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ABSTRACT

Background: The Acoustic Voice Quality Index (AVQI) is a correlate of dysphonia. It has been
found to differentiate between dysphonic and normophonic speakers and to indicate the effects of
voice therapy. This study investigates how the AVQI reacts towards creak and strain, which are

common in normophonic speakers.

Methods: The material was obtained from an earlier study, where Finnish female university
students (N 104, mean age 24.3 years, SD 6.3 years) with no known pathology of voice or hearing
and a perceptually normal voice (G = 0 in GRBAS) were recorded while reading aloud a standard
text and sustaining the vowel [a:]. Perceptual analysis for the amount of creak and strain was carried
out by two expert listeners. In this study, the AVQI (03.01) was analyzed and correlated with
perceptual evaluations. Samples with low and high amounts of creak and strain were compared with

t-tests.

Results: On average, the AVQI was below the threshold value of dysphonia in the Finnish
population. The AVQI (rho 0.35, p = 0.000) and its sub-parameters CPPS (rho -0.35, p = 0.000) and
HNR (rho -0.30, p = 0.002) showed low but significant correlations with creak. Strain had low but
significant correlations with spectral Slope (rho 0.38, p = 0.000) and Tilt (rho -0.40, p = 0.009).

The AVQI was lower (better) in samples that were evaluated as having a high amount of strain, but
the difference was not significant. Only CPPS differentiated significantly between low and high
amounts of creak.

Conclusion: The AVQI does not seem to differentiate between high and low amounts of creak and

strain in normophonic speakers.

INTRODUCTION

The Acoustic Voice Quality Index (AVQI) has been developed for indicating acoustic correlates of
perceived hoarseness, and for differentiating dysphonia from normophonia [1]. The index consists
of six parameters, the smoothed cepstral peak prominence (CPPS, dB), harmonics-to-noise ratio
(HNR, dB), dB, shimmer local (SL%), shimmer local dB (SL dB), general slope of the spectrum
(Slope, dB; voice energy difference between the levels of 0-1000 Hz and 1000-10000 Hz), and tilt



of the regression line through the spectrum (Tilt, dB). To improve ecological validity, the AVQI is
calculated for a combination of a short text sample and sustained vowel. Since it includes running
speech, it requires validation in each language. Up to now it has been validated in several types of
language including Germanic languages (Dutch, German, English) [2-6], Romance languages
(French and Brazilian Portuguese) [7, 8], a Baltic language (Lithuanian) [9], a Japonic language
(Japanese) [10], and other languages like Korean [11], Finnish [12, 13] and Turkish [14]. In
addition to distinguishing between dysphonia and normophonia, the AVQI has also been reported to
detect voice changes after voice therapy [2, 10]. It has also been tested for the screening of mild
dysphonia [15], and while it was not found to differentiate perceptually mild dysphonia from
perceptually normal voices, it was found to improve the strength of screening when combined with

perceptual evaluation and self-evaluation (VHI) [15].

Roughness is an important characteristic of dysphonia. On the other hand, a rough sounding voice
quality may also be a variant of voice use in healthy speakers. Creaky voice, vocal fry, and
laryngealization have been used more or less synonymously in voice science [16] to refer to a rough
sounding, often (but not always) low-pitched voice quality. Keating et al. suggest the term *creaky
voice’ (or creak) as a general term referring to voices with different acoustic types of creak [17].
The present study follows this terminology. Nowadays creak has become very common in speakers
without voice disorders in different countries and cultures [see 18-21]. Women seem to use it more
frequently than men [21]. Creak has been detected in the voices of vocally healthy speakers of

different ages, and it may occur in all sentence positions [22].

In Finland not only ordinary speakers but also many professional speakers in media use almost
continuous creaky voice. Finnish teenagers of both genders have been reported to use a lot of creak
[20, 21]. According to [23] some Finnish female teachers had vocal fry in as much as 16—-54% of
their speech. A recent study investigated Finnish female university students without any diagnosed
voice disorders [24]. It was found that 73.2 % of the participants (N=104) used a slight or moderate
amount of creaky voice. Furthermore, perceived creak correlated with perceived strain. Strain in
turn refers to the perception of excessive effort related to hyperfunctional voice production.[25] The
prevalence of slight or moderate strain was 88.4 %. Since creak is characterized by irregularities in
the voice signal [17] and an irregular, rough-sounding voice, and strain are characteristics that may
be related to dysphonia, the question arises of how the AVQI reacts to these characteristics in the
voices of otherwise non-dysphonic speakers. Based on the material of [24], this study aims to

answer this question.



