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Acoustic voice analysis: effect of an audio-visual training
for speech therapy undergraduates

Analise vocal acustica: efeito do treinamento auditivo-visual para

graduandos de Fonoaudiologia
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ABSTRACT

Purpose: To verity the effectiveness of a training for acoustic voice
assessment with undergraduate students of Speech-Language Patho-
logy. Methods: Study conducted with 14 undergraduate students of
Speech-Language Pathology who participated in six theoretical/practical
weekly encounters, whose total duration was four hours and a half. Basic
concepts of acoustic voice assessment was performed; we used spectro-
graphic analysis to each parameter, visually and auditory. In order to
verify the proposal’s effectiveness, the undergraduate students assessed
before and after de training, the measures of automatic extraction of
the evaluation measures and also aspects of narrowband spectrograph
of 15 voices, normal and disordered in varying degrees. We considered
the performance of students, before and after the training comparing
their mistakes and correct scores to a previous analysis performed by
a specialist with Kappa index >0.70. To compare the results obtained
by the undergraduate students in the two instances McNemar test was
performed. Results: For all parameters analyzed the average of correct
scores was higher after the training, as well as the overall average (24.2%
before and 93.0% after). Conclusion: The developed training was effec-
tive for the learning of undergraduate students, and may be included into
subjects which involve concepts of voice assessment and also might be

transformed into teaching material available to other groups.
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RESUMO

Objetivo: Verificar a efetividade de treino para avaliacdo acustica da
voz com graduandos de Fonoaudiologia. Métodos: Estudo realizado
com 14 estudantes de curso de graduacdo em Fonoaudiologia, que par-
ticiparam de seis encontros semanais tedricos e praticos, com duraciao
total de quatro horas e meia. Foram abordados os conceitos basicos para
avaliacdo vocal actstica perceptivo-auditiva e foi praticada a andlise
espectrogrifica de cada parametro, visualmente e auditivamente. Para
verificar a efetividade da proposta, os graduandos realizaram, antes e
ao final do treino, a avaliagdo das medidas de extracdo automadticas e
de aspectos da espectrografia de banda estreita de uma amostra de 15
vozes, normais e alteradas em variados graus. O desempenho dos alunos
foi considerado nos dois momentos, comparando-se 0s erros e acertos
em relagdo a andlise prévia realizada por especialista, com indice Kappa
>(,70. Para comparagao entre os resultados obtidos pelos graduandos,
nos dois momentos, utilizou-se o teste de McNemar. Resultados: Para
todos os parametros analisados, as médias de acerto foram maiores no
momento pés-treino, com maioria dos indices acima de 90%; o mesmo
observou-se em relacdo a média geral (24,2% no momento pré-treino e
93,0% no momento pds-treino). Conclusio: O treino mostrou-se efetivo
para a aprendizagem dos graduandos, podendo ser incorporado as dis-
ciplinas que envolvem os conceitos de avaliagdo da voz e transformado

em material diddtico disponivel para outros grupos

Descritores: Voz; Distiirbios da voz; Actistica da fala; Espectrografia do

som; Variagdes dependentes do observador; Capacitacio
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INTRODUCTION

From the fifties onwards there has been advancement within
the field of vocal studies with the upcoming of theories focusing
on vocal production and the development of voice laboratories
devoted to creating reliable and objective technics that could
contribute to the evaluation of vocal disorders'”. The current
acoustic vocal analysis makes use of softwares that enable
measurement of various aspects of the voice signal captured®.
The use of that analysis started three decades ago® and the
current studies are the most comprehensive.

The acoustic analysis offers speech therapists and audiolo-
gists relevant data and it is a very important tool to the speech
therapy evolution control, besides enabling the register of vocal
conditions at the pre and post-period of laryngeal surgeries*®. It
is through the acoustic analysis that diverse specific parameters
which help the comprehension of the phonetic mechanism and
the different vocal disorders are obtained and it also enables
graphic visualization of aspects of a produced sound?.

