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Training for perceptive-auditory voice analysis: scope review
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ABSTRACT

Purpose: To synthesize the state of scientific knowledge about training
for auditory-perceptual voice analysis. Research strategy: Question,
Concept and Context and combinations of descriptors were formulated
for searching in PubMed/Medline, LILACS and SciELO databases.
Selection criteria: Studies were included with a population composed
of listeners with or without experience in auditory-perceptual analysis,
which included auditory-perceptual voice analysis, in the context of
vocal clinic, using human and/or synthesized voices, with individual or
group training. Training method, voices used, training time and whether
there was training in central auditory skills were observed. Results:
It is common to use auditory anchors, feedback, breathy and rough
natural voices and training time with a maximum duration of two hours.
No study applied the training of central auditory processing skills in
training for auditory-perceptual voice assessment. Conclusion: There is
still no consensus on what is the best training program for auditory-
perceptual voice analysis.

Keywords: Voice; Voice disorders; Auditory perceptual; Voice quality;
Dysphonia
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RESUMO

Objetivo: sintetizar o estado do conhecimento cientifico sobre treinamento
para analise perceptivo-auditiva da voz. Estratégias de pesquisa: a estratégia
PCC (Populagdo, Conceito e Contexto) e combinagdes de descritores foram
utilizadas para busca nas bases de dados PubMed/MEDLINE, LILACS
e SciELO. Critérios de sele¢ao: foram incluidos estudos com populagdo
composta por ouvintes com ou sem experiéncia na analise perceptivo-auditiva,
que incluissem a analise perceptivo-auditiva da voz, no contexto da clinica
vocal, utilizando vozes humanas e/ou sintetizadas, com treinamento individual
ou em grupo. Foram observados método de treinamento, vozes utilizadas,
tempo de treinamento e se houve treino de habilidades auditivas centrais.
Resultados: A literatura consultada mostrou ser comum o uso de ancoras
auditivas, feedback, vozes naturais soprosas e rugosas e tempo de treinamento
com dura¢do maxima de duas horas. Nenhum estudo aplicou o treino de
habilidades de processamento auditivo central no treinamento para avaliagao
perceptivo-auditiva da voz. Conclusio: ainda ndo ha consenso sobre qual é
o melhor programa de treinamento para analise perceptivo-auditiva da voz.
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INTRODUCTION

Voice quality is essentially a perceptive phenomenon in
response to acoustic stimuli, and voice production is also a
physical property, whose analysis requires auditory perception.
Hence, auditory-perceptual analysis (APA) of the voice is
understandably the reference speech-language-hearing standard
for voice assessment — an indispensable prerequisite to assess
and monitor dysphonic patients. However, it is a subjective
procedure that depends on factors inherent to the listener, such
as their individual experiences and skills. Auditory-perceptual
training can minimize the high intrarater and interrater agreement
variability in voice APA®Y.

There are various reasons why greater consensus in voice
APA is necessary. These include the need for more precise
professional assessments and the difficulty obtaining consistent
references to serve as the basis of speech-language-hearing
students’ training, validate acoustic assessments and automatic
tools, and implement new techniques®.

Besides conventional auditory-perceptual training,
central auditory skills can be also improved with training®.
Such skills should be considered in voice assessment, as
APA involves biological mechanisms that correspond to
specific auditory skills: the brain decodes soundwaves
from the external ear to the cortex in a process that enables
detailed sound analysis through the auditory pathways of
the central nervous system and auditory cortex™®. Thus,
adequate sound signal analysis requires precise auditory
processing®,

The literature available on APA auditory training has some
variables that must be observed, such as training method,
voices used, training time, and whether central auditory skill
training has been considered. Knowing such variables makes it
possible to analyze which training strategies are most used and
whether any aspect has not yet been explored, thus directing
the development of new training programs.

PURPOSE

To synthesize the state of the scientific knowledge on voice
quality APA training.

RESEARCH STRATEGY

This review was conducted based on the recommendations
of the international guide of Preferred Items for Systematic
Reviews and Meta-Analyses — extension for Scoping
Reviews (PRISMA-ScR)®. The research question and
eligibility criteria were developed according to the PCC
strategy (Population, Concept, and Context)”, using the
following key topics:

Population: listeners with or without experience in APA.
Concept: voice APA training.

