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ABSTRACT

The study examines the effectiveness of the diagnostic-inter-
vention programme Comprehensive Movement Intervention
(CMI), which is based on the principles of neuropedagogy
and focuses on correct motor development as the key factor
in the successful functioning of pupils with developmental dis-
orders. The research sample comprised ten first-level elemen-
tary school pupils with developmental learning disorders and
impaired communication skills. The programme lasted for six
months, with participants performing individual exercises at
home under the supervision of a parent with regular check-ups
every four to five weeks. The research methodology combined
quantitative and qualitative approaches, and a single-group
experiment was used to measure effectiveness. A pretest and
posttest assessed 35 areas, each scored from O (impaired) to
1 (mastered). The results demonstrated statistically significant
improvement: the average score increased from 15.70 to 28.40
(p <0.05, paired t-test). The greatest improvement occurred in
the areas of fine motor skills, balance and attention, and all par-
ticipants showed improvement in at least one of the monitored
areas (100% success rate, McNemar test, p < 0.05). The find-
ings confirm that motor interventions can significantly affect
the perceptual and executive functions of pupils with develop-
mental disabilities. The study at the same time highlights the
need for longitudinal studies on a larger sample and with a con-
trol group. The CMI programme appears to be a promising tool
for supporting inclusive education. The study was conducted
within the framework of the VEGA project No. 1/0196/23.
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INTRODUCTION

Education is one of the important factors influencing the development of an
individual. Since 2020, principle changes in education have been taking place in
Slovakia that affect the raising and education of persons with special educational
needs. The reforms are part of the Recovery and Resilience Plan of the Slovak Re-
public, with the key component being the Accessibility, Development and Quality
of Inclusive Education. Measures such as a new definition of special educational
needs, a Catalogue of Support Measures and the reform of the guidance and pre-
vention system have been introduced. The document Strategy for an Inclusive Ap-
proach in Education by 2030 (2021) sets the goals for increasing the accessibility
and quality of education with an emphasis on equality. An important initiative
is the transformation of the guidance system of the Ministry of Education of the
Slovak Republic, which introduces a new structure of guidance services at five
levels based on pupil needs. The changes were anchored in an amendment to the
Education Act and regulations as well as new standards for the professional activ-
ities of counselling facilities, by which a uniform quality of services and support
for the development of children and youth are ensured.

The coordinated activities of a school support team of experts significantly con-
tribute to the effectiveness of inclusive education at school (Act No. 245/2008
Coll.). Support and diagnostics of pupils with developmental learning disabilities
at school are provided by a school support team, and coordinated activities of
the school support team experts thus significantly contribute to the effectiveness
of inclusive education at school. Outside the school environment, support and
diagnostics are provided by a Counselling and Prevention Centre. The Centre’s
basic activities are focused on diagnosing a pupil’s current abilities in the areas
of reading, writing and arithmetic. The level of perceptual, cognitive and motor
functions, which are key for successfully mastering academic abilities, is also
assessed (Kleknerova et al., 2023; Bis¢o Kastelova, 2024; Act No. 245/2008 Coll.
as amended).

Pupils with developmental learning disabilities are a heterogeneous group that
manifests in significant problems in school skills (reading, writing, counting),
even if they are not based on reduced intellectual ability. These disorders can
affect different aspects, such as phonemic awareness, word recognition, intellec-
tual capacity, spelling, written communication and mathematical abilities. The
professional public currently agrees that the most significant source of dyslexic

192

9.3.2026. 10:05:15



09 Nikoletta.indd 193

20 (1) 2025. N. SzAszovA, A. Bisco KasTELOVA, M. BARTONOVA, L. VARGA: From Diagnosis to...

problems can be found in the area of impaired phonemic awareness. This brings
with it not only problems with identifying sounds, but also problems with phono-
logical manipulation, verbal memory, verbal learning, identifying words in a text
and learning based on verbal stimuli (Habib, 2018; Ramus, 2003).

A diagnosis requires a comprehensive approach that includes psychological di-
agnostics (assessment of intellectual abilities and special abilities), pedagogical
diagnostics (pupils’ manifestations in the school environment), medical diagnos-
tics (exclusion of organic causes), social diagnostics (environmental influence)
and also special pedagogical diagnostics (confirmation of the diagnosis, setting
up support measures and proposing correction). School documentation, which
provides an overview of the pupil’s school abilities, represents an important
source for a diagnosis. If the differences between the results in the subjects are
significant, the suspicion of confirming this diagnosis increases. The time course
and detailed manifestation of these problems in different environments is equally
important (BiS¢o Kastelova, 2024; Bartonova, 2024). With special pedagogical
diagnostics of developmental learning disorders, we apply two main approaches:
static and dynamic (Bednatova, Smardova, 2022). Static diagnostics focus on an
accurate evaluation of the pupil’s current state of development, skills and capabil-
ities. This approach determines what the pupil currently masters but does not offer
detailed instructions for an intervention, thus requiring a qualitative assessment
of the context and interpretation of data. Standardised methods that use norms to
determine what is considered average, above-average or below-average perfor-
mance within the population are assigned to this category (Valenta, Moravkova
Krejcova, Hlebova et al., 2020).

