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The purpose of the article is to reveal the impact and
effectiveness of inclusive physical education of students with
disabilities. Research methods used: theoretical analysis, synthesis,
systematization, generalization of data from scientific-methodical
and special literature, pedagogical experiment, pedagogical testing,
mathematical methods of processing digital arrays, comparative-
statistical method, system-functional analysis. The results. Based on
the results of the search activity, we received data indicating the
following. Positive changes in the indicators of the experimental
group students in all studied parameters of sensorimotor response
were established, which testify to the improvement of the
functional state of the central nervous system in the students of
the experimental group after the end of the experiment. The result
of the purposeful correction of the inclusive physical education
of students with disabilities was that the positive dynamics of the
coefficient of mental performance at the end of the study among the
students of the experimental group was within 15 %. According to
the integrative assessment of all studied parameters, it can be stated
that after the end of the experiment, there is a general tendency
to increase the results of the test tasks, which were at an average
level in the vast majority of students of the experimental group
(63.4 %). Conclusions. The results of the conducted research provide
grounds for a conclusion regarding the possibility of purposeful
correction employing inclusive physical education of the state of
the sensorimotor reaction and its components and therefore have
a comprehensive effect on the improvement of the main indicators
of psychophysiological functions: the final data of the empirical
experiment proved the effectiveness of the innovations introduced
in the inclusive physical education of students with disabilities.

Key words: students, disabilities, inclusion, physical education,
sensorimotor reaction, psychophysiological functions.

OkcaHa bnasr, Cepriii AHgpeeB, Bacunb Jliwyk, Cepriit CTenaHKoB.
Perynauisa ceHCOMOPHOro pearyBaHHA 3400yBadiB BMUWOI OCBITM 3
0c06AMBUMM OCBITHIMM NoTpebamu B Npoueci iHK/3UBHOTO Gi3UYHOro
BUXOBAHHA.

AHoTaujis. Mema cmammi — BUABUTU eDEKTUBHICTb BNIUBY iHKAIO-
3MBHOrO i3NYHOro BMXOBaHHA 3406yBayiB BULLOI OCBITM 3 0cOBAMBUMM
OCBITHIMM NOTpebamy Ha PO3BUTOK CEHCOMOPHOI peaKLii. BukopucmaHri
mMemoou O0CNiOHEHHA: aHani3, CUHTE3, cucTemaTusalis, y3araJbHeHHs
[AHVX HayKOBO-METOAMYHOI Ta CreLiasibHOi NiTepaTypu, CUCTEMHO-DYHK-
LiiOHaNbHWI aHanis, NefaroriYHnii EKCNEPUMEHT, NeAAroriYHe TECTYBaHHS,
MaTemaTuyHi metoan 0b6pobku LudpoBUX MmacusiB. Pesyssmamu. 3a
pe3ynbTaTammn NOLYKOBOI AiANbHOCTI OAepMKanu AaHi, Wo cBiaYaTb Npo
TaKe. YCTAaHOBNEHO MO3WUTMBHI 3MiHM Yy MOKAa3HMKax CTYAEHTIB eKkcne-
PUMEHTaNIbHOI TPynu 33 BCiMa AOCNIAXKYBAaHMMM MapaMeTpamu CeHco-
MOTOPHOrO pearyBaHHA, AKi 3acBiA4YOTb NOKPALLEHHA GYHKLiOHaNbHOro
CTaHy LEHTPanbHOI HEepBOBOI cuCTeMM Yy 3400yBayiB BWLLOI OCBITM
eKcnepyMMeHTanbHOI rpynu NicnA 3akiHYeHHA ekcnepumeHTy. Hacnigkom
LinecnpAmoBaHOi KOpeKLii iHKM03MBHOMO ¢isVYHOro BMXOBaAHHA 340-
byBayiB BMLWOI OCBITM 3 0COBAMBMMM OCBITHIMM MoTpebamu cTano Te,
WO MNO3MTMBHA [AMHAMIKA KoedilieHTy po3ymoBOi Npaue3aaTHoCTi
Nno 3aKiHYeHHi AoChiaXeHHA
nepebysana B mexax A0 15 %. 3a iHTErpaTMBHOK OLLHKOK YCiX A0C-
NigpKyBaHUX NapamMeTpiB MOXKHa CTBEPAKYBATW, L0 MiCNA 3aKiHYEeHHA
eKCnepuMMeHTY CMoCTepiraETbCcA 3arajibHa TeHAeHUiA [0 3pocCTaHHA
pe3ynbTaTiB BUKOHAHHA TeCTOBMX 3aBAaHb, AKi Yy NepeBakHOI HinblocTi
CTYZAEHTIB eKcnepvmeHTanbHoi rpynu (63,4 %) 6ynnm Ha cepegHbomy
piBHi. BucHosKu. MNiacymKn NpoBeaeHOro AOCAiAXEHHA, AatoTb MiACTaBn
BMCHOBKY LLOA0 MOMAMBOCTI LNECNPAMOBAHOI KopeKLuii 3acobamm iHK-
Nt03UBHOMO i3UYHOrO BMXOBAHHA CTaHy CEHCOMOTOPHOI peakuii Ta i

