V has been advocated by the Consensus
Conference on Auditory-Perceptual Evaluation of Voice (2002)
and sponsored by the American Speech-Language-Hearing
Association.4 Because the CAPE-V was intended to be a stan-
dardized protocol in kinds of tasks, speech stimuli, and recording
techniques, the reading contexts for continuous speech (CS) tasks
are fixed and written in the English language. Therefore, the
CAPE-V has never been used in Japan due to its low English-
speaking population.

In addition, the auditory-perceptual judgments have been con-
sidered to be the gold-standard method of voice quality evaluation
because the abnormality in voice quality is perceived based on
the recognition process of brain systems.7,8 However, due to the
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abovementioned psychological nature, the results of the judg-
ments always fluctuate among multiple raters or even among
multiple ratings by an identical rater,9–15 although relatively higher
agreements were reported in the GRBAS scale.16–18 Therefore,
a single evaluation by the methods considerably limits the ob-
jectivity of the assessment. To obtain objectivity, researchers have
made a lot of effort to reduce the affecting factors related to scale,
the listener, and stimulus.12,13,19–24

Due to these limitations of auditory-perceptual judgments,
various methodologies of acoustic measurements have been
developed to objectify specific characteristics in the shapes of
acoustic waveform.25–32 For example, jitter and shimmer mea-
sures represent cycle-to-cycle variabilities in the periods and
amplitudes of acoustic waveforms, respectively,6,26–28 whereas
the harmonics-to-noise ratio (HNR) quantifies the relative
amount of glottal noises.29 Between these acoustic measures
and auditory-perceptual judgment, significant correlations were
found in a variety of voice research.28,31–36 However, several
problems were reported with regard to the utility of these
traditional acoustic measures in the evaluation of voice quality.37,38

One of the problems is related to the fact that increases in
these traditional measures in dysphonic voices are based on
the uniformity of successive waveforms in sustained vowels
(SVs) in normophonic speakers.39 For example, stable measure-
ment of perturbation measures such as jitter and shimmer
requires at least 100 successive waveforms.40,41 Therefore, the
voice quality of CS samples is difficult to estimate because CS
samples have considerable differences in waveform pattern
among contained syllables even in normophonic speakers.
According to the meta-analysis for acoustic measures of Maryn
et al,42 however, some measures based on cepstral analysis
correlate well with auditory-perceptual judgments even in CS
samples. In particular, the smoothed cepstral peak prominence
(CPPS) developed by Hillenbrand et al32 was one of the most
correlated measures both in CS and SV samples.

For such situations, Maryn et al established the Acoustic Voice
Quality Index (AVQI) that enables estimating the deviance of
overall voice quality43,44 (ie, a single grade of hoarseness level
for the concatenated samples of CS and SV tasks). First, AVQI
version 01 (AVQIv1) was developed by means of a stepwise mul-
tiple regression analysis that used 13 kinds of acoustic measures
as independent variables and the overall voice quality as a de-
pendent variable.43 From the statistical procedure, AVQIv1 was
defined as a multivariate construct of six measures of CPPS from
“SpeechTool” (James Hillenbrand; Western Michigan Univer-
sity, Kalamazoo, MI, USA—http://homepages.wmich.edu/
~hillenbr/)32 and HNR, shimmer local (SL), shimmer local dB
(SLdB), general slope of the spectrum (Slope), and tilt of the
regression line through the spectrum (Tilt) from “Praat” (Paul
Boersma and David Weenink; Institute of Phonetic Sciences, Uni-
versity of Amsterdam, The Netherlands—http://www.praat.org/).45

Subsequently, owing to the recent implementation of CPPS in
Praat, AVQI was modified as AVQIv2 to be calculated using a
single software (Praat45). The criterion-related concurrent va-
lidities and diagnostic accuracies of AVQIv1 or AVQIv2 were
further examined for other languages even in different lan-
guage families, namely, some Western-European languages (ie,

Dutch,44,46,47 German,47,48 English,47,49 French,47 and Finnish50),
one Altaic language (ie, Korean51), one Japonic language (ie,
Japanese52), and one Indo-European language (ie, Lithuanian53).
In all these studies, AVQIv2 was shown to be relatively insu-
lated from the effect of interlanguage phonetic differences.
Furthermore, the third version of AVQI (AVQIv3) was devel-
oped to have balanced out time lengths for analysis between CS
and SV samples, leading to more ecologically valid
measurement.54 Indeed in AVQIv2, the time lengths of ana-
lyzed CS samples tended to be shorter than those of SV
samples.52,54 The previous research showed that mean dura-
tions of analyzed CS samples were 1.99 and 1.53 seconds in the
Japanese (with 22 syllables)52 and the Dutch54 (with 17 syl-
lables) languages, respectively, whereas those of SV samples were
always 3 seconds. These results indicated that a greater sylla-
ble number should be included in CS samples for AVQIv3. In
the definition process of AVQIv3 in the Dutch language,54 60
equally distributed voice recordings in each severity degree were
prepared to revise the regression coefficients of the AVQI formula.
In this process, each CS sample was trimmed by hand to have
an individual syllable number which most approximates its ana-
lyzed time length to 3 seconds. Subsequently, “the standardized
syllable number” was estimated, which was defined as the most
robust syllable number which could be used for all the voice
samples to approximate the time lengths of analyzed CS and SV
samples. For the validation process of AVQIv3,55 a large number
of voice samples, more than a thousand, were assessed, result-
ing in the marked concurrent validity and high diagnostic accuracy.

