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1. Introduction  

1.1 Topicality and importance of the thesis' choice of topics 

   School difficulties, learning, behavioural and integration disorders (BTM), special 

educational needs (SNI), are significant problems in education systems around the 

world. This is also the case in Hungary. In the 2001/2002 school year, 13% of students 

had SNI or BTM. In the 2016/2017 school year, 23% of students received such a rating. 

?  

Figure 1 Evolution of student numbers from the 2001/2002 academic year to the 

2016/2017 academic year (2001/2002= 944244, 2016/2017=741427), as well as 

changes in the number of SNI, BTM, and pupils diagnosed with a developmental 

psychological disorder from the academic year 2001/2002 to the academic year 

2016/2017 

   Data shows that the proportion of pupils with SNI and BTM has increased compared 

to the total number of primary school pupils. In the 2016/2017 school year, almost one 

in four primary school pupils had either SNI or BTM. This figure does not include the 

number of pupils with "minor" learning problems or who do not reach specialists.  

   It is unclear what is behind the increased proportion of SNI and BTM pupils. One 

possible explanation is a change in the criteria formulated by law. While the law in 

force in 2001/2002 designated categories SNI-A and SNI-B according to whether the 

derogation is due to organic reasons or not, the law in force in 2016/2017 does not 

make such a difference. Classification into the SNI category considers the prognosis 

of the problem. Children in the SNI-B category in the 2001/2002 school year were 



mainly rated BTM in the 2016/2017 school year. This should result in a reduction in 

the number of pupils with SNI and an increase in PUPILS with BTM. The number of 

BTM students has increased, but so has the number of SNI pupils. The more accurate 

diagnostics may also have caused an increase in the number of pupils with SNI and 

BTM. In any case, the fact that 23% of children have either SNI or BTM, which is 

undoubtedly a high value, is a  cause for concern. 

   In connection with the above problem, in search of a solution, scientific knowledge 

about sensorimotor development is expanding worldwide. More research results will 

be published. Advances in neurology, neuropsychology, and imaging techniques 

contribute to a clearer picture of the relationship between sensory and motor 

development and the impact of sensory and motor functions on cognitive functioning.  

   Numerous studies emphasize the relationship between persistent reflexes and 

learning difficulties, behavioural and attention disorders (Blythe, 1992; Taylor, 

Houghton, and Chapman, E. 2004; Damasceno, Delicio, Mazo, Zullo, Scherer and 

Damasceno, 2005; Blomberg, Dempsey and Phua, 2008; Bob, Konicarova and 

Raboch, 2013; Gieysztor, Choińska, and Paprocka-Borowicz, 2018; Rašić Canevska, 

2019; Pecuch, Gieysztor, Telenga, Wolańska, Kowal and Paprocka-Borowicz, 2020; 

Goddard, Duncombe, Preedy and Gorely, 2021).  

   The relationship between vestibular maturity and  specific learning abilities has been 

studied and found to be related (Quirds, 1986; Dordel and Breithecker, 2003; 

Niklasson, 2012). I want to highlight Julio B. Quiros's longitudinal study of 1902 

children, which confirmed the link between vestibular immaturity and learning 

difficulties. The three-year study proved that the movement coordination, balance 

perception, language development, reading and writing skills of immature children lag 

behind those who are most mature (Quiros, 1976). 

   Fine motor movements and eye-hand coordination are also associated with vestibular 

maturation. An immature vestibular function may cause difficulties in learning to read 

and write, among others (Huettig, Auxter, and Pyfer, 2001).   

   Since the vestibular system's role is emphasized in the formation of muscle tone, it 

is also essential to have intact vestibular functioning in the setting of the child's 

posture. If the nervous system does not adjust muscle tone most economically in order 

to be able to hold the body against gravity, then the regulation of the posture takes 



more energy away from attention and focus. Therefore, children cannot focus properly 

on a task, either in time or depth (Cheatum and Hammond, 2000). Posture setting, 

attention, and focus are also critical in the learning of instrumental music, leisure, or 

competitive sports. Effectiveness is influenced by the functioning of the vestibular 

system (Cheatum and Hammond, 2000). 

…The maturity and functioning of the vestibular organ also affect auditory perception. 

