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ABSTRACT

This study aimed to establish normative data for the Acoustic Voice Quality Index
(AVQI) version 03.01 in typically developing Kannada and Malayalam-speaking
children, analyzing the effects of gender, language, and age groups. The study
included 180 children aged 5-8 years, equally divided by gender and language into
three subgroups of age with one year age interval. Acoustic samples of sustained
vowels and continuous speech were analyzed using Praat software. The mean AVQI
value was 3.97 (£ 0.87) for the age range considered. While gender, language, and
age did not significantly affect overall AVQI values, specific parameters like
Shimmer dB, Shimmer local, and LTAS measures showed significant differences.
The lack of significant language differences might be due to both languages belonging
to the Dravidian family. This study provides important pediatric normative data for

AVQI (v03.01), aiding in pediatric voice assessments in these languages.



CHAPTER |

INTRODUCTION

Human voice is defined as the audible sound produced by the vibration of the
vocal folds resulting in the physical act of sound production (Aronson, 2011). Voice
serves as the means through which verbal expression is manifested. The speaking
voice inherently communicates details about the individual, with voice quality being a
key method through which speakers express their physical, psychological, and social
traits to others (Laver, 1980). A significant difference in one’s voice with respect to
the quality, pitch or loudness in comparison to normative data implies that he/ she
may have dysphonia (Coyle, Weinrich & Stemple, 2001).

Speech Language Pathologist (SLP) who deals with dysphonic patients, needs
to conduct a comprehensive assessment so as to arrive at the correct diagnosis which
will later provide basis for that patient’s management. Comprehensive analysis should
include both perceptual evaluation by an SLP and objective analysis by means of
instruments which can be substantiated by the patient’s self-perceptual analysis
(Lechien et al., 2023).

The subjective or perceptual analysis is carried out by an SLP on the basis of
the comparison of the voice sample of the patient to that of normal voice
characteristics in his/ her mental reference. Some of the widely used perceptual rating
scales are GRBAS scale (Hirano, 1981), Consensus Auditory Perceptual Voice
Evaluation scale (Kempster et al., 2009), Vocal Profile Analysis (VPA) (Laver, 1991)

and Buffalo Voice Screening Profile (Wilson, 1987).



While perceptual evaluation of voice is considered as the gold standard (Oates,
2009) in the evaluation of individuals with dysphonia, it is also susceptible to variety
of variations stemming from factors such as differences in the listeners, subjects, or
tasks. In contrast, acoustic measurements of voice offer additional benefits such as
non-invasiveness and ease of use, making them a valuable tool in the assessment of
voice.

Acoustic analysis of voice includes several spectral and cepstral parameters
which can be used to scale the severity of dysphonia and this data can be utilized in
monitoring improvements in voice quality of the patient. Therefore, according to
Carding et al. (2009), acoustic measures serve as one of the most reliable ways
through which quality of voice can be objectively measured.

Regardless of most of the acoustic parameters being easy for analysis and
interpretation, it is found to have poor correlation with perceptual analysis. Also, it
lacks test- retest reliability (Karnell, Hall, & Landanl, 1995; Bauser & Drinnan, 2011;
Bough et al., 1996). However, these parameters were reported to be more effective
when used in weighted combinations of multiparametric measures for voice quality.

Wutys et al. (2000) developed one such multiparametric measure known as the
Dysphonia Severity Index (DSI) which is a diagnostic tool that measures the severity
of dysphonia in an individual. Several studies have reported DSI to give a robust
diagnostic measure (Timmermans et al., 2004). Hakkesteegt et al. (2008) has reported
the mean DSI scores are also well correlated with the perceptual measures available.
Sobol and Sielska-Badurek (2022) has reported a mean normative value of DSI to be
3.05 in their meta-analytical study. DSI value reflects the voice quality of a particular

individual based on the Maximum Phonation Time (MPT), highest frequency, lowest



intensity and jitter. A normative reference data for DSI in Indian population has been
developed by Jayakumar and Savithri (2012).

Maryn et al. (2010) sought to study the viability and diagnostic accuracy by
combining continuous phonation with speech in the assessment of quality of voice
through a recently introduced technique, the Acoustic Voice Quality Index (AVQI).
The six parameters assessed in AVQI are Smoothed Cepstral Peak Prominence
(CPPS), Harmonics-to-Noise Ratio (HNR), Shimmer Local (SL), Shimmer local dB
(ShdB), slope of long-term average spectrum (slope) and tilt of the trendline through
the long-term average spectrum (tilt). AVQI possesses a script designed for the
automated assessment of dysphonia severity, utilizing an analysis of a combined
sample involving sustained vowel and connected speech. Hence, AVQI is constructed
with the following formula: “AVQI = 2.571%(3.295-0.111*CPPS - 0.073*HNR -
0.213*SL + 2.789*ShdB - 0.032*Slope + 0.077*Tilt)” (Maryn et al., 2010). This
script is exclusively compatible with Praat software. A score of 2.95 or below
obtained on AVQI identifies the sample to be normophonic adults as proposed by the
authors. The AVQI score, ranges from 0 to 10, serves as an indicator of voice
severity, with 0 representing normal voice and 10 signifying profoundly abnormal
voice on the severity continuum.

A positive correlation of approximately 0.78 was identified between AVQI
and the G parameter of GRBAS. This indicates that as the AVQI score increases,
reflecting a higher degree of disturbance, there is a corresponding deterioration in
overall voice quality, and conversely, a lower AVQI score is associated with better

voice quality (Maryn et al., 2010).



Version 03.01 of AVQI has undergone significant modifications, particularly in
the adjustment of parameter weights, leading to its current form. AVQI holds good
diagnostic accuracy and cross- linguistic validity (Maryn et al., 2014). The script for
obtaining AVQI (v03.01) published by Barsties and Maryn (2015b), contains the
formula, “AVQI = (4.152- (0.1777* CPPs) — (0.006* HNR) — (0.037* Shim) +
(0.941* ShdB) + (0.01* Slope) + (0.093* Tilt) * 2.8902.

Jayakumar & Benoy, (2022) has reviewed eight studies investigating AVQI
(v03.01) and found the overall sensitivity and specificity of 0.85 and 0.92 for AVQI
(v02.02) and 0.82 and 0.92 for AVQI (v03.01). Also found the area under the curve
was found slightly better for AVQI (v03.01) (0.94) than AVQI (v02.02) (0.92). The
diagnostic threshold of AVQI (v02.02) is within the range of 2.72 to 3.33 while, in
case of AVQI (v03.01), it is found to be in the range of 1.33 to 3.15 (Jayakumar &
Benoy, 2022).

AVQI v02 does not have an effect on gender as reported by Latoszek et al.
(2019). The result was in consensus with the study done by Shabnam and Pushpavathi
(2021) in AVQI and DSI in the Indian context even though there was significant
effect seen in their individual parameters. Jayakumar et al. (2022) also reported that
there is no effect of gender on AVQI (v02.02), however, his study across the lifespan
revealed that age can have an impact on AVQI (v02.02).

There are numerous studies that reports AVQI values in adult population. In
Indian context, Benoy (2017) has developed and validated an AVQI (v02.02)
reference data with perceptual measurements between normal voice quality and
dysphonia. Vishali, (2019) has established standard reference data for AVQI (v02.02)

in native Tamil speakers between the age range of 20 to 50 years.