Diagnostics should be seen as a dynamic rather than a static process that must
take into account many factors. An inclusive view of pedagogical diagnostics
puts demands on the diagnostic competencies of the teacher who uses dynamic
diagnostics (Felcmanova & Habrova, 2015). It focuses on identifying effective
methods and approaches that support the active development and full use of a pu-
pil’s potential. Its primary goal is to analyse the process of learning itself and to
find ways to effectively stimulate this development. It emphasises the support of
functional forms of learning, finding solutions and revealing practices that lead
to positive changes in a child’s thinking and development (Bednafova, Smardova,
2022; Bartonova, 2024). This approach does not focus only on solving a specific
task but also supports overall cognitive processes and facilitates learning (Va-
lenta, Moravkova Krej¢ova, Hlebova et al., 2020).
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Diagnostics of developmental learning disorders is essential for identifying and
providing a suitable intervention.

THE IMPACT OF NEUROSCIENCE AND NEUROPEDAGOGY ON
THE DIAGNOSIS OF DEVELOPMENTAL LEARNING DISORDERS

Contemporary research in the field of neuroscience has brought the knowledge
that experience and intentional attention management can influence the function-
ing of the central nervous system, which raises the question of their importance
for supporting the learning process and development, including in the category of
students with developmental learning disabilities. Since the finding that learning
processes and developmental processes are dynamic (Erwin, 1991 IN: Evrard,
M., Bresciani Ludvik, M.J., 2016), substantiating these claims with research has
been important. Current research results in the field of neuroscience is bring-
ing new explanations about the functioning of the human brain and its ability to
respond to experience, attention and the environment. Such discoveries enable
individuals (not excepting individuals with developmental learning disabilities)
to take greater responsibility for the development of their own abilities (Evrard,
M., Bresciani Ludvik, M.J., 2016). Neuropedagogy is defining important areas
of human learning, such as, e.g., the neural basis of reading, writing and memory
processes. Neuropedagogy also focuses on answering questions through which
we look for explanations for various neural mechanisms (behavioural, cognitive,
emotional) and last but not least, neuropedagogy examines the lifelong develop-
ment of an individual, especially during critical periods (early stages of develop-
ment, school readiness, etc.) (Marsak, Janouskova, 2014). The neuropedagogical
approach is therefore based on the fact that the human brain structure is the result
of a long-term developmental process, is hierarchical and begins to develop al-
ready in the intrauterine phase of an individual’s development (Kissné Zsamboki,
Franady-Landerl, 2018).

It is this knowledge from neuroscience that is initiating discussions on the im-
portance of using it to create educational opportunities that support learning and
development of individuals and thus influence their school success. Based on
this, it is possible to assume that special educators can use strategies that have
a positive effect on the development of the central nervous system within their
educational or intervention activities to support pupils’ ability to do the following:
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be aware of how and what they focus their attention on (attention regulation),
regulate their emotions (emotional regulation), and be conscious of how they use
their cognitive processes (cognitive regulation) (Bresciani Ludvik, M.J., Evrard,
M., Goldin, F., 2016).

As part of current neuroscience knowledge, it is important to mention the im-
portance of intentional movement for the development and support of brain ac-
tivities. Research conducted in 2014 (Converse et al., 2014, In Bresciani Ludvik,
M.J., Evrard, M., Goldin, F., 2016) pointed out that intentional movement can be
a significant means of more intensive engagement and functioning of the brain,
because the research participants who completed a 15-week course of tai chi —
as a form of intentional movement — showed significant improvement in their
attention compared to a control group. Running, brisk walking and other forms
of exercise and movement also support learning, although the specifics within
the functioning of the brain are not yet completely clear (Bresciani Ludvik, M.J.,
Evrard, M., Goldin, F., 2016). In their study, Willoughby and Hudson (2023)
deal with the theory stating that the development of fine and broad motor skills
in children is created by a sequence of targeted activities that ensure the intercon-
nection and activation of individual executive functions. The presented theory
speaks specifically about the important role that proper motor development plays
in the formation of other functions, which are, however, immediately needed in
the learning process.

Carrying out interventions for pupils with developmental disabilities is extreme-
ly important, since these pupils often face challenges in the areas of attention,
motor skills and academic performance. Targeted programmes can help not only
to moderate manifestations of a disorder but also to support overall development
and involvement of pupils in the educational process. In this context, Jedlickova
and Sleziakova (2023) conducted a study that deal with the associations between
writing disorders and graphomotor skills, as well as the development of grapho-
motor skills in pupils with dysgraphia and secondary attention deficit disorder.
The study included qualitative research on a sample of three pupils diagnosed
with a writing disorder who took part in the “Good Start Method” programme.
The results showed that implementing this method helped not only in the devel-
opment of the pupils’ motor and graphomotor skills but also improvement in their
attention.