Context: voice clinical practice.

The following research question was developed, conciliating
the PCC key topics and the study objective: “How is voice
APA training carried out?”.
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The electronic search was conducted in May 2022 in
the PubMed/MEDLINE, LILACS, and SciELO databases,
also searching the citations in the selected articles. The
search strategies were developed based on free index terms
related to the PCC, using combinations of the following
descriptors: PubMed — (((“speech-language pathology™)
OR (“speech therapy”)) AND ((“auditory perception”) OR
(“auditory perceptual assessment”) OR (“auditory perception
Judgment”) OR (“auditory-perceptual evaluation”) OR
(“auditory-perceptual analysis”) OR (“auditory-perceptual
measures”)) AND ((“dysphonia’) OR (“perceptual evaluation
of dysphonia”) OR (“voice quality”) OR (‘“vocal quality”)));
SciELO — (((“speech therapy”)) OR ((“speech-language
pathology”)) AND ((“auditory perception’)) OR ((“auditory
perceptual assessment”)) OR ((“auditory perception
Judgment”)) OR ((“auditory-perceptual evaluation™)) OR
((“auditory-perceptual measures”))); LILACS — (((“vocal quality”))
OR ((“voice quality”)) AND ((“speech therapy’)) OR
((“auditory perceptual assessment”)) OR ((“auditory perception
Judgment”)) OR ((“auditory-perceptual evaluation)) OR
((“auditory-perceptual measures™))). All databases were
searched in English, using no publication language or date filter.

SELECTION CRITERIA

Articles were selected based on eligibility criteria. Thus,
the review included studies whose populations comprised
listeners with or without experience in APA in the context of
voice clinical practice and that included voice APA training,
either individually or in groups, using human and/or synthesized
voices. The exclusion criteria were secondary studies, training
using only artistic voices, and studies that did not describe the
APA training.

Firstly, studies were selected by identifying them in the
PubMed/MEDLINE, SciELO, and LILACS databases. Then,
the inclusion criteria were applied with title and abstract
reading. Afterward, duplicates were removed, and the exclusion
criteria were applied with full-text reading. Two reviewers
selected the articles independently. In case of divergence
between them, another two reviewers were available to reach
a consensus decision.

DATA ANALYSIS

The following data were extracted from the eligible articles
to make up the analysis matrix: authors, training method,
voices used, training time, and whether central auditory skills
were trained.

RESULTS

The search initially screened 124 articles, of which
14 were selected for analysis after applying the eligibility
criteria. There were no divergences between the reviewers
who searched and screened the articles; therefore, a third
reviewer was unnecessary. Based on these articles, new ones
were included by searching their bibliographical references,
totaling 23 studies in this review (Figure 1).
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Figure 1. Flowchart with data collection and study selection to comprise the sample

Subtitle: n = number of publications

The literature consulted for this review shows that studies
commonly use auditory anchors (69.56%) — which are natural
or synthesized vocal emissions defined as representative of a
certain type and/or degree of deviation, working as an external
reference during APA; feedback (i.e., being informed of correct
and wrong answers during training) (78.26%); and breathiness
and/or roughness as the most assessed vocal parameters (82.60%).
There was no fixed training time parameter in the literature, as
some studies (34.78%) did not even specify the training duration.
Most of those who mentioned this information (86.6%) used
2-hour training at the most.

Moreover, there was a gap in the literature regarding central
auditory skill training during voice-quality APA training. None
of the analyzed studies included central auditory processing
skill training as a learning strategy (Chart 1).

DISCUSSION

This study synthesized the state of scientific knowledge on
voice APA training. It identified in the consulted literature the most
used training methods and voices (synthesized, natural, or both),
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the most studied voice-quality parameters during APA training,
the training time, and whether central auditory skills training
has been considered.

