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Abstract

Introduction: This study focuses on the phonetic assessment of voice quality using speech samples
from public school teachers in Sdo Paulo. Purpose: To describe vocal quality settings (VQS) in
articulatory, phonatory, muscular tension aspects, and vocal dynamics elements (VDE) in speech samples
from teachers in Sdo Paulo. Method: A cross-sectional study with a retrospective collection of 60 speech
samples analyzed using the Vocal Profile Analysis Scheme (BP-VPAS). All samples were edited with
PRAAT software, and those with a signal-to-noise ratio above 2 were selected to minimize external noise
interference. Researchers extracted 40-second semi-spontaneous speech excerpts and grouped them into
the Experiment MFC 3.8 script for auditory-perceptual tasks. One-third of the samples were repeated for
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internal consistency, with the script playing them randomly. Results: Perceptual judgments showed high
reliability (alpha coefficients: 0.777 and 0.814). Discriminant analysis identified vocal quality settings
segregating groups based on vocal dynamics. Key variables included Rough Voice (71.7%), Creaky Voice
(48.1%), Vocal Tract Hyperfunction (35.3%), Whisper (32.2%), and Pharyngeal Constriction (43.3%).
These findings supported group classifications: Non-Case (no dysphonia), Case I (perceptual alteration
only), Case II (laryngeal alteration only), and Case III (combined perceptual and laryngeal alterations).
Conclusion: VQS related to muscular tension and supralaryngeal phonatory mechanisms were essential
in distinguishing groups, enhancing the understanding of dysphonia among teachers.
Keywords: Voice; Auditory Perception; Voice Quality.

Resumo

Introducdo: Este estudo investiga a avaliagdo fonética da qualidade vocal utilizando uma base
de dados de amostras de fala de professores de escolas publicas de Sao Paulo. Objetivo: Descrever os
ajustes de qualidade vocal (AQV) nos dominios articulatorios, fonatérios e de tensdo muscular, bem
como os elementos da dindmica vocal (EDV) em amostras de fala de professores da rede municipal de
ensino de Sao Paulo. Método: Estudo transversal com coleta retrospectiva e descritiva baseada na analise
perceptivo-auditiva de 60 amostras de fala, utilizando o esquema Vocal Profile Analysis Scheme para o
portugués brasileiro (VPAS-PB), extraido de uma base de dados de estudo de caso-controle. Todas as
amostras foram editadas no software PRAAT. Foi calculada a relagao sinal-ruido, selecionando amostras
com valores acima de 2 para evitar interferéncias de ruido externo. Os pesquisadores extrairam trechos
de 40 segundos de fala semi-espontanea de cada gravacdo e os agruparam no script Experiment MFC
3.S para tarefas de percep¢ao da qualidade vocal. Um ter¢o das 60 amostras foi repetido para avaliar a
consisténcia interna, sendo reproduzidas de forma aleatéria. Resultados: Os julgamentos perceptivos
demonstraram alta confiabilidade (coeficientes alfa de 0,777 e 0,814). A analise discriminante revelou
ajustes de qualidade vocal que segregaram grupos de falantes com base na dindmica vocal. As variaveis
mais influentes incluiram voz aspera (71,7%), voz crepitante (48,1%), hiperfuncao do trato vocal (35,3%),
escape de ar (32,2%) e constri¢do faringea (43,3%). Concluséao: Os ajustes vocais relacionados a tensao
muscular e aos mecanismos fonatdrios supralaringeos foram cruciais para distinguir grupos, avangando
na compreensao da disfonia em professores.

Palavras-chave: Voz; Percepcao Auditiva; Qualidade da Voz.