In the special pedagogical diagnostics of pupils with developmental learning
disorders, the assessment of their motor level plays an important role, also in
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view of current knowledge from the field of neuroscience. The tests that special
educators have at available for diagnostic activities cover key areas necessary for
a comprehensive assessment of pupils’ developmental capabilities. In the frame-
work of the diagnostics for determining the level of motor skills in Slovakia, we
start from diagnostic content standards (VUDPaP, 2023), which include tests such
as the MABC-2 Motor Test, the Orientation Dynamic Test of Practice, the Lat-
erality Test, Brunt-Lézineova, the Munich Functional Developmental Diagnosis,
Bayley II/I1I, BOT-2 and Strassmeier. Motor skills, as one of the key areas dur-
ing diagnosis and in the subsequent special pedagogical intervention, require the
creation of new tools. Individual methods of diagnosis work with the individual
only at the diagnostic level, and there is no follow-up intervention programme.
Validation of the application of a neuropedagogical approach to interventions in
the form of motor programmes is absent from Slovakia.

Compensation can be a relatively new diagnostic-intervention methodology
originating from Hungary — Comprehensive Movement Intervention (CMI) —
which serves as a diagnostic-intervention programme for persons with develop-
mental disorders. It focuses in the diagnosis on the assessment of fine and broad
motor skills, coordination of movements and basic elementary movements, etc.
Comprehensive Movement Intervention (hereinafter referred to as CMI) was
developed and verified in practice by the educator Kulcsar Mihalyné. The CMI
method is based on neuropedagogical approaches and knowledge from both the-
oretical and practical points of view.

Based on the theory of brain neuroplasticity (Schusterova, 2020; OECD, 2002;
Dishman et al., 2012; Doidge, 2011; Ostatnikova, 2017; Orel, Prochadzka et al.,
2017), which points to the ability of the human brain to adapt its functions im-
portant for the learning process depending on physical activity, we point out the
importance of movement as forming the basis of the CMI method (Bottydnova,
2021). Movement is important in the context of the formation of neurotransmit-
ters and synapses (Teleanou et al., 2022), through which we can achieve better
functioning of the nervous system.

We also apply the individual above-mentioned knowledge within a Compre-
hensive Movement Intervention programme. The programme consists of a diag-
nostic part and an intervention part. It needs be pointed out that in the diagnostic
part the task of the specialist is not to make a diagnosis but to evaluate whether
or not the child or pupil has mastered the given developmental areas. If the child
shows deficits, this is an indication for a professional intervention in the form of
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Comprehensive Movement Intervention.

During the testing, we assess 35 areas, which are divided into categories:
visual perception, auditory perception, motor skills, speech skills, memory skills,
thought operations and attention. It needs to be pointed out that some areas of
testing cooperate and complement each other, and they cannot be completely sep-
arated from one another; therefore, they could also be classified into two circuit
categories such as, for example, visual-motor coordination.

Movement exercises are compiled based on the results of the assessment of
the individual and are implemented systematically in the home environment. A
professional intervention in the form of frequent meetings with a certified CMI
specialist is essential. What is important is that the exercise is automated, and
the hierarchy of development of the individual’s motor skills and other systems
is maintained. The multi-stage intervention system consists of different motor
exercises, and the assigning of new, higher-level motor exercises is possible only
after the previous developmental stage has been fully mastered. According to
Kulcsar (2014), the author of the programme, the intervention process can be
ended in three ways: 1. successful completion — this means complete exhaustion
of the programmes possibilities; the goal set at the beginning is achieved through
the programme. 2. exhaustion of limits — successful completion of the interven-
tion programme and adequate control of the motor exercises; however, despite
completing the intervention programme, the individual failed to achieve the de-
sired effect (for example, parental expectations). 3. stopping the intervention pro-
gramme — the reasons for premature termination of the intervention process are
mostly due to the child’s aversion to the exercises, in which case the parents were
unable to sufficiently motivate the child to cooperate.

The target group of the Comprehensive Movement Intervention is individuals
with developmental disorders (learning disorders, attention disorders, impaired
communication skills, a preschool age child who shows immaturity, individuals
who show disorders in the motor system, sensorimotor system, etc.).

A very important fact is that the CMI programme does not claim that after com-
pleting it, the child or pupil will be “cured” of an already present diagnosis. Such
claims are not appropriate here and are not relevant. Through the programme, we
are able to eliminate developmental immaturity or deficits and achieve the child’s
individual potential, which is key to successfully mastering his or her academic
skills.

In our paper, we present some partial results of the research, which was con-
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ducted as part of a dissertation (Szaszova, 2024) in the period from 2022 to 2024
and presents the use of the diagnostic-intervention methodology Comprehensive
Movement Intervention (CMI) in Slovakia.

MATERIALS AND METHOD

A special educator should have acquired the competence to purposefully lead
an intervention process with an individual according to his or her individual needs
based on the processed diagnostics and subsequently proposed intervention. An
important component in this process is to understand the associations between
pupils’ performance and their neuroscientific background. This is also confirmed
by experts, such as Boon (2013), Thomas Ansari and Knowland (2019), Van At-
teveldt et al. (2020) and Pavova (2023), who note that scientific knowledge from
neuroscience can play an irreplaceable part in pedagogical practice.

