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Abstract

Objectives. This study aimed to determine the degree of authenticity for the test implemented using a programmable
installation for monitoring the functions of functional mobility, gait, and the state of the vestibular apparatus

in students with disabilities who have sustained a blast traumatic brain injury.

Material and methods. The study included a total of 39 first-year students with disabilities after an explosive brain
injury. The following methods were used: theoretical analysis of scientific and methodological literature, the method
of technical modelling, pedagogical testing, pedagogical experiment, and methods of mathematical statistics. In order
to ascertain the efficacy of the proposed intervention, a 10-meter walking test was conducted.

Results. The result of our study was the development using information systems and networks of a programmable
device for the implementation of the 10-meter walking test, which is used to monitor the recovery of functional
mobility, gait, and the state of the vestibular apparatus in students with disabilities after an explosive brain injury.

The installation was based on a network of sensors organized according to the Arduino microcontroller platform.
Acoustic, optical sensors, distance sensors, proximity sensors, presence sensors, and spatial position sensors have been
placed to record the results of the test distance. The sensors, having received an information signal about the student
passing the test, transmit it to the controller. In the controller, information is identified, processed, calculated and
transferred to a personal computer, where it is displayed on the screen and reproduced graphically. The software
ensures maintainability throughout the test, as well as efficiency of data processing, calculation of required parameters
and their storage. Data processing is implemented using image analysis systems based on neural networks. According
to the findings of testing and correlation analysis, indicators’ authenticity degree for the used tests were established,
which differed by the means of measuring the results. The level of correlation coefficient between the values for test
reliability and validity in the case of fixing the test results using a stopwatch was not found to fall within the “low” and
“acceptable” limits, while in the second case, when the results were fixed by a programmed control unit, it reached the
“high” level.

Conclusions. The use of the developed programmable device in the practical work of inclusive PE provides
convenience, functionality, objectivity and reliability of control in the process of rehabilitation of students

with disabilities after an explosive craniocerebral injury. What is confirmed by the values of the test authenticity
measure obtained during the experiment when fixing the results by the developed installation.

Keywords: students with disabilities, blast traumatic brain injury, physical education, testing, inclusion, control,
authenticity.
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Introduction

From February 24, 2022, Russia’s full-scale aggression
against Ukraine continues. In addition to protracted
hostilities, the aggressor’s army is shelling the civilian
population daily. As a result, the number of people, including
military personnel, children, and civilians, affected by the
aggression of the Russian Federation with war injuries is
permanently increasing (Dzyak et al., 2023).

Despite the lack of accurate statistical data for the period
of the war in Ukraine, Ukraine has not yet encountered such
alarge number of complex injuries. Injuries as a result of war
are characterized by considerable diversity, but according to
data, 99% of victims have mine-explosive injuries, among
which brain injuries are considered the most complex — blast
traumatic brain injury (TBI) (U.S. Department of Veterans
Affairs. Office of Research and Development, Veterans
Health Administration, 2007).

According to (Chapman & Diaz-Arrastia, 2014), the
number of blast TBI from blast wave action, which has no
analogs in the clinic of peacetime diseases, is astounding.
According to evidence (Mac Donald et al., 2014), among all
injuries received during the war: 35-40% are head injuries,
of which 80 % is blast TBI. According to data (VA research
on Traumatic Brain Injury, 2019), the majority of blast TBIs
associated with military actions and received by civilians are
classified as mild.

Due to the fact that individuals with disabilities due to
blast TBI are becoming students in increasing numbers, the
higher school has found itself at the epicenter of serious
challenges. The need to provide conditions for the restoration
of the health status of students with disabilities after blast TBI
in the process of education is growing due to the challenges
of the long war, which determines the relevance of scientific
intelligence.

The problem of improving the health status of students
with disabilities after blast TBI becomes especially urgent
given the fact that the timely restoration of the functions is a
factor in preventing physical maladaptation of such students
and ensuring the further ability to effectively perform their
professional activities (Blavt & Gurtova, 2023; Hellweg &
Johannes, 2008).