Resumen

Introduccion: Este estudio se centra en la evaluacion fonética de la calidad vocal utilizando muestras
de habla de profesores de escuelas publicas de Sdo Paulo. Proposito: Describir los ajustes de calidad
vocal (AQV) en elementos articulatorios, fonatorios, de tension muscular y elementos de dindmica vocal
(EDV) en las muestras de profesores del sistema municipal de Sdo Paulo. Método: Estudio transversal
con recopilacion retrospectiva de 60 muestras de habla analizadas mediante el esquema Vocal Profile
Analysis Scheme (BP-VPAS). Las muestras se editaron con el software PRAAT, seleccionando aquellas
con una relacion sefial-ruido superior a 2 para minimizar el ruido externo. Se extrajeron fragmentos de 40
segundos de habla semi-espontanea y se agruparon en el script Experiment MFC 3.S para tareas perceptivo-
auditivas. Un tercio de las muestras se repitio para evaluar la consistencia interna, reproduciéndolas de
forma aleatoria. Resultados: Los juicios perceptivos mostraron alta fiabilidad (coeficientes alfa: 0.777
y 0.814). El analisis discriminante identificd ajustes de calidad vocal que segregaron grupos segun la
dinamica vocal. Las variables clave incluyeron Voz Aspera (71.7%), Voz Crujiente (48.1%), Hiperfuncion
del Tracto Vocal (35.3%), Escape de Aire (32.2%) y Constriccion Faringea (43.3%). Estas variables
respaldaron la clasificacion de grupos: No Caso (sin disfonia), Caso I (alteracion perceptiva), Caso 11
(alteracion laringea) y Caso I1I (alteraciones combinadas). Conclusién: Los ajustes vocales relacionados
con la tensién muscular y los mecanismos fonatorios supralaringeos fueron esenciales para distinguir
grupos, contribuyendo a la comprension de la disfonia en profesores.

Palabras clave: Voz; Percepcion Auditiva; Calidad de la Voz.
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Introduction

As a characteristic closely related to the need
for interaction between human beings, the voice
is the result of a sound produced by the vibration
of the vocal folds and modified by the articula-
tion. The process includes a functional harmony
of five anatomical systems: pulmonary, phonation
(larynx); resonance (labial, oral, nasal, pharyngeal,
laryngeal and paranasal sinuses cavities); articula-
tory (tongue, lips, jaw, palate and teeth) and nervous
systems. To better understand the characteristics of
the voice, it is necessary to understand the anatomo-
physiological, psychological and sociocultural
influences that manifest in the voice.'

Therefore, in order for voice perception and
production to be described, it is essential to evaluate
the concepts of voice and speech from a perspective
that integrates the perceptual-auditory and visual,
physiological and acoustic levels. In this sense,
given that the focus on the speech signal and its
alterations is a subject of investigation in the fields
of Speech-Language Pathology, Linguistics, Medi-
cine, Psychology, Education, Engineering, among
other areas of knowledge, this study highlights the
importance of to understanding voice and speech
from an integrated perspective. In a multidisci-
plinary context, Phonetic Sciences approach the
interface of the complex relationships between
perception and production of voice and speech,
understanding the voice (or vocal signal) as an
integral part of the speech signal.?

From a phonetic perspective, voice quality is
defined by recurrent muscle tendencies (extrinsic
factors) that are adopted during speech and that
also undergo changes as a function of the physical
structure of the vocal tract (intrinsic factors). Thus,
these factors collaborate for the performance of the
communicative and informative functions of voice
quality. Translated as voice quality setting (VQS),
the unit of analysis (setting) allows composing the
Vocal Profile Analysis Scheme based on several au-
dible combinations of characteristics of respiratory,
laryngeal (phonatory), supralaryngeal (articulatory)
and muscle tension activities.?

Since teachers are the group of professionals
most affected by voice disorders, it is necessary
to evaluate the entire work environment regard-
ing environmental and organizational risk factors,
collecting behavioral data and relevant habits that
may impact on vocal production. In the field of

Speech-Language Pathology, there is an under-
standing that the voice must be evaluated from a
multidimensional perspective that includes clini-
cal, occupational and epidemiological history in
the diagnostic process of a voice disorder. In this
context, voice assessment should include clinical
and laryngeal medical assessment, in addition to
complementary exams and speech-language pa-
thology assessment.*?

Therefore, the association of more than one
investigation method is recommended in order
to conduct a complete assessment of voice qual-
ity. Thus, it is possible to gather a more detailed
knowledge of VQS in the phonatory and articula-
tory aspects and of muscle tension, in addition to
aspects of vocal dynamics. From a perceptual point
of view, the assessment can be performed through
the application of the Vocal Profile Analysis
Scheme-VPAS® scheme, using the VPAS instru-
ment adapted to Brazilian Portuguese.’

The researchers of this study decided to ana-
lyze voice quality from a descriptive perspective
with phonetic motivation, aiming to understand
how some voice and speech patterns are manifested
in the daily life of a group of teachers from the
public network of Sao Paulo.® The proposal to adopt
the BP-VPAS® scheme is based on the search for
expanding the description of vocal quality settings,
in order to verify if there would be articulatory
and muscle tension settings, in addition to vocal
dynamics elements, compatible with certain laryn-
geal adaptations (presence of lesion or alteration
irritative, functional or structural in the vocal fold)
previously detected in a group of teachers, evalu-
ated as having or not having voice and laryngeal
disorders. This study aimed to describe the VQS
in the articulatory, phonatory and muscle tension
aspects, as well as vocal dynamics elements (VDE)
in speech samples of teachers from the municipal
public school system in Sao Paulo.