Due to immature vestibular function, children are unable to locate the sound source 

despite that the auditory organ is functioning correctly. Although they don’t have any 

eye problems, they are unable to properly focus and follow moving objects or a row 

of letters while reading (Cheatum, Hammond, 2000).  

   Inadequate muscle tone adjustment also causes the retention of the tongue-moving 

muscles, which leads to speech formation and swallowing problems (Cheatum and 

Hammond, 2000). 

   The sensorimotor immaturity causes immature behavior patterns, the effects of 

which are equally evident in learning, behavior and integration (Cheatum and 

Hammond, 2000; De Jager, 2009; Goddard, 2015; Jaiswal and Morankar, 2017).  

   Children whose nervous systems for some reason mature more slowly than their 

peers, should begin development exercises before starting school which stimulate the 

maturation of the nervous system (Blomberg, Dempsey, and Phua, 2008). More 

research has been launched in this regard. Among other things, Romanian children 

with immature nervous systems were examined in foster care, then adopted or 

mediated to foster parents (Eagleman, 2016). The goal was to‘mature’ the nervous 

system. It has been found that the nervous system remains sensitive to sensorimotor 

maturation, but sensitivity decreases over time. The nervous system of children 

adopted before the age of 6 reacted faster and adapted better than those who were taken 

out of the children's home around the age of 12 (Zeanah, Gunnar, McCall, Kreppner, 

and Fox, 2011). Based on their observations, the authors voted in favour of the 

principle of "the earlier, the better." 

   If we look at the sensorimotor maturity data of the 772 children aged 5-8 years 

involved in this study, we can see that the result is just over 50% of full maturity. In 

the light of the test results, the sensorimotor development of children is justified. In 

particular, the integration of infantile reflexes, the maturation of the vestibular system, 



and the development of sensorimotor coordination and movement coordination are 

priority tasks. 

   Based on this, the problem that my doctoral research deals with is as follows: 

Is it possible to develop the nervous system of children aged 5-8 years with 

sensorimotor exercises and institutional frameworks to such an extent that it has a 

measurable effect on learning abilities?  

   In order to answer these research questions, and to support or question the accuracy 

of the hypotheses, sensorimotor training took place in kindergarten and school groups 

of children in the affected age group (5-8 years old) for 6-8 months. To facilitate this, 

I developed an independent program based on the deep literature background in this 

field; I prepared the teachers working in the groups in detail for the task, organized the 

measurements, and collected the necessary data. We measured the children’s 

sensorimotor development level before and after the development program in both a 

research group and a control group. Additionally, we measured their auditive and 

visual skills after the intervention. 

1.2 Objectives of the research   

   The research is an impact assessment, primarily to examine whether sensorimotor 

exercises carried out within institutional frameworks have a measurable effect on the 

maturation of the nervous system, and therefore on specific auditory and visual 

component abilities necessary for learning, the proper level of development of which 

is essential for a successful start to school. Further: 

1. One of the objectives of the research is to propose a series of exercises that have 

proved to be successful and easy to perform for preschool teachers and primary school 

teachers, which can be easily integrated into the framework of preschool and school 

activities, to help the development of the nervous system in pre-schoolers and 

schoolchildren aged 5-8 years, and to prevent the development of more serious 

problems.  

2. Another goal of the research is to demonstrate that the development tool we 

created is suitable for preschool and school (first and second grade) use. 



3. To show how children aged 5-8 years are affected by major sensorimotor blocks 

to development. The research shows spontaneous biological maturation in the studied 

age group. The results are comparable to international data from previous research. 

4. Building on the foundations in the literature, using earlier research findings, the 

compilation of a series of exercises (tests) for measuring sensorimotor maturity visual 

and auditory partial abilities in domestic conditions. 

5. Explore relationships between sensorimotor maturity and the development of 

specific visual and auditory partial abilities (using the developed test). 

6. To answer whether a properly compiled sensorimotor training improves the 

sensorimotor condition of children to a greater extent than that of children who do not 

do the exercises. 

7. Find out if sensorimotor training affects the development of specific visual and 

auditory partial abilities.            

2. Methods used 

2.1 Methods of empirical testing 

   In my research, I used quantitative research methods to examine and compare 

children's sensorimotor state and auditory and visual partial abilities. I used the 

Statistical Package for the Social Sciences (SPSS) to perform descriptive statistical 

calculations and hypothesis tests, and Excel to determine impact sizes. I sought to 

apply large samples to collect data as widely far as possible. I used a systematic, rules-

based, uniform measurement. In each case, the results were quantified, so their 

mathematical-statistical processing became possible (Boncz, 2004).   

