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Abstract
Introduction. School age is a very important and intense period in children’s development. The central nervous system has 
an enormous absorptivity of sensory impressions. in the recent decade, an increased number of diagnoses of sensory disorders 
has been noticed in children in Poland. Alvin noted that musical compositions provided a good source of support for a child to 
acquire both auditory and tactile sensory experiences. The main aim of the study was to compare the level of sensory integration 
in children from music classes and their peers from general classes.
Methods. Two groups of children participated in the study: group M, 14 boys and 11 girls attending second classes in music 
schools, and group G, 16 boys and 11 girls attending general classes. Both groups were subjected to a clinical trial by Przyrowski 
and the Southern California Test according to Ayres. in addition, the parents of the examined children were asked to complete 
the Sensorimotor Child development Questionnaire.
Results. The process of sensory integration took place correctly in both groups of children. The results suggest that children 
in music classes are better at bilateral motor coordination, finger identification, and finger-thumb test (average results above 
the norm). Children in general classes were more able to maintain static balance with closed as well as open eyes than their 
musical peers.
Conclusions. Music education positively influences the process of sensory integration in children. it can be a good source of 
a child’s brain stimulation.
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Introduction

The nervous system matures with age. A child receives 
a variety of sensory impressions already in the mother’s womb. 
These are stimuli related to position, movement, and the feel-
ing of gravity. These processes give the beginning of the sen-
sory integration development [1–3].

Sensory integration is a very complex neuronal process 
that takes place in the nervous system. it is primarily about 
receiving, processing, and interpreting new incentives re-
corded by the senses, and also integrating them with those 
that have already been received. This process is possible 
thanks to the proper functioning of sensory systems (including 
the visual, tactile, auditory, and proprioceptive ones). The 
ability to integrate sensory impulses affects not only simple 
reflex reactions but also the precision of individual move-
ments, coordination, or balance. it is responsible for overall 
behaviour and relationships with the surrounding environ-
ment. it is the source of information about the world [1, 4, 5].

Music combines many sensory impressions. Listening to 
music is a complex phenomenon that requires the involve-
ment of the nervous system, cardiovascular and emotional 
factors, and psychological and behavioural aspects. Nowa-
days, it is still not possible to accurately state what is hap-
pening in the neurons of the brain under its influence. There 
is no consensus among scientists from different fields. The 
research by Rauscher and Hong has shown that Mozart’s 

effect is to accelerate physical and chemical processes in 
nerve cells. on the other hand, Gardner believes that music 
has a significant impact on the human body, but such prop-
erties are not attributed solely to Mozart’s compositions. 
According to Stamper, listening to Mozart’s compositions 
can lead to pioneering neural pathways that are responsi-
ble for creating visual images [6, 7].

School age is a very important and intense period in the 
development of a child. The central nervous system has an 
enormous absorptivity of sensory impressions. only a well-
functioning nervous system allows full use of the resources 
of the human mind. in the recent decade, an increased num-
ber of diagnoses of sensory disorders has been noticed in 
children in Poland (1 child per 20 has a sensory integration 
disorder diagnosed) [8]. The central nervous system of chil-
dren in classes i–iii shows a great absorption of sensory 
impressions. The memory of a student aged 7–10 years is 
very capacious. Proper sensory stimulation can therefore 
have a positive influence on the learning process and con-
sequently on the correct development of the child. Alvin 
noted that musical compositions provided a good source of 
support for a child to acquire both auditory and tactile sen-
sory experiences. Therefore, they can be a good stimulator 
for development [8–10].

The main purpose of the research was a comparison of 
the level of sensory integration in children from second music 
classes and those from second general classes. Additional 
aims were the following:
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– verification if the process of sensory integration goes 
well in school-aged children;

– assessment of the risk of sensory integration disor-
ders in musical children and their peers in general classes;

– checking whether sex significantly influences the pro-
cess of sensory integration;

– checking if parents notice symptoms which point at dif-
ficulties in processing sensory impressions.

Subjects and methods

Subjects

The study involved 52 children aged 7–9 years, divided 
into 2 groups (M – musical classes; G – general classes). 
The characteristics of each group are shown in Table 1.

