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ABSTRACT 
Purpose: to verify, with the auditory-perceptual and acoustic parameters, the occur-
rence of voice changes in children with no voice complaints, per sex. 
Methods: the registers of 36 children with no voice complaints, aged 6 to 8 years, 
of whom 19 were males, were assessed. The databank consisted of the recordings 
of sustained vowels, sentences, and spontaneous speech. The auditory-perceptual 
analysis was conducted with the Consensus Auditory-Perceptual Evaluation of Voice, 
and the acoustic analysis, with VoxMetria. The fundamental frequency, jitter, shimmer, 
noise, and glottal-to-noise excitation ratio were analyzed. The Mann-Whitney test was 
applied for numerical variables, and the McNemar test, for the categorical ones, at the 
p < 0.05 significance level. 
Results: of the 5 children with mild voice changes, 4 were males. The most frequent 
resonance deviation was the laryngopharyngeal one. There was no difference between 
the sexes in the auditory-perceptual findings. The fundamental frequency in the group 
with changes was lower than that in the group without changes. There was a statisti-
cal association between the changes in the auditory-perceptual assessment and the 
acoustic parameters. 
Conclusion: voice changes occurred in 13.89% of the studied sample of children with 
no voice complaints, without differences between the sexes in the auditory-perceptual 
parameters. Vocal deviations were in a mild degree in all children who had them, the 
most frequent ones being roughness and breathiness. The fundamental frequency and 
shimmer were the acoustic parameters whose values most often occurred outside the 
reference limits, in both genders.
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INTRODUCTION
Voice is a complex human communication tool, 

produced based on muscular, acoustic, psycho-
social, and physiological parameters, and cultural and 
individual habits1,2. The quality of voice has a strong 
influence on social capacity and skills. Hence, consid-
ering the said parameters as inseparable variables of 
the production process, raising awareness, and inter-
vening in the vocal behavior have consequences that 
go beyond the sound aesthetics3. When dealing with 
children, the practice must be guided by the premise 
that the child’s voice has a specific complexity involving 
behavioral, physiological, and cognitive aspects4,5.

The child’s voice has particularly different character-
istics from the adult one. These are not only related to 
laryngeal structural differences and its relative position 
in the neck, but also to the instabilities caused by the 
growth and development process, which reflects on 
muscular and respiratory adjustments that interfere with 
voice quality. Therefore, discrete degrees of hoarseness 
and breathiness are to be expected in children1,5-7.

The concept of child dysphonia is any difficulty that 
prevents or hinders children’s natural voice production 
because of poor adjustments in it, which in turn may 
result from inadequate vocal behavior or anatomic, 
physiological, social, and/or environmental imbalance. 
It is oftentimes associated with other etiologies, 
ranging from self-limiting maladies to different degrees 
of incapacitating changes that require more incisive 
interventions8,9.

The formation of children’s voice patterns can be 
influenced by the environment and culture to which 
the child belongs. Thus, the child voice in institutional 
settings, including preschool, raises frequent concern10 
because such environments promote an abusive vocal 
behavior common to children2,11, caused, among other 
things, by environmental noise10. The characteristics of 
the family are also pointed out as ones that lead to the 
development and practice of either adequate or inade-
quate vocal habits, such as yelling, speaking loudly, 
speaking excessively, strained vocalizations, and so 
on4,7,12-15.

Studies demonstrate that changes in preschoolers’ 
vocal behavior are determining factors for dysphonia 
in them, and that voice disorders have been increasing 
in recent decades, along with the frequency of vocal 
abuse in boys and girls2,4,16.

The range of etiological factors related to child 
dysphonia requires a correct and early diagnosis – 
which is not always possible due to various factors. 

One of these is taking too long to seek help from 
health professionals, due to little concern on the part 
of the parents regarding their child’s voice changes, 
as the children do not have quite alarming symptoms 
involving other systems17.