The multivariate analysis of acoustic vocal data has been
ensuring a greater reliability of that evaluation® and the classi-
fication in types of the spectrographic signal has been proving
itself relevant, especially for voices more altered in which
the objective parameters, such as fundamental frequency and
indexes of interference and noise, are less reliable®.

Even though acoustic analysis has its advantages it does
not have a diagnosis function. It is, however, part of the vocal
evaluation along with the physiological tests findings performed
by the doctor and the auditory-perceptive analysis of voice”.

The acoustic evaluation provides interesting visual data whi-
ch may be discussed with the patience in a way that facilitates
the feedback over the treatment’s evolution'?. The difference
between amplitude measurements of the two first harmonics
(H1-H2) has also been subject of study in a way that relates it
to vocal characteristics offering new analytical possibilities'".
The combination between the auditory-perceptive and the
acoustic evaluation makes the identification of the diversions
in the vocal quality easier and generates data that will serve
as a foundation for the choice of therapy and vocal exercises
proposed?.

The acoustic analysis of vice provide normative data for
different vocal realities even if the quantity of information to
be extracted is little known and explored?. The most used
parameters are the objective measurements such as fundamen-
tal frequency and the interference indexes jitter e shimmer'?,
noise measurement® and the aspects originated from the
spectrography with the presence of noise in high frequencies,
instability and sound breaks®. The spectrography enables the
visual monitoring of the vocal characteristics through its three-
-dimensional aspect (frequency/intensity/time)®19).

Even though the visual ability is the main one involved
in the spectrographic analysis, it is desired, for this type of
evaluation, that during the training both auditory and visual
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abilities should be worked on together in order to obtain the
best apprenticeship, since some aspects will be better perceived
visually as they would be auditory detected and vice versa. The
visual aid of the spectrogram may help the auditory-perceptive
evaluation of the vocal quality"*'". As the spectrographic vocal
analysis is a subjective method of evaluation for it depends on
the evaluator its reliability may be enhanced when the training
involves more than one ability!®!®),

The training for acoustic analysis focused on the spectro-
graphy proved to be relevant in study with 20 undergraduates
of Speech-Language Pathology!®. This training lasted a total
amount of four hours and the results found point to an impro-
vement on the visual interpretation of spectrograms.

In order to perform the vocal acoustic analysis with effec-
tiveness it is necessary that the evaluator gains experience
and knowledge concerning the specific programs, recording
resources, data base structuring and result analysis through
graphic form, and beyond that the knowledge on the reference
parameters. Therefor it is necessary that the graduation enhan-
ces the evaluator’s ability for this type of analysis. The multi-
-dimension aspect of the voice should be explored during the
graduation of the future speech therapists and audiologists with
an integrated approach of signals, considering the necessary
improvement of didactics tools.

The importance of investing in theoretical/practical abilities
of the therapist students is, more and more, evident so that they
would have a more complete graduation and would develop
specific abilities that will allow them to care adequately for
the dysphonic individuals’ needs!'*2?.

The objective of this research was to verify the effectiveness
of the training on acoustic evaluation of voice for undergradu-
ates of Speech-Language Pathology.

METHODS

It concerns a longitudinal study, approved by the Research
Ethics Committee of the Universidade de Sdo Paulo (USP),
School of Medicine (CEP 294/11).

Inclusion criteria: undergraduates of the 2™ year of the
Speech-Language Pathology Course without previous experi-
ence on vocal acoustic analysis. Exclusion criteria: absence at
any proposed meeting.

The sample was composed of 14 students (12 women and 2
men, at the age between 19 and 24 years old, without auditory
complaints) who fitted in this criteria and the research proce-
dures started after signing the term of free and clarified consent.