On the other hand, there is dearth in studies among pediatric population
focusing on their voice quality even when there are notable differences between adults
and children, primarily due to anatomical variations also the usage of voice.
Significant anatomical alterations along with the changes in the laryngeal size, occurs
simultaneously during the pre-pubertal period that will have an aftermath in the
acoustic measurement (Glaze et al., 1988). The intermediate and deep layers of
lamina propria is not fully differentiated until the age of 10 years (Hirano et al., 1985).
Also, the depth of the individual layers change with maturation. Boseley and Hartnick
(2006) found that at the age of seven years, the superficial layer's depth makes up
about 22% of the total depth of the lamina propria, which is similar to the proportion
found in adult vocal folds.

Both boys and girls will go through a period of mutation and the difference
noted between the two genders can be seen as early as pre-school age. Studies have
found a drop in the fundamental frequencies of boys by approximately 12 semitones
and by about 3-4 semitones in girls (Sjélander & McAllister, 2013).

The stages of childhood and adolescence are crucial periods for the
development of both vocal quality and speech. An abnormal voice quality suggests
that the child may have either a functional or organic voice disorder (Sjolander &
McAllister, 2013). It is important to better understand the normal process of vocal
development as any case of dysphonia in children could interfere with their
communication skills which are fundamental for their social and intellectual
development.

According to Reynolds et al. (2012) in a pediatric population, AVQI (v02.02)
is found to have diagnostic accuracy, which makes the tool appropriate for

determining the presence and severity of voice disorders in pediatric population.



Seshasri, (2018) has established normative data for AVQI (v02.02) for
Kannada speaking typically developing children in the age range of 10 -12 years.
However, there is paucity in AVQI (v03.01) data in pediatric population which could
prove to be resourceful in pediatric voice assessment.

Furthermore, Jayakumar & Savithri (2012) has studied the impact of
geographical and ethnic variations considering the potential for differences in the
fundamental parameters of DSI and results of the study urge the clinicians to establish
normative data tailored to individuals within specific regions, ethnicities, language,

ages and genders.

Need for the study

To date, studies carried out in adult population have found that AVQI
(v02.02) is independent of gender (Jayakumar & Benoy, 2022) and considering the
fact that there is the paucity in pediatric normative reference data, the current study is
taken up with the aim of establishing the normative data for AVQI (v03.01) in
Malayalam and Kannada speaking typically developing children of Indian

population.

Aim of the study
The aim of this study is to establish a normative reference data for AVQI
(v03.01) in normophonic Kannada and Malayalam speaking children among Indian

population.



Objectives of the study
i.  To determine AVQI scores of normophonic children of three age groups
(5-6 years, 6-7 years & 7-8 years).
ii. To compare the AVQI scores obtained for the three age groups of
children.
ili.  To compare the AVQI scores obtained for boys and girls.
iv. To compare the AVQI scores obtained for the Malayalam speaking

children and the Kannada speaking children.



CHAPTER II

REVIEW OF LITERATURE

Human voice is assessed on the basis of factors such as quality, pitch, loudness
and other attributes. A significant change in one’s voice with respect to any of these
attributes in comparison to normative data implies that he/ she may have dysphonia
(Coyle, Weinrich & Stemple, 2001). The voice quality is a multidimensional
perceived construct through which speakers express their physical, psychological, and
social traits to others (Laver, 1980). Quality of voice can be measured either through a
subjective assessment or by an objective measurement, which involves using specific
algorithms to quantify certain aspects related to vocal production (Barsties & De
Bodt, 2015). A Speech Language Pathologist often tend to devise a comprehensive
evaluation of voice, including perceptual, as well as, acoustic analysis, along with the

visual examination of larynx by an otolaryngologist.

Perceptual evaluation of Voice

The voice characteristics are subjectively judged to be normal by a trained
SLP in a perceptual evaluation. Unlike many instrumental measures, the perceptual
properties of voice have much more intuitive meaning and shared reality among
listeners (Oates, 2009). Despite its widespread use, perceptual evaluation of voice has
faced significant criticisms also, because it is subjective. There are several factors
which could affect the listener reliability such as the rating scale being used, the voice

sample being assessed, the evolving internal standards of the listener and so on.



The four most used scales documented in the literature are Grade, Roughness,
Breathiness, Asthenia, Strain (GRBAS) scale (Isshiki, Okamura, Tanabe, Morimoto,
1969; Hirano, 1981), Vocal Profile Analysis (VPA) (Laver, 1991); Buffalo Voice
Screening Profile (Wilson, 1987); and Consensus Auditory Perceptual Voice

Evaluation (CAPE- V) scale (Kempster et al., 2009).

Grade, Roughness, Breathiness, Asthenia, Strain (GRBAS) scale

The Committee for Phonatory Function Tests of the Japanese Society of
Logopedics and Phoniatrics proposed the GRBAS scale (Hirano, 1981). It uses a four-
point rating scale for all five characteristics, ranging from 0 (normal) to 3 (extreme),
and is intended as a minimum examination of voice quality. Every measure pf the
scale denotes a different aspect of phonation: R stands for roughness, B for
breathiness, A for asthenic (weakness), S for strain, and G (Grade) for the overall

severity of the voice (Hirano, 1981).

Vocal Profile Analysis (VPA) Scheme

A trained listener may both describe and analyse conversational or reading
voice quality using the descriptive technique known as Vocal Profile Analysis (VPA)
Scheme (Laver, 1991). It gives a detailed analysis of vocal tract configurations
including at the laryngeal and supra-laryngeal levels as well as in the prosodic parts of
vocal function are thought to contribute to the overall impression of voice quality.
Each element of voice is evaluated against a predetermined "neutral" baseline, with a

numerical value assigned to each characteristic.



The Buffalo Voice Screening Profile (BVSP)

The Buffalo Voice Screening Profile (BVSP) (Wilson, 1987) was developed to
systematically analyze twelve key elements of voice production such as Laryngeal
tone, Pitch, Loudness, Nasal resonance, Oral resonance, Breath supply, Muscles,
Voice abuse, Rate, Speech Intelligibility, Speech anxiety and overall Voice rating, on
an equal-appearing interval scale of five points, ranging from 1 (normal) to 5 (very
severe). The inclusion of parameters unrelated to the voice quality of an individual is

the major limitation of using this scale for evaluation (Carding et al., 2000).

Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V) scales

Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V) scales
(Kempster et al., 2009) developed by the American Speech-Language-Hearing
Association, to encourage a consistent method for the assessment and recording of
auditory-perceptual evaluations of voice quality. The ratings are carried out on a
visual analog scale of 1- 100mm on aspects of voice quality such as overall severity,

roughness, breathiness, strain, pitch and loudness.

Kelchner et al. (2010) conducted a prospective study to check the inter- and
intra-rater reliability of CAPE-V in pediatric patients with severe voice disorders
post-laryngotracheal reconstruction. They found that the tool showed robust inter-
rater reliability across four out of six vocal parameters assessed. They also noted that,
the parameter of strain was comparatively more difficult to be rated on the basis of

auditory sample alone.