In higher education, the rehabilitation function of stu-
dents with disabilities is considered in the context of in-
clusive PE (Rekaa, Hanisch, & Ytterhus, 2019). It has been
studied (Haarbauer-Krupa et al., 2021) that the effectiveness
of recovery after blast TBI depends on expertise, timeliness,
qualified approaches, and a list of rehabilitation measures
(Bramlett & Dietrich, 2015; Hellweg & Johannes, 2008). After
analyzing the scientific literature, it was found that physical
activity is considered an important means of rehabilitation
after a blast TBI (Wise et al., 2012; Physical Activity Guide-
lines for Traumatic Brain Injury; Fulk & Nirider, 2014).

It should be noted that scientists have a common belief
(Kuntjoro et al., 2022; Page et al., 2021) that the main
thing in the process of inclusive PE is compliance with the
requirements of time (Blavt, ledynak, Pereverzieva, Holub,
& Melnyk, 2023). It has been studied that in the presence
of modern technologies and equipment, the learning and
PE process becomes more applied, motivating, actionable
and diverse (Pellerin, Wilson, & Haegele, 2022; Blavt,
Chaplinskyi et al., 2023).

There is a large list of studies on the feasibility and
necessity (given the need to eliminate the influence of the
human factor) of using information systems and networks,
created on the basis of electronic technologies that are used
in the PE process (Mykytyuk, Blavt et al., 2022; Varga &
Révész, 2023; Gupta, 2021).

Purpose of the research is a determination of the degree of
authenticity of the test implemented using a programmable
installation for monitoring the functions of functional
mobility, gait, and the state of the vestibular apparatus in
students with disabilities after blast TBL

Materials and Methods

Research Methods

The conducted research belongs to the randomized
controlled type of empirical research. The experiment was
implemented in two stages. The following methods were
used: theoretical analysis of scientific and methodological
literature, the method of technical modeling, pedagogical
testing, pedagogical experiment, and methods of
mathematical statistics.

The first stage consisted in the development of a
programmable control unit using information systems and
networks. For this, the method of technical modeling was used.

The second stage involved the implementation of a peda-
gogical experimen. The experiment consisted in the implemen-
tation of pedagogical testing, during which the control of func-
tional mobility, gait, and the state of the vestibular apparatus (to
determine functional mobility, gait, and vestibular function)
was implemented in students of the studied sample.

The 10 Meter Walk Test was used in the study (Gafner,
& Bruyneel, 2022). The appropriateness of choosing this
test was that its use provides ease of control and assessment
of measuring locomotor capacity in clinical and research
settings (to measure locomotor capacity in clinical and
research settings (de Baptista et al., 2020) which are
recommended for monitoring the rehabilitation process for
various diseases (Unver et al. 2017).

It is considered (Physiopedia), the scale properties
(time in seconds or m/s) of the 10 Meter Walk Test make it a
responsive test well suited to evaluating clinical interventions.

Test procedure. Equipment Required: a clear pathway
with a set distance (6, 8, or 10 meters in length depending
on distance tested). The student must walk 10 meters
unaided, with the intervening 6 meters timed to account for
acceleration and deceleration (Fig. 1). The time is recorded
(to the nearest second) and the walking speed is calculated.
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Fig. 1. Scheme of the test
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The student walks without assistance for 10 meters, with
the time measured for the intermediate 6 meters to allow
for acceleration and deceleration Perform three trials and
calculate the average of three trials. Scoring: The time (to the
nearest second) is fixed.

Study Participants

39 students in the 1st year of studies with disabilities
as a result of the blast TBI, were involved in the study from
Lviv Polytechnic National University, Kamianets-Podilskyi
Ivan Ohiienko National University, Lviv State University
of Physical Culture named after Ivan Boberskyj and Lutsk
National Technical University.