   The measurements were made under controlled conditions, and I tried to exclude 

undesirable effects (Szokolszky and Palatinus, 2004). Both the input and impact 

assessments could be carried out quickly; sensorimotor measurement required 20 

minutes per child, visual partiality test required 30 minutes/child, and auditive 

partiality test required 30 minutes/child. 

   Due to the nature of the topic, the research is part of a normal scientific nature (Kuhn, 

Judge, and White, 2000) and partly applied. Normal science tests theories that suggest 

a link between integration, learning, behavioural problems, and low levels of 



sensorimotor development (McPhillips and Sheehy, 2007; Goddard, 2009; Doidge, 

2009, Konicarova et al., 2013; Bilbilaj et al., 2017; Pecuch et al., 2021; Hickey and 

Feldhacker, 2021; Sigafoos et al., 2021; Goddard et al., 2021). Auditory and visual 

abilities play a role in the relationship as "intermediary factors."  

   The results measured on the relatively large sample (experimental group:704, control 

group: 68 people) proved to be sufficient to support the theoretical and educational 

statements outlined in the hypotheses, which can be formulated because of the study 

of the literature, as well as based on my own educational experience. Because of the 

ordinal nature of the data, I used non-parametric procedures such as the Mann-Whitney 

test, the Wilcoxon test, the Kruskal-Wallis procedure, and the studies related to the 

calculation of Spearman's rank correlations (Nahalka, 2000). In each case, I also 

determined the effect size and the significance levels. In the research methodology 

literature, solutions using hypothesis studies alone to analyse differences, changes, and 

effects have long been heavily criticized (Cumming, 2014). I also identified the 

appropriate impact sizes in all difference and relationship studies. Due to the ordinality 

of the variables, I determined the cliff delta effect size often used in non-parametric 

procedures (Macbeth, Razumieczyk and Ledesma, 2011). The Kruskal-Wallis 

procedure was also necessary for comparing the age groups of the children (Nahalka 

2000).  

2.2 Variables used in empirical research     

   In the empirical research, I examined the many "elementary" components of 

sensorimotor development visual and auditory abilities, from which I created variables 

of an "aggregate" nature, to analyse the development in sensorimotor maturity of 

children, as well as the relationship of visual and auditory abilities to sensorimotor 

functions that can be considered more "elementary". The study examined three leading 

general indices measuring a child's development: 

1. Sensorimotor development (both input and output measurement) 

- Reflex profile 

- Vestibular maturity 

- Movement coordination 

- Multichannel attention 



2. Development of visual capabilities (output only) 

- Graphomotor maturity and development of body schema 

- Shape-to-background discrimination 

- Level of form detection and reproduction 

- Perception of spatial position, differentiation of directions, information 

signals 

- Relativity of spatial situation 

- Visuomotor coordination 

- Visual memory 

3. Development of auditory capabilities (output only) 

- Delayed verbal memory                                                 

- Relation vocabulary, the formation of spatial orientation in language 

- Auditory serial memory 

- Auditory serial detection 

- Correct use and interpretation of words and other parts of the language 

(grammar) 

- Conceptualisation (description of categories) 

- Opposites 

2.3 Test tools 

Examination of reflex profile 

The reflex profile test was carried out as recommended in the following literature:  

- Unlock Brilliance Learning Disabilities 2018. Prof. 

- Quantum Reflex Integration (Brandes) 

- Reflex Testing Methods (Fiorentino) 

- Integrative Therapy for Neurodevelopmental Disorders: Module 1-4 

Copyright: 11/30/2018 (CST) 

- Melillo, R. (2018). Integrative therapy for neurodevelopmental disorders: 

Connecting primitive reflexes and brain imbalances to polyvagal theory to 

improve learning, behavior, and social skills. PESI Inc., Eau Claire, WI. 

Retrieved March 03, 2021, from 



https://www.pesi.com/store/detail/26048/integrative-therapy-for-

neurodevelopmental-disorders 

Examination of vestibular function 

Six types of tests were used:  

- Static balance test: closed and open-eye "Flamingo test" on the left and right 

feet (total 4 tests) 

- Dynamic balance test: "Tightrope walker - test." 