Yy CTYAEHTIB eKCnepuMMeHTanbHOi rpynu

KOMMOHEHTIB, a BiZiTaK KOMMNEKCHO BM/IMBAIOTb HA MOKPALLEHHA OCHOBHUX
NOKa3HMKIB NcMxodizionoriyHmx GyHKLiN: NiACyMKOBI AaHi emnipuyHoro
EeKCNepUMEHTY 3acCBigYMAN AiEBICTb YyNPOBaAMKEHUX HOBALM Yy iHKAO-
3uBHe di3nyHe BUXOBAHHSA CTYAEHTIB 3 0COBIMBUMM OCBITHIMK NOTpebamu.

Kniouosi cnosa: 3106yBayi BMLLOI OCBiTU, 0cObi OCBITHI NoTpebu,
iHKNt03iA, Gi3MYHe BUXOBAHHA, CEHCOMOTOPHA peakKuis, ncuxodisionorivHi
dyHKU;i.

Introduction

Problem statement. Currently, according to statistics,
out of 2.5 million students in higher education institutions
in Ukraine, 8 thousand of them have disabilities [1].
Education support for students with disabilities in higher
education institutions exists in all developed countries of
the world. The education of persons with disabilities is
regulated by normative legal acts in the field of education
and legislation on the rights of persons with disabilities.

The integration of young people with disabilities into the
educational environment, but also society, helps them
acquire professional knowledge, get a profession, self-
realization, achieve success in life and further career, and
feel like full members of society. This inclusive approach
also requires the adaptation of teaching strategies [9].
Achieving the benchmarks determined by the state
in the process of forming strategies for teaching students
with disabilities largely depends on the success of practical
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medicine and therapeutic physical education [8]. At the
same time, medical experts consider physical activity with
the use of physical education as a priority [6]. Systematicity
and continuity of its implementation in combination with
the efforts of the educational community are considered
an effective way to solve the problem of providing quality
educational services to students with disabilities in
institutions of higher education [7].

Analysis of recent research and publications. The
problem of inclusive education in universities is relevant
and covers a wide range of scientific research. In scientific
publications, special attention is paid to the possibilities
of physical education in the process of facilitating the
adaptation of students with physical disabilities to the
conditions of study in institutions of higher education
[6]. It has been proven that one of the most important
components of social and mental adaptation to study
in institutions of higher education for students with
disabilities is physical education [8].

Physical activity is fundamental to health and personal
well-being [15]. Providing high-quality physical education
is a factor in improving the physical condition of students
with disabilities (UNESCO, 2015). It is considered, first
of all, as one of the most effective means of improving
health (somatic, mental, social), physical fitness, results of
educational activities, restoration of general physical and
mental capacity [5; 10; 13; 15].

It was determined that the leading role of physical
education lies in the prevention of an unsatisfactory state
of health for students, as a consequence of adaptation to
the process of studying at universities [1]. It is believed [9]
that further appropriate correction of this process with
adequate pedagogical means and methods with the use
of physical exercises is of great importance for achieving
the goal [8].

Each studentwith disabilities has certain characteristics
and limitations that make learning difficult. A somatic
disease can also negatively affect the change in the
biological conditions of activity, under the conditions of
changes in the central nervous system under the influence
of pathogenic factors. In addition, the presence of the
disease determines the dynamics of activity, endurance to
loads (both physical and mental), stability of the energy
potential of activity, preservation of its operational
composition, etc [10; 13; 16; 17].

At present, there is no comprehensive study of the
indicators of physical education influence on the correlation
of disorders in the body caused by the presence of a somatic
disease, which greatly complicates the identification of
regular trends, sex-age, and disease-related features of their
changes, includingissues related to studying the peculiarities
of the functioning of the central nervous system under the
influence of physical stress.

124

The purpose of the article is to reveal the effectiveness
of inclusive physical education for students with disabilities
on the development of sensory reactions.