In our research, we purposefully implement knowledge from neuropedagogy.
The implementation consists in applying the CMI diagnostic and intervention
tool, which is based on the theory stating that proper motor development is one
of the key systems for the successful functioning of a pupil in the school environ-
ment. For this reason, we apply an intervention in the form of targeted movement
exercises to pupils. We point out the fact that the CMI diagnostic and intervention
programme, using the correct motor development of the individual, subsequently
forms the basis for the successful functioning of a pupil with developmental dis-
orders in the school environment. Proper motor development is very important
from the viewpoint of the aetiology of many disorders. As many studies have
said (Grzywniak, 2017; Ashlyn, 2020), delays and even deviations in motor de-
velopment can form one group of causes of various developmental disorders. We
consider the implementation of research to verify the effectiveness of the adapted
diagnostic and the CMI intervention tool to be very important for Slovak pupils.

Methodology and Methods

The main aim of the research was to determine which areas are most impaired
during testing in a selected group of participants. A partial aim was to determine
in a selected group of pupils with developmental disabilities whether there was an
overall improvement in the areas where they showed deficits after six months of
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completing the CMI movement programme.

We were looking for an answer to the following research question: /n which
areas will pupils with developmental learning disabilities experience the greatest
improvement through the implementation of CMI with regard to impaired areas?

We verified the effectiveness of the CMI statistically, and we set up the follow-
ing hypotheses:

Hypothesis 1: We assume that after completing the CMI programme, the ex-
perimental group will in the posttest show a significant improvement in im-
paired areas compared to the status before completing the programme.
Hypothesis 2: We assume that after completing the CMI programme, each par-
ticipant will show an individual significant improvement in the posttest com-
pared to the status before completing the movement intervention.

We applied a mixed research design in the study, both a quantitative and quali-
tative methodology simultaneously (Bac¢ikova, Janovska, 2018).

TasLE 1. Research methodology

Research method | Methodology | Characteristics and frequency of the method used

verification of the effectiveness of the CMI programme

Quantitative * number uses. 2 times for each participant (pretest, posttest)

* total number of uses 20 times

observation: monthly control meetings with research
participants, monitoring their progress mainly in the
movement sphere

Experiment
(one group o
technique) Qualitative

* number of uses: 5 times for each participant
* total number of uses 50 times

assigning of relevant movement exercises based on the results

ualitative ..
Q of the assessment for each participant separately

When carrying out the research, we specifically applied the one group experi-
ment technique. We compared 35 areas of testing before and after completing the
intervention. We divided the testing areas into the following categories: visual
perception, auditory perception, motor skills, speech/language skills, memory
skills, cognitive operations, and attention. Individual areas of measurement in the
Comprehensive Movement Intervention are scored with a value of 0 if the area is
impaired, not mastered or deficient, and a score of 1 is awarded in the case of ade-
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quate mastery of the given task/area. We chose this experimental method because
it is the only research method that ensures the causal consequences of pedagogical
action and is used to assess the effectiveness of the intervention (Gavora et al.,
2010; Bacikova and Janovska, 2018). Severini and Kostrub (2018) describe an
experiment in which the observed phenomenon is intentionally manipulated. The
diagnostic component of the CMI program is not intended for the establishment
of a medical diagnosis, but rather for the identification of weakened functions
affecting learning. It is not a standardized method; the assessment is adminis-
tered individually. Furthermore, the diagnostic process may only be conducted by
a specialist who has successfully completed the theoretical and practical course
associated with the CMI program. For the proper implementation of the neuro-
pedagogical approach, it is essential to integrate the testing results with data ob-
tained from the developmental history (anamnestic data). Simply possessing this
information is insufficient; it is crucial to understand its meaning and context in
relation to current neuroscientific knowledge. Therefore, working with the CMI
program necessitates interdisciplinary thinking and the ability to adapt the inter-
vention to the individual needs of each child. The results obtained from the testing
were subsequently evaluated. The CMI diagnostic tool was administered to each
participant twice, in the form of a pretest and a posttest.

STUDY DESIGN

To verify the efficacy of the motor intervention, a quasi-experimental design
with a single group (i.e., a one-group pretest-posttest design) was utilised. Testing
was conducted in two phases—before and after the completion of the motor in-
tervention—focusing on assessing changes in selected functional domains among
the participants.

The CMI diagnostic tool allows for a comprehensive assessment of several de-
velopmental domains. The following categories were monitored within the scope
of this research:

Visual Perception: This category included tasks focused on directional and
spatial orientation, graphic connection of dots, visuomotor skills, figure-ground
differentiation, constancy of visual perception, and the identification and dis-
crimination of images.
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Auditory Perception: Assessed parameters included auditory differentiation,
ear dominance and hearing, as well as auditory memory as part of the broader
cognitive profile.

Motor Skills: Included tasks related to fine motor skills, drawing a human
figure, spatial awareness, balance, dynamic praxis, body schema perception,
cross-lateral movements, laterality, and fundamental movement skills (e.g.,
crawling, climbing, various forms of walking, jumping, head lift in a supine
position).

Speech/Language Skills: Linguistic competencies were examined, including
vocabulary, articulation, narrative abilities, and speech comprehension, along-
side general knowledge.

Memory Skills: Assessed areas included visual-mechanical, visual long-
term, auditory-mechanical, short-term, long-term auditory, and kinesthetic
memory.

Cognitive Operations and Attention: This category considered causal think-
ing, logical reasoning, attention span, general knowledge, and the constancy of
visual perception.

Social Maturity: This encompassed abilities to solve problematic situations,
the level of social maturity, and work readiness.