Therefore, the children’s voice assessment with 
auditory-perceptual and acoustic analysis may provide 
the means for interventions aiming at this popula-
tion’s vocal health care and the parents’ and teachers’ 
awareness of the importance of the children’s voice 
quality.

Hence, this study aimed to verify the occurrence 
of voice changes and their auditory-perceptual and 
acoustic parameters in preschoolers, with no voice 
complaints, per sex.

METHODS
This cross-sectional, quantitative, retrospective 

study with descriptive analysis was approved by the 
Human Research Ethics Committee of the Department 
of Health Sciences at the Universidade Federal de 
Pernambuco (Federal University of Pernambuco), 
Brazil, under evaluation report number 1.668.792.

The research was based on secondary data, previ-
ously stored in computer vocal register databases, 
where the voices were recorded at sample rates of 44 
kHz in the VoxMetria and Fonoview software, from CTS 
Informática. The recordings consisted of the emission 
of sustained /a/, /ε/, and /i/ vowels in habitual voice for 
approximately five seconds, standardized sentences 
of the CAPE-V protocol, and spontaneous conver-
sation. The six preestablished sentences aimed to elicit 
various laryngeal behaviors and clinical signs (phrases 
with stop, fricative, and nasal phonemes). The sponta-
neous conversation consisted of a speech of at least 20 
seconds, elicited by the examiner, on subjects related 
to children’s daily life.

The study’s inclusion criteria encompassed all the 
vocal registers of children with no voice complaints, 
enrolled in a preschool, aged 6 to 8 years – which was 
the age of those who attended the institution where the 
study was carried out. Also, restricting the age range 
allowed for a more biologically homogeneous sample, 
considering the growth and development of the larynx 
and vocal tract, when the anatomical conditions of the 
larynx are similar (keeping in mind the quick changes 
that take place in these structures) and the differences 
between the sexes are not yet significant1,5,7,17,18. Due 
to these quick differentiations in the morphology of the 
vocal tract and consequently the voice quality, other 
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studies have also researched restricted age groups8,18. 
Children whose registers were incomplete were 
excluded from the study. 

Thus, the assessment encompassed the vocal 
register of 36 children with no voice complaints, aged 
6 to 8 years, both females (n = 17) and males (n = 19), 
upon authorization from their parents, who signed the 
informed consent form.

The auditory-perceptual assessment consisted of 
the subjective impression of the person’s voice quality, 
with the Consensus Auditory-Perceptual Evaluation 
of Voice (CAPE-V)19. The CAPE-V was fully used, with 
the emission of the vowels, the six sentences, and the 
spontaneous speech.

The application of CAPE-V indicates changes in 
vocal perceptual attributes, counting its degree of 
change. The attributes are overall severity, roughness, 
breathiness, strain, pitch change, loudness change, 
two spaces for other possible changes in voice quality, 
and classification of the vocal resonance as normal or 
changed.

The CAPE-V presents each attribute accompanied 
by a 100-millimeter line, forming a visual analog scale, 
and establishing a percentual score for each parameter 
analyzed. With markings, the assessors indicated the 
degree of perception from normal to deviant for each 
parameter in the scale.

To count the points, the assessor physically 
measured the distance in millimeters from the left to 
the end of the scale. The score was noted in the blank 
space on the right side of the table, together with the 
total proportion of the 100-mm length of the line. The 
results were analyzed, considering the deviations and 
degrees of voice change. 

A file was created for the auditory-perceptual 
assessment containing all the voice samples, adding 
10% of random repetition for intra-assessor reliability 
analysis, totaling 40 voices. The samples were 
randomly numbered with the Intemodino Group’s 
Random Number Generator (http://randomnumber-
generator.intemodino.com/pt/gerador-de-numeros-
aleatorios.html) to ensure that the voices were blinded 
in the assessment and reassessment.

Three speech-language-hearing therapists 
specialized in voice, with over 10 years of auditory-
perceptual analysis and clinical experience, were 
invited to voluntarily participate in the research with 
independent and blind judgment, with no financial grati-
fication or co-authorship in publication. The assessors 
were sent the file with the voices recorded in a CD. 

