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Introduction Dysphonia is an oral communication disorder. The voice and hearing are
interrelated aspects. Hearing is an important sensory input for monitoring the vocal
pattern. The relation between hearing abilities and dysphonia represents a contribution both in scientiﬁc and in clinical terms, especially in cases in which satisfactory
results are not achieved in the therapeutic process.
Objective To characterize long-latency auditory evoked potential (P300) with tonal
and complex stimuli, and to make a behavioral evaluation of auditory processing in
adults with behavioral dysphonia.
Method The sample used for the present study consisted of 20 subjects from both
genders with ages ranging from 18 and 58, who were diagnosed with behavioral
dysphonia. The evaluations occurred in a single 2-hour session, in which the procedures
of clinical history, pure tone and speech audiometries, acoustic immittance measures,
and behavioral and electrophysiological evaluations of auditory processing were
performed.
Results The descriptive measures of P3 latency elicited by tonal and complex stimuli
showed similar results for the right and left ears, without statistically signiﬁcant
differences. In the qualitative analysis, the results observed were within the normality
patterns for the P3 component for both tonal and complex stimuli. As for the
behavioral evaluation of auditory processing, abnormal results were observed in
100% of the sample. Abnormalities were found in the auditory skills of ordering and
temporal resolution and ﬁgure-background obtained from the duration pattern,
random gap detection, and dichotic tests (syllables and words), respectively.
Conclusion The evaluated patients presented central auditory processing disorder,
evidenced by behavioral assessment.

DOI https://doi.org/
10.1055/s-0040-1710303.
ISSN 1809-9777.

© 2020. Fundação Otorrinolaringologia. All rights reserved.
This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Revinter Publicações Ltda., Rua do Matoso 170, Rio de
Janeiro, RJ, CEP 20270-135, Brazil

349

350

Electrophysiological and Behavioral Evaluation of Auditory Processing

Introduction
Voice and hearing are interrelated aspects. This interrelationship has aroused the interest of scholars to investigate the
peripheral and central auditory systems of dysphonic individuals, since many authors have already proven how crucial is
the integrity of the auditory system for the development of
vocal behavior and the maintenance of vocal quality.1–6
In addition, individuals with behavioral dysphonia invariably undergo speech therapy to establish new vocal patterns.
This process, in turn, involves not only the regular performance of vocal exercises, but also auditory monitoring at the
time of performing these exercises, and poor auditory feedback may be among the reasons for a therapeutic failure.
To establish the full knowledge of the integrity of an
individual’s auditory system with greater diagnostic accuracy, a thorough auditory assessment, which involves objective
and behavioral methods, is required.
The objective methods are the auditory evoked potentials
(AEPs), which assess the neuroelectric activity of the auditory pathway from the auditory nerve to the cortex in response
to an acoustic stimulus, such as the long-latency auditory
evoked potential (P300) cognitive potential.7 Long-latency
auditory evoked potential is generated by a complex neural
network, involving the cortical and subcortical areas, besides
connections between the brainstem and reticular formation.
It is considered a cognitive potential since it depends on the
patient’s attention and discriminating ability.8,9
The behavioral methods of hearing tests, on the other
hand, consist of assessment of the central auditory processing (CAP), which refers to how the individual interprets the
information received through hearing. Central auditory processing disorder (CAPD) can be identiﬁed by a battery of
behavioral tests, that is, dependent on the patient’s response
and assessment of their different auditory skills.
A literature search on hearing and voice showed mostly
studies involving only behavioral auditory measurements in
patients with dysphonia, and there were a few studies that
used and correlated objective and behavioral methods in the
same sample.
Thus, the present study aims at characterizing the P300,
with complex and tonal stimuli, and the behavioral assessment of central auditory processing in adults with behavioral
dysphonia.