The application of the CMI program within the pretest-posttest design allowed

for the monitoring of the motor intervention’s effect on the development of key
learning domains. The results provided relevant data on potential changes within
the individual functional categories and highlighted the significance of targeted
motor stimulation in supporting the overall development of children.

RESEARCH PHASES

The research was structured into three distinct phases:

Phase One (September 2022 — August 2023)
This phase focused on the preparation of research instruments, participant selec-

tion, and the adaptation of the diagnostic tool to the Slovak context. This included:

* Preparation and piloting of the research instruments.
 Pilot verification of the diagnostic tool’s comprehensibility with two experts.
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» Direct work with individuals with developmental disorders, based on which
some tasks were modified to better suit the needs of Slovak-speaking children.

 Selection of the research sample via a combination of convenience and pur-
posive sampling (based on age and diagnosis; Gavora, 2010).

Phase Two (September 2023 — March 2024)
This phase involved the implementation of the research itself:
* Pretesting of participants using the diagnostic component of CMI.
» Design of individualised intervention plans.
* Home training via the CMI program (with continuous guidance and exer-
cise updates every 4-5 weeks).
* Posttesting after six months of intervention.

Phase Three (January — April 2024)
This phase was dedicated to the analysis and interpretation of the acquired data
(Szaszova, 2024).

DATA ANALYSIS PROCEDURE

At the beginning of the research, the pretest was administered according to
the CMI program methodology. Based on the pretest results, an individual exer-
cise regimen was created for each participant, focusing on areas with identified
deficits, with exercises derived from neuropedagogical principles. Participants
received instruction on the exercises, and parents were trained as co-therapists.
Home training was performed with a minimum frequency of five times per week.
Control meetings were held at regular intervals (every 4-5 weeks). During these
meetings, the CMI methodology was used to assess whether the participant had
automated the given exercises or if continued training was required. Based on
this evaluation, supplementary exercises were subsequently assigned, or the orig-
inal ones were maintained. The posttest was administered after the six-month
intervention period. The level of improvement was determined using a simple
mathematical calculation, specifically the percentage of improvement compared
to the pretest.

Furthermore, McNemar’s test—which is designed for comparing dichotomous
variables in smaller research samples—was used to analyze changes in the se-
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lected functional areas of the participants before and after the motor exercises.
This test enabled the identification of statistically significant differences in shifts,
making it particularly suitable for evaluating the effectiveness of interventions in
longitudinal research.

Although the entire CMI program is characterised as a long-term intervention
(the recommended duration is 12—-16 months), due to the time constraints of the
research, the measurement was conducted after the initial six months of the inter-
vention.

Characteristics of the research sample

We set the criteria for selecting the research sample based on the analysis of
statistical reports from school counselling and prevention facilities (both public
and private) according to the number of registered clients and the type of health
disadvantage in the 2022/2023 school year. The first largest group comprised
pupils with impaired communication skills (ICS) and in second place are pupils
with developmental learning disabilities (DLD). According to DSM-V, these di-
agnoses belong to the group of neurodevelopmental disorders, and according to
ICD-11 to mental, neurodevelopmental and behavioural disorders (APA, 2013;
WHO, 2019). In Table 2, we summarise the research sample.

TasLE 2. Characteristics of the research sample

Developmental Occurrence of
Participant Sex Age Diagnosis deviations in motor developmental
skills in early childhood | disorders in the family

P1 boy 11 ICS+DLD no no
P2 boy 9 ICS yes yes
P3 boy 8 ICS yes no
P4 boy 7 ICS yes no
PS5 girl 10 DLD yes no
P6 girl 10 DLD yes no
P7 boy 9 ICS yes yes
P8 boy 10 ICS yes no
P9 girl 9 DLD yes no
P10 boy 11 DLD yes no

Legend: DLD — developmental learning disorders, ICS — impaired communication skills
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All participants (n = 10) attended the first level of primary school. Based on
anamnestic interviews before the diagnostic-intervention process, we determined
that developmental deviations in early childhood were present in 9 participants
(n =9), and a positive family history in the form of the presence of developmental
disorders in the family was identified in 2 participants (n=2). The participants
were included in the intervention process on the basis of the identified impair-
ments (criterion for selecting participants). After the pupils’ deficits were identi-
fied, an individual intervention plan was created for each participant in the form
of movement exercises, according to the methodology of the CMI intervention
programme. The participants then did the exercises in their home environment
under the supervision of a parent (who was trained in the programme as a co-ther-
apist). Participants took part in follow-up sessions with a certified professional
every 4 to 5 weeks, where they were then assigned additional follow-up exercises
based on their individual pace of developmental.

Ethical aspects

In carrying out the study, we started from and were guided by the European
Charter for Researchers (2006), through which basic principles and ethical princi-
ples were observed. Ethical rules, such as anonymity, informed consent in accord-
ance with Act No. 18/2018 Coll. on the Protection of Personal Data, prevention
of harm and misleading the participant, were respected to the maximum extent
(Ritomsky, 2015; Kasacova, 2019, Kaposi, Szoke, 2022).