GRBAS may be the preferable option for clinical or research purposes where
time efficiency is crucial, because, the GRBAS is found to be faster in assessing the
voice problems compared to the CAPE-V. The fact that CAPE-V uses a visual analog
scale of 1-100mm, posits a potential for reduced test-retest reliability. At the same

time, GRBAS has a 4-point rating scale, which is of advantage in this aspect (Nemr et

al., 2012).

The study done by Webb et al. (2003b) examined, in a controlled experiment
setting, the optimal reliability of skilled judges using the three common auditory
rating scales such as The Buffalo Voice Profile, The Vocal Profile Analysis Scheme
(VPA) and GRBAS. Results of the study supported the use of GRBAS as a simple and
reliable clinical tool, for the reason that it was reliable in all its parameters except for

Strain (x = 0.48).

According to Carding et al. (2000), the drawbacks of GRBAS scale is that it
includes rating of the parameters only at the laryngeal level; supra-glottic factors are

not scored. Additionally, it leaves out the rating for parameters of pitch and loudness.

While perceptual evaluation of voice is considered as the gold standard (Oates,
2009) in the evaluation of individuals with dysphonia, it is also susceptible to variety
of variations stemming from factors such as differences in the listeners, subjects, or
tasks. However, the findings from perceptual evaluation is indispensable in
complimenting the findings from an objective evaluation in patients with voice

disorders.



Objective evaluation of Voice

Objective evaluation involves the use of instruments and techniques to
quantitatively measure the vocal parameters such as frequency related measures
(fundamental frequency, habitual frequency, frequency range etc), amplitude related
measures (habitual intensity, intensity range etc), perturbation measures (jitter,
shimmer etc) and harmonics related measures (Harmonic-to-Noise ratio etc). The
findings of objective evaluations are crucial to substantiate the subjective measures of
voice quality as part of a comprehensive assessment. It proves to be essential for
diagnosing a voice disorder, keeping track of the treatment progress and in conducting
clinical research, as they provide reproducible results independent of subjective

interpretations.

It can be either invasive or non-invasive technique. Invasive methods include
Laryngoscopy, Videostroboscopy and some aerodynamic measurements such as Sub-
glottal Pressure measurement. Non-invasive measures mainly include acoustic

evaluation of voice, Electroglottography etc.

The acoustic voice analysis offers an objective and quantitative assessment of
voice, making it valuable for both clinical applications and research purposes (Yu,
Ouaknine, Revis & Giovanni, 2001). It has an advantage over perceptual measures
with the fact that they are least subjective and thus offer better reliability and
uniformity in diagnostic examinations across different settings and practicing

clinicians.



The correlation between the perceptual and objective measures have been
studied several times in the literature. The study by Bhuta, Patrick and Garnett (2004)
focused on the perceptual evaluation of voice quality using GRBAS and its
correlation acoustic measurements using Multi-Dimensional Voice Program (MDVP)
retrospectively including 37 participants. A correlation was found between the ‘G’ of
GRBAS scale and voice turbulence index (VTI), noise harmonic ratio (NHR), and
soft phonation index (SPI) while ‘R’ was correlated with NHR and ‘B’ and ‘A’ with

SPI only.

Nonetheless, study by Bauser & Drinnan (2011) reported limited validity and
reliability for acoustical measures for voice quality. The significant variations in
correlations between the perception of overall voice quality and acoustic
measurements questions the validity and usefulness of these acoustic indicators

(Kreiman & Gerratt, 2000a).

In their meta-analysis Maryn et al. (2009) assessed the relationship between
perceptual and acoustic measurements of overall voice quality and determine whether
a combination of acoustic measures, especially cepstral and spectral measures, could
provide more accurate and reliable diagnostics for voice disorders compared to using
individual acoustic measures alone. A total of 25 study reports were included for the
analysis. They considered four measures which followed the homogeneity, such as the
Pearson autocorrelation peak, pitch amplitude, spectral flatness of residue signal, and
smoothed cepstral peak prominence for analysis of sustained vowel studies. The
measures that satisfied homogeneity for continuous speech are signal-to-noise ratio

from Qi, cepstral peak prominence, and smoothed cepstral peak prominence. Findings



of this study concluded that a multiparametric approach enhances the diagnostic
accuracy and better reflects the perceptual evaluations, promising a better clinical

outcome for the patients with voice disorders.

Awan et al. (2010) aimed in quantifying varying degrees of dysphonia in 24
voice disordered participants, using a spectral/cepstral acoustic index and in
determining how well this index correlated with perceptual evaluations made using
CAPE-V by expert listeners. The spectral and cepstral measures demonstrated a high
diagnostic accuracy for identifying the dysphonia severity, and especially the CPP,
was a strong predictor of voice quality. Thus, the indices were proved to be a

clinically relevant and valid indicator for severity of dysphonia.

Furthermore, multiple researchers have suggested that utilizing
multiparametric measurements, which integrate several objective parameters, might
be more effective in evaluating voice quality than using single-parameter
measurements (Michaelis, Frohlich & Strube, 1998; Klein, Piccirillo & Painter, 2000;
Yu, Ouaknine, Ravis & Giovanni, 2001; Yu, Ravis, Wuyts, Zanaret & Giovanni,
2002). Literature reports few such multiparametric measures of voice quality
including Dysphonia Severity Index (DSI) (Wuyts et al., 2000), Cepstral Spectral
Index of Dysphonia (CSID) (Peterson et al., 2013) and Acoustic Voice Quality Index

(AVQI) (Maryn et al., 2010).

Cepstral Spectral Index of Dysphonia (CSID)

Cepstral Spectral Index of Dysphonia (CSID) (Peterson, Roy, Awan, Merrill,
Banks & Tanner, 2013) is a multivariate estimate of the dysphonia severity, which

utilizes both sustained vowels as well as connected speech. CSID involves various



components such as cepstral and spectral parameters like Cepstral Peak Prominence
(CPP), the low-to-high spectral energy ratio (L/ H spectral ratio) and its standard
deviation, derived separately from sustained vowel and connected speech samples. It
automatically estimates the dysphonia severity for each of the tasks. The CSID value
ranges from 0 to 100, and at times, values lesser than and greater than it is generated,

indicating an extremely periodic and profoundly aperiodic voice respectively.

Dysphonia Severity Index (DSI)

Wuyts et al. (2000) developed a multiparametric measure known as the
Dysphonia Severity Index (DSI), which reflects the voice quality and measures the
severity of dysphonia based on its components such as Maximum Phonation Time
(MPT in s), highest frequency (FO-High in Hz), lowest intensity (I-Low in dB) and
jitter (%). The authors constructed this measure based on a multivariate analysis of
387 participants. The weighted multiparametric regression equation for DSI = 0.13 x
MPT + 0.0053 x FO-High — 0.26 x I-Low — 1.18 x Jitter (%) + 12.4 (Wuyts et al.,
2000). The DSI scores ranges from +5 (perceptually normal voice) to -5 (severely
dysphonic voice). As the scores obtained reflect an individual's voice quality, the

poorer the scores obtained, the more severe his or her voice is considered dysphonic.

Hakkesteegt et al. (2008) studied the utility of DSI in assessing the severity of
dysphonia, in 294 participants with different voice pathologies, by comparing the
scores obtained with ‘G’ of the GRBAS scale. The experiment group was found to
have lower DSI values and higher grades on the GRBAS scale when compared to the
control group. They calculated a maximum sensitivity of 0.72 and a specificity of 0.75

with a cut-off point of 3.0.