Methods
The current research was performed in the Universidade
Federal de São Paulo (UNIFESP). The study was conducted
after the approval of the committee of ethics in research in
human beings of the Universidade Federal de São Paulo
(UNIFESP) under the number CAAE 37353314.0.0000.5505.
All subjects invited to participate were advised of their
free and spontaneous participation. After the acceptance, all
participants were instructed on the procedures to be performed and signed the term of free and informed consent
(TFIC) authorizing their voluntary participation.
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The sample consisted of 20 subjects, 14 women and 6
men, aged between 18 and 59 years, who had ENT diagnosis
of behavioral dysphonia. The average age was 36.25 years,
with the minimum age being 18 and the maximum age 58.
All participants were recruited from the waiting list for
speech therapy at a public voice clinic.
The inclusion criteria for this study were: normal auditory
thresholds (up to 25 dB HL)10; word recognition score t
greater than 92% of correct responses11; type A tympanometric curves bilaterally12; presence of contralateral acoustic reﬂexes at adequate levels13; Brazilian Portuguese as the
spoken language; to be literate; and to have the diagnosis of
behavioral dysphonia.
The exclusion criterion of the sample was: diagnosis of
presbylarynx obtained through otorhinolaryngological evaluation and previously diagnosed cognitive or neurological
alterations. In addition, individuals that, for some reason, did
not participate in all stages of the study would be excluded
from the sample.
The participants were submitted to procedures including
clinical history and electrophysiological and behavioral evaluation of auditory processing as described below.
While obtaining the clinical history, the individuals answered a speech-language questionnaire concerning clinical
aspects related to the voice and hearing.
Electrophysiological evaluation was performed using
the Smart EP equipment (Intelligent Hearing Systems,
Miami, FL, USA). The investigation of auditory evoked
potentials was obtained in an acoustic and electrically
treated room. The subjects were accommodated in a
reclining and comfortable armchair and instructed to
remain still, so that myogenic artifacts were avoided.
Before the beginning of the examinations, the subjects’
skin was prepared with an abrasive paste, and the electrodes, ﬁxed by adhesive tape and arranged as follows: active
electrode (position CZ—vertex), reference electrodes
(positions A1 and A2—lobes of the left and right ears),
and ground electrode (located on the forehead), according
to the system 10 to 20. The impedance of the electrodes
was measured to be below 5 kΩ, and the difference
between each electrode was at most 2 kΩ.
Long-latency auditory evoked potential was obtained with
tonal and complex stimuli. The tone stimuli were tone bursts,
presented in the frequencies of 1,000 Hz (frequent stimulus)
and 2,000 Hz (rare stimulus). As for the complex stimuli, the
“ba” and “da” syllables were used, the “ba” for the frequent
stimulus, and the “da” for the rare stimulus.
As test protocol, 300 stimuli were presented, either tonal or
complex, in a proportion of 80% for the frequent and 20% for
the rare, characterizing the odd-ball paradigm. The polarity
used was alternated, at a rate of 1.1/s, ﬁlters 1 to 30 Hz, a 600
ms window, and the presentation level was 70 dB HL.
All participants were initially trained to discriminate between frequent and rare stimuli. After understanding that, the
subjects were instructed to focus on the rare stimulus and
count the number of times it appeared, and ﬁnally to report the
total number of rare stimuli at the end of the test.
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This study examined the P3 component, considering the
resulting register obtained by the subtraction of the rare
stimuli waves from the frequent ones.
Finally, the behavioral evaluation of auditory processing14
included the tests: sound localization test, memory for
verbal and non-verbal sounds in sequence, alternate disyllable dichotic test (SSW), dichotic consonant-vowel test
(DCVT), duration pattern test (DPT), and random gap detection test (RGDT).
The sound localization test (SLT) was performed with a
high-frequency instrumental sound (rattle) presented in the
directions ahead, above, behind, to the right, and to the left,
with the individual’s head as reference. The subject remained
with his/her eyes closed and was instructed to indicate the
direction of the sound source.
For the verbal sequential memory test (VSMT), the syllables pa, ta, ca, and fa were presented in three different
arrangements, and the subject was instructed to repeat the
sequence presented without visual clue.
The non-verbal sequential memory test (NVSMT) was
performed with the sound of four instruments presented
in different sequences and without visual clue. The participant was instructed to point the instruments in the sequence
in which they were presented.
The other behavioral tests of the central auditory processing test battery, SSW, DCVT, DPT, RGDT, were performed
in an acoustic booth. The tests were recorded on a CD
connected to a two-channel audiometer and presented via
supra-aural TDH-39 headphones. The patient was asked to
perform tasks such as: repeating words and naming sounds,
according to the speciﬁcities of the applied test.
The alternate disyllable dichotic test was performed at
50 dB SL. The stimuli, disyllables of low predictability, were
presented partially superimposed two to two, two in each
ear, alternating the competitiveness condition and the ear
that started the test. The participant was asked to repeat the
stimuli heard in the same sequence in which they were
presented.
The DCVT was also performed at 50 dB SL and consists of
the simultaneous presentation of pairs of different syllables
(ba, pa, ca, ga, da and ta). The participant was instructed to
choose and repeat only one syllable of the presented pair.
The DPT, which was performed at 50 dB SL with binaural
stimulation, is composed of three pure tones with different
durations, long (L) (500 ms) and short (S) (250 ms). These
were presented in a given order in binaural condition (dichotic test). The individual was asked to name the sequence
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presented; for example, if he listened to LLS, he/she should
answer long-long-short.
Finally, the RGDT was presented at 40 dB SL, involving
clicks with varied interstimulus time intervals. The test
consists of a random variation in the intervals of 0 to
40 ms at the frequencies of 500 Hz, 1,000 Hz, 2,000 Hz, and
4,000 Hz. The subjects were instructed to listen to the
stimulus and to report whether they had noticed one or
two tones, and the threshold of gap detection in the frequencies of 500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz was deﬁned
by the shortest time interval at which the patient is able to
identify two sounds. After obtaining the thresholds in each of
the frequencies, their values were added and divided by four.
In this way, the average value for each patient’s responses
was obtained.
In the analysis of P300 elicited by tonal stimuli, the
reference values proposed by McPherson9 were used. For
the analysis of the complex stimuli, the Agostinho-Pesse and
Alvarenga15 proposal of analysis was used.
In the evaluation of central auditory processing, the normality criteria from a previous study performed in Brazil14
were used.
For the statistical analyses, the complete descriptive
measurements of the quantitative variables were initially
grouped, and the average, median, standard deviation, coefﬁcient of variation, quartiles, minimum and maximum values, and conﬁdence intervals were deﬁned.
To characterize the relative frequency distribution (percentages) of the P300 complex stimuli, tone burst P300, and
SSW, the two-proportion equality test was used.
To measure the correlation index between the P300
elicited by complex stimulus and the P300 elicited by tone
burst stimulus, Spearman correlation was used.
The results with statistical signiﬁcance were highlighted
in red or signaled with the asterisk symbol (), while the
results with a tendency to signiﬁcance were highlighted in
blue or signaled with the number sign (#). The conﬁdence
intervals were constructed with 95% statistical conﬁdence,
and the signiﬁcance level of 0.05 (5%) was established.