However, we cannot use the same value of the standardized
syllable number without any definition process because of the
differences between the Dutch and Japanese language charac-
teristics. In particular, we speculated that two different
characteristics would affect the value of the standardized
syllable number: one was that Japanese essentially allowed
only “open syllable,” which ends with one vowel (or diph-
thong) without being followed by any consonant,56,57 and the
other was that the Japanese language was categorized as a
syllable-timed language, whereas the Dutch language as a
stress-timed language.56,57 Thus, we expected that a large
amount of open syllable and syllable-timed pronunciation in
the Japanese language would require a lesser syllable number
than the Dutch language.

The first aim of the present study was to determine the ap-
propriate syllable number for AVQIv3 in the Japanese language.
The second aim was to validate the AVQIv3 using the above-
defined syllable number in the Japanese-speaking population.
The focus of the second investigation was to assess the feasi-
bility and robustness of AVQIv3, its concurrent validity,
responsiveness to change, and diagnostic accuracy in differen-
tiating between normal and hoarse voices.

PARTICIPANTS AND METHODS

This study comprised two phases of the investigation. The first
phase was conducted to examine how many syllables should be
included in the Japanese CS reading text to achieve equally bal-
anced time lengths of CS and SV analysis. The second phase
was performed to estimate the criterion-related concurrent va-
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lidity and responsiveness to change as well as the diagnostic
accuracy of AVQIv3-JP using the syllable number determined
in the first phase.

Participants for the first phase

For the first phase to determine the standardized syllable number
for AVQIv3-JP, we prepared 336 recordings of CS samples with
a variety of voice etiologies from our previous study on
AVQIv2-JP.52 These samples were derived from the database with
729 voice recordings at the Department of Otorhinolaryngol-
ogy and Head and Neck Surgery at the Osaka University Hospital
(November 2010 to July 2014), the Osaka Police Hospital (April
2014 to September 2015), and the Department of Surgery at Kuma
Hospital (June 2012 to August 2014).

Participants for the second phase

For the second phase to confirm the criterion-related concur-
rent validity and diagnostic accuracy of AVQIv3-JP, we added
the latest 207 voice recordings obtained at the Osaka Police Hos-
pital (October 2015 to September 2016) to the former database
(a total of 936 recordings). Subsequently, the eligibility of the

voice recordings for the validation study was assessed accord-
ing to the criteria which were similar to those in our previous
study.52 Namely, the inclusion criteria were as follows: (1) voice
recordings at initial assessments and corresponding voice re-
cordings after therapeutic interventions or (2) recordings of
normophonic voices from otorhinolaryngological patients with
neither lesion or voice complaint. The exclusion criteria were
the following: (1) misreadings of the CS or (2) high environ-
mental noise level (ie, signal-to-noise ratio of <30 dB).58,59

As a result, a cumulative total of 455 voice recordings from
344 participants (male: 133, female: 211, mean age ± standard
deviation (SD): 57.5 ± 15.6) were judged to be eligible for the
validation study. Of the 455 voice recordings, 55 were from par-
ticipants without any voice complaints, 289 were from participants
with various organic and nonorganic voice disorders with varying
degrees of dysphonia, and 111 were the voice recordings at least
3 months after interventions (332 voice recordings were those
used in the first phase). Table 1 summarizes the diagnoses and
interventions of the 344 participants for the validation proce-
dure. The institutional review board of each hospital approved
this retrospective study.

TABLE 1.