Table 1. Characteristics of the studied groups

Group M Group G

Population
25 children

(14 boys, 11 girls)
27 children

(16 boys, 11 girls)

School/class

Second music class  
from Music School  
No. 2 in Wroclaw  

and National Music  
School in Sieradz

Second class  
from Primary School  
No. 45 in Wroclaw  

and Primary School  
in Brzezno

Qualifying  
condition

Children have been 
attending regularly  

music lessons  
on any musical  
instrument for  

at least 2 years

Children have not  
learnt to play  
any musical  
instrument

Average age 
(years)

8.4 8.6

M – musical classes, G – general classes

None of the children participating in the study (from 
group M or group G) had diagnosed epilepsy, motion sick-
ness, autism, attention-deficit hyperactivity disorder, or dys-
lexia. There was no diagnosis of head trauma, dizziness, 
hearing impairment, or any other illness that would indicate 
a malfunctioning vestibular system or that would have in-
creased the risk of disturbances in the integration of sensory 
impressions. The interviews with parents revealed no signifi-
cant problems in the development of children in their first 
years of life (the development was normal) or during preg-
nancy.

Research tools

Sensorimotor Child Development Questionnaire

it comprises 90 questions addressed to parents and al-
lows to detect early symptoms associated with individual 
sensory integration disorders and to determine the risk of 
a child’s development dysfunction resulting from abnormali-
ties in the processing of stimuli from receptors of all sensory 
systems. The occurrence of a particular disorder is considered 
probable with at least 50% of the key responses [11, 12].

Clinical trial by Przyrowski

The trial consists of 17 movement tasks set. depending 
on the child’s performance on each task, the appropriate 

number of points is awarded. Then the results for the whole 
study are summed up and compared with the scale pro-
posed by the author. Clinical observation is used to assess 
the risk of disorder in the function being studied. This, how-
ever, does not directly indicate sensory integration disor-
ders. The results interpretation becomes necessary to refer 
to the other components of the diagnosis [1, 12].

Southern California Test according to Ayres

it evaluates the level of sensory integration in children in 
accordance with age norms. What is more, it also shows 
the nature of the change, which may indicate the origin of 
developmental dysfunctions. The test consists of 11 tasks. 
Normal values range from –1 to 1. The Southern California 
Test by Ayres is useful in making the right diagnosis because 
it improves the accuracy of observation (standardized re-
sult) [1].

Statistical analysis

The obtained results were developed by using computer 
programs such as Microsoft Excel and Statistica. in order to 
check the statistical significance of the results, the ducan 
test and Mann-Whitney test were applied. The results were 
considered statistically significant when the alpha coefficient 
was equal to or less than 0.05. This level of statistical signifi-
cance was established for all statistical tests.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, has 
followed the tenets of the declaration of Helsinki, and has 
been approved by the Bioethical Commission at the Wroclaw 
Medical University (No. KB – 683/2015).

Informed consent
informed consent has been obtained from the legal guard-

ians of all individuals included in this study.

Results

The Sensorimotor Child development Questionnaire 
results reported no sensory disorders in the study participants 
(low percentages of responses indicating deficits: 8% in 
group M, 18% in group G). The children had a higher risk of 
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Figure 1. Sensorimotor Child development Questionnaire:  
average results
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postural and tactile disorders. The lowest risk was observed 
for developmental dyspraxia and disorders of body schema 
and orientation in space. Significant differences between 
the studied groups were found only within gravitational in-
security. Children in music classes had a significantly higher 
risk of developing such disorders than their peers in general 
classes. There was also a tendency for girls to be at a lower 
risk of any sensory integration disorder than boys of the 
same age. However, statistical significance has not been 
demonstrated in the sex stratification. it would be worth con-
tinuing the observation in a larger population (Figure 1).

As for the gravitational insecurity mentioned above, with 
a significantly lower risk in general classes compared with the 
music group, the differences were statistically significant at 
p = 0.017. Girls who learned to play musical instruments 
attained an average of 23.6% of responses in accordance 
with the key to the risk of gravity danger. Their male peers 
obtained a very similar result of 24.3%. in group G, the results 
of both girls and boys were significantly lower than in group M. 
Females mostly achieved 17.7%, while males scored slightly 
higher: 19.7%.

Summing up the results of all clinical observation tests 
implied a significant risk of disorders in both groups (52% 
of the subjects). in children of general classes, sensory in-
tegration disorder was found in 30% of the subjects. in the 
music group, the percentage was almost 2 times lower and 
reached 16%. No serious disturbances were seen in group M. 
The remaining 32% of group M children and 18% of group 
G children were normal.