RESULTS

In the study, we monitored in which areas the participants showed the greatest
improvement through the CMI intervention in relation to impaired areas. The
following graphs interpret the overall values of positively scored areas. Graph
no. 1 shows the pretest values (before the CMI programme), and Graph no. 2
then presents the results of the research after completing the CMI intervention. It
shows the absolute improvements after six months of the CMI with respect to the
individual areas tested.
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Overall value of positively scored areas in the pretest
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Ficurk 1. Overall value of positively scored areas in the pretest (Source: Szaszova, 2024).
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Figure 1. shows the tested areas in the form of the pretest, i.e., prior to the start of
the Comprehensive Movement Intervention (CMI). Based on these results, we can
state that the participants showed the greatest impairments in the areas of memory
of elementary movements, laterality of the eye and fine motor skills. These results
were not surprising, since individuals with developmental disorders often have
impairments in the area of fine motor skills of the hands. Impairments in elemen-
tary movements point to the fact that the participants have not correctly mastered
some basic movement patterns (e.g., crawling, climbing, etc.), which form the
developmental basis for the proper development of not only motor skills, but also,
for example, visual perception, spatial orientation or attention (Szaszova, 2024).

Figure 2 shows the areas tested after six months of performing the CMI programme.
The individual scores indicate absolute improvement in relation to the areas tested.
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Absolute improvement by individual areas of testing
(posttest)
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FiGURE 2. Absolute value improvement after completing six months of the CMI intervention in the
individual tested areas (Source: Szaszova, 2024).
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The results show that the greatest improvement after a six months of the in-
tensive CMI intervention were observed in the areas of fine motor skills, bal-
ance and attention. It should also be pointed out that from these areas only fine
motor skills appeared among the most impaired areas in the pretest. This means
that the greatest improvement in relation to the impaired areas occurred in fine
motor skills. From the viewpoint of the intervention effect, what is important
for us is that positive changes occurred in areas such as balance and attention,
which although not deficient in every participant, showed improvement after
completing the CMI intervention in all participants who had deficits in balance
and attention. The mentioned improvements are related. Positive progress oc-
curred in the area of balance, as we purposely stimulated the vestibular system
of our participants through movement exercises. The vestibular system forms
the basis of a person’s sensory system. A person’s central nervous system gives
priority to motor activity (particularly in the first years of a person’s life), when
these movements are automated; this means that the person can move or act
without thinking about it (Wiliams, Schellenberger, 1996 in Bottyanova, 2021).
These areas are closely associated with attention, since if they function correct-
ly, the child does not have to make an extreme effort to focus his attention on
a specific activity. The results thus indicate that we cannot separate individu-
al sensory or sensorimotor or even perceptual-motor systems from each other
and deal with individual deficits of some functions in isolation. The individual
needs to be perceived comprehensively and with a holistic approach to develop
his or her potential.

Hypothesis testing (statistics, statistical hypothesis testing)

Hypothesis No. 1: We assume that after completing the CMI programme, the
experimental group will show a significant improvement in the impaired areas
in the posttest compared to the state before completing the programme.

In the comparative analysis, our aim was to determine whether a statistically
significant change occurred in the participants overall after completing the six-
month CMI programme. In this regard, we summed the values 0 and 1 from the
original 35 testing areas, which gave us a score on a scale from 0 to 35. This
means that the higher the score, the better the results. In this case, it is a continu-
ous variable, i.e., comparing the values from the pretest and posttest. For a statisti-
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cal evaluation of the data, we chose a paired t-test and worked with a significance
level of 5% (alpha=0.05).

TasLE 3. Statistical evaluation of the data — paired t-test (Source: Szaszova, 2024)

Test N M SD t df P
Pretest 15.70 5.23

10 -10.483 9 <0.001
Posttest 28.40 3.86

Legend: N — number of participants, M — mean value, SD — standard deviation, t — test statistic of
paired t-test, df — number of degrees of freedom, p — p-value

The table shows that the test yielded a p-value of less than 0.05, which means
that the difference between the pretest and posttest is statistically significant.
The raw score of the participants in the pretest was 15.70. In the posttest, the
score increased to 28.40, which is a significant rise. The p-value of the paired
t-test confirmed a statistically significant difference. This means that within the
posttest there was a significant improvement when applying the six-month CMI
movement intervention.

The results confirm hypothesis no. 1, that after completing the six-month CMI
movement intervention, a significant improvement occurred in the experimental
group in the posttest in the impaired areas compared to the status before complet-
ing the CMI programme.

Hypothesis 2: We assume that after completing the CMI movement inter-
vention, each participant will show individual significant improvement in the
posttest, compared to the status before completing the movement intervention.

Based on the implementation of the CMI intervention for each participant, we
assessed the effectiveness of the CMI programme using the McNemar test. With
the McNemar test, we worked with a significance level of 5% (alpha=0.05). If
the results in the test were in the form of a p-value less than 0.05, the difference
between the groups before and after testing was statistically significant.
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TaBLE 4. Summary interpretation of statistical significance of data — pretest and posttest of the CMI
programme (Source: Szaszova, 2024)

Participant N Pretest Posttest p-value (McNemar test)
P1 21 31 0.002
P2 12 29 <0.001
P3 13 29 <0.001
P4 7 27 <0.001
P5 15 24 0.012
35

P6 20 33 <0.001
P7 9 20 0.001
P8 19 31 <0.001
P9 20 31 0.001
P10 12 29 0.021

Legend: N=total number of testing areas, pretest, posttest=achieved values, p-value=statistical
indicator

Table 4 shows statistically significant values. The McNemar p-value shows a
value less than 0.05 for each participant. Therefore, based on the results of the
McNemar test, it can be concluded that each participant experienced significant
improvement after completing six months of Comprehensive Movement Inter-
vention. Hypothesis 2 was confirmed.