Voice Diagnoses and Interventions for the Eligible Normophonic and Dysphonic Patients

Diagnosis

Number of
Patients

InterventionsBefore After

Paresis/paralysis 117 50 Autotherapy (26), Neurorrhaphy (8), AA+MT (7),
Collagen injection (3), AA+MT + Neurorrhaphy (2), MT
(2), AA (1), Fat injection (1)

Polyp 29 15 Laryngeal microsurgery (14), Autotherapy (1)
Polypoid 28 8 Laryngeal microsurgery (8)
MTD 20 5 Voice therapy (3), PPI medication (2)
Nodules 17 5 Laryngeal microsurgery (5)
Presbylarynx 14 3 Fat injection (3)
Cyst 13 4 Laryngeal microsurgery (4)
Acute laryngitis 13 4 Medication (4)
Glottic tumor/cancer 11 10 Laryngeal microsurgery (6), Concurrent

chemoradiotherapy (4)
Sulcus vocalis 6 1 Fat injection (1)
Vocal fold scar 4 1 Steroid injection (1)
Ventricular hypertrophy 3 0
Laryngeal web 2 2 Endoscopic day surgery (1), Laryngeal microsurgery (1)
Framework trauma 2 1 Open reduction and internal fixation (1)
Phonasthenia 2 0
Post radiotherapy 2 0
Laryngeal amyloidosis 1 1 Laryngeal microsurgery (1)
Vocal fold granuloma 1 1 PPI medication (1)
ADSD 1 0
Androphonia 1 0
Hysterical aphonia 1 0
Tremor 1 0
Normophonic controls 55 0
Total 344 111

Note: Numbers in parentheses indicate the patient numbers for the respective interventions.
Abbreviations: AA, arytenoid aduction; ADSD, adductive spasmodic dysphonia; MT, medialization thyroplasty; MTD, muscular tension dysphonia; PPI, proton
pump inhibitor.
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Voice recordings

All recordings were conducted in the same manner as the pre-
vious study,52 that is, in a sound-treated room with a head-
worn microphone SE50 (Samson Technologies Corp., Hauppauge,
NY) digitized at a sampling rate of 44.1 kHz and resolution of
16 bits using a linear PCM recorder H4n (Zoom Corp., Tokyo,
Japan). The participants sustained a vowel /a:/ for more than 3
seconds, and read a text at a comfortable pitch, loudness, and
speed. As a reading text for CS samples, the title and first and
second sentences of the Japanese translation of “The North Wind
and the Sun” with a total of 65 syllables39 were used.

The first phase: preparation of voice samples

The aim of the first phase was to determine the standardized syl-
lable number suitable for the Japanese language. In this procedure,
the first and second sentences with 58 syllables (/aruhi kitakaze
to taiyo ga chikara kurabe wo shimashita/ and /tabibito no gaito
wo nugasetaho ga kachitoyukoto ni kimete mazu kazekara
hajimemashita/ in Japanese phonemes) were adopted for the anal-
ysis because the full text of the title (/kitakaze to taiyo/) was
included in the first sentence and regarded to be redundant.

The first phase: determination of the standardized

syllable number

In the AVQI script,43,54 CS samples are analyzed in the form of
only-voiced CS (vCS) samples without silent or consonant seg-
ments, and the durations of SV samples are fixed to 3.0 seconds
in all the cases. Therefore, to achieve time-balanced analysis,
the time length of vCS samples should be equivalent to 3.0 seconds.

First, we performed sample-by-sample identification of the
hand-marked syllable number for each CS sample with 58 syl-
lables (CS58 samples), details of which are illustrated in Figure 1.
The hand-marked syllable number was defined as an ordinal
number of the last syllable which made each vCS sample most
approximated to 3.0 seconds. To generate vCS58 samples, we
treated all the CS58 samples with the preanalysis processing (Part
0 and 1 in the AVQI version 03.01 script54). Then, the first
3-second vCS samples were prepared. In this process, 13 vCS
samples were excluded from this analysis because the dura-
tions were too short (less than 2.9 seconds) to estimate the accurate
syllable number which made them most approximated to 3.0
seconds. Subsequently, we judged whether the full length of the
last syllable should be included or discarded, based on the com-
parison of the durations between vCS samples with and without

FIGURE 1. Schematic image of the methods identifying the hand-marked syllable number. Waveform A is a CS sample with 58 syllables. Wave-
form B is the corresponding only-voiced CS sample with 58 syllables (vCS58 sample). Waveform C is the first 3 seconds of the vCS58 sample.
Waveform D is the enlarged waveform of the last part of the first 3 second of the vCS58 sample, which reveals that Waveform C terminates at the
middle of the 40th syllable. Comparison of the durations between vCS39 and vCS40 samples revealed that inclusion of the 40th syllable achieves
the most approximated duration to 3 seconds, which determines the hand-marked syllable number for the recording.
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the full length of the last syllable. Then, the hand-marked syl-
lable numbers for all the 323 CS samples were counted. All the
trimming and sound processing described above were per-
formed using the Praat software.45

Next, in the previous study developing AVQIv3 for the Dutch
language,54 Barsties et al. determined the standardized syllable
number, which was a single number applicable for any indi-
viduals, to facilitate sample preparation for AVQI analysis.
Therefore, we proceeded to define the standardized syllable
number for the Japanese language. To determine the standard-
ized syllable number, we calculated the descriptive statistics of
the hand-marked syllable numbers. In the original Dutch study,54

the rounded integer of the lower confidence interval (CI) of the
hand-marked syllable number (ie, 34) had matched best to the
standardized syllable number. In this study, we regarded the
rounded lower CI as well as its adjacent integers as the candi-
dates for the standardized syllable number. Subsequently, we
compared the durations of vCS samples and AVQI values with
the hand-marked syllable number with those with the three syl-
lable number candidates to define the syllable number with the
least difference in durations to be the standardized syllable
number. Finally, we confirmed the consistency between the AVQI
values using the above-defined standardized syllable number and
those using the hand-marked syllable numbers.