Results
►Table 1 shows the results of the descriptive analysis of the P3
component elicited by tonal and complex stimuli, respectively.
►Table 2 shows the results of the qualitative analysis of
the P3 component elicited by tonal and complex stimuli,
respectively.

Table 1 Descriptive analysis of the P3 component elicited by tonal and complex stimuli
Descriptive
P300 TB latency
P300 complex latency

Average

Median

Standard deviation

CV

Q1

Q3

Min

Max

N

CI

RE

307.6

314.0

19.9

6%

290.8

320.3

266.0

336.0

20

8.7

LE

311.0

307.5

30.8

10%

284.5

333.3

268.0

371.0

20

13.5

RE

301.8

311.5

30.3

10%

282.3

322.5

252.0

350.0

20

13.3

LE

293.5

295.5

26.2

9%

271.3

304.0

259.0

355.0

20

11.5

Abbreviations: CI, conﬁdence interval; LE, left ear; RE, right ear; TB, tone burst.
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Table 2 Distribution of normal and altered results for P300
latency with tonal and complex stimuli
p Value

P300

Altered

Normal

N

%

N

%

TB

0

0%

20

100%

<0.001

Complex

0

0%

20

100%

<0.001

Abbreviations: P300, long-latency auditory evoked potential; TB, tone
burst.

►Table 3 presents the performance of the participants in
the behavioral tests of the CAP in percentage of correct
answers.
Sound localization tests, VSMT, and NVSMT showed
results within normal limits.
The average number of correct answers obtained in the
DCVT showed a higher number of right ear hits; however, the
number of errors was higher than the accepted.
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The altered average was also found in the Duration Pattern
Test (DPT) and in the RGDT.
As for the SSW test, the dysphonics patients presented
altered performance only for the left ear, while the average
values for the right ear were within normal range.
To obtain the correlation between the electrophysiological and behavioral evaluation, the central auditory processing behavioral tests SSW, DCVT, DPT, and RGDT were
correlated with the P3 component (►Tables 4 and 5).
It was found that for P300 elicited by tonal stimuli
(►Table 4), there was a signiﬁcant correlation between the
latency and the DPT, demonstrating that the higher the P3
latency, the worse the performance in the DPT. As for the
amplitude, the correlation indicated that the greater the
amplitude of P3, the greater the percentage of correct
answers in the DPT.
For P300 elicited with complex stimuli (►Table 5), no
signiﬁcant correlations with behavioral evaluation were
found.