Material and methods

This is a descriptive cross-sectional study, with
retrospective data collection. The study used the
database from a case-control study carried out with
431 teachers from the municipal school system in
Sdo Paulo.® All subjects who participated in this
study signed an Informed Consent Form (ICF) of
the Hospital do Servidor Pblico Municipal de Sao
Paulo - HSPM (protocol No. 101/07), where data
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collection took place. The project of this study was
submitted to the Research Ethics Committee of
the Pontificia Universidade Catolica de Sao Paulo
(PUC-SP) together with a statement by the author,
which explained the transfer of the database, having
been approved under the opinion no. 330/2010.

The assessment of all study subjects included
audio recordings of semi-spontancous speech
samples and data from the otorhinolaryngological
evaluation, which included a telelaryngoscopy
examination. At the end of the otorhinolaryngo-
logical consultation, the subjects were qualified
by the physician as: with laryngeal alteration (in
the presence of lesion or irritative, functional or
structural alteration in the vocal fold) and without
laryngeal alteration (without lesion or alteration
visible on examination).

The auditory-perceptual analysis of the voices
in the database was performed by three speech-lan-
guage pathologists, experts in voice, who reached
a consensus using the GRBASI scale.’

Thus, four groups of samples were initially
defined at the end of the evaluations: Non-case
(107 samples): absence or slight alteration of vocal
quality in speech-language and auditory-perceptual
assessment and in otorhinolaryngological assess-
ment; Case I (63 samples): presence of alteration
in the auditory-perceptual assessment of the voice
and no alteration in the otorhinolaryngological
assessment; Case II (51 samples): no alteration in
the perceptual-auditory assessment of the voice and
presence of alteration in the otorhinolaryngological
assessment; and, finally, Case III (135 samples):
presence of alteration in the auditory-perceptual
and otorhinolaryngological assessment. After this
classification, the author® defined the Case I1I group
as the Case Group and the Non-case group as the
Control Group.

Criteria for sample selection

The semi-spontaneous speech samples were
edited using the open access software PRAAT!, us-
ing the measures of signal-to-noise ratio extracted
from the intensity curve (from minimum, average
and maximum values of signal and noise amplitude
in the silence stretch). In this context, the author
selected the recordings of values higher than 2."
Therefore, the author reached the number of 75
speech samples in the Non-case group; 50 in the
Case I group; 40 in the Case II group and 97 sam-
ples in the Case 111 group. Subsequently, 15 speech

samples were drawn from each of the four groups,
totaling 60. Then, these samples were edited into
40-second'! snippets which were redistributed as
follows: Group 1: Non-case: (S1 to S15); Group
2: Case I: (S16 to S30); Group 3: Case II: (S31 to
S45); Group 4: Case III: (S46 to S60).

After that, the samples were grouped in the
Experiment MFC 3.S script (for perception ex-
periments), which is applicable to the PRAAT
software!®. To perform this script, one third of the
60 speech samples (totaling 20) were randomly
selected and repeated to ensure the analysis of the
reliability of the perceptual judgments. The script
grouped the speech samples and redistributed them
randomly, which allowed the judges not to notice
the sequence of the presentation, or which samples
had been presented in repetition, thus ensuring the
judges did not have access to their own responses at
the time of the repetitions. The 80 speech samples
were recorded on a CD together with the percep-
tion'? script to be run in the PRAAT software.!
The CD was provided along with a report with the
reproduction of 80 BP-VPAS’ instrument and guid-
ance to the judges on the correct way to carry out
the auditory-perceptual analysis of voice quality.
The judges had a Bachelor’s Degree in Speech-
Language Pathology, and a Specialization voice,
with more than three years of experience in the
application of the script used for analysis.

After the auditory-perceptual judgment was
performed, the judges’ assessments were entered
into an Excel spreadsheet and submitted to descrip-
tive statistical analysis and multivariate analysis.!?
In a first step, the auditory-perceptual judgments
were submitted to reliability and internal con-
sistency analysis. Descriptive statistical analysis
procedures allowed the definition of each group
(Non-Case, Case I, Case II, and Case III) in rela-
tion to vocal quality settings and vocal dynamics
elements.