The correlation between DSI with gender and perceptual evaluation data using
CAPE-V was studied by Nemr et al. (2016). They recruited 66 Brazilian adults (with
and without voice disorders) of both genders for their study. Results of this study
showed that DSI was well able to discriminate between individuals with and without
voice disorders. Even though the mean MPT was higher in men than expected, this
was compensated by the higher FO-high in women. Hence, no correlation was found
between DSI and gender. They also report a moderate negative correlation of DSI
with overall severity and breathiness and a weak negative correlation for DSI with

roughness in the participants with voice disorders.

The impact of age and gender on DSI was studied by Hakkesteegt et al.
(2006), and they also confirmed that gender has no significant effect on DSI.
However, few parameters, such as highest frequency and maximum phonation time,
showed a significant effect. However, age significantly impacts the DSI and its
parameters, especially the highest frequency and lowest intensity, with this effect

being observed only in females.

Jayakumar and Savithri (2012) recruited 120 participants (60 males, 60
females) who had GO rating on the GRBAS scale to evaluate DSI in Indian population.
They observed a significant difference for gender on MPT and FO-high, with females
showing higher DSI compared to males. When comparing the Indian population with
the European norms, there was a noticeable difference, were the MPT was found to be
significantly lower in Indian population. Thus, the study urges the clinicians to
establish normative data tailored to individuals within specific regions, ethnicity,
language, ages and genders.

DSl incorporates a voice quality-related measure (i.e., jitter percent) and three

more related to vocal performance and functioning (i.e., MPT, FO-high and I-Low).



These vocal range parameters can be difficult to be obtained in reality, as it can vary
in different trials and the estimation requires more time and effort. Titze et al., (1995)
found that it takes an average of 20 to 30 minutes in order to a satisfactory Voice
Range Profile. In addition, the lowest intensity considered for DSI requires high-
standard instrumentation that gives precise intensity measurements. A high-quality
sound level meter can be utilized to obtain this parameter, but this might not be a
feasible option considering most commercially available diagnostic instruments.
Compared to a sustained vowel phonation sample with lesser variations,
connected speech is a more natural speaking behavior. It is the environment in which
perceptual judgments regarding voice quality are made (Carding, Carlson, Epstein,
Mathieson & Shewell, 2000). However, considering that the acoustic characteristics
of sustained phonation and connected speech differ, incorporating connected speech
can enhance the ecological validity of the analysis (Wolfe, Cornell, & Fitch, 1995;
Zraick, Wendel, & Smith-Olinde, 2005). Several studies confirmed the assumption
that AVQI, which incorporates six acoustic parameters and concatenates continuous
speech and the sustained phonation for the analysis, is a more valid measurement and
shows better clinical utility than DSI (Barsties & Maryn, 2016; Uloza et al., 2018).
Further, Maryn and Roy (2012) found no significant difference was found in inter-
rater reliability between dysphonia severity ratings of sustained vowels versus
continuous speech, hence, both types of speech/voice tasks should be elicited and

judged by clinicians in the auditory-perceptual rating of dysphonia severity.

Acoustic Voice Quality Index (AVQI)
Maryn et al. (2010) sought to study the viability and diagnostic accuracy by

combining continuous phonation with speech in the assessment of quality of voice



through a recently introduced technique, the Acoustic Voice Quality Index (AVQI). It
is a multivariate model integrated into the free software program Praat. It constitutes
six acoustic parameters such as the Smoothed Cepstral Peak Prominence (CPPS),
Harmonics-to-Noise Ratio (HNR), Shimmer Local (SL), Shimmer local dB (ShdB),
slope of long-term average spectrum (slope) and tilt of the trendline through the long-
term average spectrum (tilt). Hence, AVQI is constructed with the following formula:
“AVQI = 2.571%(3.295-0.111*CPPS - 0.073*HNR - 0.213*SL + 2.789*ShdB -

0.032*Slope + 0.077*Tilt)” (Maryn et al., 2010).

The AVQI model is thought to evaluate voice quality alone because it includes
parameters like smoothed cepstral peak prominence and shimmer as its constituents.
Hence, it is primarily a model related to periodicity prominence (Maryn et al., 2009b).
The scores obtained for AVQI can range 0 to 10, serving as an indicator of voice
severity, with O representing normal voice and 10 signifying profoundly abnormal
voice on the severity continuum. AVQIl was originally developed for Dutch
population and a score of 2.95 or below was considered to be a normophonic voice
quality.

Considering the higher probability of the primary version of AVQI to be more
time consuming, poor user friendliness and chances for error, there was a need to
simplify the processing of the two acoustic signals for the analysis. As a result, AVQI
(v02.01) was developed by Bartsies & Maryn, (2015), which had a simplified signal
processing and calculation process (Batthyany et al., 2022). They validated this in
Dutch speaking adult population and found the mean AVQI to be 2.80.

Maryn, Kim & Kim (2016) in the Korean language and Uloza et al. (2017) in
the Lithuanian language revealed a significant correlation between the AVQI (v02.02)

and perceived voice quality as measured on the GRBAS scale and CAPE-V scales.



Barsties and Maryn (2013) reported good test-retest reliability in AVQI. In Indian
context, Benoy & Jayakumar (2017) also reported a good test-retest reliability.
Additionally, they noted a strong association between the intensity of perceptual
dysphonia and the ability of AVQI to distinguish between mild and moderate severity

of dysphonia.

Factors affecting AVQI

Investigations on AVQI reveals consistent and acceptable diagnostic precision
and high concurrent validity (Maryn et al., 2010; Barsties & Maryn, 2012; Reynods et
al., 2012; Maryn et., 2014; Hosakawa et al., 2017; Uloza et al., 2017; Hernandez et al.,
2018).

Barsties et al. (2017) investigated the influence of age and gender on AVQI
(v02.02) and DSI. A total of 123 normophonic adults of both genders, in the age range
of 20 - 79 years were included in the study. This was the first study to evaluate the
impact of age and gender on AVQI, even though there were earlier studies present for
DSl in his aspect. The results of this study revealed that there are no significant
differences between genders for both the multiparametric indices. AVQI also revealed
no significant impact across age groups. However, age correlated significantly lower
with DSI scores, indicating that DSI is slightly dependent on age.

In Indian population, Shabnam and Pushpavathi (2021) studied the effect of
gender on AVQI and DSI in 138 normophonic individuals (74 females and 64 males).
The results revealed that gender has significant effect on the constituent parameters of
AVQI such as CPPS, HNR and Tilt of LTAS. However, the effect on AVQI and

Slope of LTAS was not significant.



Jayakumar et al. (2022) analyzed the significant difference across age group
and gender on AVQI (v02.02) and its constituent parameters in Kannada and
Malayalam languages. This study included 200 participants of three different age
groups with pediatric, adult and older adult population. Findings of the study revealed
that there is no gender effects observed in AVQI in both the languages. Thus, they
concluded that AVQI (v02.02) is independent of gender. But the values obtained were
more stable in adults than in pediatric and older adult groups, they summarized that
age can have an impact on AVQI (v02.02) values.