We also analysed the results obtained by the children 
depending on sex. in the group of students playing musical 
instruments, sensory integration disorder was found in 21% 
of boys and only 9% of girls; 36% of musical children and 
29% of their general classmates presented normal values. 
in the music classes, the risk of dysfunction was observed 
more commonly in girls (55%) than in boys (50%). Students 
playing musical instruments scored mostly 49.2 points, while 
their female peers received a slightly lower result of 46.8 
points. Similar tendencies were noted in group G. disability of 
sensory integration was reported in 38% of boys and almost 
half less in girls (18%); 19% of girls and 18% boys maintained 
normal values. As many as 64% of girls and 44% of boys who 
did not play instruments were at risk of developing disor-
ders. The average performance of group G was lower than 
that in group M. Girls received mostly 47.5 points and their 
male peers achieved slightly lower results of 46.3 points.

in the finger-thumb test, a child was to touch each finger 
with the thumb. Firstly, the examiner showed how it should 
be done correctly. Then the child repeated the movement. 
in this time, the examiner observed if the participant fulfilled 
all of the 3 observation conditions: movement fluidity, cor-
rect arrangement of palm bends, and bilateral coordination. 
in the music classes, the vast majority of children (72%) 
achieved the correct reaction in the finger-thumb test (3 points); 
20% of the respondents did not fulfil only 1 condition (2 points); 
2 or more observation conditions were not fulfilled by 2 chil-
dren, which accounted for 8% of group M (1 point) (Figure 2). 
in the general classes, only 37% of the respondents fully 
dealt with the task (3 points). As many as 26% of the children 
in group G did not meet 2 or more conditions (1 point), and 
37% did not meet only 1 condition (2 points) in the finger-
thumb test (Figure 3). The differences between the 2 groups 
were statistically significant at p = 0.03.

For most instances of the Southern California Test ac-
cording to Ayres, children from both groups were age-matched. 
A significant reduction was observed only in the duration of 

postrotatory nystagmus in both music and general classes. 
in group M, the average score was –1.8 among girls and 
–1.5 in boys (well below normal). Children who did not play 
musical instruments scored –2 (girls) and –1.9 (boys) (well 
below normal).

Moreover, it was noted that boys were much worse at 
graphesthesia. in group M, boys achieved results below their 
age norm. Boys’ average score was –1.1 in group M and –0.7 
in group G. Girls obtained –0.4 and 0, respectively.

Girls, in both music and general classes, were above aver-
age in the pattern copying attempt. Also, children in group M 
achieved an average score higher (1.8 for girls and 1.7 for 
boys) than those in group G (1.3 for both boys and girls).

it was also observed that students playing musical in-
struments dealt far better with the location of the touch 
stimulus. in group M, the test result was 1.2 for girls (above 
age standard) and 0.9 for boys. in group G, both boys and 
girls reached the age norm and their average score was 0.4.

Discussion

Many scientists, among others, Wiśniewska and Przy-
rowski, have noticed that the development and sensory in-
tegration of children in both school and pre-school age is 
a growing problem. Currently, it is estimated that 12–30% of 
the paediatric population in Poland may show deficits in the 
integration of sensory impressions. Moreover, Przyrowski 
has determined the risk range of such disorders as 40–80% 
[1, 9, 11, 12]. The analysis of own results leads to similar con-
clusions. The study reported a 52% risk of sensory integra-
tion disorders in both music and general classes students. 
on the other hand, on the basis of clinical observation, 30% 
of group G and 16% of group M were diagnosed with this dis-
order. For deeper analysis of the problem, research should 
be continued in a larger population. Attention should be paid 
to the diagnosis and observation of children and to educating 
parents and teachers about the opportunities for supporting 
the proper development of the child in order to avoid school 
difficulties.

Figure 3. Finger-thumb test results for group G

Figure 2. Finger-thumb test results for group M
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The process of shaping the ability to properly integrate 
sensory impressions takes place in several stages. According 
to Ayres, the central nervous system of a 7-year-old should 
already deal relatively well with the registration and sensory 
organization [12, 13]. The presented study shows that the 
process of sensory integration was going well among both 
music and general classes 7–9-year-olds.

Researchers dealing with the issue of integrating sen-
sory stimuli have noted an association of the prevalence of 
this process disorder with sex. Fisher, Watson, Short, as well 
as ottenbacher show that boys are more likely to report def-
icits in recording and processing sensory impressions [14, 15]. 
our own results prompt similar conclusions. Sensory integra-
tion deficits turned out more common in boys than in girls. 
The disorder was detected in 21% of students playing mu-
sical instruments and in 38% of the general classes by using 
the clinical observation tool by Przyrowski. Among girls, defi-
cits in sensory integration were found only in 9% of group M 
students and in 18% of group G. Moreover, there was a ten-
dency among girls in both groups to achieve higher kinaes-
thesia scores, as well as to be more able than boys to main-
tain balance with both closed and open eyes.