The training on vocal acoustic evaluation program compre-
hended six weekly meetings totalizing four and half hours, split
in three steps: Step 1, in which the definitions were introduced,
parameters were trained and evaluation of the vocal registers
sample performed (meeting 1); Step 2, in which the purpose
was a reinforcement of each parameter’s concept separately
(meetings 2, 3, 4 and 5); Step 3, in which a general review of
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all acoustic parameters took place and a reevaluation of the
vocal registers samples were performed (meeting 6).

Step 1: at the first meeting, which lasted for one and a half
hours, the following vocal acoustic analysis parameters were
approached: automatic extraction measurements — fundamental
frequency, jitter, shimmer and harmonic-noise proportion —
spectrographic analysis of narrow band — spectrographic design
form, darkening level of the harmonics, design stability, noise
on the high frequencies, noise on the low frequencies, presen-
ce of sub-harmonics/bifurcations, frequency breaks, sonority
breaks, series of harmonic analysis and harmonic definitions.
Each aspect was approached, initially, by its definition and,
afterwards, examples of spectrograms of narrow band were
showed in a color version to make the reading easier. Visual
aspects of the drawings were highlighted at the same time as
auditory stimulus were present for the training of the respective

16 sre 17 sece

parameter. The duration of the exposure of each resonant stimu-
lus was three to five seconds and students required an average
of three replays for each voice.

Each parameter altered/present was exhibited in opposi-
tion to a spectrogram in which showed normal/absent. In the
Figures 1 and 2 we observe an example of the presentation of
sub-harmonics.

The same dynamic of training took place for the automatic
extraction measurements training. Measurements values were
exhibited while the relating characteristics were identified on
the spectrogram. For example, in the training for fundamental
frequency (f0) analysis, the definition and the normative data
related to gender and age were presented and, then, various
spectrograms exhibited in which the harmonic characteristics
in each stripe of frequency were pointed out while students lis-
tened to the voices. In relation to the other automatic extraction

Figure 1. Regular spectrogram, with the presence of harmonics up to 3 KHz and without sub-harmonics presence

Figure 2. Spectrogram in which the presence of sub-harmincs presence is highlighted

Audiol Commun Res. 2015;20(2):123-9

125



measurements — jitter, shimmer and PHR — the parameters of
normality and its meanings were discussed and spectrograms
of voices presented together with the information about the
different values for comparison with normal voices. The pa-
rameters for spectrographic analysis followed the operational
definitions'>?, taking into consideration the whole drawing
and not only the 0, to know:

- Instability: excessive fluctuation in the frequency; frequency
breaks: sudden alterations of frequency; sonority breaks:
interruptions and/or sudden absence in the frequency; sub-
-harmonics/frequency bifurcation: presence of one or more
lines between the harmonics; noise over the high frequen-
cies: hatching on the frequencies above 4 Khz/5 Khz; noise
over the low frequencies: hatching on the frequencies below
2 Khz; series of harmonics: sufficient number of harmonics
for defining de vocal quality (minimum of 20 harmonics).
For the analysis of the defined parameters in this research

an adaptation of the specific protocol’® has been used. In that

protocol an analogic-visual scale of 100 mm was used in which

0 (zero) indicates absence and 100 maximum presence in each

of the parameters, except for the frequency breaks and sonority

breaks analysis in which presence and absence is considered.

For this research only presence and absence of each parameter

was considered, something that it is more compatible with the

level of requirement expected from the undergraduates.

At the end of the presentation of all aspects, during that
same meeting, it was proposed that the students performed an
evaluation of one sample of voices. A slide was presented for
each voice with one spectrogram and the audio indicating, right
under the spectrogram, measurements of automatic extraction
(values of f0, jitter, shimmer and harmonic-noise proportion)
that may be correct or not. The students listened to the voice
while observing the spectrogram and the automatic measure-
ments values. They were invited to take individual notes in
writing, using a specific protocol, of the presence or absence
of the required characteristic (for example: “point out if there
is sonority break™) or if the automatic measurements values
were compatible with the voice, justifying (for example: “the
fO value indicated is compatible with the pitch that you are
hearing? Why?””). Connected to the projector there was porta-
ble notebook HP Pavilion dv6000, with a Intel® Core™2 Duo
Processor T7250 (2 GHz, 2 MB L2 HD, 800 MHz FSB), 260
MB of RAM and sound board Realtek High Definition Audio;
for the sound system it was used two external loudspeakers in
order to ensure the quality of the sound stimulus presented.