Vishali, (2019) has established standard reference data for AVQI (v02.02) in
native Tamil speakers between the age range of 20 to 50 years. She found that males
had a significantly higher mean AVQI, Shim dB and Slope of LTAS values
comparing with the female counterparts. At the same time, females presented with a
higher mean for HNR values. Males also revealed a higher but statistically

insignificant values for CPPS and Tilt of LTAS.

AVQI v02.02 vs v03.01

Version 2 of AVQI had a disproportionate contribution the two acoustic signals
for the analysis with the sustained phonation contributing more compared with the
combined length of concatenated voice fragments in continuous speech sample and
this demanded for another significant upgradation (Batthyany et al., 2022). Version
03.01 of AVQI has undergone significant modifications, particularly in the adjustment
of parameter weights, leading to its current form. The script for obtaining AVQI
(v03.01) contains the formula, “AVQI = (4.152- (0.1777* CPPs) — (0.006* HNR) —
(0.037* Shim) + (0.941* ShdB) + (0.01* Slope) + (0.093* Tilt) * 2.8902” (Barsties

and Maryn, 2015b).



The primary distinction between the second and third version of the AVQI and

different languages is in the thresholds obtained, which differentiates whether the

hoarseness is present or not (Latoszek et al., 2018). Several researchers have studied

this difference across languages such as English, German, Lithuanian, French,

Japanese, Korean etc. and the thresholds obtained in these studies are summarized in

the table 2.1 as follows:

Table 2.1 Summary of AVQI scores across languages for v02.02 and v03.01 reported

in the literature

AVQI version Language Author Threshold of
AVQI value

v02.02 Dutch Maryn et al. (2010) 2.95

Barsties & Maryn (2015) 2.80

German Barsties & Maryn (2012) 2.70

Maryn et al. (2014) 3.05

French Maryn et al. (2014) 3.07

Australian Reynolds et al. (2012) 3.46

English

English Maryn et al. (2014) 3.25

Japanese Hosokawa et al. (2017) 3.15

Lithuanian Uloza et al. (2017) 2.97

Finnish Kankare et al. (2020) 3.09

Kannada Jayakumar et al. (2020) 4.02*

Pebbili et al. (2021) 2.72

Seshasri, (2012) 3.74*




Kannada & Jesnu, (2017) 3.03

Malayalam
Tamil Vishali, (2019) 2.76
v03.01 Dutch Barsties & Maryn (2015) 2.43
Barsties & Maryn (2016) 2.43

Japanese Hosokawa et al. (2017) 1.41
Spanish Delgado Hernandez et al. 2.28

(2018)

Brazilian Rabelo et al. (2024) 2.01*
Italian Fantini et al. (2023) 2.35
French Pommée et al. (2020) 2.33
Korean Kim et al. (2021) 3.15

Brazilian Englert et al. (2021) 1.33

Portugese

German Latoszek et al. (2020) 1.85

Kannada & Jayakumar, 2.45
Malayalam Rajasudhakar, et al.
(2022)

*studies in pediatric population

Given that AVQI (v03.01) has an equal contribution of both sustained
vowel and connected speech samples, variations across languages can have an impact
on the outcomes of AVQI measurements (Jayakumar & Benoy, 2022). Table above
depicts the language specificity of AVQI (v03.03) across different world languages
with the threshold showing a wide range of values. In their meta-analysis study,
Jayakumar & Benoy, (2022) reviewed seven studies on (v02.02) and eight studies
investigating AVQI (v03.01) and they revealed a diagnostic threshold ranging from
2.72 to 3.33 and 1.33 to 3.15 respectively. Also, for AVQI (v02.02), the combined

results showed a pooled sensitivity and specificity of 0.85 and 0.92, and for AVQI


https://www.sciencedirect.com/science/article/pii/S0892199722000844#bib0059
https://www.sciencedirect.com/science/article/pii/S0892199722000844#bib0059

(v03.01), 0.82 and 0.92. The results revealed that AVQI (v03.01) had a relatively
better Area under the Curve (0.94) than AVQIv02 (0.92).

Englert et al. (2022) reported that the length of standardized syllables utilized
for the continuous speech recording will affect the AVQI (v03.01) values such that

the values tend to be higher for increased sample length.

Acoustic Voice Quality Index in children

According to Reynolds et al. (2012), AVQI may be a more appropriate
acoustic measure, even when other measures like DSI have also demonstrated
reliability and validity. This is because AVQI has been found to correlate well with
subjective assessments of dysphonia severity, while other measures have shown a
mixed correlation with perceptual attributes. In addition, AVQI incorporating
connected speech samples improves its ecological validity by reflecting more natural
speaking behaviour. There are numerous studies in the literature on AVQI in adult
population, but there is dearth in studies among pediatric population focusing on
their voice quality.

A study by Reynolds et al. (2012) aimed to evaluate the AVQI in the pediatric
population. The study included an experimental group of 67 preterm children in the
age range of 6-15 years and 40 normophonic term-born children aged 5-15 years in
the control group. They collected both a sustained vowel and connected speech
sample from the participants. The study results shows that the AVQI had good
diagnostic accuracy and specificity in both groups. The threshold value for term-born
children was an average of 2.98 and for the preterm children was 3.46. The results

obtained moderately correlated with the severity rated using the GRBAS scale.



In an observational, cross-sectional study, Rabelo et al. (2024) compared the
acoustic measurements of CPPS and AVQI (v03.01) in pre-pubertal children aged 3-
12 years. From a pre-existing database, they collected 185 samples of children (93
boys and 92 girls) with normal and altered voices. The samples collected included a
sustained vowel and counting numbers task. Auditory Perceptual Judgement was also
done individually for each task. The results of this study revealed that children with
altered voices have higher AVQI scores and lower CPPS values. The cut-off scores to
differentiate between the presences of vocal deviation in children are 14.07 for CPPS

vowel, 7.62 for CPPS numbers, and 2.01 for the AVQI.

In the Indian context, Seshasri, (2018) has established normative data for
AVQI (v02.02) for Kannada speaking typically developing children in the age range
of 10 -12 years. The average threshold scores of AVQI for this age range was 3.74.
The results obtained was in consensus with the findings reported by Reynolds et al.
(2012) for English speaking population. Hence, she proposed that AVQI may be
independent of the language. Literature on AVQI (v02.02) shows this independency of
language (Maryn et al., 2014; Bartsies & Maryn, 2012; Hosokawa et al., 2017; Benoy

& Jayakumar, 2017).

Based on the evidence available, version 3 of AVQI is yet to be explored in
children in the Indian population. From the literature review, it is apparent that AVQI
is a promising tool for assessing voice quality. Compared with the studies to date on
AVQI in European and Eastern Asian languages, Indian languages such as Kannada
and Malayalam are unalike. These Dravidian languages are disparate in their inherent

attributes, such as their syllabic structures. Consequently, there is a need to probe into



them and develop reference data for these languages, as the results can likely be
disparity. Therefore, the current study is taken up with the aim of establishing the
normative data for AVQI (v03.01) in Malayalam and Kannada speaking typically

developing children of Indian population.



CHAPTER III

METHOD

Research Design
The current study used a normative research design.

Participants

A total of 180 children participated in the present study. There were two
groups of participants on the basis of their native language. Group 1 consisted of 90
Malayalam speaking children selected randomly from 3 different schools in Kerala.
Similarly, Group 2 consisted of 90 Kannada speaking children randomly selected
from 3 different schools in Karnataka. Each group had 3 different age groups: 5-6
years, 6-7 years and 7-8 years. Each age group had 30 children with equal number of
boys (15 children) and girls (15 children). Informed consent were taken from all
participant/ parents/ guardians. Table 3.1 show the details of participants for each

group across age group and gender.