Various authors have invested in training APA raters,
using anchor voices">%2% which are voice models that match
parameters addressed in the study and work as a reference to
assess other voices. This use has proved to be useful to increase
APA reliability by reducing its variability and subjectivity®. Even
though professionals commonly need many years of experience
to reach reliable APA standards, it is currently known that using
anchors helps stabilize internal standards even in inexperienced
listeners, making them achieve a considerable precision level in
APA in a short time, as long as they are adequately trained®!"*),

Some studies used synthesized voices®**!¥, which are
combinations of different biomechanical parameters to generate
signals with different degrees, types, and combinations of vocal
deviations. Given the multidimensionality of human voice
characteristics, obtaining objective assessments is difficult,
which hinders just standardization. As for synthesized voices,
it is possible to know exactly their acoustic properties and even
manipulate acoustic parameters as wished or needed®. Using
synthesized voices favors APA reliability, thus greatly contributing
to scientific research and APA training among young clinicians®.
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Chart 1. Analysis matrix of studies that approached training for the auditory-perceptual analysis of the voice

®)

9)

(10)

(1)

(15)

(16)

(17)

(18)

(19)

(20)

@1

(22)

(23)

(24)

(25)

(26)

(27)

(interview, imaging examination,
and clinical history)
Anchors and feedback 12 synthesized and 12 natural voices Not reported
Parameters: pitch, timbre, loudness, roughness,
breathiness, asthenia, tremor, and instability

Feedback 10 deviated natural voices. Not reported
Parameter: overall degree
Anchors and feedback 20 duplicated voices, natural and synthesized, 30 minutes

normal and deviated
Parameters: roughness and breathiness

Anchors and feedback 57 synthesized voices 4 hours
Parameters: Breathiness
Anchors and feedback 30 natural voices: 15 samples of anchor voices and 15 2 hours

used as training stimuli
Parameters: overall degree, roughness, and breathiness

Auditory anchors and auditory 36 natural voices 15-20 minutes
and textual cues Parameters: degree of deviation, roughness,
and breathiness
Lectures, anchors, 23 natural voices in 82 presentations 2 hours
and feedback. Parameter: resonance
Anchors and feedback 6 synthesized voices in 36 presentations 15 minutes
Parameter: breathiness
Visual anchors (spectrogram) 107 deviated natural voices Four 20-minute
Parameters: overall degree, roughness, breathiness, sessions
asthenia, and strain
Classes, anchors, 14 deviated natural voices + two repetitions 50 minutes
proprioception, Parameters: degree of deviation, diplophonia, pitch,
group discussion, feedback strain, instability, breathiness
Anchors and feedback 84 natural voices, normal and deviated. Not reported
Parameter: overall degree
Textual and auditory anchors 30 natural voices Not reported
and feedback Parameters: overall degree, roughness, a nd breathiness
Anchors and feedback 40 natural voices Not reported

Parameters: overall degree, roughness, breathiness,
strain, asthenia, pitch, and loudness
Anchors and feedback Natural voices Not reported
(unspecified number of voices used in training)
Parameter: resonance

APA with and without repetition 220 natural voices Two sessions:
of anchor stimuli Parameters: roughness, breathiness, and strain 1st: 1 hour and
10 minutes
2nd: 42 minutes
Feedback. 20 natural voices in increasing order of deviation Not reported
Information on the case Parameters: degree of deviation, pitch, loudness,
(interview, imaging examination, breathiness, roughness, frequency, strain, instability
and clinical history)
Feedback 20 natural voices: two normal and 18 deviated ones 50 minutes
Parameters: roughness and breathiness
Feedback 32 natural voices + extra voices chosen by the students Nine 15-minute
(unspecified number) sessions

Parameters: overall degree, roughness, breathiness,
asthenia, and strain

Auditory- and/or visual-perceptual 24 natural voices 2 hours divided into four
feedback (spectrogram) Parameters: overall degree, roughness, and breathiness ~ 20-minute sessions
Feedback 20 natural voices 5 hours

Parameters: degree of deviation, roughness,
breathiness, asthenia, and strain

Review with samples of voices 25 natural voices 10-15 minutes

with different qualities Parameters: degree of deviation, roughness,

breathiness, strain, pitch, and loudness
Natural voices
APA with consensus (unspecified number of voices used in training) Not reported
Parameter: resonance

i TEMPO DE TREINO DE
PAPER METODO DE TREINAMENTO VOZES UTILIZADAS TREINAMENTO HABILIDADES
AUDITIVAS CENTRAIS
™ Anchors and feedback 56 natural voices Parameters: roughness, breathiness,  58.33 minutes (mean) Not performed
Information on the case asthenia, strain, and instability