For the extraction of automatic measurements the software
PRAAT was used (developed by Paul Boersma and David
Weenink from the University of Amsterdam, of free use,
http://www.fon.hum.uva.nl/praat/) and for the elaboration of
the spectrograms the Spectrogram, version 16 (developed by
Richard Horne, Visualization Software LLC, of free use, http:/
www.eletronics-lab.com/downloads/pc/003/).

The samples evaluated by the students were composed by
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nine voices of individuals with varied laryngeal diagnosis and
one with a voice without alterations; five samples were repeated
in order to enable the intra-judge evaluation. The recordings were
selected from the voice database from the institution, under the
responsibility of one of the authors. All patients selected went
through the routine procedures for vocal registering in an acoustic
treated environment and with noise inferior to 50 dB, to know:
desktop computer, Audacity software, external sound board
USB 5.1 eD (Interface Edirol UA-101 Hi-Speed USB Audio
Capture), internal digital amplifier Class B from the brand 3D
Sound, headset microphone unidirectional and condensed from
the brand Karsect, model HT-2; the microphone was set at dis-
tance of 3 to 5 cm from the mouth of the patient in axis of 45° to
90°, there were tests performed for the setting of voice gaining
with the objective of avoiding cuts of peaks or very low sounds.
The samples were recorded at the frequency track of 22.050 Hz.

Step 2: after the first initial meeting, four weekly meetings
took place, with a duration of 30 minutes each, in which were
recaptured, in details, all acoustic parameters approached and
evaluated during the first meeting; new examples were used for
visual and auditory training, with circa three voices presented
for each item discussed.

Step 3: at the sixth meeting a general review of all the
worked on acoustic parameters was included and, afterwards,
the students repeated the evaluation of the voices from the initial
sample following the same procedures described. The order of
presentation of the voices at this second instance has its ran-
dom sequence modified in relation to the first evaluation. It is
important to highlight that none of the voices of the evaluation
sample was used during the training meetings.

The evaluations performed by the students at the two instan-
ces were compared to the previously evaluation done through
the GRBAS®@? scale by three female judges, speech therapists
and audiologists specialized in voice and with an extensive
experience in the use of the referred scale. All the participant
judges presented Kappa index above 0.70 at the intra-judge
analysis. One of the evaluators was also responsible for the ex-
traction of automatic measurements using the software PRAAT,
as well as for the spectrographic data analysis. That comparative
analysis permitted the students’ responses to be classified into
correct and error scores and enabled a comparison performance
of the two instances through the application of the McNemar
test, adopting level of significance of 5%.

The adopted criteria for the selection of voices were: varied
laryngeal diagnosis and graduations of vocal quality alterations
(Chart 1). All vocal registers presented one or more parameters
of interest worked on during the training.

Complete program of the training:

Step 1: 1° meeting — basic concepts for vocal evalua-
tion followed by individual evaluation of 15 voice samples
(Instance 1); duration of one and half hours.