Materials And Methods

The used research methods of the theoretical and
empirical analysis, synthesis,
systematization, generalization of data from scientific and
methodological, and special literature.

Methods of obtaining empirical data: pedagogical
experiment, pedagogical testing, mathematical methods
of processing digital arrays, comparative-statistical
method, system-functional analysis.

The level of development of sensorimotor reaction
was studied using a specialized test exercise «Test for
measuring the reaction to a moving object» [3].

All statistical analyzes were performed using SPSS
Version 21. The test results were processed using analysis,
only statistically significant values were taken into account,
namely at the level of a = 0.05. The organization of the
study took into account the provisions of the Helsinki
Declaration of the World Medical Association (WMA-2013)
on the ethical principles of medical research with human
participants.

(1) Participants: The research was conducted in
the Department of Physical Education of the National
University «Lviv Polytechnic» during the one-year course
of physical education. 20 first-year students (an equal
number of girls and boys) took part in the experiment. The
study was conducted following the Helsinki Declaration of
the World Medical Association (WMA-2013) WMA, Ethical
Principles of Medical Research Involving Human Subjects.

Physical education of students with disabilities
involves ethical issues and lengthy procedures. The sample
size is determined by the number of enrolled students with
disabilities. After they agreed to participate, consent was
obtained from their classmates and physical education
teachers. The limited number of participants in this study
suggests obtaining information about group patterns
rather than significant values.

The control group (CG) was formed according to the
principle of cluster analysis, meeting the requirements for
the sufficiency of the sample volume at the probability
level of p<0.05. The research took place following the
written consent of students with disabilities.

(2) Organization of the study: An innovative program
of inclusive physical education was used to conduct the
empirical study. The defining difference of this program
is the individualization of corrective and developmental
means used in the process of physical education of
students with disabilities.

The experiment was implemented during two
academic semesters. At the first stage of the study, all
students of the studied sample made three attempts in the
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test to determine the sensory response. The results were
recorded using a stopwatch. Based on the results of three
attempts, the average result was determined.

At the second stage of the study, all students who
participated in the pedagogical experiment made three
attempts in the test to determine the motor reaction. The
results were recorded using the device.

Test control of the speed of a complex sensory reaction
using the device does not require special training for
students. There is no inconvenience during the tests. This
is ensured by the use of wireless data transmission lines in
the system. The duration of processing and transmission
of information in real-time, which consists of the time
of receiving it (usually within 20 seconds), and the time
of reviewing the received data and analyzing the results
of processing during mass surveys, does not exceed two
minutes.

Results

First of all, we note that a complex sensorimotor
reaction is determined by the ability to respond correctly
and on time to a surrounding irritant. At the heart of
responding to a moving object is the ability to constantly
keep it in the field of vision. This process is correlated with
the activity of the central nervous system, which in turn
ensures intramuscular and intermuscular coordination;
the mobility of nervous processes, which is manifested in
the perfection of the processes of excitation and inhibition
in various departments of the nervous system, and the
level of neuromuscular coordination. The state of motor

Table 1 — Results of monitoring the state of sensorimotor reactions

reaction development is an indirect objective indicator
of the maturity of various departments of the central
nervous system. Most motor acts are possible only under
the condition of close interaction of visual, auditory,
tactile, and motor-kinesthetic analyzers. That is, precisely
those processes that are physiologically disturbed due
to the presence of the somatic disease contingent in the
students under study.

Control of sensorimotor response was used to
determine the speed and stability of motor-sensory
response as a predictor of the functional state of the central
nervous system. The latter is the main indicator of basic
speed capabilities, and in the dynamics of observation, it
shows the strength of excitation, internal inhibition, and
mobility of the main nervous processes [13]. The study of
sensorimotor is due to the need to take into account the
functional mobility of nervous processes, which are found
in the conditions of professional activity. In addition, the
indicators of the sensorimotor test reflect the level of
development of cognitive processes and the specificity of
programming, regulation, and control of the central motor
analyzer. There are also data on the relationship between
latent periods of motor reaction and the development of
neuropsychological fatigue and the success of the mental
activity. The theory about the dependence of the ability to
react with mental abilities is confirmed in Galton’s writings.

So, using the developed method, we obtained the
following results of monitoring the state of sensorimotor
reactions of students of the experimental groups (Table 1).