The second phase: preparation of voice samples

Using the standardized syllable number determined above, we
investigated the validity of AVQIv3-JP. For the validation pro-
cedure, all the CS samples for 455 recordings were trimmed to
the CS samples with the standardized syllable number (CSst

samples). Subsequently, the CSst samples and the SV samples
of the 3-second mid-vowel segment proceeded to the calcula-
tion of AVQIv3. For the SV samples, an aphonic part, as well
as the beginning and end parts of the vowel sample, was allowed
to be included only in cases where a patient could sustain for
less than 3 seconds.

The second phase: auditory-perceptual judgment

For auditory-perceptual judgments, the CSst and SV samples were
concatenated with a 1-second soundless interval in a similar manner
to that described by Maryn et al.43 Two otolaryngologists and
three speech therapists who are native Japanese speakers and are
experienced in the diagnosis, evaluation, and therapy for voice
disorders rated the concatenated samples using the GRBAS scale.3

For the judgments, the “GRBAS checker 7.3” (Figure 2), de-
veloped by the first author (K.H.) using the Visual Basic for
Applications 7.1 integrated in Microsoft Excel 2013 (Microsoft
Corp., Redmond, WA), was utilized to facilitate the rating pro-
cedure and increase the rater reliability. The GRBAS checker
7.3 enabled the raters to do the following: (1) listen to all the
concatenated samples in a random order, (2) make indepen-
dent judgments for the CSst and SV samples listening to a
concatenated sample, (3) be blinded for any information related
to the participants, (4) listen to samples anytime they needed to,
(5) always revise previous ratings, (6) re-rate 45 duplicated
samples (10% of 455 samples in this study) at the end of the
procedure to assess the intra-rater reliability, and (7) refer to anchor

voices anytime they needed to. The anchor voices represented
SV samples corresponding to every severity combination of R
and B score (0 to 3 each). As to the anchor voices, two raters
with the highest intra- and inter-rater reliabilities in the previ-
ous study52 selected them from our database or an educational
software for evaluating the GRBAS scale (Douga de miru
Onseishougai version 1.0, which means “The voice disorders
examined with movies,” Interuna Publishers, Inc. Tokyo, Japan).
To control the internal affecting factors such as fatigue, atten-
tion, and lapse in concentration,7 the raters were allowed to take
a short break after every 25th rating.

Next to the auditory-perceptual judgments, the intra- and inter-
rater reliabilities of five raters were assessed to exclude unreliable
judgments from further analysis. After the exclusion, the aver-
ages of G scores among the raters were calculated separately
for the CSst and SV samples (Gcs and Gsv, respectively). Subse-
quently, the overall voice quality (Gtotal) for each concatenated
sample was defined as the average of the Gcs and Gsv.60

The second phase: calculation of AVQI for the

validation procedure

The AVQIv3 also uses the six acoustic parameters (viz., CPPS,
SL, SLdB, HNR, Slope, and Tilt) in the regression model with
different coefficients from those in the older versions.54 The
AVQIv3 for 455 voice recordings were calculated using a Praat
script described by Barsties and Maryn.54 In this script, the re-
gression formula of AVQIv3 was defined as (4.152 −
(0.177 × CPPS) − (0.006 × HNR) − (0.037 × SL) + (0.941 × SLdB)
+ (0.01 × Slope) + (0.093 × Tilt)) × 2.8902.

Using these variables for the 455 voice recordings, we esti-
mated the criterion-related concurrent validity and validity related
to the responsiveness to change as well as the diagnostic accu-
racy with the best threshold of AVQIv3-JP. In addition, to
generalize the results, the above-defined validity should be con-
firmed again using a cohort without patients with paresis/

FIGURE 2. Print screen of the Microsoft Excel VBA for the GRBAS
checker 7.3.
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paralysis because too much number of recordings from the
patients with paresis/paralysis was included in the cohort of 455
recordings (36.7%: 167 paresis/paralysis in the 455 voice re-
cordings). Therefore, the above-defined validity was also assessed
for a cohort of 288 voice recordings without these patients.

Statistical analysis

First, to compare the durations between the vCShm samples and
the vCS samples with the syllable numbers around the lower CI,
we performed the Wilcoxon signed-rank test. The best candi-
date for the standardized syllable number was determined by the
least effect size among them. Subsequently, we calculated the
intraclass correlation (1, 1) to confirm the consistency between
the AVQI values using the standardized and the hand-marked
syllable numbers.