Hence, they analyzed all the 40 voices – i.e., all the 
vocal registers of the 36 subjects of the research, plus 
four random repetitions. In the analysis, only the first 
register of the repeated files was considered. The intra- 
and inter-judge agreement of the auditory-perceptual 
analysis variables was assessed with the intraclass 
correlation coefficient (ICC), equivalent to the kappa 
statistics for continuous variables. In all the cases, the 
level of agreement was satisfactory (ICC = 0.66).

Each assessor was instructed to assess the samples 
playing the voice files individually as many times 
as necessary, in a quiet room, with an earphone, at 
comfortable intensity, and fill out the CAPE-V protocol 
related to each sample. They were also requested to 
analyze up to 10 voice samples a day, for its fatigue not 
to interfere with the quality of the assessment.

The acoustic analysis was conducted with the 
VoxMetria program, from CTS Informática, analyzing 
the following parameters: mean fundamental frequency 
(and its variations – jitter and shimmer), noise 
measurement, and glottal-to-noise excitation ratio 
(GNE), based on the recording of the sustained /ε/ 
vowel.

The CAPE-V scores were used in the auditory-
perceptual analysis. The value obtained for each child 
in each of the parameters was calculated based on 
the mean values given by the three judges. Markings 
higher than zero in the assessment of at least two 
judges in the auditory-perceptual analysis were used 
to verify the occurrence of any degree of deviation in 
voice parameters.

The scores established for adults – namely: 0-34 
mm (neutral degree), 34.1-51 mm (mild degree), 
51.1-63.5 (moderate degree) – were used to assess the 
degree of vocal deviation. Based on these scores, the 
children were divided into two groups: neutral change 
and mild change20. The mean of the groups was calcu-
lated by summing the mean values obtained for each 
child, divided by the number of subjects in that group. 
The results of the groups with neutral and mild change 
were also stratified by sex.

The acoustic analysis program presents the 
reference values for jitter, shimmer, and GNE noise 
measure to compare the data with normal parameters, 
namely: jitter = 0.5%, shimmer = 6.5%, and GNE = 0.5 
dB. These are the parameters considered to analyze 
the adult voice.

The data normality was analyzed with the 
Shapiro-Wilk test, rejecting the hypothesis of a normal 
distribution when p < 0.05. Pearson’s chi-squared 
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RESULTS

Figure 1 presents the occurrence of voice changes in 
relation to the overall severity and the voice parameters 
analyzed with the auditory-perceptual assessment. The 
percentages were calculated based on the total number 
of children of each sex – hence, the values presented 
for each parameter do not add up to 100%.

test, or Fisher’s exact test, was used to verify the 
statistical association between the changes in the 
auditory-perceptual assessment and acoustic analysis. 
The Mann-Whitney test was used in the comparison 
between the sexes in the analysis of the numerical 
variables of the acoustic and auditory-perceptual 
assessment, while the McNemar test was used in the 
analysis of the categorical variables (with and without 
change), all of them at the 5% significance level.

Figure 1. Occurrence of children identified with deviations in the voice parameters, according to the auditory-perceptual analysis, stratified 
by sex

Voice changes were observed in 13.89% of the 
children with no voice complaints, with a mild change 
degree.

The results of the voice analysis regarding the 
resonance patterns are given in Figure 2. Most of the 
children had a balanced resonance pattern, and the 
most frequent resonance deviation was the laryngo-
pharyngeal one.