Table 3.1: Details of participants

Group 1 (Kannada) Group 2 (Malayalam)
(n=90) (n=90)
5-6 years 6-7 years 7-8 years 5-6 years 6-7 years 7-8 years

Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls

15 15 15 15 15 15 15 15 15 15 15 15




Inclusionary criteria
i.  Children who speak native Kannada and Malayalam languages.
ii.  Participants of both Group 1 and Group 2 having perceptually normal voice
quality rated with on G of the GRBAS (Hirano et al., 1981) scale by

researcher herself.

Exclusionary criteria
i.  Participants having any active Upper Respiratory Tract Infections, vocal tract
related infections or allergies at the time of recording were excluded from the
study.
ii.  Participants with any history of voice disorders were excluded from the study.
iii.  Participants with complaints of hearing loss, any associated communication

disorders, or neurological impairment were excluded.

Stimuli
Voice samples of sustained phonation task of vowel /a/ for minimum of 5-7
seconds duration and continuous speech recording using standard passages of
Kannada (Savithri & Jayaram, 2005) for Group 1 and Malayalam (Dokhe et al.,
2020) for Group 2 was collected from all children by repetition task from both the

groups.

Procedure
The participants, their parents/ guardians and/or teachers were
explained about the procedures and tasks prior to the audio recording. Their consent

was collected before the recording session. The participants were seated comfortably



in an upright position in a quiet room for the recording. VVoice samples were recorded
using Olympus LS-100 with sampling rate of 44.1 kHz and 32 bits of resolution. The
microphone was kept 10 cm from the mouth and a mouth angle of 40-90 degrees. The
recording of the voice samples from each participant took around 5-10 minutes, with

two to three trials of sustained vowel and continuous speech sample.

Analysis

The stable middle portion of the vowel phonation was extracted and renamed
as ‘sv’ (sustained vowel). For the continuous speech (renamed as ‘cs’), 3 sec of
standard reading passages of Malayalam (first 29 syllable length) and 3 sec of
Kannada (first 26 syllables) was used (Benoy & Jayakumar, 2017). These extracted
samples saved in .wav format was fed into the Praat script (Barsties and Maryn,
2015b) for obtaining the AVQI v03.01. The AVQI output obtained on Praat for a
normophonic participant is depicted in figure 3.1
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Smoothed cepstral peak prominence (CPPS): 13.90
Harmonics-to-noise ratio: 16.85 dB AVQl: 2.35
Shimmer local: 5.92 %

Shimmer local dB: 0.59 dB

Slope of LTAS: -20.06 dB

Tilt of trendline through LTAS: -9.86 dB

Figure 3.1: Example of graphical output AVQI results



Statistical analysis

All the statistical analysis were carried out using SPSS (version 26) statistical
analysis software. Shapiro Wilk’s test was done to check for the normality of the
obtained data. Descriptive statistics were done to obtain the mean and standard
deviation of AVQI and its constituent parameters. Furthermore, the effect of age,
gender and language on AVQI was checked using three-way Analysis of Variance
(ANOVA). Three-way Multivariate Analysis of Variance (MANOVA) was done to
check for the effect of age, gender and language on the constituent parameters of

AVQI and also to check for the interaction effects.



CHAPTER IV
RESULTS

The main objective of the study was to develop normative reference data for
AVQI (v03.01) scores of normophonic children of three age groups (5-6 years, 6-7
years & 7-8 years). The AVQI and its six constituent parameters such as CPPs, HNR,
Shimmer local, Shimmer dB, Slope and Tilt of LTAS were analysed. Age, gender and
language were the independent variables while AVQI and constituent six parameters

were the dependent variables for the study.

The data obtained for AVQI and the six parameters were subjected to
statistical analysis to verify the normality of the data and the effect of age, gender and

the two languages on them.

The results of this study will be discussed under the following headings:

i.  Normality of the data.

ii. Descriptive statistics of AVQI and its constituent parameters.

iii. Effect of age, gender and language on AVQI scores.

iv. Effect of gender on the constituent parameters of AVQI.

v. Effect of age on the constituent parameters of AVQI.

vi. Effect of language on the constituent parameters of AVQI.

vii. Reference measures for AVQI and its constituent parameters



Normality of the data

Shapiro Wilk’s test was done to check for the normality of the obtained data
with respect to the independent variables gender, language and age groups. Results
revealed that data is following normal distribution. Hence, further analyses were

carried out using parametric tests.

ii. Descriptive statistics of AVQI and its constituent parameters

AVQI and its constituent parameters were obtained from a total of 180
normophonic Kannada and Malayalam speaking children. Table 4.1 shows the mean,
standard deviation and range of AVQI and its constituent parameters for typically
developing normophonic children of three age groups 5- 6 years, 6- 7 years and 7- 8

years. The three age groups consisted of 60 participants each.

Table 4.1: Mean, standard deviation and range of AVQI in children of three age group

5 - 6 years 6 - 7 years 7-8 years

Mean (+ SD) Mean (+ SD) Mean (+ SD)

(Range) (Range) (Range)

AVQI 3.98 (£ 0.85) 4.07 (= 0.90) 3.86 (£ 0.85)
2.55-6.62 1.74- 5.88 2.19-5.41

CPPS 11.19 (£ 1.32) 11.26 (£1.24) 11.53 (£ 1.18)
7.28-13.34 8.68- 14.66 9.07- 14.03

HNR 15.68 (£ 1.36) 15.23 (£ 1.58) 15.24 (£ 1.47)

11.87-18.01 12.42-18.42 12.50- 18.42

Shimmer local 7.99 (£ 1.51) 8.75 (£ 1.74) 8.20 (£ 1.45)
5.31-11.25 5.71- 13.37 5.57-11.47

Shimmer dB 0.80 (£ 0.13) 0.86 (£ 0.15) 0.80 (£ 0.13)
0.56- 1.09 0.57-1.27 0.59- 1.08



Slope ~17.18 (£ 3.69) -18.37 (£ 3.68) -17.96 (£ 3.76)

-24.70- -9.62 -25.75--8.17 -26.16- -9.04
Tilt -10.60 (+ 0.81) -10.32 (& 0.95) -10.31 (£ 1.10)
-12.64- -9.28 -11.86- -7.90 -12.06- -6.03

The participants of the study were divided into two groups on the basis of the
language. Group 1 (Kannada) and Group 2 (Malayalam) with 90 participants each.
There was a total of 90 each normophonic girls and boys of the age range 5- 8 years.
Table 4.2 summarizes the mean, standard deviation and range of AVQI across the two

languages and genders.

Table 4.2: Mean, standard deviation of AVQI across gender and languages

Parameter Gender Languages
Boys Girls Kannada Malayalam
(n=90) (n=90) (n=90) (n=90)
AVQI
Mean (+ SD)

4.00 (£0.85) 3.94(£0.89) 3.96(0.80) 3.98 (0.93)

Effect of age, gender and language on AVQI scores

Three-way Analysis of Variance (ANOVA) was carried out to check for the
between-subject main effects and interaction effects of age group, gender and
language on AVQI for all the 180 participants of the current study. Tests of between-
subject effects revealed that there is no significant difference for main effects across
the subject groups for gender F (1, 168) =0.184, P> 0.05, age F' (1, 168) =0.918, P >

0.05 and language F (1, 168) = 0.019, P> 0.05.