DISCUSSION

Through a pretest, we identified the most frequently impaired areas in pupils
with developmental disorders (developmental learning disorders, impaired com-
munication skills). On the basis of this, we set up an individual exercise pro-
gramme for each participant focused on the impaired areas in the form of motor
exercises. The pretest showed that the following areas were most impaired in
the research participants — memory, elementary movements, dominance and fine
motor skills. These areas were evaluated at a level of zero for all participants. In
the posttest, we focused on whether improvements occurred in these areas, or
whether the movement intervention had a significant impact on other areas at the
same time. The posttest showed that significant improvements occurred in the ar-
eas of fine motor skills, balance and attention. This was thus a total improvement
of 70%, because even though balance and attention were not recorded as the most
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impaired in the pretest, the improvement after completing the six-month CMI in-
tervention was much more significant than in the areas (elementary movements,
memory dominance) that were assessed as the most deficient.

We must note, however, that immediately after the areas with the best improve-
ment (attention, balance, fine motor skills) with a value of 60%, improvement
was also seen in elementary movements, which were identified as deficient areas
in the first testing. If we compare the obtained data, we can state that the individ-
ual areas correlate, and it can be said that the greatest improvements occur in the
areas of fine motor skills, balance and attention (Szaszova, 2024).

The results of research and professional publications confirm that movement is
an essential and important part of the intervention within the comprehensive care
of individuals with developmental disorders (Goddard Blythe, 2016, Kulcsar,
2020, Stephen Sarlos, 2022). Our research on the use of CMI movement inter-
vention in pupils with developmental disorders also confirmed this. The areas
in which participants progressed during the movement intervention (after six
months of exposure) are attention, fine motor skills and balance. Our study re-
sults are consistent with research conducted in the United States (Ashlyn, 2020),
which noted that after completing a movement intervention the research sample
improved attention and motor skills. Our results are also confirmed by Polish
research (Grzywniak, 2017). After an intervention there, it was found that the
motor programme was effective mainly in the areas of concentration of attention
and motor skills, specifically motor coordination, which is a person’s balance, is
also mentioned. According to our research, stimulation and targeted working on
individual sensory or sensorimotor systems has an effect and its justification in
pedagogical sciences. The vestibular system, together with other systems (pro-
prioceptive) form the basis of a pupil’s successful functioning in the school envi-
ronment. Our participants showed deficits specifically in these areas, which sub-
sequently formed the basis of functional attention, or eye-hand coordination, eye
movement control and motor planning. Individuals with developmental disorders
often have problems with these systems, which are areas that form the basis for
the learning process.

Experts (Goddard Blythe, 2016; Kiraly, Szakaly, 2011; Kulcsar, 2014 in Bot-
tyanova, 2021) are of the opinion that the effectiveness of intervention pro-
grammes lies in their systematicity and intensity, in a regular time sequence. Our
research also confirm these statements, since through systematic exercise we re-
corded significant improvements in impaired areas in our participants. Regular in-
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terventions in the form of exercises of individual motor skills improve executive
functions and also have an effect on the learning process itself (Dishman et. al.,
2012). It is important to state that for the intervention programme to be as suc-
cessful as possible regular home exercise requires significant internal motivation
and perseverance on the part of the parent. An essential factor, among others, is
the trust of the parent towards the expert. These facts confirm that, in addition to
the correct intervention, the overall attitude of the parent, family or child towards
the intervention process is also key.

CONCLUSION / SUMMARY

The aim of this study was to determine the overall effectiveness of the Com-
prehensive Movement Intervention (CMI) programme in an experimental group
of Slovak pupils. The results point to the effectiveness of the programme, since
the improvement in each participant showed notable significance (which is also
confirmed by statistical data). We further state that the theory of brain neuroplas-
ticity, on which the CMI programme is based, has its place and justification in
special pedagogy. We implemented movement elements into the intervention in
such a way as to utilise the potential of the brain and achieve its greatest possible
progress in the participants. We can conclude that the theory of brain neuroplas-
ticity, which states that some brain functions can change based on physical activ-
ity, remains valid (Rakus, 2009; Egyed, 2011;Varga, 2016; Schusterova, 2020).
Our results suggest that individuals with developmental disorders have difficul-
ties in the motor sphere (elementary movements) regardless of whether they are
developmental learning disorders or impaired communication skills (Szaszova,
2024). From our point of view, a comprehensive holistic approach is an appropri-
ate method that offers a wide range of usability to the special educator. Compre-
hensive movement intervention — CMI appears to us to be one of the appropriate
and adequate forms of assistance, though we are aware of the need for further,
primarily longitudinal, research in this area. Completion of the six-month inter-
vention showed positive changes in the area of perceptual and motor abilities in
our participants, but areas where the participants show deficits remained. The
results also indicate that the assessment of motor areas within special educational
diagnostics has an important role, since motor areas also have an indirect impact
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on other functions participating in the learning process.