- Left rotated post rotation nystagmus test 

The operation of the vestibular system has been tested as recommended in the 

following kinds of literature:  

- https://testsforsports.com 

- Cheatum, B.A. and Hammond, A.A. (2000). Physical Activities for 

Improving Children's Learning and Behavior. Human Kinetics, Champaign, 

II. 

Examination of sensorimotor coordination 

I relied on the following literature and my own experience when compiling the tasks: 

- Hodapp, R.M. (2012). International Review of Research in Developmental 

Disabilities. Academic Press. (TMD Test) 

Examination of multichannel attention 

I based my work on the tasks described in the following study.  

- Nicolas és Gagnon: Towards a reliable measure of motor working memory: 

Revisiting Wu and Coulson's (2014) Movement Span Task. Royal Society 

Open Science.  

The criteria for compiling the series of tasks examining visual and auditory abilities. 

I used the following literature during the tasks examining visual and auditory abilities: 

- Juhász, Á. (2007). Logopédiai vizsgálatok kézikönyve (Manual of speech 

therapy tests). Budapest: Logopédia. 

https://www.pesi.com/store/detail/26048/integrative-therapy-for-neurodevelopmental-disorders
https://www.pesi.com/store/detail/26048/integrative-therapy-for-neurodevelopmental-disorders
https://testsforsports.com/


- László, Á.M., and Kóbor, Gy. (2009). Beszédértés (Speech comprehension). 

Budapest: Ton-Ton. 

   The training is for children aged 5-8 years. Each session took 15-20 minutes. Each 

occasion, if possible, started with a player element and ended with a game. The training 

consisted of both continuously recurring elements, e.g.reflex integration exercises, and 

continually changing elements, e.g. sensorimotor movement coordination 

development. I suggested doing 3-5 sessions a week. The total duration of the training 

was 6-8 months, depending on the number of repetitions per week. 

3 The hypotheses 

   The following hypotheses of the research, if their confirmation can be significantly 

supported, validate the usability of the development system which we created for this 

research. However, they also confirm the theories presented in the prior literature. 

There are four main groups of hypotheses, the first group of which contain hypotheses 

I. and II. which relate to the effectiveness and effectiveness of the applied development 

practice system. On the one hand, they describe a significant improvement in their 

development indicators. On the other hand, they indicate that children in the 

experimental and control groups initially at the same level can be measured because 

of development, making a significant difference in favour of those in the experimental 

groups in terms of individual indicators. 

   Hypotheses only state the existence of significant deviations; there is no indication 

of causal relationships. The statistical procedures used are not in themselves suitable 

for detecting causal relations. The claim that development in experimental groups can 

be detected while in control groups is not theoretically justified, and the results of 

quantitative studies only support these theories but do not support them. 

   The second group of hypotheses contains Hypotheses III. and IV., which describe 

correlations between certain variables as "co-relationships". The third group contains 

hypothesis V., and the fourth group contains hypothesis VI. which describe a higher 

level of development of visual and auditory abilities in children in development. These 

hypotheses support – or challenge – the theory that sensorimotor development affects 

the development of visual and auditory abilities, which in turn affects the development 

of problems significant for school learning and school life.  



4 Summary of results   

   When evaluating the hypotheses,  

4.1) It could be demonstrated that sensorimotor development indicators increased 

significantly in the experimental groups while performing the exercises, while this 

did not occur in the control groups (central hypothesis I, sub hypotheses I/1 to I/4).  

Variable 

Input 
measurement 
average (%) 

Output 
measurement 
average (%) 

Z value of 
the 
Wilcoxon 
test 

Significance 
level of the 
Wilcoxon 
test 

Effect 
size 

Reflex profile 53,4 75,9 -15,024 p < 0,001 0,714 

Vestibular 
development 

40,1 56,7 -13,984 p < 0,001 0,664 

Development 
of movement 
coordination 

37,9 59,4 -16,511 p < 0,001 0,784 

Development 
of 
multichannel 
attention 

40,2 63,9 -9,978 p < 0,001 0,469 

Sensorimotor 
development 

43,3 62,7 -17,588 p < 0,001 0,836 

Table 1. Average of percentages expressing sensorimotor development and 

its components in input and post-development output measurements for 

children in the experimental groups (number: 443), change in significance 

level determined by Wilcoxon test 

Variable 

Input 
measurement 
average 
(%) 