EG (n=20) CG (n=20)
I .
nvestigated at the beginning after + at the beginning after
parameters p +( %) P
%)
X s X s | (% X s X s
MWC b 6.06 0.44 4.76 0.61 21.4 | <0.001 6.26 0.37 6.22 0.44 0.6 >0.05
c.u. g 7.01 0.91 5.72 0.77 18.4 | <0.05 7.14 0.29 7.12 0.38 0.2 >0.05
LMA b 2.38 0.61 3.09 0.72 29.8 | <0.01 2.47 0.42 2.45 0.48 0 >0.05
c.u. g 2.26 0.68 2.90 0.78 28.3 | <0.01 2.30 0.31 2.36 0.61 0.21 | >0.05
b 0.53 0.10 0.66 0.09 24.5 | <0.01 0.52 0.08 0.52 0.04 0 >0.05
MWC, %
g 0.51 0.09 0.63 0.11 23.5 | <0.01 0.50 0.05 0.51 0.03 2.0 >0.05
b 0.59 0.09 0.75 0.08 27.1 | <0.05 0.60 0.07 0.65 0.03 8.2 <0.05
CMC, c.u.
g 0.53 0.11 0.64 0.04 26.9 | <0.05 0.55 0.09 0.58 0.06 4.7 >0.05
b 371.2 22.1 316.3 27.1 15.2 | <0.05 367.7 23.2 365.2 19.4 0 >0.05
LP SV-MR, ms
g 354.2 29.7 315.1 31.2 12.4 | <0.05 351.6 28.8 350.6 22.1 0 >0.05
b 31.44 1.18 40.4 0.88 28.2 | <0.05 31.67 1.23 32.51 1.12 2.3 >0.05
LVA, Hz
g 32.04 1.01 42.11 131 29.7 | <0.05 32.15 1.43 33.78 1.52 3.7 >0.05
N ot e: b - boys; g — girls; MWC — mental working capacity; LMA — lability of the motor apparatus; CMC — coefficient of mental capacity;

LVA lability of the visual analyzer; LP SV-MR latent period of a simple visual-motor reaction; CG control group; EG experimental group;

c.u. — conventional units
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Since the strength of nervous processes is an
indicator of the working capacity of the nervous system.
its dynamics. provides the main information regarding
the qualitative analysis of mental working capacity as an
indicator of the functional state of the students’ body
(based on motor reactions), the results obtained at the
beginning of the experimental study of the coefficient of
mobility of the nervous system, which is an indicator of
dynamic of working capacity, according to the qualitative
criterion, 5.2 % of students had the first degree, all the
others —the second. Individuals with a high degree among
the students of the research groups were not identified.
We believe that the obtained results are the result of an
increase in the pace capabilities of the nervous system,
which are caused by a complex of central and peripheral
changes in its state. As a result, morphological changes in
the state of the students’ bodies lead to an increase in the
mobility of nervous processes based on the improvement
of sensorimotor reactions [2].

In general, positive changes in the indicators of
the students of the experimental group in all studied
parameters indicate an improvement in the state of the
neuromuscular apparatus and a shift in the balance
towards excitement. Accordingly, the ratio of the number
of positive test results gives grounds for asserting the
improvement of the functional state of sensorimotor
reactions in students of the experimental group after
the end of the experiment. In 28.3 % of these students,
motor disinhibition was observed, which is a consequence
of the increased level of neuromuscular excitement.
Students of the control group are significantly behind in
the development of sensorimotor reactions.

In addition, the indicator of the speed aspect of
psychomotor activity was studied, which is one of the
integral signs of its lability, which determines the level
of development of such a synthesized parameter as the
speed of central processing of information and decision-
making — the lability of the motor apparatus. Its indicators
among the students of the research groups before the
start of the experiment are at a low level, which indicates
a decrease and exhaustion of plastic and strengthening
of inert processes in the central nervous system. An
improvement of up to 19.9 % in the index of the lability
of the motor apparatus in students of the experimental
group after the end of the experiment indicates the
establishment of trophic and energy processes and their
vegetative regulation.

Analysis of the stability of the motor system proved
that the results of boys were significantly higher (p<0.001)
than the results of girls. It is substantiated that the ability
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to perform movements at a certain pace and its stable
preservation largely depends on individual and typological
features [5].

Taking into account the fact that the development
of mental capacity takes place according to general
ontogenetic laws, the structure and complexity of its
formation make it possible, by finding effective means,
to correct the psychophysiological mechanisms of its
development in physical activity: at the end of the
experiment, the coefficient of mental capacity in the
students of the experimental group in numerical values
approaches one values: its positive dynamics is up to 15 %.

