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Influence of children’s music learning on preschoolers’ 
listening skills

Influência da musicalização infantil nas habilidades auditivas de 

pré-escolares

Evellyn Silva Azevedo de Jesus1 , Isabella Monteiro de Castro Silva1 

ABSTRACT

Purpose: Verify the association between children’s music learning and 
listening skills of temporal ordering and sound localization in preschoolers 
from 5 to 6 years old. Methods: 60 children of both genders, from 5 to 6 years 
and 11 months, participated in the study, 30 of the group with music training 
and the other 30 of the group with no music training. The participants of both 
groups were submitted to hearing screening, simplified auditory processing 
assessment and to the Pitch Pattern Sequence. The performance of each of 
the procedures was tabulated, being analyzed the possible correlations and 
associations between them, as, for example, dependent and independent 
variables such as group, gender and age. Results: The group with music 
training presented higher mean of scores than the one with no music training 
in the verbal and nonverbal sequential memory tests and on the verbal and 
nonverbal Pitch Pattern Sequence. The 5-year-old children of the group 
with music training got better results than the 5-year-old ones with no music 
training, getting right in more sequences. In the sound localization test, there 
was no difference between ages and groups. Conclusion: Preschoolers from 
5 to 6 years old who participated in children’s music learning presented 
better performance in the tests that evaluate the abilities of the verbal and 
non-verbal sequential memory and of the temporal ordering of three sounds 
when compared to the preschoolers who did not participate in the music 
learning. Therefore, the children’s music learning positively influenced the 
listening skills of preschoolers from 5 to 6 years old. 
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RESUMO

Objetivo: Verificar a associação entre musicalização infantil e habilidades 
auditivas de ordenação temporal e localização sonora em pré-escolares 
de 5 e 6 anos. Métodos: Participaram do estudo 60 crianças de ambos os 
sexos, de 5 anos a 6 anos e 11 meses, sendo 30 do grupo com treinamento 
musical e 30 do grupo sem treinamento musical. Os participantes de ambos 
os grupos foram submetidos à triagem auditiva, avaliação simplificada do 
processamento auditivo e ao teste Padrão de Frequência, em campo livre. 
Os desempenhos de cada um dos procedimentos foram tabulados, analisando-se 
as possíveis correlações e associações entre eles, como variáveis dependentes 
e variáveis independentes, como grupo, sexo e idade. Resultados: O grupo 
com treinamento musical apresentou média de acertos superior ao grupo 
sem treinamento musical, nos testes de memória sequencial não verbal e 
verbal, teste Padrão de Frequência não verbal e verbal. Sujeitos de 5 anos do 
grupo com treinamento musical obtiveram melhor desempenho, em relação 
aos sujeitos de 5 anos do grupo sem treinamento musical, acertando mais 
sequências. No teste de localização sonora, não houve diferença entre a 
idade e o grupo. Conclusão: Pré-escolares de 5 e 6 anos que participavam 
de musicalização infantil apresentaram melhor desempenho nos testes que 
avaliaram as habilidades de memória sequencial não verbal e verbal e de 
ordenação temporal de três sons, quando comparados aos pré-escolares que não 
participavam de musicalização. Portanto, a musicalização infantil influenciou 
positivamente as habilidades auditivas de pré-escolares de 5 e 6 anos. 
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INTRODUCTION

The auditory processing is not just the ability to perceive 
the absence or presence of sound, but also the ability of the 
central auditory system to receive, process and use auditory 
information, discriminate the sound, separate it from irrelevant 
noise, understand it and recognize it as familiar. This process 
involves a complex system of neurons that conducts the acoustic 
information, in the form of electrical impulses, to the primary 
auditory cortex, which has, as a feature, the ability to discriminate 
the sound as to its frequency, intensity, location and temporal 
aspects, such as the integration and temporal discrimination, 
temporal ordering and temporal masking(1). The auditory skills 
of sound localization and sequential memory for verbal and 
nonverbal sounds can be assessed in individuals over 3 years 
old through the simplified auditory processing assessment(2).