MATERIALS AND METHODS
Participants and tasks

The material of our previous study consisted of voices from 104 Finnish female university students
(mean age 24.3 years, SD 6.3 years) who had no known pathology of the voice and hearing and
who had been pre-evaluated to have a perceptually non-dysphonic voice (G=0 in GRBAS scale)
[24]. The participants used more or less creak in their speech and text reading. The judgement of
voice normality followed the clinical experience-based interpretation that non-dysphonic, speaking
habit-related creak mainly occurs in the phrase and sentence endings, has a more regular quality
than dysphonic roughness, and typically does not include turbulence noise. Some research evidence
also supports this [26]. Furthermore, the abnormally high amount of audio-perceived effort and
noise typically heard in dysphonic strain, see e.g. [27] differentiate it from habitual strain in speech.

The participants had recorded a standard text (the Finnish version of The Northwind and the Sun)
and sustained a prolonged [a:] in a sound-treated studio using a head-set microphone (AKG C44L)
placed at a 6 cm distance from the middle of the speaker’s lips at a 45-degree angle, and a PC with

an iFocusrite soundcard. A sampling rate of 44.1 kHz and 16-bit depth was used.

Analyses

Acoustic analyses of the text reading and vowel samples were carried out using Praat software
(5.3.57) [28] and the AVQI-script (version 03.01; 6. 22). The AVQI was calculated from the first 31
syllables of the text and 3 seconds from the middle, most stable part of the sustained vowel [1].
According to the validation of the AVQI 03.01 in Finnish, the threshold value between dysphonic
and normophonic voices is 1.83 [13]. The mean values of the AVQI were as follows: 1.13 (range

-1.45 — 3.66) in normophonic speakers and 2.89 (range -0.98 — 8.86) in dysphonic speakers. The
graphical output of the Praat script for the AVQI illustrates the index on a scale from 0 to 10 but as
it can be seen from the results of the validation in Finnish [13], the AVQI scores can be even lower
than 0.

Perceptual analysis results were obtained from the previous study [24]. There two very experienced
voice experts (a speech therapist and a speech trainer) evaluated the text reading and vowel samples
together for the amount of (1) creak and (2) strain using a four-point scale (0 = not at all, 1 = small

amount, 2 = moderate amount, 3 = a lot). The samples were listened to in a free field from a PC, via
a Genelec loudspeaker. Each sample could be listened to as many times as deemed necessary. Creak



was used as a general term, like in [17], i.e. including both a low-pitched, tapping type of vocal fry,
and a rough, dry rasping quality that can be produced also at higher pitches. Strain was defined as
perception of excessive vocal effort (hyperfunction), following the terminology of the Cape -V
protocol [25]. The inter-rater reliability of the two listeners was acceptable (Pearson Chi-Square
100.159, p = 0.000 for creak, 69.199, p = 0.000 for strain; Spearman’s rho 0.63, p = 0.000 and rho
0.68, p 0.000, respectively). Therefore, the mean values for both creak and strain were calculated to

be used for correlation analyses.

Further, the participants were divided into two groups for the analysis: those with the score of 0 or 1
were classified as the Low group and those with 2 or 3 points as the High group.

Statistical analyses were made using SPSS (version 25). Firstly, the normality of the distribution of
the perceptual and acoustic parameters was studied using the One sample Kolmogorov-Smirnov
test. Samples evaluated to have a high amount of creak or strain were compared to those with a low
amount of these characteristics using the independent samples Student’s t-test (for normally
distributed parameters) or the non-parametric Mann-Whitney U test (for parameters that were not
normally distributed). Bonferroni correction was used (p-value = 0.05 was divided by the number of
comparisons made between the acoustic and perceptual parameters, i.e. 0.05/14 = 0.003; thus
differences between parameters were regarded as statistically significant when p = < 0.003). The

associations between the perceptual and acoustic parameters were studied with the Spearman’s rho.