Step 2: 2° meeting — theory and practice for analysis of the
spectrographic drawing form, level of harmonics darkening and
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Chart 1. Characterization of the selected voice sample for acoustic evaluation

Individuals G R B A S Otorhinolaryngological diagnoses
1 3 2 3 1 0 Trachea trauma
2 3 3 1 0 0 Reappearence reinke’s edema
3 2 2 1 0 1 Reinke’s edema
4 3 3 1 0 1 Reinke’s edema
5) 2 2 1 0 1 Parkinson’s disease
6 2 2 2 0 1 Laryngeal papilloma
7 0 0 0 0 0 Normal
8 3 3 2 1 0 Direct vocal cords paralysis
9 3 3 1 0 2 Laryngeal stenosis with synechia
10 2 2 1 0 0 Presbyphonia

Note: GRBAS = G, general degree; R roughness; B, breathiness; A, asthenia; S, strain

design stability, duration of 30 minutes; 3° meeting — theory and
practice for analysis of noise presence, sub-harmonics/bifur-
cation e frequency breaks; duration of 30 minutes; 4° meeting
— theory and practice for sonority breaks analysis, harmonic
series and harmonic definition; duration of 30 minutes; 5° me-
eting — theory and practice for fundamental frequency analysis
and of interference jitter measurement, duration of 30 minutes.

Step 3: 6° meeting — theory and practice for interference
shimmer measurement analysis and of noise measurement pro-
portion harmonic-noise followed by brief theoretical/practical
review of all concepts and parameters worked on during the
meetings; after that, all participants reevaluated, individually,
the same 15 voices from the initial evaluation through the same
procedures (Instance 2); duration of 30 minutes.

RESULTS

AtlInstance 1 high indexes of correct scores for fundamental
frequency were observed (55.0%), drawing stability (47.1%)
and drawing form (42.1%). The lower indexes happened

towards (2.0%), noise on the high frequencies (3.6%) and fre-
quency breaks (11.4%). The general average of correct scores
was 24.2% (Table 1).

At Instance 2 all of the correct scores indexes were very
high, in which the jitter analysis (99.3%) and fundamental fre-
quency (97.9%) standing out; the lowest average obtained was
for sub-harmonic/bifurcations presence (82.9%). The average
of correct scores was 93.0% (Table 1).

The comparison of the students’ performance indicated that
there has been higher index of correct scores at Instance 2 in
relation to Instance 1 on all of the aspects analyzed (p>0.001)
and also on the average of correct scores (p>0.001). The highest
differences, pre and post-training, were observed in the noise
evaluation on the high frequencies, noise on the low frequen-
cies, frequency breaks, harmonics and harmonics definition
series (Table 1).

DISCUSSION

Acoustic analysis is considered an important

Table 1. Comparison between average of correct scoresat the two instances of the evaluation

Instance 1 Instance 2
Analyzed aspects p-value
n % n %
Fundamental frequency 77 55.0 137 97.9 <0.001*
Jitter 39 27.9 139 99.3 <0.001*
Shimmer 41 29.3 134 95.7 <0.001*
Harmonic-noise proportion 39 27.9 136 971 <0.001*
Drawing form 59 421 128 91.4 <0.001*
Harmonic darkening level 32 22.9 127 90.7 <0.001*
Drawing stability 66 471 136 97.1 <0.001*
High frequencies noise 5 3.6 128 91.4 <0.001*
Low frequencies noise 21 15.0 133 95.0 <0.001*
Sub-harmonics/bifurcations 30 21.4 116 82.9 <0.001*
Frequency breaks 16 11.4 129 92.1 <0.001*
Sonoroty Breaks 25 17.9 127 90.7 <0.001*
Harmonics series 22 15.7 135 96.4 <0.001*
Harmonics definition 2 2.0 83 84.7 <0.001*
General average 33.9 24.2 12.7 93.0 <0.001*

*Significant values (p<0.05) — McNemar test
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complementary tool for vocal evaluation and theoretical/
practical knowledge is necessary for the speech therapy/au-
diology practice"?*?¥_ So in order to obtain correct scores full
results it is necessary for the professional to develop specific
abilities®”. Such consideration is corroborated in this study
for it was possible to observe that, with only one initial class
in which the aspects were conceptualized and exemplified in a
more general form, that students showed an output that varied
from weak to regular and, only after the training, effectively
started to perform consistent acoustic analysis with high
average of correct scores.

