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Abstract: The aim of this work is to study the supposed influence of
piano training on the underlying indicators of psychophysiological
development in children aged 7 years (n=110). There were more children
with right hand dominance among those who received piano training.
It was found that piano players achieved a higher level of maturation
of the functional brain structures. Children receiving piano training
demonstrated stronger activation of the anterior regions of the brain,
whereas children who did not play any musical instrument showed
more activation of the right hemisphere and the occipital region in the
neocortex.
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Resumo: O objetivo deste trabalho é estudar a suposta influéncia do
treinamento de piano nos indicadores subjacentes do desenvolvimento
psicofisiolégico em criancas de 7 anos (n = 110). Havia mais criangas
com dominio da mao direita entre aqueles que receberam treinamento
de piano. Verificou-se que os pianistas alcangaram um maior nivel de
maturacdo das estruturas cerebrais funcionais. Criancas que receberam
treinamento de piano demonstraram ativacdo mais forte das regides
anteriores do cérebro, enquanto criancas que nao tocavam nenhum
instrumento musical mostraram mais ativacao do hemisfério direito e
da regido occipital no neocortex.
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Treinamento de piano. Movimento reciproco. Movimento sincinético.
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Introduction

Oneofthemostvaluableandinterestingtopicsin contemporary
physiology revolves around the effect of a rhythmic sensory
stimulation on the brain in different age groups (AUNE et al., 2020).
Particular attention is paid to individuals that experience the active
formation of higher mental functions — children. Qualitative
and quantitative indicators of sensory flow are predictors of the
ontogeny of mental development (HIRANO et al., 2020). Therefore,
it seems to be crucial to investigate how the rhythmic sensory
stimulation affects child's psychophysiological development.
Among divergent types of motor activity, learning to play a musical
instrumentimposes a specific motor load, which relies on bimanual
performance. In other words, playing requires a person to use both
hands. The load on a non-dominant hand thus increases. Playing
an instrument is somewhat different from playing sports because
music training involves a variety of tasks that require a higher level
of finger dexterity (HIRANO et al., 2020; TAKEUCHI et al., 2012). The
complexity of such tasks increases gradually along with learner’s
motor skills and bimanual proficiency. In secondary school,
learners are exposed to motor activities that affect their dominant
hands, such as dictation writing. Playing musical instruments at this
age, according to some sources, can have a decisive effect on the
morphology and functional development of the central nervous
system (SCHOTT and KLOTZBIER, 2018; SPAMPINATO and CELNIK,
2018, 2020).

At age 6 to 7, children are exposed to intense bimanual motor
activity and, consequently, the volume of information that travels
between the cerebral hemispheres increases. However, the effect
of increased motor activity on brain may not be strong due to
the relative immaturity of connections between the hemispheres
at this age (RICHARDSON, 2011). Playing on musical instruments
has the potential to bolster transcallosal connections, accelerating
the formation of interhemispheric interaction or interhemispheric
assymentry (MAGILL, 2006). The age period from 6 to 7 years is
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important forthe maturation of the central nervous system because
of the structural changes to the frontal region in the neocortex
(LORAS et al., 2012; SWINNEN and GOOIJERS, 2015). Similar
processes occur with the network structure of interhemispheric
coordination (AUNE et al., 2017). Therefore, intense activities at
this age, such as playing a musical instrument, can affect child’s
brain development.

Today, there is a belief that age does not matter if a person
wishes to learn music and that anyone can start from scratch even
at older age. Sadly, this does not ring true. According to literature,
college students with a musical background perform better in the
music class that students who did not play a musical instrument
in primary school (HUBERS et al., 2008; LIUZZI et al., 2011). The
education industry is fully aware of the said skills gap. The current
music education programs for preschool- and school-age students
offer a vast variety of methodologies and techniques that help
them to become a better musician in the future. Among other
things, such programs aim at the formation and improvement of
the pianistic apparatus (HIRANO et al., 2020). Given the effect these
programs have on a child, early participation in music training
may affect personality development. As educational requirements
continue to increase, it seems pertinent to put children in music
lessons as early as possible, laying down the foundations for rapid
personal growth. The psychophysiological aspects of ontogenesis
of the central nervous system serve as support for this conclusion.
On the other hand, the introduction of fine motor activities at older
age shows no promise, at least in institutions for higher music
education (GOOIJERS and SWINNEN, 2014; HESSE et al., 2020).
Respondents without a musical background were excluded from
the studies (CALVIN et al., 2010). At the same time, more studies
to show the role of music training at the age of 7 in developing
powerful interhemispheric connections are needed (HIRANO et
al., 2020). A deeper presentation requires using an integrated
approach to explore how playing a musical instrument affects
psychophysiological development in children.
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The present work investigates the psychophysiological
responsiveness in 7-year-olds who take regular piano lessons.
Hypothetically, the piano training has an enhancing effect on
interhemispheric connectivity and thus affects the psychophysiological
performance. The objectives of the study are: (1) to conduct
psychophysiological and sensorimotor testing of children across
the experimental and control groups; and (2) to carry out the
electroencephalographic examination of children across the control
and experimental groups. The observed data serves as a basis for
testing the plausibility of a research hypothesis.