The multivariate statistical analysis used the
Discriminant Analysis and Agglomerative Hierar-
chical Cluster Analysis procedures, using the XL-
Stat software (Addinsoft). In this sense, 54 evalu-
ation parameters were used, which included 36
parameters representing the vocal quality settings
and 18 parameters associated with vocal dynamics
elements, which are part of the BP-VPAS script.
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Results

From the perspective of perceptual judgments,
the multivariate analysis showed high reliability
and internal consistency (a 0.777 alpha coefficient
for the analysis of degrees of VQS and a 0.814
alpha coefficient for analysis of absence or pres-
ence of VQS.

The results of the auditory-perceptual assess-

ment of the samples from the investigated database
were presented based on the general profile of the
group in terms of the combination of VQS (in the
articulatory, phonatory and tension subgroups)
and VDE.

In this context, Chart 1 shows information re-
garding the presence or absence of VQS and VDE
in each group; while Chart 2 shows the degrees of
manifestation of VQS and VDE

Chart 1. Distribution of speech samples in the four groups, according of voice quality settings (VQS)

and voice dynamics elements (VDE)

VOCAL QUALITY SETTINGS (VQS) AND
VOICE DYNAMICS ELEMENTS (VDE)

GROUP 1

GROUP 2 GROUP 3 GROUP 4

Rounded Lips

Spread Lips

Labiodentalization

Minimized Lip Extension

Extensive Lip Extension

Closed Jaw

Opened Jaw

Protracted Jaw

Minimized Jaw Extension

Extensive Jaw Extension

Advanced Tongue Tip

Retracted Tongue Tip

Advanced Tongue Body

Retracted Tongue Body

Raised Tongue Body

Lowered Tongue Body

Minimized Tongue Body Extension

Extensive Tongue Body Extension

Pharyngeal Constriction

Pharyngeal Expansion

Audible Nasal Air Leak

Nasal

Denasal

Raised Larynx

Lowered Larynx

Vocal Tract Hyperfunction

Vocal Tract Hypofunction

Laryngeal Hyperfunction

Laryngeal Hypofunction

Modal

Falsetto

Creak

Creaky Voice

Breathy Voice
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VOCAL QUALITY SETTINGS (VQS) AND
VOICE DYNAMICS ELEMENTS (VDE)

GROUP 1

GROUP 2

GROUP 3

GROUP 4

Rough Voice

Extensive Habitual Pitch

Minimized Habitual Pitch

Minimized Pitch Range

Extensive Pitch Range

Minimized Pitch Variability

Extensive Pitch Variability

Extensive Habitual Loudness

Minimized Habitual Loudness

Minimized Loudness Range

Extensive Loudness Range

Minimized Loudness Variability

Extensive Loudness Variability

Interrupted Continuity

Fast Speech Rate

SlowSpeech Rate

Adequate Respiratory Support

Inadequate Respiratory Support

Description: [J PRESENT [J ABSENT

Chart 2. Distribution of speech samples in the four groups, according to the degrees of manifestation
of voice quality settings (VQS) and voice dynamics elements (VDE)

VOICE QUALITY SETTINGS (VQS) AND
VOICE DYNAMICS ELEMENTS (VDE)

GROUP 1

GROUP 2

GROUP 3

GROUP 4

Rounded Lips

Stretched Lips

Labiodentalization

Decreased Lip Extension

Increased Lip Extension

Closed Jaw

Opened Jaw

Protracted Jaw

Decreased Jaw Extension

Increased Jaw Extension

Advanced Tongue Tip

Recessed Tongue Tip

Advanced Tongue Body

Recessed Tongue Body

Elevated Tongue Body

Lowered Tongue Body

Decreased Tongue Body Extension

Increased Tongue Body Extension

Pharyngeal Constriction

Pharyngeal Expansion

Audible Nasal Air Leak

Nasal

Denasal

Elevated Larynx

il
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VOICE QUALITY SETTINGS (VQS) AND
VOICE DYNAMICS ELEMENTS (VDE)

GROUP 1

GROUP 2 GROUP 3 GROUP 4

Lowered Larynx

Vocal Tract Hyperfunction

Vocal Tract Hypofunction

Laryngeal Hyperfunction

Laryngeal Hypofunction

Modal

Falsetto

Crackling

Crackling Voice

Breathy Voice

Rough Voice

Increased Habitual Pitch

Decreased Habitual Pitch

Decreased Pitch Range

Increased Pitch Range

Decreased Pitch Variability

Increased Pitch Variability

Increased Habitual Loudness

Decreased Habitual Loudness

Decreased Loudness Range

Increased Loudness Range

Decreased Loudness Variability

Increased Loudness Variability

Interrupted Continuity

Rapid Speech Rate

Slow Speech Rate

Adequate Respiratory Support

Inadequate Respiratory Support

Description: [J Absent [ 1%t and 2" Degree [ 1< to 3 Degree M 2" and 3 Degree M 1< to 5t Degree
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The discriminant analysis of VQS the Table 1 Centroid charts of discriminant analysis allow
showed a segregation of groups of speakers at  estimating the degrees of segregation of groups
values higher than those of VDE in the Table 2. based on VQS (Figure 1) and VDE (Figure 2).