Second, to evaluate the intra- and inter-rater reliabilities for
the auditory-perceptual judgment in the Gcs/Gsv scores, we cal-
culated the Cohen kappa (Cκ) and the Fleiss kappa (Fκ)
coefficients, respectively. Raters were regarded to be unreli-
able in the case where their auditory-perceptual judgments in
the Gcs or Gsv were below the guidelines for the interpretation
of the κ statistics, which were provided by Landis and Koch.61

Third, the criterion-related concurrent validity of the AVQIv3-
JP and the validity related to the responsiveness to change were
estimated using the Spearman rank-order correlation coeffi-
cient (rs) and the coefficient of determination (r2). The concurrent
validity was confirmed between AVQI and Gtotal on 455 samples,
whereas the responsiveness to change was validated between
ΔAVQI and ΔGtotal (the difference between pre- and
postintervention) among 222 samples from 111 patients (ie, before
and after interventions). Interpretation guidelines for rs were pro-
vided by Frey et al.62

Fourth, to evaluate the perceptual diagnostic accuracy of the
AVQIv3-JP, the receiver operating characteristic (ROC) curve
analysis was performed. In this procedure, either Gcs ≥0.5 or

Gsv ≥0.5 were regarded as an indicator of dysphonic voices
because a participant should be considered as having abnormal
quality if either of CS or SV samples was judged to be dys-
phonic by the majority of the raters. In the ROC curve analysis,
three definitions of threshold level were examined. An AVQI of
2.43, which had been proposed to be the best threshold level in
the Dutch language,54 was a candidate for suitable threshold level
also for the Japanese language. Moreover, the best threshold levels
provided by the Youden Index and the upper 95th percentile of
AVQI for the normophonic voices were also considered to be
possible thresholds. The Youden Index produces the coordi-
nate providing the maximum of (sensitivity + specificity − 1),
whereas the 95th percentiles in normal cohorts are generally em-
ployed as upper limits of clinical measurements. Subsequently,
their applicabilities for clinical decision making were exam-
ined by the balance between the “likelihood ratio for a positive
result” (LR+) and “likelihood ratio for a negative result” (LR−),
which are defined as the sensitivity/(1 − specificity) and (1 − sen-
sitivity)/specificity, respectively. As a general guideline, the
diagnostic value of a measure is considered to be high when LR+
is ≥10 and LR− is ≤0.1.63

The assessments related to the effect sizes and the kappa
coefficients were done using R version 2.8.1 (R Core Team,
Vienna, Austria). The other statistical analyses were per-
formed using the JMP Pro version 12.2.0 (SAS Institute Inc.,
Cary, NC). All results were considered statistically significant
at P < 0.05.

RESULTS

The first phase: determination of the standardized

syllable number

Figure 3 indicates the frequency distribution of different hand-
marked syllable numbers for 323 CS samples. The 95% CI ranged
from 30.1 to 31.3 syllables, whereas the mean and median values

FIGURE 3. Frequency distribution of different hand-marked syllable numbers.
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resulted in 30.7 and 30 syllables, respectively. Therefore, we con-
sidered that 30 syllables and its adjacents of 29 and 31 syllables
were appropriate candidates for the standardized syllable number.
To identify the best candidate, we compared the time lengths
of the vCS samples with 29, 30, and 31 syllables (vCS29, vCS30,
and vCS31, respectively) with those of the vCShm samples. Table 2
shows that the vCS30 samples achieved the least effect size in
durations compared with the vCShm samples, demonstrating that
the application of 30 syllables for CS samples was the best sub-
stitute for sample-by-sample identification of the hand-marked
syllable number, namely, the standardized syllable number. Fur-
thermore, we compared the AVQIv3 values using 30 syllables
with those using the hand-marked syllable numbers (Table 2).
The AVQI values using the CS30 samples were proved to be the
nearest to those using the CShm samples, supported by the least
effect size between them. In addition, Figure 4 illustrates the
almost perfect consistency with the intraclass correlation (1, 1)
of 0.998.