Output 
measurement 
average 
(%) 

Z value of 
the 
Wilcoxon 
test 

Significance 
level of the 
Wilcoxon 
test 

Effect 
size 

Reflex profile 48,3 49,4 -0,228 n.sz. 0,01 

Vestibular 
development 

40,4 43,4 -1,460 n.sz. 0,06 

Development 
of movement 
coordination 

40,1 43,7 -1,790 n.sz. 0,08 

Development 
of 
multichannel 
attention 

37,4 40,9 -0,986 n.sz. 0,04 

Sensorimotor 
development 

42,0 45,1 -1,358 n.sz. 0,06 

Table 2. Average of percentages expressing sensorimotor development and 

its components in input and post-development output measurements of 

children in control groups (number: 63), change in significance level 

determined by Wilcoxon test 

4.2) In the experimental group, the sensorimotor development indicators did not 

differ from those seen in the control groups at the beginning of development, while 



by the end of development, the results of the children in the experimental groups 

were significantly better than those of the children in the control groups (central 

hypothesis II, sub hypotheses II/1 - II/4). 

 Input measurement Output measurement 

Variable 

Z-value and 

Significance 

level Effect size 

Z-value and 

Significance level Effect size 

Reflex profile Z = -1,420; n.sz. 0,109 Z = -7,447;        p < 0,001 0,572 

Vestibular 
development 

Z = -0.956 n.sz. 0,052 Z = -3,960;        p < 0,001 0,306 

Development of 

movement 

coordination 

Z = -0.766 n.sz. 0,036 Z = -4,136;        p < 0,001 0,321 

Development of 

multichannel attention 

Z = -0.605 n.sz. 0,005 Z = -6,208;       p < 0,001 0,289 

Sensorimotor 

development 

Z = -0.015 n.sz. 0,012 p < 0,001 0,483 

Table 3. Comparison of sensorimotor development and component measurements 

for input and output measurements in children in experimental and control groups, 

Mann-Whitney test, and values of impact sizes (number of children in experimental 

groups 443, total number of control groups 63) 

4.3) The indicators of sensorimotor development are significant, not negligible, and 

positively related to the development of visual and auditory abilities on the one hand 

(main hypothesis III/1, sub-hypotheses III/1 to III/4, main hypothesis IV/1, subsites 

IV/1 to IV/4). 

Sensorimotor 

development and its 

components 

Visual abilities Auditory capabilities 

Spearman's 

correlation 

coefficient 

Significance 

level 

Effect 

size 

Spearman's 

correlation 

coefficient 

Significance 

level 

Effect 

size 

Reflex profile 

development 

0,314 p < 0,001 0,099 0,369 p < 0,001 0,136 

Vestibular development 0,509 p < 0,001 0,259 0,518 p < 0,001 0,268 

Movement coordination 

development 

0,484 p < 0,001 0,234 0,525 p < 0,001 0,276 

Development of 

multichannel attention 

0,361 p < 0,001 0,130 0,495 p < 0,001 0,245 

Sensorimotor 

development 

0,542 p < 0,001 0,294 0,605 p < 0,001 0,366 

Table 4. For a combined sample of children in the experimental and control groups, the 

Spearman correlation coefficients between sensorimotor development variables in output 

measurement and variables in visual and auditory abilities, their significance level and 

impact dimensions (sample size for visual ability is 422, for auditory abilities 391) 



4.4) In experimental groups, visual and auditory abilities development at the end of 

development is significantly higher than in control groups (hypotheses V and VI). 