Table 1. Confusion matrix for the estimation sample of groups of speakers based on voice quality
settings (VQS)- BP-VPAS

From \ to Group 1 Group 2 Group 3 Group 4 Total % of correct
Group 1 12 1 2 0 15 80.00%
Group 2 1 11 1 2 15 73.33%
Group 3 2 3 10 0 15 66.67%
Group 4 1 2 0 12 15 80.00%
Total 16 17 13 14 60 75.00%

Centroids (Factor 1 and Factor 2 Axes: 81.95%)

pp 3
e1__
po 2

-2 -1 1 2

po 1 ! p04

Factor 1 (51.27%)

Factor 2 (30.68%)

Figure 1. Centroid chart of the discriminant analysis of estimation of groups of speakers based on
voice quality settings (VQS) using the BP-VPAS

The discriminant analysis showed that the = Rough Voice (71.7%), Creaky Voice (48.1%), Vo-
perceptual judgments of the VQS segregated cal Tract Hyperfunction (35.3%), whisper (32.2%),
the samples of the four studied groups by 75%.  Falsetto (33.9%) and raised Tongue Body (30.3%);
The two main factors accounted for 81.95%  Factor 2: Pharyngeal Constriction (43.3%),
(Figure 1). In descending order of correlation and ~ spread Lips (37.2%), retracted Tongue Body
percentage, the most influential variables in the  (29.4%), protruded Jaw (24.2%) and Closed Jaw
segregation for each factor referred to: Factor 1:  (21.6%).
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Table 2. Confusion matrix for the estimation sample of groups of speakers based on voice dynamics
elements (VDE) - BP-VPAS

\a Group 1 Group 2 Group 3 Group 4 Total % of correct
Group 1 9 1 4 1 15 60.00%
Group 2 4 8 2 1 15 53.33%
Group 3 3 2 8 2 15 53.33%
Group 4 1 2 2 10 15 66.67%
Total 17 13 16 14 60 58.33%
Centroids (Factor 1 and Factor 2 Axes: 84.87%)
1 4
. g2
S
<
; o Grupp 4
< : 4 } C id:
S Grip
g
w Grupo
14
Factor 1 (44.73%)

Figure 2. Centroid chart of the discriminant analysis of estimation of groups of speakers based on

voice dynamics elements (VDE) using the BP-VPAS

The discriminant analysis showed that the
perceptual judgments of the VDE partially segre-
gated the samples of the 4 studied groups and at a
lower total level than the VQS: 58.33%. The two
main factors accounted for 84.87%. In descending
order of correlation and percentage, the most influ-
ential variables in the segregation for each factor
referred to: Factor 1: Decreased Habitual Pitch

(68.3%), Decreased Habitual Loudness (58.4%),
and Decreased Pitch Variability (45.4%); Factor 2:
Inadequate Respiratory Support (51.4%), Increased
Speech Rate (40.98%), and Increased Pitch Vari-
ability (33.5%).

The hierarchical cluster analysis data allowed
estimating the groupings of VQS (Figure 3) and
VDE (Figure 4).
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Figure 3. Dendrogram of cluster hierarchical agglomerative analysis of perceptual judgments of

voice quality settings (VQS)

The vocal VQS were grouped into 10 classes
that were divided as follows: Class 1 (large num-
ber of articulatory and tension VQS not specified
in subsequent classes); Class 2 (spread Lips);
Class 3 (Labiodentalization, Pharyngeal and Nasal
Constriction, creaky Voice and whisper); Class 4

(Decreased Jaw Extension); Class 5 (Advanced
Tongue Tip and Body); Class 6 (raised Larynx);
Class 7 (Vocal Tract Hyperfunction); Class 8 (La-
ryngeal Hyperfunction); Class 9 (Breathy Voice);
and Class 10 (Rough Voice).