The second phase: reliability of the auditory-

perceptual judgments

The intra-rater reliabilities in the five raters for the Gcs and Gsv

were separately assessed (Table 3). The Cκ values in the Gcs

ranged from 0.578 to 0.756, whereas those in the Gsv ranged from
0.481 to 0.805, demonstrating moderate to high reliabilities. Next,
the inter-rater reliabilities were evaluated among them. The Fκ
values in the Gcs and Gsv were 0.399 and 0.407, respectively,
judged to be of borderline reliabilities (Table 4). Therefore, we
decided to discard the ratings that were mostly responsible for
the decrease in reliability. The comparison of Fκ values among
any combinations of four raters revealed that Rater 5 most af-
fected the inter-rater reliability. Subsequently, Rater 6, who was
also a native Japanese-speaking speech therapist, joined the rater
panel. The intra-rater reliabilities of Rater 6 showed the Cκ values
of 0.479 and 0.573 in the Gcs and Gsv ratings, respectively, judged
to be moderately reliable. Consequently, the Fκ values in the
Gcs and Gsv among Raters 1, 2, 3, 4, and 6 were 0.441 and 0.458,
respectively, demonstrating moderate reliabilities. Finally, the Gtotal,
as well as the Gcs and Gsv, was calculated using the averages
among Raters 1, 2, 3, 4, and 6. Figure 5 illustrates the frequen-
cy distributions of the Gcs and Gsv as well as the diagnostic status
of dysphonia, whereas Figure 6 shows those of the Gtotal ratings.

The second phase: criterion-related concurrent

validity

We calculated the AVQIv3-JP values for the 455 voice record-
ings using the standardized syllable number of 30 syllables. Only
one case with the Gtotal of 3.0 could not produce the AVQIv3-
JP value due to the failure in calculating the time-domain measures
(SL, SLdB, and HNR). Therefore, a total number of 454 voice
recordings were used for the validation procedures of AVQIv3-JP.

TABLE 2.

Comparison of the Durations and AVQI Values Between vCShm Samples and vCS Samples With Each Candidate of the

Standardized Syllable Number

Sample Type

Duration AVQI

Mean SD P Value Effect Size Mean SD P Value Effect Size

vCShm samples 2.95 s 0.35 2.45 2.53
vCS29 samples 2.88 s 0.71 0.004 0.157 2.43 2.55 0.167 0.076
vCS30 samples 3.02 s 0.75 0.104 0.087 2.44 2.56 0.513 0.036
vCS31 samples 3.14 s 0.76 <0.001 0.282 2.42 2.54 0.043 0.110

Abbreviations: AVQI, Acoustic Voice Quality Index; SD, standard deviation; vCShm, only-voiced continuous speech sample with a hand-marked syllable number.
Notes: vCS29, only-voiced continuous speech sample with 29 syllables; vCS30, only-voiced continuous speech sample with 30 syllables; vCS31, only-voiced
continuous speech sample with 31 syllables.

FIGURE 4. The scatter plot illustrates the almost perfect consisten-
cy between the AVQI values using the hand-marked syllable number
and those using the standardized syllable number.

TABLE 3.

The Intra-rater Reliabilities of Auditory-perceptual Ratings

for All the Raters

Cohen’s κ Gcs Gsv

Rater 1 0.578 0.757
Rater 2 0.630 0.577
Rater 3 0.756 0.805
Rater 4 0.657 0.655
Rater 5 0.695 0.481
Rater 6 0.479 0.573

Abbreviations: Gcs, voice quality rating for continuous speech; Gsv, voice
quality rating for sustained vowels.
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The criterion-related validity of AVQIv3-JP was assessed
using a concurrent measure of the Gtotal. Figure 7 shows the
proportional relationship between Gtotal and AVQIv3-JP. The
linear regression line and r2 statistic was estimated as
y = −0.145 + 2.827x and 0.817, respectively. In addition, the bi-
variate correlation rs = 0.873 indicated a strong concurrent validity
of AVQIv3-JP.

Moreover, we evaluated the validity related to whether AVQIv3-
JP linearly responded to the change in overall voice quality after
interventions. The proportional relationship between the ΔGtotal

and ΔAVQIv3-JP resulted in the linear regression line and r2 sta-
tistic as y = −0.188 + 3.040x and 0.778, respectively (Figure 8).
In addition, the bivariate correlation rs = 0.878 indicated a strong
validity of the AVQIv3-JP with respect to responsiveness to
change.

The second phase: diagnostic accuracy

We further estimated the diagnostic accuracy of AVQIv3-JP using
the standardized syllable number of 30 syllables based on the
presence of dysphonic voices. This analysis defined either the
Gcs ≥0.5 or Gsv ≥0.5 as an indicator of abnormal voice quality.
The ROC analysis with the area under the curve (AROC) of 0.915
demonstrated the excellent diagnostic accuracy of AVQIv3-JP
(Figure 9). The original AVQIv3 threshold of 2.4354 exhibited
a sensitivity of 64.6% and specificity of 97.3% with a higher
LR+ of 23.6 and LR− of 0.364. In contrast, the best diagnostic
accuracy was achieved by the Youden Index, giving a de-
creased cutoff value of 1.41 with a sensitivity of 84.4% and
specificity of 85.6% as well as an LR+ of 5.87 and LR− of 0.182.
Furthermore, the normative threshold of AVQIv3-JP defined by
the 95th percentile of the control participants was calculated to

TABLE 4.