The lability of the visual analyzer was determined
as an integrative characteristic of the lability of the
central nervous system, the mobility of nervous
processes in the central nervous system. and changes
in its functional state as a whole. The need to control
the functional state of the central nervous system, as a
component of psychophysiological functions, is because
in certain cases, the presence of diseases in the body
at different levels of the nervous system is mainly
functional neurodynamic [13].

Many students, along with somatic disorders, have
disorders of the cardiovascular, respiratory, endocrine
systems, internal organs, vision, hearing, as well as
multiple combined defects. According to the integrative
assessment of all studied parameters, it can be stated
that after the end of the experiment, there is a general
tendency to increase the results of the test tasks, which
were at an average level for the vast majority of students
in the experimental group (63.4 %).

Discussion

Our research is justified by the position that physical
education is one of the main ways of correcting violations
of physical development, motor readiness, psychomotor
skills, and willpower of students with disabilities [13]. We
support scientific approaches [1; 11], and to work with
such students, it is necessary to introduce special methods,
pedagogical technologies, and adaptive technical means
into the process of physical education.

Scientific ideas have been expanded [7; 8] regarding
the need to take into account that, as a rule, such students
have certain problems: gaps in knowledge, characterized
by increased fatigue, isolation, low self-esteem, and
vulnerability. At the same time, they believe [1] that for
them it is impossible to slow down the pace of learning
or reduce the number of pairs because this reduces the
quality of professional training. In addition, students
with disabilities often have delays in the development of
gross motor skills due to conditions such as hypotonia
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or dyspraxia. Sensorimotor reaction time is considered
an independent psychophysical indicator or indicator
for students with disabilities [14]. Therefore, our study
expands scientific information [3; 11] on the use of
complex sensorimotor reaction time as an indicator of
mental performance.

Students with somatic diseases are allocated to a
special group: diabetes, bronchial asthma, diseases of the
cardiovascular system, etc. Such students are characterized
by increased excitability and exhaustion of nervous
processes, some intellectual inflexibility, weakening of
active attention, reduced memory for current events, and
increased lability of the autonomic nervous system, which
is not accompanied by increased motor activity [5]. The
conducted scientific research was based on the fact that
the reaction time is used as an indicator of the functional
state of the nervous system [13]. The accumulation of
knowledge in this field has formed a theory about the
connection of a certain reaction time with the development
of neuropsychological fatigue and the success of the mental
activity [2]. In the implementation of voluntary visual-
motor reactions, such components of brain activity as the
visual and somatosensory system, chains of simultaneous
synthesis of sensory signals, systems of building a
program of motor activity and its implementation, which
are synthesized with chains of regulation and control of
cognitive activity and are an objective indicator of the
discriminative function of the brain [3]. Therefore, the
results of the conducted scientific research confirm [11;
14] that improving the state of the sensorimotor reaction
of students with disabilities improves the state of the
functional systems involved in the organization of such
a reaction, which, in turn, correlates with the analytical
functions of the brain.

The data gained further development that most
often scientists study the effects of physical exertion on
indicators of physical development and physical fitness,
and somewhat less often — on indicators of cognitive
activity.

Conclusions

In the search for a solution to the important task of
realizing the right of persons with disabilities to receive
education at the national and state levels, inclusive
educational practices at the university are given priority.

The essence of purposeful influence through physical
education, taking into account the age characteristics of
the manifestation of the components of physical activity in
students with different profiles of functional deviations, is
the possible achievement of an individual maximum level
of physical and motor development, which ensures a full-
fledged, productive life and activities in higher education.

The rational construction of the process of physical
education of students with special educational needs
requires systematic pedagogical control over psycho-
physical development, as well as the development of
unified means of in-depth examination in the process of
individual use of inclusive physical education programs.
The results of the conducted empirical investigation show
that the use of innovative technologies in the organization
of control procedures of physical education of students
with special educational needs and their elements
contributes to the effectiveness of solving leading tasks
and ensures the development of the main components of
the psychophysical state.

The results of the conducted research provide grounds
for a conclusion regarding the possibility of purposeful
correction employing inclusive physical education on the
state of the sensorimotor reaction and its components,
and thus have a comprehensive effect on the improvement
of the main indicators of psychophysiological functions:
the final data of the empirical experiment proved the
effectiveness of the innovations introduced in inclusive
physical education. To improve the general psychophysical
condition of students with disabilities, it is advisable to
design the content of the corresponding program, taking
into account the obtained results.

Conflict of interest. The authors state that there is no
conflict of interest.
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