Before birth the baby already perceives, identifies, reacts and 
stores in the memory the sounds of the fluids and movements 
of the organs that are part of the mother’s organism, besides 
her voice and, after birth, the ambient sounds offer possibilities 
of interaction and internalization of auditory experiences. 
In addition, they make the record of the first experiences in 
memory that may be used or transformed in the future, shaping 
the perceptual choices(3).

Music is a combination of ear-pleasing sounds that can be 
enjoyed in human life from the fetal age. Auditory perception 
will help the children to understand the sound stimuli and their 
effects, especially regarding the frequency, duration, timbre and 
the intensity of sound(1,3). One study investigated the behavior 
and memory of the fetuses that were exposed to an ascending and 
descending piano tune twice a day during the 35th, 36th and 37th 
weeks of gestation. It was concluded that the cardiac responses 
of fetuses exposed to the melody changed congruently to the 
piano melodies, experiencing increased heart rate in ascending 
melodies and decreased heart rate in descending melodies(4).

Temporal auditory processing consists of the perception 
of several sound stimuli within a certain time, this time being 
essential for the best capacity of auditory processing. It is 
subdivided into the areas of study of temporal resolution or 
discrimination, temporal ordering or sequencing, temporal 
masking and temporal integration. Frequency Pattern and 
Duration Pattern tests are currently the most widely used for 
the evaluation of temporal ordering ability(5,6).

Music is a temporal, perceptive and creative activity that 
promotes sensory, emotional, motor and intellectual stimulation. 
Musical intelligence is the listening capacity that individuals 
have to differentiate the meaning and importance of a set of 
rhythmically organized and sequenced sounds and to produce 
them as a means of communication. This intelligence appears 
very early in humans(7).

The central nervous system is flexible to changes arising from 
the listening experiences of an individual undergoing induced 
stimulation thanks to neural plasticity. Then, according to the 
critical period for the development, all contact with hearing 
stimuli present in the environment in the first years after birth 
may influence the auditory cortex response to sounds in the 
future(8). Auditory training during childhood is related to an 
efficient coding of sounds in adulthood, justified by a “listening 
reserve” that has developed and matured by life-long auditory 
experiences(8).

Studies including young adults who did and did not take 
music lessons when they were children showed that the contact 
with a musical instrument promoted more efficient neural 
responses to the musical notes(9,10). Other studies have also 
shown that the musical experience during the preschool phase 
can cause changes in the auditory processing, inferring that 
the experience with music before 7 years of age may favor 
cognitive, auditory, linguistic and appreciative development, 
especially of the temporal processing skills of the child exposed 
to music(11-13). However, few studies related to the listening 
skills of preschoolers who perform musical training are found.

Considering that auditory behavior is developed over the 
years and that the musical training, as an acoustic experience, 
can shape specific perceptions during discrete intervals, the aim 
of this study was to verify the association between children’s 
musical learning and listening skills of temporal ordering and 
sound localization in preschoolers from 5 to 6 years old.

METHODS

This is a quantitative observational, descriptive and 
cross-sectional study. Sixty preschoolers, male and female, 
aged from 5 to 6 years, participated in this research, divided 
into two groups: group with music training (GWMT) and group 
with no music training (GNMT), constituting a convenience 
sample. All the responsible people for the children signed the 
Informed Consent Form (ICF) and the participants affirmed and 
indicated their consent to participate in the Informed Consent 
Form (ICF). The study was approved by the Ethics Committee 
of the Faculdade de Ceilândia (Ceilândia College) - CEP/FCE, 
the research host institution, under No. 2,911,869.

The GWMT was composed of 30 preschoolers who participated 
in the Music for Children (Música Para Crianças, MPC) extension 
project of a public higher education institution once a week. 
The extension project receives babies from 6 months old for 
the first contact with rhythm and melodies. From the age of 4, 
there is an initialization in music theory, with early rhythmic 
reading and solfeggio, preparing the children to learn a musical 
instrument, which starts at 6 years for all instruments, except 
the violin, which starts at 4. Initially, the research proposal was 
presented to the principal and, later, contact was made with the 
teacher and the parents (of the students) of each participating 
class. The invitation and the terms of consent were directly 
delivered (person-to-person), when the meetings were scheduled 
to begin the collection. All GWMT collections were performed 
at the MPC project site, at a time previously agreed with the 
parents and the teachers of musical learning.