Method

Study Design and Sample

The study was conducted in Beijing (PRC) in 2019 with the
involvement of 110 schoolchildren aged 7 (mean age, 7.5 £ 0.2
years). Of these children, 50 were recruited from a music school.
Other children were from the same secondary school and did
not receive additional music training. All children were divided in
two groups: a control group with 60 children having no musical
background and an experimental group with 50 children who
began learning the piano 6 to 8 months before the study. Half of
children in both groups underwent electroencephalogram (EEG)
examination.

This study is divided into two parts. The first part involves
the sensorimotor and psychophysiological tests. The second part
consists of elucidating the bioelectrical activity of the brain at rest
and during the bimanual piano performance (EEG recording). All
experiments were carried out in the same room with comfortable
temperature and lighting conditions.

All children voluntarily agreed to participate in this study,
and their parents granted a written approval for their children to
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participate. Also, their teachers were notified of their participation.
All participants were guaranteed anonymity and confidentiality. All
experiments were carried out in accordance with the Declaration
of Helsinki and were approved by the Ethics Committee of the
Peking University (Protocol No. 32-997). Children enrolled in the
study were 7 years old and had none of the following health issues:
epilepsy, cardiovascular diseases, and disorders of the nervous
system. Children who did not meet these inclusion criteria, or
did not agree to participate, or whose parents did not give their
consent were excluded from this study.

Experiment

The each child’s dominant hand and asymmetries in hand
function were determined by using the Annet Hand Preference
Questionnaire (ANNET, 1978). Other functional measures that were
addressed during the study are the foot preference in football-
related behaviors, the ear preference for cell phone conversations
or listening to a watch, and the eye preference, as determined by
the Rosenbach’s sighting test. To identify the eye preferred for
sighting, a child was given a pencil and asked to look at a distant
object without squinting. The assistant alternately covered the
child's right and left eyes. The sighting accuracy determined the
eye dominance. The voluntary concentration and level of attention
were measured using the Pieron-Ruser test and the Bourdon test,
in which multiple signs (pluses, minuses, dots, and spaces) are
arranged in a geometric formation, such as a square of a circle.
These tests are time-constrained. The Analogy and Odd One
Out tests were used to measure progress in thinking. The tactile
perception was evaluated with the help of a Seguin form board, a
wooden board with different-sized holes in it. Children were asked
to fill in these holes with the corresponding geometric objects or
their combinations until the board is completed.
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Bimanual coordination was assessed during three bimanual
tasks requiring mirror-symmetrical or synkinetic, reciprocal, and
asymmetric movements of the fingers and hands. The first, mirror-
symmetrical, task consisted of alternately touching fingers two
through five with the thumb on both hands simultaneously. The
second, reciprocal, test involved getting the child to clench and
unclench the fingers on each of the hands resting on the table in
a reciprocal fashion. The third, asymmetric, task involved tapping
twice with one hand for each single tap by the other hand.

The EEG recording was performed at rest with closed eyes and
in response to bimanual piano-like performance. The electrodes
were positioned according to the 10/20 electrode placement
system at F3, F4, C3, C4, P3, P4, O1, 02, T3, and T4. The recording
was carried out in @ monopolar mode (ear reference), with a
sampling rate of 125 Hertz (Hz). The duration of each epoch was 3
seconds. The recording periods (rest and stimulation) were divided
into 20 to 25 epochs of 3 seconds. The resulting EEG data involve
the average frequency and the spectral power density in every
frequency band. The ranges were taken from 3 standard (i, b, c).
The delta frequency band was excluded from the analysis due to a
high risk of movement artifacts.

Statistical Analysis

The data collected were stored in Microsoft Excel 2016
(Microsoft Corp., USA). Additional statistical processing was carried
out by Statistica v. 7.0 (StatSoft Inc, USA). The tables present
arithmetic means for each and standard errors of the mean. The
intergroup differences were compared using the Student's t-test or
Multivariate ANOVA (MANOVA). The Pearson’s correlation was used
to establish the strength of the relationship between variables. The
statistical differences were considered significant at p < 0.05.
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Results

The hand preference analysis showed that all participants
were right-handed with a right hand dominance of 15 to 25 points.
There were no significant differences found between groups as
determined by functional asymmetry assessment. At the same
time, there were more children with a dominant right hand in the
experimental group (16 children vs 9 children, p < 0.05).