RESULTS

Of the participants, 30.8 % used a moderate or high amount of creak in their voice samples (High
group; Table 1). Almost as many participants (29.8 %) had a moderate or high amount of strain
(High group; Table 2). Tables 1 and 2 show the mean values for the acoustic parameters in the
groups of samples with a Low or High amount of creak or strain. On average, the participants’
AVQI values (version 03.01) were below the threshold for dysphonia in the Finnish population
(1.83). It should be noted, however, that there is always some overlap in the individual AVQI
values between normophonic and dysphonic speakers. This can be seen in [13], where the AVQI
ranged from -1.45 to 3.66 in normophonic speakers and from -0.98 to 8.86 in dysphonic speakers.
In the present study, the mean AVQI was 1.04 (range from -0.94 to 3.33, SD 0.79). Seventeen out



of 104 (16 %) received values higher than 1.83 (range from 1.94 to 3.33), and 13 (12.5 %) received

values below 0.

Table 1. Mean values for the acoustic parameters in samples representing a low or high amount of
perceived creak. Low = evaluation of 0-1, High = evaluation of 2-3 onascale 0 =notatall, 1 =

small amount, 2 = moderate amount, 3 = a lot.

Table 2. Mean values for the acoustic parameters in samples representing a low or high amount of
perceived strain. Low = evaluation of 0-1, High = evaluation of 2-3 onascale 0 = notatall, 1 =

small amount, 2 = moderate amount, 3 = a lot.

Creak seemed to be indicated in CPPS, HNR, and in the AVQI. Table 1 shows that the CPPS and
HNR were lower and the AVQI higher in the samples from the High creak group. Table 3 in turn
shows that the t-testing differentiated the groups with p-values below 0.05 for those parameters. In
this material, however, only CPPS remained statistically significant after Bonferroni correction.
Strain seemed to be indicated in a larger value for Slope and lower values for Tilt and HNR (Table
4; mean values for the groups in Table 2), but the differences were not significant after Bonferroni

correction.

Table 3. Differences between the samples with Low and High amount of perceived creak;
independent samples t-test (top) and Mann-Whitney U test (bottom).

Table 4. Differences between the samples with Low and High amount of perceived strain;

independent samples t-test (top) and Mann-Whitney U test (bottom).

Table 5. Correlations (Spearman’s rho) between perceptual evaluations and acoustic parameters.



Table 5 shows that creak correlated negatively with CPPS (rho =-0.35, p = 0.000) and HNR (rho =
-0.30, p = 0.002) and positively with the AVQI (rho = 0.35, p = 0.000). Strain correlated positively
with Slope (rho = 0.38, p = 0.000) and negatively with Tilt (rho = -0.40, p = 0.000). These
correlations were rather weak but nevertheless significant. Creak and strain were also associated
with each other (rho = 0.40, p = 0.000). Relations between the AVQI and the perception of creak
and strain are illustrated in the scatter plots of Figure 1.

Figure 1. Scatter plots illustrating the relations between the AVQI and (a) the mean evaluation of
creak, and (b) the mean evaluation of strain.

DISCUSSION

The aim of this study was to assess how creak and strain are associated with the Acoustic VVoice
Quality Index (AVQI) and the parameters constructing it. The participants were perceptually
evaluated as normophonic (G = 0), and on average their AVQI was below the threshold of
dysphonia in Finnish speakers [13]. There was a low but significant positive correlation between the
AVQI and the amount of creak. CPPS and HNR decreased with creak which is to be expected,
since creak includes irregularities of the signal [17]. Some participants (12.5 %) had a negative
AVQI, possibly related to a higher sound pressure level (SPL) or strain which, in turn, may
decrease noise and irregularities in the vocal fold vibration. These hypotheses are supported by the
results of [29, 30, 31] showing that higher SPL decreases the perturbation measures of jitter,
shimmer, and HNR. Furthermore, it is known that increased psychophysiological stress may
decrease perturbation, most likely by increasing laryngeal muscle control [32]. In the present study,
strain was related to Slope and Tilt. This is understandable, since hyperfunctional voice production
is known to even the spectrum [33-36], thus Slope increases (stronger overtones). Tilt decreases,
which in turn reflects the decrease in noise energy in the higher frequency range of the spectrum in
strain. The same phenomenon (i.e. the opposite connections between strained voice quality and the
two parameters measuring the energy level differences in the spectrum) was found in our study,

where we assessed how voices produced with different loudness levels affect the AVQI values [37].



Creak and strain correlated with each other (rho = 0.40, p = 0.000). This may sound surprising if
one relates creak only with low-pitched vocal fry and low subglottic pressure [38] and strain with
high subglottic pressure and fO [39]. However, we have used creak as a general term comprising
different types of rough sounding voice qualities since these different types do occur in
normophonic speakers [17, 22]. Furthermore, a small level difference between the first and second
harmonic in the voice has been seen as the most common measure of creak [40]. This measure, in
turn, is a common sign of glottal constriction [41]. Clinicians often relate creaky voice to excessive
laryngeal tension [42], and lesions, such as contact granulomas, are typical in speakers with a
creaky voice [43]. All these studies support the finding of a relation between creak and strain.

