Acoustic Voice Quality Index as a potential tool for voice screening
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Abstract

Introduction: To diminish the risk of voice disorders in people who are highly dependent on their
voices, such as teachers, vocal screening is important already at the beginning of such individuals’
professional studies. A reliable, specified screening tool is needed. The Acoustic Voice Quality
Index (AVQI) has been found to differentiate normal voices from abnormal voices and to serve as a
treatment outcome measure. This study investigated whether AVQI could be a screening tool in
combination with auditory- and self-perception of the voice to discriminate normal from slightly
poor voices.

Type of Study: Experimental

Methods: Some 128 female teaching students (mean age 26.39 years, SD 9.80 years) with no
diagnosed voice disorders participated in this study. They read aloud a text in Finnish, sustained
the vowel /a:/, and filled the Voice Handicap Index (VHI) questionnaire. Voice samples were
recorded with an AKG C544L headset microphone, iFocusrite soundcard, and Praat software using
a 44100 sample rate and 16-bit amplitude quantization. Five expert voice therapists evaluated the
samples to determine the grade of dysphonia (G) using a scale of 0-0.5 (=normal), 0.5-1 (=mild),
1-2 (=moderate), and 2—-3 (=severe). Three medial seconds of [a:] and the first 31 syllables of the
text were analyzed using AVQI script version 03.01 in Praat (5.3.55). The analysis gives one AVQl
score per participant (scale 0-10).

The AVQI threshold of normal and disordered voices for Finnish speakers is 1.83; a Gmean=0.0-0.5
and VHI score <19 were considered normal. Statistical analysis was done using the receiver
operating characteristic (ROC) curve, Spearman’s correlation coefficient, and the independent
samples t-test.

Results: According to the AVQI results, the area under the curve (Aroc) was 0.554, which is fair.
The Youden index gave a cutoff value of 0.30 with a sensitivity of 85% and a specificity of 81.1%.
There were weak but significant correlations between Gmean and AVQI and two AVQI parameters,
smoothed cepstral peak prominence (CPPS) and harmonic-to-noise ratio (HNR; r=0.27; -0.24; -
0.20, respectively; p < 0.05); and between total VHI and AVvVQl score and CPPS (r=0.21; 0.20,
respectively; p<0.05). Furthermore, the AVQI scores differed significantly between the groups with
a VHI total score <19 and >19.

Conclusions: AVQl did not differentiate between voices that had been perceptually judged as
normal or slightly abnormal, but a combination of perceptual assessment in the form of AVQl and
VHI could better screen slightly deviant voices.

Key Words: voice disorder; AVQI; acoustic analysis; auditory-perceptual assessment; Voice
Handicap Index (VHI)



INTRODUCTION

In clinical practice, it is important not only to treat voice disorders, but also to prevent them. The
need is especially crucial in high-risk groups, such as teachers. The incidence of voice disorders
among teachers is higher than in the general population® due to high vocal loading in a noisy
environment, poor knowledge of the voice, and a lack of vocal training that would prepare
teaching students for the demands of the profession. A preventive voice care program could help
to improve the voice knowledge and vocal skills of teachers and teaching students and thus reduce
the incidence of voice disorders.?* On the other hand, a robust screening tool is needed to
increase the cost-effectiveness of such preventive care programs.!t) Proper vocal screening of
teaching students would help to uncover voice problems at an early stage and direct those who
are most urgently in need to voice training and therapy to protect them from different severe
voice disorders. However, there is a lack of a proper screening tool both as far as objective and

subjective screening methods are concerned.