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed
Not performed

Not performed

Not performed

Not performed
Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Not performed

Source: Developed by the authors, 2022
Subtitle: APA = auditory-perceptual analysis

4|6
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Feedback is used quite commonly in training(!-3>810.12.13,15-19.21-25)
because it is useful to develop internal standards to guide voice
APA. In this strategy, the rater hears a stimulus and receives
immediate feedback on whether they were right or wrong.
The task helps develop calibrated prototypes between raters,
increasing APA reliability1213:19),

Concerning voice quality parameters, breathiness and
roughness have the highest interrater agreement indices and are
the most used in clinical practice!'®. Therefore, training these
parameters helps develop representative mental prototypes that
contribute to better APA®.

Interrater agreement tends to be higher regarding the
overall degree of deviation but lower regarding voice quality
parameters (e.g., breathiness, roughness and resonance)®.
This shows the need for auditory training to practice separate
voice parameters®”. Such training should be mandatory for
undergraduate speech-language-hearing students®. Auditory
APA training should be progressive, beginning with easier
tasks and then gradually increasing to harder challenges.
For instance, they should practice on more deviated voices
before other ones with a lower degree of deviation®.

Concerning training time, shorter sessions are known to
teach more effectively than longer ones, especially among
inexperienced raters®. This is particularly due to the use of
anchors, as their effect stabilizes internal standards, making
raters achieve a considerable precision level in APA®!D,
Two training hours are enough to perceive significant differences
in APA precision among inexperienced listeners!?.

The brain can only pay attention to and consciously process
the most relevant stimulus at a given moment, which is only
possible when the attention span is not exceeded. Neural circuit
activation tends to deviate attentional focus to other stimuli,
whether internal or environmental®®. Dividing training into
various sessions favors learning because it avoids fatigue and
inattention, also contributing to learning with repeated exposure
to emissions. Hence, some studies used 20-minute training
moments at the most, taking longer intervals or dividing training
into various sessions(!:!323:26)

In summary, there are many similarities in the training
provided in the various studies analyzed in this review. However,
no specific training program was systematically followed, which
requires further research on the various training approaches to
establish a reference standard. This may guide the APA teaching
method in subjects that address the voice in undergraduate
speech-language-hearing programs and train clinicians and/or
scientific researchers.

The literature is scarce on training central auditory processing
skills during voice APA training. Nevertheless, voice-quality
APA involves skills to recognize and discriminate time and
frequency patterns®. Therefore, understanding the relationship
between central auditory processing and voice APA can help
develop more effective auditory APA training programs.

APA requires the ability to identify and discriminate
the degree and type of voice-quality deviation and analyze
aspects such as pitch, loudness, and resonance. Voice-quality
deviations involve changes in the acoustic signal in the time
and/or frequency domains. Hence, raters must have a skillful
auditory perception to process, decompose, integrate, and
interpret acoustic information®.

Because the voice is analyzed through the auditory pathway,
auditory processing assessment is important to both voice
patients (who need to monitor it) and speech-language-hearing
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therapists (who perform voice APA). As for dysphonic patients,
there is evidence that voice changes may be related to auditory
processing difficulties, especially in ordering and temporal
resolution skills. Thus, results in auditory processing assessment
are proportional to performance in auditory perception of the
voice®. There are indications that central auditory processing
assessments and central auditory skills training could be included
in APA training programs. However, further studies with central
auditory processing training are needed to demonstrate its
effectiveness.

CONCLUSION

There are various similarities in the training provided in the
studies analyzed in this review. However, there is no consensus
on a specific APA training program to be considered the reference
standard. The most used strategies include the use of auditory
anchors, feedback, natural voices with different degrees of deviation
(mainly using breathiness and/or roughness as parameters), and
short training duration. The literature is scarce on training central
auditory processing skills during voice APA training.
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