Different Inter-rater Reliabilities of Auditory-perceptual Ratings for Each Combination of the Raters

Fleiss κ

Rater 1 Rater 2 Rater 3 Rater 4 Rater 5 Rater 6Gcs Gsv

0.399 0.407 ○ ○ ○ ○ ○ ×
0.366 0.377 × ○ ○ ○ ○ ×
0.423 0.417 ○ × ○ ○ ○ ×
0.395 0.386 ○ ○ × ○ ○ ×
0.367 0.375 ○ ○ ○ × ○ ×
0.434 0.472 ○ ○ ○ ○ × ×
0.441 0.458 ○ ○ ○ ○ × ○
Note: ○ or × indicates that the corresponding raters are included or excluded, respectively. The bolded values indicate acceptable reliability.
Abbreviations: Gcs, voice quality rating for continuous speech; Gsv, voice quality rating for sustained vowels.

FIGURE 5. Frequency distributions of the Gcs and Gsv ratings as well as the diagnostic status of dysphonia.
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be 2.06, producing a sensitivity and specificity of 72.1% and
93.8% with balanced LR+ and LR− of 11.7 and 0.298,
respectively.

The second phase: confirmation of the results

To generalize the results of the validation procedure, we
verified whether three kinds of validity were also relevant for a
cohort of 288 voice recordings from the participants without
paresis/paralysis. The criterion-related concurrent validity and
validity related to responsiveness to change were indicated by
the bivariate correlation of rs = 0.845 and 0.812, respectively.

Moreover, the excellent diagnostic accuracy was confirmed by
AROC of 0.906. The threshold of AVQIv3-JP of 2.06 showed a
sensitivity of 65.6% and specificity of 97.1% with LR+ of 22.6
and LR− of 0.354.

DISCUSSION

To achieve a higher ecological validity, the AVQI was first de-
veloped to be a comprehensive voice assessment including both
SV and CS materials.43 However, the previous versions of AVQI
tended to include less time length in CS than that of SV samples
for the calculation process of the six acoustic measures. In this

FIGURE 6. Frequency distribution of the Gtotal ratings as well as the diagnostic status of dysphonia.

FIGURE 7. The scatter plot illustrates the concurrent validity of AVQI.
The two dotted lines above and under the regression line delineate the
upper and lower boundaries of 95% confidence interval, respectively.

FIGURE 8. The scatter plot illustrates the validity related to the re-
sponsiveness to change of AVQI. The two dotted lines above and under
the regression line delineate the upper and lower boundaries of 95%
confidence interval, respectively.
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situation, the values of AVQI dominantly represented the dis-
ability in sustaining voices, leading to underestimation of
disturbance in daily conversation. To improve the ecological va-
lidity further, AVQIv3 was developed to equally estimate the
severity degree of both speech types by taking a balance of time
lengths between them.54 As a result, the original AVQIv3 in the
Dutch language determined the most suitable syllable number
for the CS reading text as 34 syllables. In contrast to analyses
for sustaining vowels, however, analytic research using reading
texts could not ignore articulatory and phonatory differences
between languages.47 Thus, to examine the utility of AVQIv3 for
the Japanese-speaking population, we should define the stan-
dardized syllable number for our reading text.

Standardization of included syllable number in the

reading text of AVQI

To equalize analytical time length of CS samples with that of
SV samples as possible, we summarized the hand-marked syl-
lable numbers for individual vCS samples which made the time
lengths most approximated to 3 seconds. The descriptive sta-
tistics of mean, median, and the 95% CI range showed the
inclusion of 30 syllables to be the most suitable standardized
syllable number, which was shorter than that in the Dutch lan-
guage as we predicted.54 Fortunately, we could easily segment
a border between 30 and 31 syllables because the 30th syllable
was at the end of a clause in our text. Furthermore, the values
of AVQIv3 using the 30-syllable segmentation almost per-
fectly coincided with those using the hand-marked individual
syllable numbers. These results demonstrated that utilizing 30
syllables as the standardized syllable number could be a highly
reliable and facilitated method to estimate both speech types
equally.

Criterion-related concurrent validity and

responsiveness to change

The results of the first phase enabled us to examine the criterion-
related concurrent validity of the AVQIv3-JP (ie, how well
AVQIv3-JP estimates the severity of dysphonic voices). The pre-
vious AVQI studies on Japanese52 and other languages showed
high validities represented by rs ranging from 0.78 to 0.911 against
hoarseness levels.43,44,46–51,53–55 With regard to AVQIv3-JP, linear
regression and correlation analysis revealed a strong linear re-
lationship between AVQIv3-JP and Gtotal (rs = 0.873 and 0.845
in the total cohort and the cohort without paresis/paralysis, re-
spectively), showing marked concurrent validity. Moreover, a
regression analysis between the pre to post differences of
AVQIv3-JP and Gtotal showed an improved validity for respon-
siveness to change (rs = 0.878 and 0.812 in the total cohort and
the cohort without paresis/paralysis, respectively), compared with
that in the AVOIv2-JP (rs = 0.767).52 Thus, the higher levels of
the concurrent validity and validity related to responsiveness to
change demonstrated that AVQIv3-JP has a remarkable ability
to estimate the severity level of an individual patient’s voice
quality as well as the voice outcome after a specific therapy.