Table 3 Descriptive measures of the percentage of correct answers for sound localization, verbal and non-verbal sequential
memory, vowel-consonant, duration pattern, random gap detection, and staggered spondaic word tests
Descriptive

Average

Median

Standard deviation

CV

Q1

Q3

Min

Max

N

IC

SLT

79.0%

80%

20.0%

25%

60%

100%

40%

100%

20

8.8%

28%

67%

100%

33%

100%

20

10.0%

VSMT

4 syllables

81.6%

100%

22.9%

NVSMT

4 Sounds

86.6%

100%

20.0%

23%

67%

100%

33%

100%

20

8.8%

DCVT

RE

10.15

10.0

2.94

29%

8.5

12.0

5.0

16.0

20

1.29

LE

6.60

6.0

3.25

49%

5.0

8.5

0.0

13.0

20

1.42

Mistakes

7.25

8.0

2.88

40%

4.8

9.0

3.0

13.0

20

1.26

DPT

52.5%

53%

22.1%

42%

40%

63%

7%

100%

20

9.7%

RGDT

19.99

19.6

12.00

60%

10.6

28.8

2.0

40.0

20

5.26

RE

92.9%

94%

6.2%

7%

90%

98%

75%

100%

20

2.7%

LE

87.9%

90%

9.3%

11%

83%

95%

68%

100%

20

4.1%

SSW

Abbreviations: DCVT, dichotic consonant-vowel test; DPT, duration pattern test; NVSMT, non-verbal sequential memory test; RGDT, random gap
detection test; SLT, sound localization test; SSW, staggered spondaic word; VSMT, verbal sequential memory test.

Table 4 Correlation between P300 elicited by tonal stimulation and central auditory processing tests
P300 TB
P3 latency

SSW
RE
LE

P3 amplitude

RE
LE

DCVT

DPT

RGDT

RE

LE

RE

LE

Mistakes

Corr (r)

-14.3%

8.1%

-20.7%

24.2%

-4.2%

1.3%

-13.1%

p-Value

0.547

0.735

0.380

0.303

0.861

0.957

0.583

Corr (r)

-12.5%

-6.9%

-15.1%

7.2%

3.3%

-51.9%

29.5%

p-Value

0.601

0.774

0.525

0.764

0.889

0.019

0.206

Corr (r)

4.3%

-28.6%

13.4%

-19.2%

7.6%

50.2%

-16.6%

p-Value

0.858

0.221

0.573

0.417

0.750

0.024

0.486

Corr (r)

16.1%

2.7%

13.0%

-4.7%

-7.5%

46.3%

-33.9%

p-Value

0.497

0.909

0.586

0.844

0.755

0.040

0.144

Abbreviations: DCVT, dichotic consonant-vowel test; DPT, duration pattern test; LE, left ear; RE, right ear; RGDT, random gap detection test; SSW,
staggered spondaic words.
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Table 5 Correlation between P300 elicited by complex stimulation and central auditory processing tests
P300 speech
P3 latency

SSW
RE
LE

P3 amplitude

DCVT

DPT

RGDT

RE

LE

RE

LE

Mistakes

Corr (r)

23.2%

42.1%

-35.1%

35.2%

-12.4%

8.3%

-26.5%

p-Value

0.324

0.065

0.129

0.128

0.604

0.727

0.260

Corr (r)

-12.7%

15.6%

-17.5%

13.4%

-0.6%

-24.2%

-1.8%

p-Value

0.595

0.511

0.461

0.574

0.978

0.304

0.940

RE

Corr (r)

-12.7%

-18.7%

3.9%

-22.1%

31.7%

-2.9%

-22.0%

p-Value

0.593

0.429

0.869

0.349

0.173

0.904

0.352

LE

Corr (r)

-19.7%

-25.3%

-0.3%

-21.1%

26.8%

2.6%

-14.1%

p-Value

0.405

0.282

0.989

0.372

0.253

0.914

0.554

Abbreviations: Corr, correlation; DCVT, dichotic consonant-vowel test; DPT, duration pattern test; LE, left ear; RE, right ear; RGDT, random gap
detection test; SSW, staggered spondaic word test.