Among the existing voice quality evaluation methods, acoustic analysis is attractive in clinical voice
assessments, since it is easy to use and may offer reliable objective results for vocal assessment. In
traditional acoustic analysis, sustained vowels — mostly /a:/— have been used for evaluation, which
has various advantages and disadvantages. As the most simple voice samples, vowels are easy to
produce and thus quick to record. They do not have variation in time domain, non-voiced
segments, or rapid onsets and offsets. They are also free from the effects of language, prosody,
phonetic context, and speech rate. While sustained vowels may be well suited to the analysis of
vocal perturbations, they do not offer a comprehensive representation of voice quality. Various
fluctuations related to voice onsets and offsets and voice breaks may be indicative of voice
disorders, and they may not be represented in sustained vowels but require connected speech for

evaluation.(®©)

To vyield an “ecologically valid” acoustic analysis, two multi-parametric models have been
introduced, the Cepstral Spectral Index of Dysphonia (CSID) by Awan et al. (2009),"”) and the
Acoustic Voice Quality Index (AvQl) by Maryn et al. (2010).5> 8 Both models were developed to
meet the limitations of traditional acoustic analysis, and there are some differences between
them. First, CSID provides separate dysphonia severity indexes for the sustained vowel and
connected speech (range 0-100), while AVQl gives one combined dysphonia severity index for the

sustained vowel and connected speech (range 0-10). The parameters included in these models are



also somewhat different. For connected speech, CSID parameters include smoothed cepstral peak
prominence (CPPS), a low/high spectral ratio for sound energy below and above 4 kHz, and a
standard deviation (SD) of this ratio. For the vowel segment, the above-mentioned parameters are
calculated; furthermore, the SD of the CPPS is included and the gender is taken into account.(®)
AVQI parameters include CPPS, harmonic-to-noise ratio (HNR), two values for shimmer, and two
values that describe the slope of the long-term average spectrum of the sample (a high/low
spectral ratio for sound energy below and above 1 kHz, and the tilt of the regression line through
the spectrum).’® CSID is part of the Analysis of Dysphonia in Speech and Voice program (ADSV,
model 5109; KayPENTAX, Montvale, NJ) that operates using the Computerized Speech Laboratory
(CSL; KayPENTAX). AVQl runs in Praat software.®

Both CSID and AVQI have been found to distinguish normal and disordered voices reliably.*? CSID
has been found to yield a high reliability in measuring dysphonia severity in various voice
disorders.”® 13) AvQl has been found to correlate well with perceptual assessment results® and to
differentiate dysphonic from normophonic voices with 79% accuracy.(14) Barsties et al. have also
shown that age and gender do not significantly affect AVQl. (15) As connected speech is included
in AVQJ, it needs to be validated for different languages. Up to now, AVQl has been validated for
many languages — including Lithuanian,*® Korean,!'”) Finnish,8 Dutch,® & 19 German, French, and
English*®) — showing high diagnostic accuracy, sensitivity, and specificity. The results thus suggest
that AVQl is a robust clinical tool. There is also evidence that AVQl is able to track differences

before and after voice therapy, which emphasizes its clinical usability.°

Alongside acoustic analysis, auditory perceptual assessment is often the first step in clinical and
research practices to differentiate normal from abnormal voice quality. Various perceptual
assessment tools, including GRBAS, RHB, and CAPE-V, have been shown to be reliable.®®) Awan et
al. found a strong correlation between CSID and CAPE-V results.”) Both AVQl and CSID have
yielded a high correlation with the perceptual assessment of dysphonia severity (similar to CAPE-

V), although the correlation for CSID was somewhat higher.®

Voice clients’ self-assessment of the effects of a probable voice disorder on their daily life is also
very important, especially for professional voice users when taking into account their high level of
voice dependency. Questionnaires like the Voice Handicap Index (VHI),??) Voice-Related Quality of
Life (V-RQOL),?® and Voice Activity and Participation Profile (VAPP)?* are commonly used and

found to be reliable objective methods to measure treatment outcomes(®> 26) or evaluate the



present quality of life of patients with a voice disorder.?7-30 Thomas et al. found that 17.2% of
teaching students had voice complaints and higher VHI scores than those without voice complaints
and the non-teacher population; long, intensive hours of voice use were perceived as risk factors

that may lead to a voice problem. ()

In total, it seems that both AVQl and CSID are highly reliable tools for the assessment of a clearly
disordered voice. This raises the question of whether they are also suited for use as screening
tools. The present study focused on AVQJ, since it is widely used, functions free of charge in Praat,
and has been validated in the Finnish language. The aim of the present study was to investigate
whether AVQI can be used as a quick, noninvasive screening tool to discriminate normal voices
from slightly poor, potentially dysphonic ones. As a reference in such a large-scale screening,
where the laryngeal investigation is not possible in practice due to time and financial constraints,
we used perceptual voice analysis with GRBAS and the self-evaluation of the participants applying

VHI.