Variable Average score 
of children in 
experimental 
groups 

Average score 
of children in 
control groups 

Value of 
Mann-
Whitney 
test 

Mann- 
Whitney's test 
significance 
level 

Effect 
size 

Body schema 3,45 2,86 -2,954 p <0,001 0,228 

Shape-to-background 

distinction 

4,17 4,06 -1,346 n.sz. 0,096 

Form detection 2,23 2,19 -0,961 n.sz. 0,064 

Differentiation of 

directions 

5,11 4,62 -1,755 n.sz. 0,128 

Relativity of spatial 

situation 

2,63 2,70 -0,712 n.sz. 0,040 

Visuomotor 

coordination 

2,69 2,76 -1,011 n.sz. 0,058 

 Visual memory 4,45 4,46 -0,098 n.sz. 0,006 

Visual abilities 24,87 23,65 -2,384 p < 0,05 0,188 

Delayed verbal 

memory 

4,74 2,92 -5,276 p < 0,001 0,418 

Relational vocabulary 

- spatial orientation 

4,43 4,10 -1,577 n.sz. 0,122 

Serial memory 1,33 0,71 -3,229 p < 0,01 0,243 

Auditory serial 

detection 

1,45 0,97 -3,459 p < 0,01 0,267 

Grammar 5,29 5,05 -2,727 p < 0,01 0,197 

Conceptualization 3,92 3,74 -0,659 n.sz. 0,051 

Opposites 4,40 4,23 -1,273 n.sz. 0,098 

Auditory capabilities 25,83 21,71 -4,506 p < 0,001 0,360 

Table 5. A comparison of the development of visual and auditory abilities of children in 

experimental and control groups using the Mann-Whitney test, Z-values, significance 

levels, and impact sizes 

 

5  The theoretical background of the results obtained 

   The results obtained during the research are consistent with the research results. 

Sensorimotor integration cannot be fully achieved without primitive reflexes of 

sufficient quality and intensity (Hickey and Feldhacker, 2021). These reflexes allow 

the baby to grip objects and materials affecting the palm of his hand, thereby obtaining 



tactile stimuli. With the help of the sucking reflex, you get food and experience the 

first tastes. He turns his head where his arm extends so that his gaze not only looks 

forward but also turns his head sideways, which allows more room for visual 

perception. His muscles adapt to the gravitational field with the help of head-setting 

reflexes, which allows normal muscle tone to develop (Katona, 2001; Grigg, 2018).  

   Proper muscle tone is indispensable for posture, movement development, clear 

hearing and vision, speech development, and spatial perception (Katona, 2001; 

Melillo, 2011; Bob, Konicarova, and Raboch, 2013;).   

   How well the body functions depend on the active cooperation of movement and 

perception, since sensory perceptions, vision, hearing, palpation, vestibular 

perception, together with changes of location and position, represent a two-way 

connection with the outside world. Depending on the degree of maturity of the 

functions inherent in the functioning of the human brain, age-appropriate behavior 

develops (Katona, 2001; Zafeiriou, 2004; De Jager, 2009).  

   Once primitive reflexes have fulfilled their function and are no longer needed, they 

are inhibited by the cerebral cortex (Zafeiriou, 2004; Sigafoos et al., 2021). In normal 

development, they are replaced by more mature postural reactions that accompany our 

lives throughout our lives. Accurate, adequate postural reactions ensure muscle tone 

adjustment, proper balance, good posture, and movement coordination. The functional 

maturation dynamics of the central nervous system allow for the acquisition of higher 

levels of cognitive skills, so they will also have a role in learning processes and social 

interactions (Hickey and Feldhacker, 2021; Sigafoos et al., 2021; Goddard et al., 

2021).1  

   In preschool-age and around the age of starting school, brain plasticity is extremely 

powerful. Not only do existing synapses strengthen in the central nervous system, but 

new connections are built up. New sensory stimuli and movement increase the 

 
1 The recent research results show that more than 90% of children aged 4-6 years have 

at least one persistent infantile reflex (Gieysztor; 2018; Piecuch et al., 2020; Hickey 

and Feldhacker, 2021; Goddard, 2021). 



production of BDNF (brain-derived neurotrophic factor) in the brain, which supports 

synaptogenesis in the hippocampus (Doidge, 2009). 

   The hippocampus, which plays a crucial role in learning and memory processes, is 

an ancient cortical structure indirectly related to all sensory and association areas of 

the cerebral cortex. Information from all senses reaches this brain area and integrates. 

Eventually, they return to the neocortex, the most advanced part of the cerebral cortex, 

to be stored there for the long term. Although memory traces are stored in other 

specific areas of the cerebral cortex in the long term, the hippocampus contains 

memory traces and associates various sensory information (Freund, 2005). BDNF 

stimulates synapse formation in the hippocampus and activates the basal ganglia, the 

area of the brain involved in cognitive processes such as decision-making, behavioural 

shifting, procedural learning, working memory, executive functions, and targeted 

movement. (Doidge, 2009; Diamond, 2013).  