The GNMT was composed of 30 preschoolers, students 
from a public school in Ceilândia-DF who did not participate 
or had not participated in children’s music learning or in any 
other musical activity. GNMT participants were recruited after 
a meeting with the teachers and the school principal to present 
the research objective. After the authorization, written invitations 
were sent on the agenda to the responsible people for the GNMT 
students, along with the terms of consent. GNMT collections 
were performed during the intervals of the pedagogical activities 
in the regular school, with the authorization of the teachers.

The GWMT inclusion criteria consisted of being from 
5 to 6 years and 11 months and having participated for at least 
one year of music learning. The inclusion criteria of the GNMT 
were: being from 5 to 6 years and 11 months and not having 
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participated in music practice activities. Participants with any 
otological alterations during the evaluation period and/or with 
cognitive or neurological alterations reported by their parents 
or teachers, which could compromise the comprehension and 
performance of the evaluations, were excluded from the study. 
The procedures consisted of two individual sessions, lasting 
20 minutes each, held in a quiet environment. Before starting 
the session, the procedures were clarified to the participant and 
to his/her responsible.

In the first session, a hearing screening with a pediatric 
audiometer, Interacoustics, model PA5, was performed, 
maintained at 20 cm from the ear, to test the frequency thresholds 
of 500, 1000, 2000 and 4000 Hz frequencies, starting from the 
right ear. The normality criterion adopted was the “pass-fail” 
one, being “fail” when the individual did not answer at least 
one of the tested frequencies and “pass” when the individual 
obtained a response of 20 dBHL for all tested frequencies(14). 
The procedure got started after biological calibration.

After the hearing screening, a simplified auditory processing 
assessment (SAPA) was performed to check the five-way sound 
localization skills, verbal sequential memory (VSM), nonverbal 
sequential memory (NVSM), and cochleopalpebral reflex (CPR) 
research. For the five-way sound localization test (top, right, 
left, front, behind the head), the participant was blindfolded and 
directed to point to which of the five directions perceived the 
presence of the sound stimulus emitted by the rattle instrument. 
The normality criterion adopted was to get right at least four 
of the five directions presented(2).

The CPR was also evaluated using the agogô instrument, 
strong-struck near the ear pavilion to trigger the blinking 
reflex. In the NVSM test, the examiner presented musical 
instruments of different timbre and acoustic aspects (reco-reco, 
shaker, coconut and rattle) to the participants for their prior 
recognition. Then three sequences of three instruments were 
presented to the 5-year-old children and three sequences of four 
instruments to the 6-year-old ones, all blindfolded. Participants 
were asked to memorize and arrange the musical instruments 
in the same order as the sequence heard. In the VSM test, three 
sequences of three syllables were presented for the 5-year-old 
students and four syllables for the 6-year-old ones, such as: 
[/pa/, /ta/, /ca/] or [/pa/, /ta/, /ca/ /fa/]. The participants were 
told to repeat them, respecting the order in which they were 
pronounced. The expected response criterion for the VSM 
and NVSM tests was: for 5-year-old children, it was expected 
to get right two sequences of three sound stimuli and, for the 
6-year-old ones, it was expected to get right from two to three 
sequences of four stimuli(2). The 5-year-old participants who 
got right all three sequences of three instruments and of three 
syllables were reevaluated with the addition of one instrument 
and one syllable.

In the second session, the Auditec Children’s Pitch Pattern 
Sequence (PPS) was performed to assess the temporal ordering, 

recognition, discrimination, tonal pattern sequence and temporal 
integrity skills. The tones were presented in free field, using 
a JBL speaker, in a sequence of three tones which varied in 
frequency: high (1430 Hz frequency) or low (880 Hz frequency). 
Ten sequences with three tones each were presented, in which 
participants would have to reproduce humming (nonverbal 
response) and also ten sequences with three tones each, in which 
participants would have to name (verbal response), identifying 
as low or high the sequence heard. Children would have to get 
right at least eight sequences, equivalent to a percentage of 
75%, reaching the reference value present in the literature for 
the age group above 7 years, above 75%(15), since there is no 
reference for children under that age.