During the cognitive tests, children in both groups showed
stronger synthesis skills and weaker analysis skills. Also, children
who played piano outperformed those who did not play any
musical instrument on every task. According to the results of
bimanual tests, the experimental group is ahead of the control
group in coordinating the movements of both hands. Although,
both groups demonstrated a high level of performance on
synkinetic task (46 children out of 50 in the experimental group
and 46 children out of 60 in the control group completed the
task successfully), children playing a piano performed better on
reciprocal (25 children vs 16 children) and asymmetric (27 children
vs 19 children) tasks (p < 0.01). There was no relationship detected
between the degree of functional interhemispheric asymmetry
and bimanual performance.

The EEG data analysis revealed higher power in alpha (p <
0.05) and beta (p < 0.01) frequencies. In addition, it was found
that children playing a piano experienced a shift in alpha and beta
activity in the left hemisphere (Table 1).
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rest and during bimanual piano-like performance

Table 1 - Spectral EEG characteristics of children in the experimental group at

Rhythm Alpha Beta Alpha Beta

Parameter Rhythm | Frequency |Rhythm | Frequency | Rhythm | Frequency | Rhythm | Frequency
power |(average) |power |(average) |power |(average) |power | (average)

ggir;dition t-statistic
Channel F3 Channel F4

1-2 0.05 0.41 0.07 0.36 0.13 0.43 0.33 0.21

1-3 0.03 0.49 0.08 0.16 0.07 0.40 0.28 0.17
Channel T3 Channel T4

1-4 0.39 0.032 0.24 0.35 0.51 0.02 0.51 0.42
Channel C3 Channel C4
0.17 0.15 0.01 0.37 0.32 0.11 0.05 0.40

1-2 0.04 0.01 0.17

1-3 0.02 0.03 0.47 0.15 0.36 0.15 0.47
Channel P3 Channel P4

1-4 0.39 0.21 0.027 0.39 0.31 0.10 0.51 0.17
Channel O1 Channel 02

1-4 0.25 0.24 0.001 0.43 0.41 0.32 0.07 0.18

1-2 0.29 0.31 0.001 0.46 0.30 0.33 0.14 0.35

1-3 0.29 0.23 0.001 0.39 0.31 0.19 0.08 0.29
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In the control group, statistical differences were mostly seen among the frequencies of theta rhythm (Table 2).
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It was found that bimanual synkinetic movements stimulated
the temporal cortices of both hemispheres. Either of the examined
bimanual movements provoked the activation of the central and
occipital leads in the left hemisphere. At the same time, reciprocal
and asymmetric bimanual movements caused the activation of the
frontal lobe in the left hemisphere.

During the reciprocal and asymmetric tasks, children in the
experimental group showed a decrease in the frequency of theta
rhythm. When performing the task requiring complex finger
movements, children playing a piano experienced a beta rhythm
increase in the right central lead (Figure 1B), while non-playing
children demonstrated a reduction of alpha rhythm (Figure 1A).
This finding suggests that the performance of bimanual synkinetic
movements directly depends on the degree of activation of the
right central region.

Figure 1 - Correlation between EEG measures (power and frequency) and
bimanual performance in experimental (1A) and control (1B) groups. Pearson’s
correlation coefficients are given as numbers; dots represent frequency
correlations and squares represent power correlations. White color indicates
positive correlation whereas grey color indicates negative correlation.

A positive correlation was found in the control group between
bimanual reciprocal performance and alpha rhythm decrease inthe
left central and right frontal regions (Figure 1A). An increase in the
alpha rhythm correlated with higher activity in the occipital leads.

Msica Hodie. 2021, v.21, €69329 @@



Effects of piano training on psychophysiological development of primary school children
Qianye Li - Olga Matvieieva - Xuanye Wang - Yingzhi Wang

Bittern bimanual skills in the experimental group, as determined by
asymmetric and reciprocal tasks, are associated with an increased
activity in the frontal region of the left hemisphere (Figure 1B).
Bimanual asymmetric movements in the control are positively
associated with a theta rhythm decrease in the occipital region in
both hemispheres of the brain.

From data in Figure 1, piano lessons require the activation of
the anterior regions of the brain. Without piano training, increased
activation can be seen in the occipital zones of the neocortex, as
well as the right hemisphere. The present results indicate that
children playing a piano achieved a higher degree of maturation
of EEG parameters and more pronounced mechanisms of EEG
activity change than children who were not exposed to musical
instruments.