Similarly, no significant difference was observed for interaction effects
between- subject groups for age*gender F (2, 168) = 1.641, P > 0.05,
gender*language F (1, 168) = 0.695, P >0.05, age*language F' (2, 168) = 0.236, P >
0.05 and age*gender*language F' (2, 168) = 0.875, P> 0.05. Figure 4.1 and 4.2 shows

the gender comparison across language
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Figure 4.1: Effect of age and gender on AVQI for Group 1 (Kannada)

In Group 1, the boys in the age group 7- 8 years shows comparatively slightly
higher scores of AVQI than their corresponding group of girls. At the same time, this
trend is not observed between the boys and girls of the lower two age groups (5- 6

years and 6- 7 years).
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Figure 4.2: Effect of age and gender on AVQI for Group 2 (Malayalam)

In Group 2, girls in the age group of 6- 7 years showed comparatively slightly
higher AVQI scores than their corresponding group of boys, while it was the opposite
way in the age group of 5- 6 years with the boys having slightly higher AVQI scores.
Meanwhile, the boys and girls in age range of 7- 8 years did not show any significant

difference between their AVQI scores obtained.

Effect of gender on the constituent parameters of AVQI.

Three- way Multivariate Analysis of Variance (MANOVA) was done to check
for the effect of age, gender and language on the constituent parameters of AVQI and
also to check for the interaction effects. The tests of between-subject effects results
revealed the majority of parameters showed no significant effect except few

parameters having marginal difference.



Gender F' (6, 163) =3.183, (P=0.006, hy>= 0.105). Even though there was
not any significant effect found for AVQI scores across gender, a significant

difference was observed across gender on constituent parameters such as Slope (P =

0.021) and Tilt (P = 0.021) was found. The results are tabulated in Table 4.3

Table 4.3: F-value and p-value of the constituent parameters of AVQI across gender

Parameter F-value p-value Partial Eta
Squared
CPPS 0.261 0.610 0.002
HNR 1.132 0.289 0.007
Shimmer local 1.446 0.231 0.009
Shimmer dB 0.652 0.421 0.004
Slope 5.469 0.021* 0.032
Tilt 5472 0.021* 0.032
*p<0.05

Effect of age on the constituent parameters of AVQI

Similarly, age F (12, 328) = 3.504, (P = 0.000, hy,?> = 0.114). There was a
significant difference observed across age groups on the parameters such as Shimmer
local (P =0.028) and Shimmer dB (P = 0.032) was found. Table 4.4 summarizes these

results.



Table 4.4: F-value and p-value of the constituent parameters of AVQI across age

Parameter F-value p-value Partial Eta
Squared
CPPS 1.162 0.315 0.014
HNR 1.179 0.169 0.021
Shimmer local 3.659 0.028* 0.042
Shimmer dB 3.518 0.032* 0.040
Slope 1.621 0.201 0.019
Tilt 1.845 0.161 0.021
*p<0.05

Additionally, a post-hoc analysis was done using the Tukey HSD test for
pairwise comparisons. All the groups fall into a homogeneous subset, indicating no
significant difference among the constituent parameters of AVQI except for Shimmer
local and Shimmer dB. Table 4.5 summarizes the results of the post-hoc analysis for

those two parameters.

Table 4.5: Post-hoc analysis using Tukey HSD test

Age group Shimmer local Shimmer dB

Comparison p-value p-value
5-6yvs7—-8y p > 0.05 p > 0.05
5-6yvs6-Ty p<0.05 p<0.05

7-8yvs6-Ty p>0.05 p>0.05




Considering the parameter of Shimmer local, the age groups 5- 6 y and 7- 8 y
are in the first subset, and the age groups 7- 8 y and 6- 7 y are in the second subset.
Each age group consisted of 60 participants each. This indicates that the age groups 5-
6 y and 7- 8 y do not differ significantly from each other, nor do the age groups 7- 8 y
and 6- 7 y. But there is a trend towards significance when comparing the age groups

5- 6 y and 6- 7 y. The error term for the analysis was Mean Square Error = 2.519.

Shimmer dB also displayed a similar trend towards significance when
comparing age groups 5- 6 y and 6- 7 y, with a Mean Square Error = 0.021 for the

tested age range.

Effect of language on the constituent parameters of AVQI.

The test of between-subject results did not show any significant difference for
the constituent parameters across language F (6, 163) = 1.686, (P = 0.128, h,> =
0.058), except for the parameter of Tilt (P = 0.011) as shown in the Table 4.6. Also
figure 4.3 to 4.14 shows age group, gender and language variations across AVQI

constituent parameters

Table 4.6: F-value and p-value of the constituent parameters of AVQI across language

Parameter F-value p-value Partial Eta
Squared
CPPS 0.036 0.581 0.002
HNR 0.031 0.860 0.000
Shimmer local 2.380 0.125 0.014
Shimmer dB 1.716 0.192 0.010
Slope 1.035 0.310 0.006
Tilt 6.613 0.011* 0.038

*p<0.05
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Figure 4.6: Effect of age and gender on HNR for Group 2
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Figure 4.10: Effect of age and gender on Shimmer dB

for Group 2 (Malayalam)
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Reference measures for AVQI and its constituent parameters

The AVQI values across the two languages, genders, or age groups did not
show any significant difference. Table 4.7 summarizes the reference measure for
AVQI (v03.01) for Kannada and Malayalam speaking normophonic children in the

age range of 5 - 8 years.

Table 4.7: Reference score of AVQI (v03.01) for Kannada and Malayalam speaking

normophonic children aged 5 - 8 years.

Parameter Value
Mean AVQI (= SD) 3.97 (£0.87)
Range 1.74 - 6.62

However, Shimmer values were found to be slightly significant across the
three age groups. Similarly, Slope and Tilt of LTAS were found to have slight
significance across the two genders. Considering these results, the reference measures
for the constituent parameters of AVQI for Kannada and Malayalam speaking
normophonic children in the age range of 5 - 8 years is summarized in the table 4.8

below:



Table 4.8: Reference score for the constituent parameters of AVQI

Parameter Gender Age groups
Boys Girls 5 -6 years 6 - 7 years 7 - 8 years

CPPS 11.33 (£ 1.25)
HNR 15.38 (£ 1.48)
Shimmer 7.99 (£1.51) 875(x1.74) 8.20 (% 1.45)
local
Shimmer dB 0.80 (£0.13) 0.86(=0.15) 0.80 (£0.13)
Slope -17.20 (£ 4.01) -18.48 (= 3.31)
Tilt -10.25 (£ 1.02) -10.57 (= 0.89)




CHAPTER V

DISCUSSION

The primary objective of the study was to develop normative reference data
for AVQI (v03.01) scores of normophonic children of three age groups (5- 8 years). A
total of 180 normophonic children were divided into two groups based on their native
language. Each group consisted of 90 children each with equal number of boys and

girls in the three age groups.