The performances of each of the procedures were tabulated 
and the possible correlations and associations between the 
performances, as dependent variables and independent variables, 
such as group (GWMT/GNMT), gender and age were analyzed 
using the SPSS 20.0 statistical package, with tests according to 
the characteristics of the studied variables, including ANOVA 
and the Chi-square association test.

RESULTS

A total of sixty children participated in the study, with an 
equivalent distribution of the number of participants among the 
age, gender and group variables (Table 1). The music learning 
time in GWMT children ranged from 2 to 5 years, with an 
average of 4 years for children from 5 to 6 years old.

All participants presented cochleopalpebral reflex and 
responses to 20 dB in the hearing screening, as expected by 
the biological calibration. In the sound localization test there 
was no difference between the GWMT and GNMT groups, 
i.e., the number of subjects in both groups that passed or failed 
was similar in the distribution between the studied variables 
(Figure  1). The Chi-square test showed that there was an 
association between the performance on NVSM (p=0.001) and 
VSM (p=0.023) tests and the groups with and with no musical 
training. The GWMT presented a higher number of participants 
who passed in the NVSM and VSM tests with three and four 
instruments when compared to the GNMT (Figure 1).

Performance results on the NVSM and VSM tests, depending 
on the age by group, showed that 6-year-old participants of the 
GNMT and GWMT had better performance than the 5-year-old 
ones in both groups and that the GWMT participants got right in 
more sequences when compared to GNMT. However, the ANOVA 
result showed no difference between the 5 and 6 (years old) 
age groups, either in the NVSM test (p = 0.441) or in the VSM 
test (p = 0.381) (Figure 2).

The means of performance in the PPS, according to ANOVA, 
were statistically different between the groups, showing that 
GWMT had better performance than GNMT, both in verbal 

Table 1. Characterization of the sample regarding age, gender and group variables

Age in Years
Group

TotalGroup with music training Group with no music training
Female Male Female Male

5 8 7 7 8 30
6 7 8 8 7 30

Total 15 15 15 15 60
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(naming) and nonverbal (humming) tasks. (Table 2). It was 
also possible to observe that both groups presented better 
performance in the PPS with nonverbal response, with worse 
performance of both groups in the PPS with verbal response. 
Nevertheless, GWMT presented superior performance when 

compared to GNMT (Table 3). The Chi-square test indicated 
association between musical exposure and the percentage of 
correct answers (Table 3).

According to ANOVA multivariate analysis, the mean 
results of the tests applied in the GNMT and GWMT groups, 

Figure 1. Performance of the participants in the simplified auditory processing assessment, considering the number of participants in each group 
with a “pass” result in each test. *Significant values (p<0.05) – Chi-square test
Subtitle: NVSM = Nonverbal sequential memory; VSM = Verbal sequential memory; GNMT = group with no music training; GWMT = group with music training

Figure 2. Distribution of the participants who got right the test sequences according to age and group
Subtitle: GNMT = group with no music training; GWMT = group with music training; NVSM = Nonverbal sequential memory; VSM = Verbal sequential memory

Table 2. Results of the nonverbal and verbal Pitch Pattern Sequence, by age and group

Tests Groups Age Mean
Standard 
Deviation

N Minimum Maximum p Value

Nonverbal 
PPS

GNMT 5 44 48.37 15 0 100 *0.003
6 66.67 38.48 15

Total 55.33 44.47 30
GWMT 5 93.33 25.82 15 0 100

6 80 41.4 15
Total 86.67 34.58 30

Verbal PPS GNMT 5 6 18.44 15 0 90 *0.003
6 19.33 30.58 15

Total 12.67 25.72 30
GWMT 5 33.33 42.87 15 0 100

6 46 39.79 15
Total 39.67 41.15 30

*Significant values (p<0.05) – Analysis of variance test (ANOVA)
Subtitle: PPS = Pitch Pattern Sequence; GNMT = Group with no music training; GWMT = Group with music training; N = number of subjects
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depending on the musical learning time, showed a significant 
difference between the groups only in the NVSM test (p = 0.011), 
demonstrating that the participants with more time of musical 
learning had better performance. In the verbal PPS it was possible 
to observe a tendency of difference between the groups, but 
with non-significant value (p=0.055).