Dendrogram
a1
291
E 241 4
8
E
%
a 191 +
141 4
91 1
= - =
o o o

Description: C = class

Figure 4. Dendrogram of cluster hierarchical agglomerative analysis of perceptual judgments of

voice dynamics elements (VDE)
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The EDVs were grouped into three classes,
configured as follows: Class 1 habitual pitch and
loudness (increased and decreased), and increa-
sed pitch and loudness extension and variability,
elocution rate (increased and decreased); Class 2
(decreased pitch range and variability) and Class 3
(decreased loudness extension and variability and
inadequate respiratory support).

Discussion

A voice can be understood as normal when it
is audible over a wide range of acoustic settings,
even with relatively high levels of ambient noise.
It should be noted that it is essential to consider the
aspects of sex and age so that the speaker can fulfill
the linguistic and paralinguistic functions during
the speech. As there are several aspects involved
in voice production, the discussion about healthy
voice must start from the point of view that each
human voice is unique, depending on anatomical,
physiological, psychological, cultural, sociolin-
guistic and behavioral characteristics.'*

In this context, the data analysis in the discus-
sion of this study aimed to correlate sound char-
acteristics in the voice that were manifested from
the interaction of organic and phonetic factors. As
only a few adults speak with all neutral settings,
and a completely neutral type of vocal quality, it is
crucial to understand the particularities of manifes-
tations of vocal quality settings, their combinations
and respective degrees of manifestation in order to
obtain a broader understanding of voice clinical
conditions, particularly in the group of teachers.

The database of speech samples used in this
study included semi-spontaneous productions by
female teachers from municipal schools. Therefore,
this study did not intend to propose generalizations
regarding the vocal findings, but rather to raise
questions about vocal production and verify prob-
able similarities of this group with other groups
previously researched. The findings showed that
the perceptual description of VQS, with phonetic
origin, allowed to segregate the four groups origi-
nally defined (Table 1) and their particularities in
terms of presence/absence of vocal quality altera-
tion of a perceptual nature and presence/absence
of laryngeal injury.

The samples of the four groups, respectively
adopted in a previous study as control and case
groups, were segregated in a proportion of 80%.

The combinations of some settings were relevant
for this level of segregation (Figure 1), such as com-
binations of rough voice, creaky voice, vocal tract
hyperfunction, whisper, falsetto and rased tongue
body; in addition to the combination of spread
lips settings, pharyngeal constriction, retracted
tongue body, and-protruded and closed jaw. This
information shows that combinations of VQS of a
phonatory, articulatory and muscle tension nature
characterize and particularize the four groups of
speakers outlined.

In this field, it should be noted that the combi-
nation of the whisper and rough voice VQS char-
acterizes the quality known on other voice rating
scales as ‘hoarseness’. In this sense, the rough voice
may indicate the presence of irregular vibration
due to mucosal rigidity, lack of projection and may
be characterized by system rigidity, laryngeal and
pharyngeal tension and tension in articulatory struc-
tures.!* The whisper and rough voice VQS were
the most found VQS in the speech samples of this
study (68.3% and 80%, respectively). This can be
explained by the study population composed only
of teachers, since hoarseness is the most common
aspect in this professional category, which may
indicate probable voice alterations.'”!8

In isolation, the vocal dynamics elements
showed a lower power of segregation of the groups
compared to the vocal quality settings (Table 2).
Figure 2 shows slight overlap between groups 1
and 3, with greater segregation of groups 2 and 4.

When evaluating the nature of the perceptual
events detected, there are organic and phonetic
characteristics that can cause similar effects on
vocal quality and be perceived in the same way.
Thus, articulatory effects can often be used to
show the equivalence of configuration between
situations of phonetic uses and (individual) organic
characteristics of the vocal apparatus. Therefore, it
is necessary to understand the nature of the interac-
tion between the factors of phonetic uses and the
(organic) nature of each speaker’s vocal apparatus
in order to understand the concept of phonetic
analysis of voice quality."

The pitch aspect of VDE is presented as a
modifier of settings in the tract, since the system is
organized so that there is a lengthening or shorten-
ing of the vocal folds, such as a faster vibration or
an increase in the tension of the system, in order
to produce a lower or higher sound. The pitch
range is limited when there is a limitation in this
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production.'® In this sense, this study found a co-
occurrence between some VQS, such as whisper,
rough voice and the decreased pitch range VDE,
which reinforces the interdependence of these fac-
tors. Unlike what happens in the reduction of pitch
range, the aspect of increased pitch range was found
in the researched group to be associated with the
VQS known as falsetto. This fact can be explained
by the literature!®'*?°, which suggests greater skill
in the phonatory system, when compared to more
severe records. Higher pitch or falsetto production
requires a thin configuration of vocal folds with
minimal contact surface, in which phonation has
an aspect of lightness in phonation and less tension
in articulatory structures.