Each child’s mean values of the degree of 
change were tabulated in percentage as given by 
the three judges. Table 1 shows the mean values of 
each parameter analyzed in the auditory-perceptual 
assessment of the children with and without change, 
according to the classification17 that defines values 
between 0 and 34 mm as neutral (zero degree). It 
should be highlighted that the same child may have 
more than one changed parameter.
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Table 1. Mean values of the voice parameters and their respective standard deviations, assessed in the auditory-perceptual analysis, 
classified as neutral and mild change, distributed by sex. (N=36)

Parameter
Mild change No change Mild change No change M X F

M n F n M n F n Total n Total n p*
Overall 
Severity

40.17
(6.40)

4
36.00

(-)
1

18.77
(8.67)

16
22.84
(7.71)

15
39.33
(5.85)

5
20.74
(8.34)

31

0.543

Roughness
42.17
(7.31)

2 - 0
17.63
(9.37)

17
20.43
(7.93)

17
42.17
(7.31)

2
19.03
(8.66)

34

Breathiness
40.67
(1.89)

2 - 0
17.94
(9.29)

17
19.98
(8.31)

17
40.67
(1.89)

2
18.96
(8.74)

34

Strain - 0 - 0
16.04
(7.24)

19
13.98
(5.19)

17 - 0
15.06
(6.35)

36

Pitch - 0 - 0 0 19
5.26

(0.68)
17 - 0 - 36

Loudness - 0 - 0 0 19 0 17 - 0 - 36

* Mann-Whitney test – at the 5% significance level
Caption: n = number of subjects; M = male children; F = female children; M X F = comparison between the sexes

Figure 2. Percentage distribution of the identified resonance patterns, stratified by sex

It is noticed that, of the five children that had mild 
changes, two had roughness and two, breathiness, the 
four of them males. The female child with a change in 
the overall severity obtained a neutral voice change 
score in the other parameters. However, there was 
no overall difference between the sexes regarding the 
auditory-perceptual findings.

Table 2 shows the mean values and their standard 
deviations of the children’s acoustic parameters with 
and without voice changes, according to the normal 
parameters, referring to fundamental frequency, jitter, 

shimmer, GNE, and noise and the figure 3 shows the 
occurrence of the acoustic parameter values, according 
to the reference patterns established for the age group

The fundamental frequency of the group with 
changes is smaller than that of the group without 
changes. As for the other parameters, jitter and shimmer 
are the ones that most have changes in both sexes. A 
statistical association was also observed between the 
changes in the auditory-perceptual assessment and the 
changes in jitter (p = 0.013) and shimmer (p = 0.027).
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DISCUSSION

The auditory-perceptual and acoustic character-
istics in the voice of schoolchildren from an assistance 
and teaching institution were observed in this study. 
Vocal deviations occurred in 33.89% of the boys and 
24.49% of the girls, considering the auditory-perceptual 
analysis. Overall, the vocal deviation occurrence was 
13.89%, in a mild degree. Hence, despite being a 
population with no voice complaints, changes were 
observed in five children – which corroborates that 
parents do not perceive changes in their children’s 

voice4,21. It also reinforces the occurrence of dysphonia 
in children 6 to 10 years old, whose most common 
voice characteristics are roughness and breathiness8.

It must be considered that child voice assessment 
has certain peculiarities, different from that of an adult. 
Such complexity is also explained by the fact that, 
besides the few variations between boys’ and girls’ 
voice patterns, the concept of voice expected for this 
population allows for discrete degrees of roughness, 
breathiness, and nasality, due to the instability inherent 
to the development process. The maturation of the 

Caption: f0= fundamental frequency; GNE= glottal to noise excitation ratio

Figure 3. Occurrence of the acoustic parameter values, according to the reference patterns established for the age group

Table 2. Mean values (standard deviations) of the fundamental frequency (in Hertz), jitter, shimmer, glottal-to-noise excitation ratio, and 
noise rate of the 36 children assessed 

Parameter
With changes Without changes M X F

M n F n Total n M n F n Total n p*

f0 (Hz)
221.54
(12.02)

15
225.24
(17.94)

16
223.45
(15.23)

31
256

(6.49)
4

269.45
(0.00)

1
258.69
(8.23)

5 0.669

Jitter (%)
0.82

(0.51)
3

2.84
(1.91)

9
2.34

(1.88)
12

0.27 
(0.13)

16
0.26 

(0.15)
8

0.26
(0.14)

24 0.038

Shim (%)
10.23
(2.63)