Normative data on AVQI (v03.01) for children in the age range 5- 8 years

The mean AVQI value obtained for the Kannada and Malayalam speaking
children in the age range of 5 - 8 years is 3.97 (£ 0.87). The value obtained in the
current study is in consensus with that reported by Reynolds et al. (2012) for English
speaking children, 3.46. Seshasri, (2018) reports the mean AVQI to be 3.74 in
Kannada speaking children in the age range of 10 - 12 years, which is also in
consensus with the current study. These two studies were done using version 2 of
AVQI. However, a recent cross-sectional study by Rabelo et al. (2024) using the
version 3 of AVQI reported the mean AVQI for children in the age range of 3 - 12
years to be 2.01, which is less than the mean obtained in the current study. The
possible reason for this disparity could be related to difference in the age ranges
(Jayakumar et al., 2022), language considered (Jayakumar & Benoy, 2022; Englert
etal.,, 2022) for the current study and general variations in voice quality, but one
cannot presume this as a fact as there is no other studies currently to contribute to the

literature for further comparison.



Effect of gender, language and age groups on AVQI

The current study did not show any significant effect of gender, language or
age on AVQIL. These results were in agreement with earlier studies using AVQI
(v02.02) by Maryn et al. (2010, 2014); Bartsies & Maryn (2012); Reynolds et al.

(2012); Hosakowa et al. (2017); Bartsies et al. (2017).

The current study had three age groups of children and the results revealed a
mean AVQI of 3.98 (= 0.85) for 5 - 6 years, 4.07 (£ 0.90) for 6 - 7 years and 3.86 (+
0.85) for 7 - 8 years of age. With respect to gender, the current study revealed that
boys had a mean AVQI of 4. 00 (= 0.85) and girls had mean AVQI of 3.94 (+ 0.89).
However, study by Seshasri, (2018) using AVQI (v02.02) had two age groups of 10 -
11 years and 11 - 12 years. Her study revealed that elder participants obtained a higher
AVQI, relating with poorer voice quality than their younger counterparts. This may be

due to abuse of voice is high in the older children than younger one.

This study utilized 3 seconds of standard Kannada and Malayalam languages
passage with different number of syllables, for the connected speech sample. And no
significance was noted for AVQI across these languages. Similar studies using AVQI
(v02.02) also revealed a similar result in different languages (Bartsies & Maryn, 2012;
Reynolds et al., 2012; Kankare et al., 2015; Hosokowa et al., 2017). Also, according
to Hosokowa et al, (2017), the number of syllables does not have an impact on AVQI
(v02.02) values. In addition, Rabelo et al. (2024) also confirmed that children with
voice disorder had a higher AVQI value, irrespective of the speech task utilized for the

continuous speech task.



Language differences are anticipated because AVQI (v03.01) utilizes
language-specific stimuli for its measurements. To substantiate this, literature has
shown that normative scores vary across different languages (Barsties and Maryn,
2016; Delgado Hernandez et al., 2018; Hosokawa et al., 2019; Kim et al., 2021;
Barsties v. Latoszek et al., 2020; Pommée et al., 2020; Englert et al., 2021). However,
the current study found no significant differences, as Kannada and Malayalam both

belong to the Dravidian language family.

Effect of gender, language and age group on the constituent parameters of AVQI

A gender effect was found for the Slope (P = 0.021) and Tilt of LTA (P =
0.021) in the current study, but these findings were only marginal significant. This
could be due to the difference in the boy and girls with respect to energy values of
their formants (White, 1999). Boys generally have a steeper slope in their LTAS,
indicating more energy in their lower frequencies and less energy on their higher
frequencies. Similarly, Girls generally have a higher tilt in their LTAS, indicating
more energy in the higher frequencies (Coleman, 1976). Anatomical variations such
as the length of vocal tract between the two genders may be the cause for this

difference.

Similarly, effect of age was observed for the constituent Shimmer parameters
such as Shimmer local (P = 0.028) and Shimmer dB (P = 0.032). In both these
parameters, there was a trend towards significance when comparing the age groups
5- 6 years and 6- 7 years. Nonetheless, this effect was also found to be only marginal
significant. Literature has reported higher perturbation in the voices of younger

children and older adults (Stathopoulos et al., 2011).



CHAPTER VI

SUMMARY AND CONCLUSION

Acoustic Voice Quality Index (AVQI) is a multiparametric tool developed by
Maryn et al, (2010) for acoustic analysis of voice quality. The tool has been refined
several times and the latest version, AVQI (v03.01) is found to have a higher
ecological validity compared to the previous. Researchers across the world has
confirmed that this newer version holds a good diagnostic accuracy and concurrent
validity. There are numerous studies that reports AVQI values in adult population.
There are numerous studies that reports AVQI values in adult population. However,
there is a paucity in the literature for pediatric normative even when there are notable
differences between adults and children, in terms of their anatomical variations, which
could also impact their voice quality thresholds. Hence, the reference data using the
latest version of AVQI could prove to be resourceful in pediatric voice assessment.
and the current study was taken up with the aim of establishing the normative data for
AVQI (v03.01) in Malayalam and Kannada speaking typically developing children of
Indian population. The effect of gender, language and age groups were also

investigated in this study.

The current study included a total of 180 participants in two different
languages (Kannada and Malayalam), three different age groups (5-6 y, 6-7 y and
7-8 y) with equal number of boys and girls. Acoustic samples of sustained vowel (/a/
phonation) and continuous speech (by repetition of standard passages in Kannada and
Malayalam language). Corresponding values of AVQI and its constituent parameters

were obtained by the running the script for AVQI (v03.01) in the Praat software.



The obtained results were subjected to appropriate statistical analysis using SPSS
(version 26).

The mean normative AVQI (v03.01) value obtained for Kannada and
Malayalam speaking normophonic children is 3.97 (£ 0.87). The current obtained
value is higher than what is reported in the literature for adults and pediatric
populations. Effect of gender, language and age groups were not significantly
affecting the AVQI values in the current study. However, this was not case for the
constituent parameters of AVQI. Time-related measures such as Shimmer dB and
Shimmer local were found to have a significant difference across age groups.
Frequency-related measures such as Slope and Tilt of LTAS were found to significant
difference across the genders. Also, language was found to have a significant effect
on the Tilt of LTAS. Other parameters did not show any evident differences across
age, gender and language.

Even though literature has found the AVQI (v03.01) to be language specific,
the current study did not show such a significant difference across the languages,
Kannada and Malayalam. This may be due to the fact that the two Indian languages
belong to the same language family of Dravidian. Thus, the current study adds on to

the literature for reference measures of AVQI (v03.01) for pediatric population.

Implications of the study
i.  The current study will establish the normative data for AVQI v03.01 in
Malayalam and Kannada speaking children in the age range of 5- 8 years,
which will help in pediatric voice assessment.
ii.  The present study will provide an understanding about the effect of age and

gender on AVQI v03.01 in children.



Limitations and future directions of the study

The study considered only the children in the limited age range of 5-8 years,
limiting the applicability of the findings. Hence, future studies should aim to

include a wider age range.

. The study had participants of native Kannada and Malayalam languages and

these languages belong to the same language family. As literature has found the
current version of AVQI to be language specific, the current study could limit the
impact of the language on the mean scores obtained. Future studies should aim to
explore the language differences on AVQI scores for other Indian languages

belonging to different language families.
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