DISCUSSION

It is known that, in the early years of life, the children show 
an efficient performance in detecting and locating sounds, in 
identifying complex sounds, such as the mother’s voice, and 
in the melodic and rhythmic discrimination of simple musical 
segments, being the other comprehension and recognition 
skills developed in the course of time(16). In the present study, 
all participants obtained the expected performance in the sound 
localization test, according to the same standards indicated in 
the literature for the 5 and 6 (years old) age groups, with no 
difference between gender, age range and group, probably 
due to the fact that sound localization and detection skills 
are primary and early in the development of the individual’s 
auditory behavior(2).

Researchers who evaluated the listening skills of 4 to 5-year-old 
preschoolers also found adequate and similar performance in the 
sound localization test among the subjects, considering gender 
and age group(11,13,17). However, another study with preschoolers 
aged from 4 to 5 years showed better male performance in the 
sound localization test, but without significant differences(18).

Auditory behavior is modified and improved with advancing 
age and with the number of auditory experiences gained 
throughout life and the musical practice is an “enhancer” agent 
of such skills(16). Thus, the comparison between the exposure to 
music training and the performance in the NVSM and VSM tests 
showed that most of the 5 to 6-year-old children from GWMT 
performed better when compared to the children from GNMT, 
with the value of reference. The GNMT not only showed lower 
performance, but often below the reference values​​(2).

Music training seems to accelerate the development of these 
listening skills, since the association between performance on 
the VSM and NVSM tests and the age and group variables 
showed that 6-year-old children had better performance when 
compared to the children of the same age group with no music 
training. Besides, the 5-year-old children from the GWMT got 
right two sequences of four instruments (Figure 2), reaching 
the reference standard expected from the age of 6, when the 
addition of one more instrument in the sequence is indicated(2). 
Response maturation and performance improvement with 
increasing age were evidenced in another study, which sought 

to investigate the correlation between simple temporal ordering 
and sound localization with environmental factors and language 
development of children from 4 to 5 years and 11 months, noting 
that the 5-year-old children were better than 4-year-old ones(18). 
Other studies pointed out that 5-year-old children with musical 
experience performed better than children without musical 
experience by getting more sequences in the VSM test and 
mainly in the NVSM one(11,13), in which they noticed similar 
performance of these 5-year-old children and 6-year-old ones 
with no musical experience.

Temporal auditory processing consists in the perception of 
two or more sounds in a certain sequence of occurrence, within 
a certain time(6). Many studies in the literature used the Pitch 
Pattern Sequence (PPS) to assess temporal ordering and the 
sound pattern discrimination in children aged from 7 to 12 years 
and adults, being scarce the studies that showed its application 
in children under 7 years old.(6, 19-23).

When analyzing the temporal ordering of frequency skill, it 
was found that the participants of the GWMT presented superior 
performance when compared to the GNMT, by humming 
(nonverbal PPS) and also by naming (verbal PPS) the sound 
patterns in the sequence correctly. A study that compared 
the performance of adult violinists with non musicians, in 
the frequency discrimination test, found that violinists had a 
higher performance on the test, agreeing with the findings of 
this study(24).

Besides, it was possible to observe that, during the nonverbal 
PPS, the GWMT participants reproduced the frequency of the 
test sound stimulus with a very close tone to the model offered. 
This evidence may be justified by the fact that musical practice 
enables a refinement of the perception and discrimination of 
the frequencies, even during the process of child development. 
These findings agree with studies that compared the performance 
of tuned singers with out-of-tune ones in the frequency 
discrimination test, noting that tuned singers and violinists had 
higher performance on the test(25).