10
15.70
(7.58)

13
13.32
(6.47)

23
4.84 

(1.45)
10

3.68 
(1.60)

4
4.51

(1.60)
14 0.066

GNE
0.39

(0.13)
2

0.33
(0.11)

5
0.35

(0.10)
7

0.76
(0.16)

17
0.73

(0.10)
12

0.75
(0.14)

29 0.117

Noise
3.11
(-)

1
3.15

(0.32)
4

3.14
(0.32)

5
1.29

(0.71)
18

1.43
(0.50)

13
1.35

(0.63)
31 0.129

* Mann-Whitney test – at the 5% significance level
Caption: n = number of subjects; M = male children; F = female children; M X F = comparison between the sexes; shim = shimmer; GNE = glottal-to-noise 
excitation ratio
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systems that produce phonation is closely related 
to this instability1,21,22. Such a characteristic may have 
interfered with both the auditory-perceptual assessment 
and the groups formed with the score classification.

A reflection should be made, though, on the 
method used. It must be considered that, according 
to the concept of voice expected for children, discrete 
degrees of roughness and breathiness are normal1,5,7, 
and that no references have been established in the 
literature to define the discrete level of change in the 
children’s voices. Also, the reference used for the 
auditory-perceptual analysis is that of adults, which is 
a limitation of this study and those on child voice8,18,22. 
Moreover, it was inferred that the assessors, already 
experienced in auditory-perceptual assessment, 
considered the concept of voice expected for children, 
and hence the mild degree of change indeed pointed 
to a voice change, characterizing the dysphonia8.

On the other hand, it must be added that, when 
considering the reference scores for roughness23 on the 
visual analog scale (such as the CAPE-V), the values 
from 28.5 up are identified as a moderate degree in 
adults as well.

Therefore, it is suggested that future studies 
consider calibrating the judges with child voice models, 
grading the voice changes based on proper criteria 
for the voice characteristics expected for the child 
population, aiming at a greater basis for research with 
children. Furthermore, the acoustic parameters of the 
present study pointed to possible changes. Thus, the 
association of the auditory-perceptual analysis with the 
acoustic one, the laryngeal examination, and the longi-
tudinal follow-up of these children may better clarify the 
references to assess this population.

Hence, the parameters established for adults 
regarding the auditory-perceptual and acoustic 
assessment must be used with caution when assessing 
children’s voices, even when conducted by judges 
specialized in voice and with trained ears. Also, it is not 
always possible to tell the female from the male voices 
in this population before their voice mutation process 
starts – which may interfere with the judgment of their 
voice pitch.

In the overall severity, 24.49% of the boys and 
33.89% of the girls had a neutral degree. In roughness, 
22.05% of the boys and 21.56% of the girls had a 
neutral degree. In breathiness, 27.11% of the boys 
and 24.49% of the girls had a neutral degree. In strain, 
16.94% of the boys and 11.76% of the girls had a 
neutral degree. Such findings can also be related to the 

voice symptoms and the phonatory overload, common 
to school settings2,21.

Male children are expected to have greater voice 
changes6,8,18. However, this study showed that there 
is no difference between the sexes. In the auditory-
perceptual analysis and the acoustic analysis, the girls 
had more jitter changes than the boys.

Regarding the values of the auditory-perceptual 
parameters, it was also observed that four male children 
and one female child had a change in the overall 
severity. In strain, pitch, and loudness, none of the 
children had any changes, and the values found were 
considered neutral. As for the resonance patterns, most 
of them had no changes. However, the most frequent 
change was that of laryngopharyngeal resonance, 
which can either indicate a voice change or predispose 
to it24.

Nonetheless, as the children were not submitted 
to laryngoscopy, it cannot be verified whether they 
had any existing laryngeal pathologies. Therefore, it 
was necessary to refer them to otorhinolaryngological 
evaluation and instruct their parents. Such referrals 
were made following data collection.