Discussion

Data obtained on the performance of bimanual movements
align with the already known facts that an individual forms the
ability to coordinate reciprocal movements at the late stage of
ontogenesis (SPAMPINATO et al., 2019; STEELE and PENHUNE,
2010). This is due to the rather late development of the corpus
callosum, which grows up the age of 24 years, and the frontal
neocortex, which reaches maturation at the age of 7 (SPAMPINATO
etal., 2017; SPAMPINATO et al., 2019; SPAMPINATO et al., 2020). At
the same time, the bimanual synkinetic movements, which 7-year-
olds in both groups performed with a high level of success, involved
the activation of non-crossed sensory pathways.

We assume thatthe absence of alterationsinthe alpha and beta
rhythms in the control group during the performance of bimanual
reciprocal and synkinetic tasks is due to the dominance of the right
hemisphere of the brain in the regulation of voluntary activity.
The right hemisphere is known to be less interconnected within
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itself, and with the subcortical nuclei, than the left hemisphere
(KRAKAUER and MAZZONI, 2011). Therefore, the right hemisphere
is characterized by diffuse activation. The comparison of brain
activity at rest with eyes closed and in response to bimanual
asymmetric movements revealed the existence of small but
unidirectional changes to the EEG amplitude of the hemisphere.

The literature shows that the age-related dynamics of child's
development by the age of 7 is characterized by an increased
involvement of the left hemisphere in the regulation of motor
activity, including bimanual movements (JAYARAM et al., 2011;
KOCH et al., 2019, 2020). From this perspective, the identified shifts
in EEG activity during the complex bimanual movements may
indicate increased brain activity in children playing a piano.

In the control group, bimanual performance largely relied on
the activation of the right hemisphere and the occipital zones in
the neocortex, whereas children who regularly played a piano
relied more on the anterior regions of the brain. Hence, with higher
complexity and intensity of the motor load (bimanual movements
in three modes), children in the experimental group experienced
a change in the strategy of movement coordination, from visual
coordination to coordination associated with higher associative
structures of the brain. At the same time, the effectiveness of this
coordination has steadily increased. It appears that in addition
to brain activity shifts, children in the experimental group also
had increased EEG background activity. Moreover, these children
demonstrated more advanced thinking skills than children in the
control group.

The differences between children-musicians and non-
musicians may stem from the fact that children who receive
musical training operate in a more saturated sensory environment
that those who are not engaged in musical activity. At the same
time, children who play a musical instrument are exposed to two
different types of stimulation at once: auditory and proprioceptive.
Note that at the beginning of piano lessons, the boosting effect
can be situational and short-lasting. Finally, the level of music

Msica Hodie. 2021, v.21, €69329 @@

KON ATHG=K ENAT



Effects of piano training on psychophysiological development of primary school children
Qianye Li - Olga Matvieieva - Xuanye Wang - Yingzhi Wang

performance ability is also important because the sounds that a
child makes when learning a piano are significantly different from
those thatcome from the same pianowhen played by a professional
musician. Therefore, the auditory stimulation during play may not
correspond to that described in the literature when the performer
is a non-professional or a child (JAYARAM et al., 2012; KARABANOV
et al.,, 2015). In this light, the results obtained in this study can be
considered as a consequence of increased motor activity.

Being associated with innervation of the central nervous
system, bimanual motor activity is of particular importance
for brain development and maturation in childhood (GALEA et
al.,, 2011; GENTNER et al., 2010). It is able to influence the brain
tonus, facilitating the development process. Therefore, bimanual
activity in early ontogenesis may be a contributing factor to brain
development. At the same time, the irradiation of motor activity
directed from the hand stimulates the frontal areas of the cerebral
cortex. Of course, this plays an important role in the development
of higher mental function, in particular attention and thinking.

Conclusions

It was found that regular piano lessons at the age of 7
improves the coordination of bimanual reciprocal and asymmetric
movements, while exhibiting no substantial effect on synkinetic
movement coordination. At the same time, regular piano lessons
help to strengthen the right-lateral profile and the left hemisphere.
Children who were learning the piano showed higher alpha and
beta power than children who did not receive piano training. This
finding suggest a higher level of maturation of the functional brain
structures in the experimental group. Dynamic re-configurations
of EEG brain activity in the experimental group during physical
stimulation involved statistically significant changes in alpha and
beta rhythms. In addition to that, children in the experimental
group experienced the activation of the left hemisphere group
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during the performance of complex bimanual movements
whereas children in the control group demonstrated the activation
of both hemispheres. Bimanual synkinetic performance in both
groups was found to be correlating with the degree of activation
of the right sensorimotor area of the brain. Finally, during the
performance of bimanual reciprocal and asymmetric movements,
the experimental group showed more activation of the frontal
regions and the control group showed more activation of the
occipital regions.
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