Discussion
Currently, the electrophysiological evaluation, especially
involving P300, has been considered an important complement for the behavioral evaluation of auditory processing,
since the ﬁrst one would reveal alterations in the functioning
of the auditory pathway and the second one would demonstrate the auditory abilities in which this inadequate functioning would have repercussions.
This study evaluated the hearing system of dysphonic
adults by means of electrophysiological and behavioral
measures.
The descriptive analysis of the P3 components demonstrated similar average values between the ears
with both complex and tonal stimuli (►Table 1). In the
qualitative analysis, we observed results within normal
range for P300 elicited with complex and tonal stimuli
(►Table 2).
Luiz (2018)16 also performed the electrophysiological
evaluation in individuals diagnosed with dysphonia. Her
ﬁndings corroborate this study, with the P3 values remaining
within normal range. In a population composed of normal
listeners, these data were also similar.17,18
It is noteworthy that there is a wide range of normality for
P300 latency values, which may justify the normality found
not only in adults with dysphonia.
In the behavioral evaluation (►Table 3), changes were
observed in ﬁgure-background auditory abilities for words
and syllables, in the analysis of the duration of sounds and in
temporal resolution aspects.
In the present study, the changes observed in the SSW
test and in the DCVT reiterate the difﬁculties in the perception of the speech in a situation of competitive in this
population. Communication in adverse environments
occurs at most times during communication. Difﬁculties
in achieving effective communication may lead to vocal
abuse, resulting in the use of higher voice intensity. This
frequent vocal abuse, in turn, can lead to vocal injuries and,
consequently,dysphonia.

As for the temporal tests, whose auditory stimuli were
non-verbal, the average performance was altered for both
DPT and RGDT.
The studied population showed greater difﬁculty in temporal patterns, which are considered the basis of auditory
processing mainly in what concerns the perception of
speech, since many characteristics of speech information
are somehow inﬂuenced by time.19
These ﬁndings are in agreement with other studies,1,6
which also revealed difﬁculties in temporal processing for
the population with voice alteration.
Other studies involving vocal production and auditory
perception described the importance of auditory aspects in
voice evaluation and rehabilitation, stating that patients
undergoing voice therapy without an adequate auditory
perception would account for therapeutic failure.1,20
In the study of correlations between electrophysiological
and behavioral measures, there was a negative correlation
for latency, and a positive correlaton for amplitude, both for
P300 elicited by tonal stimuli in relation to behavioral DPT
(►Table 4).
The higher the P3 latency, the worse the performance in
the DPT. There is a direct relation between P300 latency and
information processing speed. Increase of the P300 latency is
observed with the more complex processing tasks and with
short-term memory demands.21
The worst performance in the DPT demonstrates that the
temporal processing ability can be considered a complex task
for subjects in the present study, resulting in increased P300
latency with tonal stimulus.
As for the amplitude, the correlation indicated that the
greater the amplitude of P3, the greater the percentage of
correct answers in the DPT. The amplitude is related to the
event or task involved in the response and to the amount of
neural sources that the attention system needs for the
execution of the task.22 The P300 amplitude is greater for
easier tasks and decreases as the task becomes more difﬁcult.9 The electrophysiological evaluation did not coincide
with the performance in the DPT.
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However, for the PEALL elicited by complex stimuli, no
statistically signiﬁcant correlations were found (►Table 5).
It was not possible to observe the relationship between the
complex-stimulated P300 and the auditory processing behavioral tests selected for the current study.
The present study conﬁrmed the difﬁculties of auditory
processing in dysphonic subjects, especially in terms of
behavioral evaluation. Therefore, it is recommended to evaluate the auditory processing in these individuals to establish
the therapeutic objectives more precisely. In the case of
altered auditory processing by auditory processing tests,
the stimulation of the auditory abilities, such as in the
auditory training, should be considered to maximize the
beneﬁts of the auditory perceptive exercises.
More studies are necessary in order to expand the correlation between voice and auditory processing disorders in
the dysphonic population, with comparative pre and postintervention measures, as well as studies with longitudinal
follow-up.

5 Sanches AB. Processamento auditivo central em crianças com

6

7

8

9
10
11
12
13
14

Conclusions
15

The dysphonic patients evaluated presented alterations in
the behavioral evaluation of the auditory processing, involving auditory ﬁgure-background and temporal processing
abilities.
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