We see the limitations of our research in the number of participants, which
prevents the generalization of the results to a broader population of children with
specific developmental disorders in Slovakia.

The number of participants in our research was influenced by several objective
and organizational factors related to the course of the intervention itself. Some
participants were excluded due to insufficient continuity in home-based exercises,
which closely correlated with varying levels of motivation, persistence, and per-
sonal commitment of the parents, who acted as co-therapists in the home setting.
These aspects were monitored and continuously assessed during the study.

It should also be noted that the research was conducted by a single research-
er without the support of a broader research team. From a methodological per-
spective, however, the program requires intensive and individualized attention
for each participant in order to ensure that all intervention principles are adhered
to and that a systematic approach is maintained in the research process. Given
the limited personnel capacity, it would not have been possible to guarantee the
qualitative integrity of the intervention according to the program’s standards with
a much larger sample size.

For these reasons, we recommend that similar research in the future be conduct-
ed with the support of a professional team, thus creating the opportunity to expand
the sample size while maintaining methodological accuracy and systematic im-
plementation. This approach would also allow for the acquisition of statistically
robust and more broadly applicable results.

Another significant limitation is the absence of a control group, which would
have allowed for a comparison of the effects of the movement intervention with
natural development or alternative approaches. The inclusion of a control group
would have substantially increased the methodological robustness and validity of
the findings. Therefore, it is imperative to include this element in future research.

A further limiting factor is the time frame of the study — the program was as-
sessed after 6 months, although the standard duration of the intervention within
the given framework is 12 to 16 months. It is therefore possible to assume that
the full completion of the program could have led to more significant or different
outcomes that are not captured at this stage.

For the aforementioned reasons, the results of this study should be interpreted
with a certain degree of caution. Despite these limitations, however, the study
provides important insights into the practical implementation of a movement in-
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tervention for children with neurodevelopmental disorders in the context of Slo-
vakia, where such research remains insufficiently developed. The presented find-
ings thus serve as a foundational framework for further scientific research with a
broader methodological scope.

This contribution is part of the output of VEGA project no. 1/0196/23 Ap-
proaches, interventions and attitudes of teachers towards pupils with specific
learning disabilities and specific behavioural disorders (ADHD) in Slovak pri-
mary schools.

Data Availability Statement

Data supporting this study are available from (https://opac.crzp.sk/?fn=Result-
FormChildO2ELOL&seo=CRZP-Zoznam-zaznamov ) or are available upon re-
quest from the academic library of Comenius University in Bratislava, as part of
Nikoletta Szaszova’s dissertation.
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OD DIJAGNOZE DO INTERVENCIJE: NEUROPEDAGOSKI PRISTUP UTEMELJEN
NA DIJAGNOSTICKO-INTERVENCIJSKOM PROGRAMU
COMPREHENSIVE MOVEMENT INTERVENTION

SAZETAK

Rad se bavi ucinkovito$¢éu dijagnosticko-intervencijskog
programa Comprehensive Movement Intervention (CMI),
koji se zasniva na nacelima neuropedagogije i naglasak
stavlja na ispravni motoricki razvoj kao kljuéni ¢imbenik
za uspjesno funkcioniranje ucenika s potesko¢ama u ra-
zvoju. Istrazivanje je provedeno na uzorku od deset osnov-
noskolskih u¢enika prvog razreda s poteSko¢ama u razvoju
i smanjenim komunikacijskim vjestinama. Provedba pro-
grama trajala je Sest mjeseci, a sudionici su individualne
vjezbe izvodili kod kuée pod roditeljskim nadzorom, uz
redovne preglede svakih Cetiri do pet tjedana. U istrazi-
vackoj metodologiji kvantitativni pristup kombiniran je s
kvalitativnim, a u¢inkovitost je mjerena eksperimentom na
jednoj grupi. Pred- i posttestom ocjenjivalo se 35 podrudja,
svako na skali od 0 (smanjeno) do 1 (svladano). Rezulta-
ti su pokazali strateski znacajno poboljSanje: prosjecna se
ocjena povecala s 15,70 na 28,40 (p < 0,05, t-test za zavi-
sne uzorke). Najvece je poboljsanje zabiljezeno na podruc-
ju fine motorike, ravnoteze i pozornosti, a svi su sudionici
pokazali napredak u bar jednom od promatranih podrucja
(100% uspjesnost, McNemarov test, p < 0.05). Nalazi po-
tvrduju da motoricke intervencije mogu znatno utjecati na
percepcijske i1 kognitivne funkcije ucenika s potesko¢ama
u razvoju. U radu se istodobno isti¢e potreba za longitu-
dinalnim istrazivanjem na vecem uzorku i s kontrolnom
skupinom. Po svemu sude¢i, program CMI ima potencijal
kao alat u poticanju inkluzivnog obrazovanja. Studija je
provedena u sklopu projekta VEGA br. 1/0196/23.

KLIUCNE RUECT:

neuropedagogija, motoricka inter-
vencija, neurorazvojni poremecaji,
Comprehensive Movement Inter-
vention
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