In this context, the data analysis in the discus-
sion of this study aimed to correlate sound char-
acteristics in the voice that were manifested from
the interaction of organic and phonetic factors and
allowed to expand the description of the groups of
teachers in question.

In addition, VQS and VDE must be understood
based on principles that govern their relation-
ship'>?!, that is, the principle of interdependence,
which shows that one adjustment interferes with
the production of another. This interdependence
can be found as an adjustment facilitating or im-
pacting the execution of another. This principle is
closely related to the interdependent physiological
functioning of muscle mobilizations in the vo-
cal tract. The second principle is the principle of
compatibility, where one adjustment excludes the
execution of another by antagonism.

The agglomerative hierarchical cluster analysis
of perceptual judgments of voice quality (Figure 3)
allows us to understand their main clusters, which
refer to theoretical precepts of the phonetic model
(compatibility and interdependence)'” and reinforce
the multidimensional characteristic of voice qual-
ity. These aspects show that the combinations of
simple VQS generate composite settings that allow
expanding the understanding of certain populations
and their vocal manifestations.

The laryngeal hyperfunction, rough voice
and elevated larynx settings formed a grouping of
classes, which concentrated the aspects of laryngeal
tension and aperiodicity. There was also another
grouping of classes that concentrated articulatory
mobilizations and vocal tract tension, such as:
stretched lips, decreased jaw extension and vocal
tract hyperfunction. Mostly, the largest grouping of

settings included articulatory settings, with greater
segregation of those related to labiodentalization,
pharyngeal constriction, advanced tongue tip and
body, in addition to some phonatory VQS, such as
breathy and creaky voice.

As voice assessment is considered a measure
that involves particular aspects of an evaluator,
this aspect raises some questions. Some measures
are taken to minimize the impressionistic issues of
this assessment, such as proposals for protocols and
scripts with scales that can measure vocal quality
aspects, making them more descriptive.?! This
explains the development of some studies based
on the VPAS instrument,>?22324

The applicability of the VPAS script was inves-
tigated with the aim of describing the vocal quality
of the Liverpool accent (differentiation of British
accents), for example. In the aforementioned study,
the author concluded that there was great variation
in voice quality between different British accents
when evaluating the vocal quality of four subjects
was evaluated through the script. In addition, the
author found that, although the VPAS was com-
monly used to assess altered voices, the tool could
be used to describe voices outside the clinical
context, and this could help both phoneticians and
speech-language pathologists in the task of tracing
the vocal profile of a speaker or even a population.?

Some works have been developed to validate
the adaptation of the VPAS script to Brazilian Por-
tuguese® 112 A study carried out with 60 speakers®
considered without voice alteration, found a cor-
relation between vocal quality and acoustic param-
eters and it was possible to divide the speakers into
groups based on auditory-perceptual assessment
using the BP-VPAS script. In the aforementioned
study, the speakers were grouped in four different
ways, considering the most present VQS during
their speeches. The most prominent settings were
modal voice (70.1%), laryngeal hyperfunction as-
sociated with rough voice (19.4%), lowered larynx
associated with pharyngeal expansion and creaky
voice (10.1%), and lips associated with advanced
tongue tip, vocal tract hyperfunction, creaky voice,
breathy voice and pharyngeal constriction (5.1%).

In turn, the most observed adjustment in this
study was rough voice (80%) associated with the
whisper adjustment (68.3%). The laryngeal hy-
perfunction was found in 36.6% of the analyzed
samples and was also found to co-occur with the
rough voice VQS. Modal voice was reported in
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5% of speakers. The pharyngeal expansion and
lowered larynx settings were also associated in this
study. The differences between the settings found
in the two studies can be explained by the different
populations evaluated: the other study® included
speakers from different professions, who were
considered without vocal changes or complaints,
while this study evaluated teachers who, in terms of
voice classification, are considered a heterogeneous
group, and many of them had voice disorders.

After carrying out this study, it is possible to
reflect that, in order to understand what happens to
the speaker at the moment of speech production,
the speech-language pathologist must be able to
make associations between physiology and what is
being heard (perception). Evaluation in the speech-
language pathology clinic is essential to outline the
therapeutic plan.