However, although there was a significant difference in the 
performance between the groups with and without training, it 
was difficult to perform the PPS, with verbal response in the 
5 and 6 age ranges, in both groups. Most participants in both 
groups did not reach the reference score for the PPS naming 
task test (verbal)(15). Such difficulty may be related to the 
immaturity of the auditory cortex, since the age range evaluated 
in this study was lower than the lowest reference age group(15). 
The complexity of the PPS with verbal response should also 
be taken into account. The request for verbal response in the 
PPS, in which the subject must name the three sound patterns 
emitted, following the sequence, requires the interhemispheric 
integration of the stimuli through the corpus callosum. This 

Table 3. Performance of the participants in the temporal ordering test, considering the percentage of correct answers and the groups

Groups
Percentage of correct answers

Total p Value
0% 10% to 60% 70% to 90% 100%

NVPPS GWMT 4 0 0 26 30 0.002*
NVPPS GNMT 9 7 1 13 30
VPPS GWMT 14 3 9 4 30
VPPS GNMT 22 5 3 0 30

*Significant values (p<0.05) – Chi-square test
Subtitle: VPPS GNMT = Verbal Pitch Pattern Sequence of the group with no music training; NVPPS GWMT= Nonverbal Pitch Pattern Sequence of the group with 
music training
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cerebral commissure allows the right hemisphere functions, 
such as prosody, which promotes an affective tone to the 
speech and musical perception, to be interrelated with the left 
hemisphere functions, including speech. The request of the 
nonverbal response compared to the verbal one becomes an 
easier task because it requires less working memory and less 
elaborate cognitive processes(16).

One study analyzed the auditory processing of students 
aged from 9 to 14 years who failed in the simplified auditory 
processing assessment and, when comparing these findings with 
the results of the PPS, it was found that, among the tests applied, 
the students had greater difficulty and worse performance on the 
PPS(26). This difficulty in performing the PPS was also found 
in another study, which aimed to determine the performance 
profile of children from 7 to 11 years and 5 months, with normal 
hearing, in the tasks of detection and identification of temporal 
order and sequence in free field.(20).

Observing the association between the verbal and nonverbal 
PPS performance and the time of exposure to the music training, 
it can be inferred that the musical experience favored the 
performance. It was verified that the 5 and 6-year-old children of 
this research, with music training, presented a similar performance 
to the 7-year-old children in the nonverbal PPS in achieving 
performance within the reference standard for this age. Although 
most participants in both groups failed to achieve the expected 
performance on the verbal PPS, it was possible to observe that 
the children with music training maintained their performance 
better than the children without music training. Out of a total 
of 30 participants, 10 scored from 80% to 100% and the others 
reached values ​​close to these ones (Table 3). This may explain 
the tendency of association between exposure time to music 
training and the groups, with a value of p=0.055. It is likely that 
it could not be possible to observe this tendency of association 
due to the sample size, which is a limitation aspect of the study.

Other studies showed that musical training assisted in the 
development of the listening skills of sequential memory of 
verbal and nonverbal sounds, the phonological awareness and 
reading, as well as the overall development of the preschooler(12,13). 
Therefore, it can be said that music is a great ally in the 
development of listening skills and in the school performance.

Given the findings of the present study, it was observed 
that musical practice is associated with better performance 
of auditory development of sequential memory and temporal 
ordering of the preschoolers in the sample early exposed to 
musical training. This finding may encourage further research 
to verify the impact of music practice on listening skills and 
discuss policies to encourage such practice of music learning 
in the school environment, as a strategy for global child 
development, among other objectives.

Besides, further research is needed to establish norms 
and standardize the applicability of PPS in younger children, 
especially those from 5 to 6 years old, who are in a period prior 
to the literacy process. The present study indicated favorable 
murmur responses, even at 5 years of age.

It is important to note that this study had limitations, as 
it is a convenience, non-probabilistic sample with a small 
number of participants in relation to the target population, 
which diminishes the generalization power of the findings. 
In this context, it is concluded that further research is needed to 
obtain more powerful results that prove the effects that musical 
practice can have on the development of preschoolers’ listening 

skills and may reflect positively on their performance in the 
educational environment.

CONCLUSION

There was a significant difference in the temporal ordering 
skills of 5 to 6-year-old preschoolers, exposed or not to music 
learning. The 5 and 6-year-old preschoolers who participated 
in children’s music learning performed better on tests that 
evaluated nonverbal and verbal sequential memory and the 
temporal ordering skills, when compared to preschoolers who 
were not exposed to music learning.
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