MATERIAL AND METHODS

Participants

All 128 participants were female teaching students with a mean age of 26.39 (SD 9.80) years. They
were informed about the purpose of the study and the procedure, and they volunteered to
participate as part of their orientation to university studies. The participants filled a questionnaire
concerning health issues that can affect the voice, like asthma, allergies, reflux, and the use of
chemicals (smoking, medication, etc.). Based on the background information, the participants had
no known disorders of speech, voice, or hearing. There were only seven smokers. No one was
excluded from the study, as the aim was to see whether AVQI and auditory analysis are able to
distinguish participants with signs of mild dysphonia. None of the participants was recorded while
suffering from an acute respiratory infection or other acute deterioration of the voice, since the

voice sample would then not represent the ordinary state of the participant’s voice.
Voice samples

Participants read aloud a text (“North wind and the sun”; in Finnish “Pohjantuuli ja aurinko”) and
sustained the vowel [a:] three times. Both tasks were performed at a comfortable habitual

speaking pitch and loudness. All voice samples were recorded with an AKG C544L head-mounted



condenser microphone and digitized at 44100 samples per second and a 16-bit depth to a PC using
a Focusrite iTrack Solo soundcard. The recordings were made in a well-damped studio of the
Speech and Voice Research Laboratory at Tampere University. All voice samples were analyzed
using AVQI script version 03.01 ®Yin Praat (5.3.55). Three medial seconds of the second [a:] and
the first 31 syllables of the text were used for the analyses. The AVQI script automatically gives
one index value per participant (on a 0—10 scale) and the analysis results for the six parameters
included in the AVQI script (jitter, shimmer in % and dB, HNR, CPPS, and two parameters
guantifying spectral slope). The threshold for dysphonia in Finnish speakers has been found to be

3.09 for AvVQ] version 2 (18) and 1.83 for AvQl 03.01.632
Auditory-perceptual evaluation

For auditory-perceptual evaluation, concatenated speech samples containing 31 syllables followed
by three seconds of vowel prolongation were examined. Five expert voice therapists with at least
three years of voice therapy experience evaluated the voice quality perceptually while wearing
well-sealed headphones in a quiet room using an ordinal scale for the grade (G) of dysphonia as
follows: 0-0.5=normal, 0.5-1=mild, 1-2=moderate, and 2-3=severe. The listeners were free to
listen to each sample as many times as needed. To measure intra-rater reliability, 10% of the voice
samples were repeated in random order in the total set of samples. The mean rating for G was

used in further analyses. Gmean<0.5 was considered an indicator of a quite normal voice.®3)
Self-assessment

For the self-assessment part, the participants were asked to fill in the VHI questionnaire. VHI is a
30-item questionnaire rating the effect of a voice disorder on quality of life. VHI has three
subgroups of questions rating voice-related physical, functional, and emotional handicaps, and
each subgroup contains 10 items. Participants should score each item from 0 (never) to 4 (always);
so the total score ranges from 0 to 120, where 0 means no negative effect of any voice problem on
quality of life. Behlau et al. defined the threshold as a score of 19.%% Following this, the
participants were divided into two groups: Participants in Group A had a total score <19 and those

with total scores 219 were placed in Group B.



Statistical analysis

The Statistical Package for the Social Sciences, version 22.0 (IBM Corp, Armonk, New York, USA)
was used for the analysis of descriptive and analytic data. The inter-rater and intra-rater reliability
of the auditory-perceptual assessment were calculated with Spearman’s correlation coefficient

and intraclass correlation coefficient (ICC), respectively.

To evaluate the perceptual diagnostic accuracy of the AVQJ based on the perceptual evaluation,
the receiver operating characteristic (ROC) curve analysis was performed. Gmean=0.0-0.5 was
defined as a normal voice without any sign of dysphonia. In the ROC curve analysis, the best
threshold level for the AVQl was determined using the Youden index, which produces the best

threshold provided by the maximum of the sensitivity + (specificity - 1).