The results are thus logical and in line with earlier studies. As the participants were normophonic, it
is understandable that the AVQI and most of its’ sub-parameters did not distinguish a low and high
amount of creak or strain significantly (after Bonferroni correction). Only CPPS distinguished a
high and low amount of creak. This is in line with earlier studies showing that CPPS is a highly
robust parameter for detecting noise and irregularity in the signal [44-47], i.e. those characteristics
that cause the perception of hoarseness. The finding that the AVQI did not distinguish a low and
high amount of creak and strain in this material may be interpreted to support the earlier results that
the AVQI is a robust and reliable tool for distinguishing dysphonia from normophonia; thus, it is
not on average very vulnerable to false positives [e.g. 1, 3]. However, the results of the present
study also support the earlier findings that it is not strictly possible to use the AVQI as the sole
diagnostic tool in individual cases either, since there is always some overlap [e.g. 1, 3, 13]. As
many as 16 % of the participants in the present study had an AVQI above the threshold. Since one
of the limitations in the present study is the fact that no laryngoscopic evaluation was made, it may
be speculated that perhaps these participants were not healthy. On the other hand, a high AVQI
value may just reflect the human vocal variation in some normophonic people. For instance,
speaking softly may give a larger than ‘normal” AVQI [37], or relatively large AVQI values may be
related to other voice use patterns, such as the excessive habitual use of creaky voice as in this
study. Therefore, when using the AVQI for clinical voice analysis, it is important that the sound
samples have been recorded at the participant’s normal conversational loudness and such
characteristics as the frequent voluntary use of creak are avoided.

Defining normophonia is of course an interesting and important question. According to clinical
tradition, itis possible to suspect a voice disorder if a person’s voice quality, pitch, or loudness

largely differs from the voices of individuals of a similar age, gender, cultural background, and



geographic location [41], and particularly if the person him/herself suffers from voice-related
problems in life. Thus, we can hardly classify creak as a sign of dysphonia, if it occurs in most
individuals in a culture and the person him/herself does not suffer as a result of it, particularly if
he/she is capable of voluntarily changing from creaky to non-creaky phonation. The sound
samples for the present study were obtained from a previous study by the authors [24]. As the
participants’ voices had received the result G = 0 in GRBAS in pre-evaluation, and as the previous
study had failed to find a relation between creak and self-reported vocal symptoms, we regard the
participants of this study to be normophonic.

One further limitation in the present study is that there were only two listeners performing the
evaluation. However, the listeners had a lot of experience in voice analysis, they represented two
different fields of expertise (clinical and non-clinical), and the agreement between their
evaluations was reasonably high - either well within the scope or even better than those reported
earlier [48].Therefore, the evaluation seems to be reliable. The evaluation concerned each
participant’s text sample and vowel sample together, as the aim was to relate perception to the
results of the AVQI, which measures both text and vowel phonation together. However, based on
the listener’s remarks, it is possible to say that creak was mainly present in the text, and quite
rarely also in the sustained vowel phonation. This is also a fact that seems to support the
normophonia of the participants, since dysphonic roughness occurs also in sustained vowels [31,
49].

Because the participants of this study were young females, the results cannot be generalized to the
voices of men and speakers of different ages. This should be studied further. As the results of the
present study suggest that the AVQI may not be very sensitive to strain (at least in normophonic
speakers), a further study comparing the AVQI in normophonic and dysphonic speakers with

strained voice quality is warranted.

CONCLUSIONS

The AVQI (03.01) did not differentiate a low and high amount of creak and strain in normophonic
speakers. CPPS was the only sub-parameter of the AVQI that distinguished a low and high amount
of creak.
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LEGEND FOR THE FIGURE

Figure 1. Scatter plots illustrating the relations between the AVQI and (a) the mean evaluation of
creak, and (b) the mean evaluation of strain.



Table 1. Mean values for the acoustic parameters in samples representing low or high amount of
perceived creakiness. Low = evaluation from 0-1, High = evaluation from 2-3 on a scale 0 = not at

all, 1 = small amount, 2 = moderate amount, 3 = a lot.