   Exercise increases the production of BDNF and increases oxygen support, 

improving the oxygen supply to the brain. The movement has a stimulating effect on 

the sensory and motor cortex of the brain, thereby affecting the quality of perception 

and muscle tone regulation affecting all muscles of the body (Doidge, 2009). 

   A sign of high levels of neuromotor maturity is improved movement coordination 

and the ability to control physical activity, including inhibition delay. Controlled 

movement inhibition allows them to sit still and focus on a specific task (Goddard et 

al., 2021).  

   Experience shows that the process outlined above is often delayed or cancelled. In 

this case, primitive reflexes result in involuntary motor responses that affect the quality 

of motor skills (Chandradasa and Rathnayake, 2020; Bilbilaj, et al., 2017). The 

problem is further exacerbated if the child moves little or is exposed to inadequate 

quality and quantity (Doidge, 2009). 

   This can be explained by the fact that overcoming persistent reflexes requires 

increased control and insufficient production of BDNF in the central nervous system. 

The problem most often manifests itself in movement coordination, perception, 

balancing disorders, clumsiness, learning difficulties, lack of attention, poor memory, 

and behavioural dysfunctions (McPhillips and Sheehy, 2007; Goddard, 2009; 

Konicarova et al., 2013; Bilbilaj et al., 2017; Pecuch et al., 2021).    



   When compiling sensorimotor exercises, it had to be considered that the training 

includes exercises which on one hand facilitate the integration of primitive reflexes 

(Melillo, 2011; Gieysztor, 2018) and on the other hand support sensorimotor 

integration and the skills and abilities whose development and development were 

hindered by persistent infantile reflexes.  

   The results obtained during the impact assessment proved the effectiveness of the 

training, confirming the theory that movement and sensorimotor development, affects 

the development of cognitive operations, self-image, fine motor and large movements, 

laterality, space perception, and eye-hand coordination. In addition, socialization has 

an impact in many areas. Movement tasks strengthen control and self-control 

functions, attention concentration, endurance, and the ability to exert one's effort. 

Working in pairs leads to concrete experiences to learn the child's self-limits, the 

partner's perception, and the development of cooperative skills. "Even in the case of 

milder neurological impairments, movement can be the starting point and the right 

tool." (Porkolábné, Páli, Gregorius and Pintér, p. 8, 1996; Melillo, 2011; Konicarova 

and Bob, 2013; Grzywniak, 2017).  

   It is worth saying a few words about age as a background variable. Concerning the 

development of the reflex profile, it can be seen that the development is rapid between 

the ages of 4 and 6, but after six years, it slows down significantly. In terms of 

vestibular maturity, motor coordination, and multichannel attention, progress is faster 

between the ages of 4 and 6, but a slight slowdown can be seen here after 6. Then, by 

the age of 8, a significant jump occurs again. We can say that with age, sensorimotor 

abilities improve. However, when we compare the results of the experimental and 

control groups after development, there is a clear difference in development in favour 

of the experimental group.2 The sensory-motor development resulting from the 

training far exceeds the changes experienced with age. Learning, behavioural and 

integration problems manifest themselves mostly during the school years. Perception 

blocks, disturbances, incorrect pencil grip, eye-hand coordination disturbances, 

hypotonic muscles, difficulty focusing, and lack of post-rotation nystagmus (to name 

a few "minor" problems) usually occur in kindergarten or at the beginning of school 

learning and is visible only through apparent "slowness" of the child or distracted 

 
2 See Table 3. 



attention. Over time, problems from multiple origins surface in illegible writing, 

difficulty comprehension, text creation, and spelling errors. Phenomena that can be 

examined using neurophysiological and developmental psychology methods appear as 

specific pedagogical problems.  

   A gap between the child's possible and actual performance at school leads to 

frustration, anxiety, and discomfort, depending on the personality type. They have a 

bigger or smaller significant deviation from learning and school. The probability of 

this should be reduced as much as possible. To avoid more severe problems, preventive 

tools are needed, which can be placed in the hands of kindergarten teachers, teachers, 

and teachers to be part of the educational work. 

   Of course, the "the sooner, the better" principle applies here as well. To prepare for 

schoolwork, sensory and motor development should be included in the children's lives 

no later than the last year of kindergarten.  
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