It is important to emphasize that the students that took part
at this present study didn’t have any previous experience with
acoustic analysis, however, in the prior semester, they had taken
part in the training for perceptive-auditory voice analysis, which
was considered effective®®.

After the mentioned training, students started improving
their perception for multi-dimension aspect of voice and the
previous knowledge on perceptive-auditory analysis may have
contributed for their comprehension of how the acoustic signal
validates the perceptive-auditory signal and vice versa, apart
from allowing a integration of physiological and perceptive-
-auditory spheres®.

The fact that students showed a certain easiness to evaluate
the fundamental frequency, form stability and spectrographic
drawing, based only on the concepts studied during the first
lesson of the basic level, could be justified by the fact that they
were more simple parameters. The study that involved visual
inspection of spectrographic drawing showed the students’
easiness in analyzing the drawing form‘® may indicate that the
learning of this parameter does not depend on the contribution
of the visual and auditory analysis training.

On the other hand, the initial difficulty in identifying the
presence of noise on the high and low frequencies, as well as
the frequency breaks, made it possible to indicate that they
are aspects which need longer time of training to be perceived
more adequately. Study in which the proposal was only visual
inspection of the spectrographic drawing, students had difficulty
to evaluate the presence of noise based on a brief explanation,
even though the evaluation of this aspect has grown worse after
the training'®, which is something that proves itself to be a
more complex parameter. Besides that, analysis that involves
auditory and visual aspects may confuse, a little, students at the
beginning, probably because of the higher quantity of informa-
tion, but it could be overcome with the training as observed in
this research. According to experienced judges the association
of perceptive-auditory and acoustic aspects improves the relia-
bility of the analysis®.

The improvement on the harmonics definition analysis
observed in this research shows that the integration perceptive-
-auditory-visual benefits the students, once the study, only with
visual support, observed difficulty of the undergraduates in rela-
tion to this parameter'®. The more direct way of the automatic
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measurements analysis — jitter, shimmer and PHR — resulted
in high indexes of correct scores by students after the training.
That result was expected because it is more objective and simple
to verify the value presented by the program and to compare it
to the normality data, even if during the Step 1 students seemed
confused because of the complexity of these items definition.
The need of comprehension of the short period measurements
is highlighted by the fact that the interference measurements
— jitter and shimmer — as much as the noise measurements are
considered strong indicators of vocal problems®®.

As the acoustic analysis, in general, aggregates relative
subjective characteristics to the interpretation of data by the eva-
luator®, it would not be expected at the post-training instance
that indexes reached were 100%. The indexes were considered
excellent and corroborated for the effectiveness of the training.

The systematization at various meetings has been evalu-
ated as adequate for the appropriation of knowledge and the
expansion of the concepts range presented and acquired. The
possibility of content reviews at each meeting allowed time
for reflection and doubt clarification, as well as extra training
observations, which can contribute for the absorbing and
sedimentation of knowledge. It is believed that this learning
experience has contributed for those students’ abilities in
performing a more complete vocal evaluation, once they had
been through the perceptive-auditory training®?, and now
have aggregated acoustic knowledge. The next challenge is an
integration between the perceptive-auditory, acoustic signals
and the voice disorders’ physiology involved. It is also the
intention, from this study, to make the didactic material used
available to undergraduates.

It is important to highlight the limited amount of studies
on that theme and also its relevance for the undergraduates of
Speech-Language Pathology. This research points out to the
need of permanent reflection over didactic practices and the
learning process of the student, especially on complex themes
such as voice evaluation. Making the didactic material of well
succeeded experiences available should be reinforced and pu-
blicizing in events of the field will allow other groups to have
access to the same methodology, which will make researches
inter-institutions feasible.

CONCLUSION

Training for voice acoustic evaluation for undergraduates
of Speech-Language Pathology proved to be effective for the
learning process. The best results were obtained at the post-
-training instance.
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