The BP-VPAS’ script contributes to speech-
language pathology practice by allowing the
description of vocal production phenomena to be
expanded beyond the level of laryngeal activity,
bringing together manifestations of the vocal tract
and events of the nature of muscle tension. Even
though they alone did not show the group segrega-
tion power as the vocal quality settings, the vocal
dynamics elements showed particularities in their
combinations and groupings that also make it pos-
sible to map the speech and voice events of the
speakers and collaborate for a broader understand-
ing of the clinical condition.

The agglomerative hierarchical cluster analysis
of the perceptual judgments of VDE (Figure 4)

showed classes grouped around habitual pitch
and loudness, with increased loudness and speech
rate range and variability. There was also another
grouping of classes that combined pitch range and
variability with inadequate respiratory support.

The breathy voice is characterized in the lit-
erature by inefficient coaptation of the vocal folds
and there is a compensatory effort to try to phona-
tion without audible noise, which can generate
tension.'®" In addition, the speech pattern in the
breathy voice has a characteristic of an attempt
at high intensity emission by the speaker to mask
the breathiness of the voice. This description may
explain the co-occurrence of breathy voice, tract
hyperfunction and increased loudness variability
in the analyzed groups.

VDE, such as inadequate respiratory support,
lowered habitual pitch, increased speech rate,

increased habitual loudness, and increased pitch
variability, show interdependence in relation to
laryngeal hyperfunction tension adjustment. The
speaker tends to exert excessive effort during
phonation.' In turn, inadequate respiratory support
adjustment is the most reported aspect in the litera-
ture in studies carried out with teachers, followed
by strong intensity. In the case of this category of
voice professionals, it is important to emphasize
the general muscle tension aspect. The studies
mentioned above refer to laryngeal tension-fatigue
syndrome or musculoskeletal tension syndrome.

This speech pattern with tension is common in
the population of teachers due to the vocal behavior
that is related to the so-called Work-Related Voice
Disorder (WRVD), which consists of effort when
speaking and stress after long periods of work.?**

After carrying out this study, it is possible to
reflect that, in order to understand what happens to
the speaker at the moment of speech production,
the speech-language pathologist must be able to
make associations between physiology and what
is being heard (perception). This evaluation in the
speech-language pathology clinic is essential to
outline the therapeutic plan.

Thus, the BP-VPAS’ script contributes to the
speech-language pathology clinic by allowing the
description of what happens in the vocal tract and
guiding clinical reasoning in order to understand
what happens with a given speaker. In addition,
this tool can be used in therapy to offer a visual
model to patients, showing how each adjustment
is performed and making them perceive, from the
imitation of the settings, how their muscles are used
during speech and production. By perceiving what
happens in their body, patients can understand their
own vocal behavior, which promotes the search for
avocal pattern that is more adequate to their physi-
cal structure and, also, adequate to their profession.

This study allowed us to verify the presence
of VQS that are more compatible with certain
laryngeal adaptations, also showing combinations
of articulatory, phonatory and tension settings that
indicate voice alterations in the researched group.

The auditory-perceptual analysis with phonetic
origin showed that the phonatory elements and
general muscle tension were the most evident set-
tings in the analyzed group, composed of teachers.

In addition, the description of the VQS led
to the understanding of the group’s vocal pattern
and allowed for an overview of the association
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between the settings, which suggests attention
when a speaker is evaluated and presents a certain
non-neutral pattern. The study also made it possible
to correlate VQS with VDE.

Conclusion

The VQS found in the perceptual analysis
made it possible to segregate different groups of
teachers as to the absence (Non-Case) or presence
of the clinical condition of dysphonia (Case I =
perceptual alteration only; Case II = laryngeal al-
teration only; and Case I1I = combination of percep-
tual and laryngeal alteration). Influential settings
in segregation were related to the phonatory and
muscle tension nature of the supralaryngeal vocal
tract, followed by supralaryngeal VQS. The VDE
had a slightly lower influence on the segregation of
the mentioned groups, and the pitch and loudness
VDE collaborated in the segregation of the groups,
followed by the speech rate and respiratory support.
These descriptions allowed the detailed analysis of
perceptual voice findings in the previously searched
database, reinforcing the previously outlined divi-
sion of groups (Non-Case, and Cases I, I and III).
The most influential variables in segregation re-
ferred to the following settings: rough voice, creaky
voice, vocal tract hyperfunction, whisper, falsetto
and raised tongue body; pharyngeal constriction,
spread lips, retracted tongue body, and protruded
and closed jaw. Based on phonetics, the percep-
tual findings made it possible to detail influential
factors in the composition of clinical cases in the
Voice specialty.
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