Brockett et al. [16] used the concept of hearing integra-
tion training in their work. They indicate that it can become 
an effective element of sensory integration therapy. Musical 
training is beneficial for the development of both mental 
and motor skills.

Music exerts a positive effect on the maturity of sensory 
integration processes. However, there are few reports on 
psychomotor development of musically gifted children. in the 
present research, we observed the presence of statistically 
significant differences between the general classes group 
and the learners playing musical instruments. Playing instru-
ments can affect bilateral motor coordination, finger identi-
fication, and fingerprint test results. For the aforementioned 
tests, the majority of the respondents were rated in accor-
dance with age. However, in group M, the values were above 
normal, suggesting that these children are better at handling 
touch and vestibular information and may be more able to 
concentrate on the task. They show a higher ability to perform 
precise movements as well as to plan hand motion. Regular 
music training makes children better equipped to integrate 
stimuli from both sides of the body (high level of hemispheric 
specialization).

de Quiros [17] found that dysfunction in the processing 
of vestibular information was a cause of children’s difficul-
ties in learning. in our own study, it was noted that both groups 
had some difficulty in tests that required efficient integration 
of vestibular stimuli. As many as 84% of group M respon-
dents and 96% of those in group G scored well below the 
standard in the postrotatory nystagmus test. A significant 
reduction in the duration of ocular movement after rotation 
was observed, which may indicate difficulties in integrating 
and sensory processing of the vestibular system into hypo-
sensitivity. However, we should look closely at the postrota-
tory nystagmus test and be careful in interpreting its results. 
it constitutes an auxiliary indicator, which should be consid-
ered as a whole, in relation to the remaining tests. The causes 
of the depressed nystagmus may be many. Zając et al. [18] 
confirmed that vestibular function and postural control in chil-
dren could be affected even by a thyroid disease. Kranowitz 
[19] proved that problems occurring in early school children 
had a significant relationship with both intra- and intermo-
dal disorders of not only vestibular, but also at propriocep-
tive and tactile systems.

There are a number of tests, performed with both open 
and closed eyes, to investigate the ability of balance in chil-
dren. Maintaining a stable posture requires this skill acqui-
sition. Various authors of many studies have pointed to the 
deterioration of the body stability in the context of exclud-
ing visual stimuli. Wilczyński and Zawada [20] stated that 
children did not use their eyes to maintain balance. He no-
ticed that the equilibrium parameters with closed eyes did 
not deteriorate. This may be due to the lack of adequately 
developed sensory integration capabilities (especially in the 
processing of vestibular and visual experiences). This pro-
cess is still developing in children [21]. our study also re-
vealed that 7–8-year-olds had quite a hard time balancing 
their bodies. Children in the general classes were more able 
to maintain static balance both with their eyes closed and 
opened. in the music classes, 12% of the subjects had dif-
ficulty balancing on one leg with closed eyes. The observed 
differences were statistically significant. Moreover, girls (in 
both groups) turned out better at this test than their male 
peers. The differences can be attributed to the fact that chil-
dren who undergo instrumental training spend a lot of time 
in static conditions, thereby limiting their motor activity. This 
does not have a positive effect on the development of bal-
ance abilities. Some other authors suggest different motor 
abilities due to exercises and school achievements in the 
case of motor stimuli assessed in different ways [22–25]. it 
is recommended to introduce more hours of physical edu-
cation for children in music classes. There was also a ten-
dency for group G children not to achieve higher results in 
the trial of eye movements and graphesthesia than their 
musical mates. This may prove to be better in terms of visual 
perception and visualization of the touch stimulus. it can 
affect the ability to read and write. However, these differences 
were not statistically significant (on the materiality boundary). 
it is advisable to further observe the children in this regard.

Conclusions

– Music education positively influences the process of 
sensory integration in children. Music lessons in schools can 
be a good source of stimulation for a child’s brain.

– it is recommended to introduce more hours of physi-
cal activity for children playing instruments to improve their 
balance.

– one should look closely at the postrotatory nystag-
mus test and be careful in interpreting its results. it consti-
tutes an auxiliary indicator, which should be considered as 
a whole, in relation to the remaining tests.

– Both in the music and general classes, there is a risk 
of sensory integration disorder in every other child. Attention 
should be paid to the diagnosis and observation of children 
and to educating parents and teachers about the opportu-
nities for supporting the proper development of the child in 
order to avoid school difficulties.

– Further studies should be conducted in a larger popu-
lation. They will allow to more closely track the dependence 
of music education and the process of sensory integration 
in children.
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