Relations between auditory-perceptual evaluation, AVQI total score and its sub-parameter values,
and VHI score were studied with Spearman’s correlation coefficient. The r was interpreted based
on the guidelines of Frey et al.?® An r<0.20 indicates a slight correlation, r=0.20-0.40 a low
correlation, r=0.41-0.70 a moderate correlation; r=0.71-0.90 a high correlation, and r>0.90 a very

high correlation.

Finally, the independent samples t-test was applied to study whether participants with total VHI
scores <19 and 219 differed significantly from each other in terms of the AVQl total score. This was
also done for all six AVQl parameters in both groups. All results were considered statistically

significant at p<0.05.
RESULTS

Reliability of perceptual assessment

The inter- and intra-rater agreements were analyzed using Spearman’s correlation and ICC. The
results showed low inter-rater agreement (0.2-0.3) and low-to-moderate intra-rater agreement

(0.3-0.5).
Audio-perceptual results

Figure 1 illustrates the Gmean distribution over each severity rank. There were weak but statistically
significant correlations between Gmean and AVQI, CPPs, and HNR (r= 0.27; -0.24; and -0.20,

respectively, p<0.05).



Diagnostic accuracy of AVQl

The mean of the AVQI score was 1.07 (SD 0.77). The descriptive data of AVQIl and the parameters
it consists of are presented in Table 1. A ROC analysis (Figure 2) was performed to see if AvVQl
03.01 is able to distinguish normal voices from voices with subtle deviations. The Gmean Was
calculated and then grouped as 0-0.5, 0.5-1, 1-2, and 2-3. A Gmean< 0.5 was considered an
indicator of a quite normal voice. The area under the curve (Aroc) was equal to 0.554, which
means that the accuracy of AVQIl 03.01 for screening is fair based on the perceptual-auditory
judgment of the overall voice quality. The Youden index gave a cutoff value of 0.30 with a
sensitivity of 85% and a specificity of 81.1%.

Results of self-assessment

The VHI scores showed a mean of 15.95 (SD 10.01). There were weak significant correlations
between total VHI and AVQI score and CPPS (r=0.21 and 0.20, respectively, p< 0.05). VHI and HNR
did not correlate with each other (r=0.03, p=0.77).

A VHI score of 19 was assigned as the diagnostic threshold. (36)Thus, the 88 participants whose
VHI score was <19 were assigned to Group A, and the 40 participants whose VHI score was >19
were assigned to Group B. The independent samples t-test showed that the AvQl and CPPS
differed significantly between the groups, as shown in Table 2.

DISCUSSION

Earlier studies have shown that AVQI is able to differentiate dysphonic from normophonic voices
in different languages'® 17,31, 3638) and also in different age groups of both genders(15) with a high
accuracy of around 79%. (14)This is of importance in clinical practice. However, the great
prevalence of voice disorders in vocally loading voice occupations like teaching calls for the
establishment of effective preventive procedures. There is a need for the reliable screening of the
early signs of voice disorders as early as possible, preferably already during professional education.
The aim of this study was to investigate whether AVQI could distinguish subtle voice deviations
from the normal voice, and thus whether it would be applicable for screening the early stages of
voice problems in people studying for a voice profession with a high risk of developing voice

disorders, such as teaching.

Based on our results, it seems that with some precautions AVQI could be usable to distinguish
between normal voices and voices with subtle characteristics of potential early-stage dysphonia.