As for the acoustic parameters, it is observed that 
the fundamental frequency is not within the normal 
standards for children18,24,25. Also, it must be considered 
that the reference values for jitter, shimmer, GNE, and 
noise are based on parameters for adults. Such values 
lead to conflicts in the interpretation of these param-
eters for the children. Hence, it is necessary to establish 
reference parameters for child population17,22,25-28.

An aspect that must be considered is the anatomic 
difference between children’s and adults’ vocal folds. 
The children do not have differentiated layers in the 
lamina propria, as the adults’ do, and therefore their 
vocal ligament is not yet fully defined5. They are also 
in the phase of neuromuscular development and respi-
ratory support, which can explain greater changes in 
jitter and shimmer22.

The maximum expected values for jitter and 
shimmer in the program used here are respectively 
0.6% and 6.5%. The values found – respectively 0.73% 
and 9.05% - can be characterized as changed. Thus, of 
the 36 children, 12 are not within the normal standards 
for jitter. As for shimmer, only 14 children (38.89%) had 
adequate values. It is necessary to compare them with 
the auditory-perceptual analysis to confirm the impact 
of these changes on the quality of the children’s voice.

The reference value established for the fundamental 
frequency (f0) of those 6 to 8 years old is 240.02 to 
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249.71 Hz17,18,25. In the group identified with changes, 
a mean of 223.45 Hz was observed, which means a 
value below that established as a reference in children 
with no voice changes. The most reported explana-
tions for the decrease in f0 as one grows older are the 
anatomical and physiological changes in the laryngeal 
structures themselves (resulting from normal devel-
opment) and the maturation of the nervous system, 
allowing for greater laryngeal control18,25. However, f0 
values not expected for the age may suggest laryngeal 
pathologies25.

It must be pointed out, though, that the high occur-
rence of children whose values were different from 
those established as a reference for this age group 
(Figure 3) reinforces the need for establishing reference 
values for the Brazilian child population, based on 
samples of different regions.

The normal standards for GNE in adult voice, 
according to the VoxMetria acoustic analysis program, 
show that 80.56% of the analyzed children had 
adequate values24.

Based on the findings of this study, further investi-
gation is suggested regarding the child’s voice, giving 
priority to those that already go to school. A limitation in 
the data analysis is the lack of parameters for children.

The voice analysis computer programs present their 
parameters’ normative values for adults of both sexes, 
though not for children. Comparative standards must 
be established with the normal acoustic analysis values 
in children. The lack of homogeneity in the results of 
various studies show the importance of carrying out 
further careful research, enlarging the sample size17. 
Moreover, it is equally important to include younger 
children in the normative studies because the child’s 
larynx undergoes deep and constant changes from 
birth to adolescence, and consequently the voice 
quality increasingly changes parallel to their growth.

The study also reinforces the need for instructing the 
families and teachers on vocal health and the indispens-
ability of implementing programs for children, aiming to 
promote knowledge on vocal health, dysphonia, and 
dysphonia prevention.

Parents and other relatives have an essential role 
in the children’s vocal conditions and can influence 
child dysphonia. Despite such influence, parents and 
teachers either pay little attention to voice changes 
in childhood or do not notice them, thus delaying the 
intervention4,6,29,30. Parents often believe that voice 
changes in children are temporary or do not have an 
impact on their child’s social relations. Hence, they 

frequently do not seek the necessary treatment and 
leave this responsibility to other health professionals 
and the teachers as well9.

Such findings corroborate the importance of 
programs to promote vocal health in school settings 
and prevent child dysphonia, as well as instruct the 
parents and educators.

CONCLUSION

Voice changes occurred in 13.89% of the studied 
sample of children with no voice complaints, without 
differences between the sexes in the auditory-
perceptual parameters. However, there was a greater 
change in the girls in one of the acoustic parameters. 
Vocal deviations were in a mild degree in children 
with this condition, with roughness and breathiness 
as their predominant voice qualities. The fundamental 
frequency and shimmer were the acoustic param-
eters whose values most often occurred outside the 
reference limits for the age in both sexes.
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