Creakiness N Mean SD SE
Lo 72 | 1463 | 122 | 014
CPPS (dB) |——
High 32 13.8 14 | 025
Lo 72 | 2129 | 248 | 029
HNR (dB)
High 32 | 2022 | 176 | 031
Low 72 416 | 133 | 016
0,
SHIM(%) - g 32 429 | 112 0.2
Lo 72 045 | 012 | o001
SHIM (dB) |——
High 32 045 | 01 | 002
21.99 | 289 | 034
SLOPE (dB) =W 72
High 32 | 221 | 307 | 054
Lo 72 | 1262 | 068 | 008
TILT (dB) |——
High 32 | 1264 | 046 | 008
09l | 07 .
AVO! Low 72 6 | 009
High 32 133 | 079 | 014




Table 2. Mean values for the acoustic parameters in samples representing low or high amount of
perceived strain. Low = evaluation from 0-1, High = evaluation from 2-3 on a scale 0 = not at all, 1

= small amount, 2 = moderate amount, 3 = a lot.

Strain N Mean SD SE

Lo 14.31 1.34 0.16
CPPS (dB) | 3

High 31 14.52 1.31 0.24

Low 21.14 2.52 0.3
HNR (dB) = 3

High 31 20.54 1.75 0.32

Low 4.18 1.4 0.16
SHIM (%) |~ 3

High 31 4.24 0.87 0.16

Low 0.45 0.12 0.01
SHIM (dB) |— 3

High 31 0.45 0.07 0.01

Low -22.46 2.99 0.35
SLOPE (dB) |~ 3

High 31 -21 2.56 0.46

Lo -12.51 0.61 0.07
TILT (dB) = 3

High 31 12.9 0.55 0.1

Lo 1.09 0.83 0.1
AVOI -W 73 8

High 31 0.91 0.69 0.12




Table 3. Differences between the samples with Low and High amount of perceived creakiness;

independent samples t-test (top) and Mann-Whitney U test (bottom)

Parameter Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Sig. (2- Mean SE Difference
F Sig. t df tailed) Difference | Difference | Lower Upper
CPPS 0.143 0.706 3.074 102 0.003 0.83410 | 0.27132 | 0.29593 | 1.37226
SLOPE 0.122 0.728 0.173 102 0.863 0.10816 | 0.62576 | -1.13302 | 1.34934
AVQI 0.034 0.853 -2.593 102 0.011 -0.42289 | 0.16307 | -0.74634 | -0.09944
Parameter U Sig.
HNR 749.000 0.005
SHIM (%) | 1017.500 | 0.343
SHIM (dB) | 1009.500 | 0.315
TILT 1117.500| 0.808




Table 4. Differences between the samples with Low and High amount of perceived strain;

independent samples t-test (top) and Mann-Whitney U test (bottom)

Parameter Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Sig. (2- Mean SE Difference
F Sig. t df tailed) | Difference | Difference | Lower Upper
CPPS 0,019 0,889 -0,727 102 0,469 -0,20753 | 0,28543 | -0,77369 | 0,35862
SLOPE 0,506 0,478 -2,371 102 0,020 -1,45759 | 0,61478 | -2,67700 | -0,23818
AVQI 0,986 0,323 1,093 102 0,277 0,18453 | 0,16890 | -0,15047 | 0,51954
Parameter U Sig.
HNR 856.000 0.05
SHIM (%) | 970.000 | 0.251
SHIM (dB) | 949,500 | 0.195
TILT 731.500 | 0.004




Table 5. Correlations (Spearman’s rho) between perceptual evaluations and acoustic parameters.

Creakiness | Strain CPPS HNR SHIM % | SHIMdB | SLOPE TILT AVQI
Creakiness | Correl. Coeff. 1.000 4047 | -348" | -3057 | 0.131 0.144 -0.111 | 0.133 | 3517
Sig. (2-tailed) 0.000 | 0.000 | 0.002 0.186 0.146 0.264 | 0.179 | 0.000

N 104 104 104 104 104 104 104 104 104
Strain | Correl. Coeff. 404™ 1.000 | 0.151 | -0.143 | 0.046 0.090 3807 | -.398™ | -0.162
Sig. (2-tailed) 0.000 0.125 | 0.147 0.646 0.363 0.000 | 0.000 | 0.101

N 104 104 104 104 104 104 104 104 104

** Significance at 0.01 level (2-tailed)

*Significance at 0.05 level (2-tailed)
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