The Aroc was 0.54, which is not good, but fair. The participants were grouped based on the voice



experts’ auditory-perceptual assessment. Gmean<0.5 was considered indicative of a normal voice
(without any deviation) and a higher Gmean Was indicative of voices with subtle changes. The AvQl
ranged from -1 to 3 in our participants, and an index of 0.3 was defined as a threshold for subtle
voice changes. However, the Agoc was not strong, so the result should be interpreted with caution.
The AVQIl 03.01 threshold for normophonic and dysphonic voices in Finnish speakers is 1.83
(Kankare et al. in press). Based on this, 30.2% of the voice samples evaluated in the present study
received an AVQI that suggests dysphonia. It is important to note that the way of speaking affects
the values obtained in the acoustic analysis. For instance, speaking softly increases jitter and
shimmer and decreases HNR, while speaking loudly has the opposite effect.?>41) This suggests that
it is important to instruct the participants to use a normal habitual conversational loudness and
pitch level in any recordings of the voice samples to be used in voice screening. To control the
influence of vocal loudness, we instructed the participants to read the text and sustain the vowel

at their habitual conversational loudness.

The correlations between AVQI parameters and Gmean Were weak but significant. This is in line with
earlier studies.® 33 In the first version of AVQl introduced by Maryn et al. (2010),® the highest
correlations were obtained for CPPS (rs= 0.71) followed by HNR (rs= 0.68).

The inter- and intra-rater reliability of the auditory-perceptual analysis was low in the present
study. This seems to suggest difficulties in judging voices without clear signs of dysphonia. On the
one hand, this may be because no anchor samples were presented to the judges of the present
study. On the other hand, there seems to be a need for further special training in perceptual
analysis for screening purposes in the curriculum of logopedics students. For instance, speaking
softly and with a hypofunctional type of voice production increases breathiness and turbulence
noise in the voice. The use of vocal fry and creaky voice may be misjudged as roughness. These
risks for misjudgment apply both to auditory-perceptual and acoustic analysis. Low inter- and
intra-rater reliability is recognized as one of the limitations of our study. The short length of
the connected speech sample used for the AVQI analysis may be one of the factors that
impair perceptual analysis, especially in those voice samples that are normal or near-normal
with only subtle deviations from the normal voice. It would be worth studying the effect of
voice sample length on the reliability of perceptual assessment and its correlation with AVQl

scores in nhormal or near-normal



The VHI results of the present study also showed a slight but significant correlation with AVQJ and
CPPS, but not with HNR, unlike what we saw in the perceptual results. Awan et al.'9 also found
that CPPS had a weak-to-moderate correlation with VHI in a group of patients with various voice
pathologies. Pommee et al.®3) have also reported that there were moderate correlations between
VHI and VHI sub-scores and AVQI. They stated that there was a strong association between the
diagnostic accuracy of these two tools. This connection is also clear in the present study, where we
could see significant differences in AVQI scores between participants with total VHI scores of <19

and 219.
CONCLUSIONS

Our results suggest that in the absence of a reliable laryngeal investigation, a combination of
auditory-perceptual evaluation, AVQIl, and VHI may be applicable to screen the subtle voice
changes that may be early signs of dysphonia. This kind of screening would be necessary especially
for students studying for vocally loading occupations. However, the auditory-perceptual results
obtained in the study were not strong enough to draw a firm conclusion. Special auditory-
perceptual training for judging slight vocal deviations might increase the reliability of the

perceptual analysis.
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Table 1: Descriptive data of AVQI and its parameters for all participants

AVQI parameters Minimum Mazimum Mean (SD)
CPPs 10 18 14.30 (1.29)
HNR 14 26 20.88(2.38)
Shimmer (%) 2 8 4.20(1.29)
Shimmer-dB 0 1 0.45 (0.1)
Slope -29 -15 -22.09(2.95)
Tilt -14 -11 -12.63(0.82)
AVQI_03 01 -1 3 1.07(0.77)

Table 2. Differences in AVQI scores between participants with low and high VVHI scores.

AVQI parameters Mean(SD) P-Value
VHI<19 VHI>19

AVQI 0.95 (0.76) 1.33 (0.75) 0.011
CPPs 14.50 (1.26) 13.88 (1.29) 0.014
HNR 20.92 (2.34) 20.77 (2.53) 0.742
Shimmer (%) 418 (1.23) 4.27 (1.43) 0.737
Shimmer-dB 045 (0.10) 0.46 (0.11) 0.642
Slope -22.05 (2.96) -22.19 (2.99) 0.803
Tilt -12.70 (0.57) -12.49 (0.70) 0.115
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