Diagnostic accuracy

With respect to the diagnostic accuracy in detecting dysphonic
voices, the original AVQIv3 in the Dutch language showed an
excellent result of an AROC of 0.923.54 In the present study, an
excellent discriminative capability between the normophonic and
dysphonic voices was confirmed by the ROC analysis with an
AROC of 0.915. Even in the cohort without paresis/paralysis, an
AROC resulted in 0.906, which also showed a substantial diag-
nostic accuracy. As regards suitable threshold level, the application
of the original AVQIv3 threshold of 2.4354 to the present study
produces an excellent specificity of 97.3% with a lower sensi-
tivity of 64.6%. In contrast, the best diagnostic accuracy was
achieved using the decreased threshold level of 1.41 with bal-
anced sensitivity and specificity (84.4% and 85.6%, respectively)
as well as a relatively lower LR+ of 5.87. We consider that the
AVQIv3-JP threshold of 2.06 defined by the normative 95th per-
centile is the best-balanced threshold represented by a reasonable
sensitivity of 72.1% and excellent specificity of 93.8%, with a
high LR+ of 11.7. Moreover, in the cohort without paresis/
paralysis, the threshold of 2.06 showed a similar sensitivity and
specificity to those by the original Dutch threshold for the present
total cohort. Therefore, we consider that the AVQIv3 value of
2.06 was the most reasonable threshold to distinguish between
the normophonic and dysphonic voices for the Japanese-
speaking population.

Auditory-perceptual judgments

In this study, we renewed the rating system of the auditory-
perceptual judgments. All of the studies on AVQI including our
previous study43,44,46–55 have applied a single G score for a con-
catenated acoustic signal of CS and SV samples for an individual
patient. However, in our previous study,52 the inter-rater relia-
bility of single G scores ended up being judged to be fair but
slightly lower (Fκ = 0.367). We considered that one of the reasons
for decreased reliability was due to the difficulty in estimating

FIGURE 9. The ROC curve illustrates the excellent diagnostic ac-
curacy of AVQI. The ○, ◊, and □ indicate the coordinates of the
sensitivity and (1 − sensitivity) corresponding to the threshold derived
from the original study in the Dutch language, the threshold giving the
best diagnostic accuracy, and the threshold determined by the 95th per-
centile from the control participants.
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a single score for a combined CS and SV sample. Therefore,
we applied the separated judgments of CS and SV samples while
listening to a combined voice sample.

Moreover, our previous study employed the anchor voices that
contained both speech types recorded from Dutch speakers,52

which might cause confusion in the judgments of CS samples
using the Japanese text readings. Therefore, we tried to make
anchor voices recorded by Japanese speakers to raise the relia-
bility. We completed the table of the anchor voices with any
combination of roughness and breathiness levels for SV samples
according to the definition of roughness and breathiness re-
corded in an educational sound source The Sample Tape of
Hoarseness (Interuna Publishers, Inc., Tokyo, Japan) developed
by the Japan Society of Logopedics and Phoniatrics. However,
we avoided making CS anchor voices due to a lack of consen-
sus in the determination of severity levels. As a result of the
renewed judgment system, we achieved a moderate level in
the inter-rater reliability as well as moderate to high levels in
the intra-rater reliabilities in both of the SV and CS samples.

In addition, due to the different methods of evaluating auditory-
perceptual judgments from those in the past studies,43,44,46–55 we
have one limitation when we compare our results with those of
the other AVQI studies. Because we defined the overall voice
quality as the average of the Gcs and Gsv, referred to as the Gtotal,
the calculation of Gtotal generated the values from 0.0 to 3.0 with
0.1 intervals, whereas our previous study52 employed the overall
voice quality with 0.2 intervals. It could be considered that the
finer unit of intervals we applied in this study possibly contrib-
uted to the better correlation results compared with our previous
study. However, the large improvement in the validity in rela-
tion to the responsiveness to change could not be explained by
the limitation.

CONCLUSION

Our results confirm that AVQIv3 is also an ecologically valid
measure to judge overall voice quality in spite of the interlanguage
difference. However, to achieve a balanced-out dominance of
both speech types, the suitable syllable number in a reading text
should be standardized in every respective language used in the
measure. In conclusion, AVQIv3 using 30 Japanese syllables is
a reliable measurement tool for estimating the severity of voice
quality and voice outcomes after interventions as well as dis-
criminating abnormal and normal voice quality in the Japanese-
speaking population.
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