To implement the empirical part of the study, a research
sample was formed. The selection of students for the
experiment was randomized, taking into account personal
consent to the collection and systematization of control
information in an anonymized form for further statistical
analysis. The gender factor was not taken into account, since
no evidence of the influence of gender has been found on the
quality indicators of the test.

The criteria for inclusion in the studied sample were the
presence of the anamnesis of students with mild blast TBI
disability, obtained as a result of the war, and being in a state
of restoration of lost functions. The criteria that did not allow
students with disabilities after blast TBI to participate in the
study were the presence in the anamnesis of deformities and
diseases affecting walking, the inability to move without aids
(crutches, walking sticks), the presence of chronic health
conditions and combined injuries.

The study was planned and carried out following the
principles of bioethics set forth by the World Medical
Association (WMA-2013) in the Helsinki Declaration
“Ethical Principles of Medical Research Involving Humans”
and UNESCO in the “General Declaration on Bioethics and
Human Rights”.

Research Organization

A comparative pedagogical experiment was carried out
to determine the effectiveness of the means of control. As
an experimental factor, a means of registering the results
was used. In the first case, the registration of the results took
place using a stopwatch and was carried out by the teacher.

Average time and speed of the walk (10 m) and mid-
walk (6 m) obtained at a self-selected fast pace were analyzed.
Participants were tested on the 10MWT twice: at baseline
(test) and after seven days (retest). The outcome variable was
mean speed. The results of the average arithmetic value of
three attempts were used in the conclusions.

On the contrary, in the second case, the registration of
the results took place using the programmable installation
developed during the research, which ensured the calculation
of all the necessary parameters automatically.

Statistical Analysis

Statistical analysis was used as a data analysis tool in our
study. The obtained data from such an analysis became the
basis of substantiated conclusions of the study of the degree
of authenticity of the used test. In our case, such data served

as the intraclass correlation coefficient, which is an indicator
of the quality characteristics of the test as a measurement
tool, namely its reliability and validity values. Intraclass
correlation coefficient determined by correlation analysis.

All statistical analyses were performed using SPSS
Version 22.0 (IBM Corporation).

Results

First ofall, our experiment is based on the characteristics
of blast TBI and the consequences for the body that
accompanies it. It should be taken into account that BI,
which occurs as a result of the action of a mine blast wave
and has received the name blast TBI, is significantly different
from that which occurs as a result of the action of other
factors (impact, sports injuries, etc.) (Denby et al., 2020;
Capizzi Woo & Verduzco-Gutierrez 2020).

Understanding the mechanisms of blast overpressure
injury is important to finding ways to repair it (Nelson,
Davenport, Sponheim, & Anderson, 2015). Therefore, in the
PE process, it is necessary to take into account the impact
of blast TBI on numerous vital functions, which can have a
significant long-term impact on health (Bryden, Tilghman,
& Hinds, 2019), since blast TBI is described as a chronic
health condition (Haarbauer-Krupa, Pugh, Prager, Harmon,
Wolfe, & Yaffe, 2021).

The peculiarity of blast TBI is that it can be accompanied
by damage to the auditory and vestibular apparatus (Denby
et al., 2020) and lead to a persistent vegetative state of
disturbance in the activity of the central nervous system
(Mac Donald et al., 2014). The result of such lesions is a
motor deficit, consisting of a violation of body balance
(DePalma, 2015), and a long-term motor deficit (Bramlett,
& Dietrich, 2015). The result is a loss of stability and balance
during walking and other locomotor movements (getting
out of bed, chair, etc.) (Corwin et al., 2015).

Therefore, to ensure the efficiency and speed of recovery,
specialists (Briskin, Odinets & Pityn, 2015) focus their
attention on finding ways to effectively control this process,
as a result of which tests become more and more diverse
and complex to implement best practices for timeliness of
intervention, monitoring and evaluation states after blast
TBI (Haarbauer-Krupa et al., 2021).

The result of our research was the development, using
information systems and networks, of a programmable
installation for monitoring the restoration of functional
mobility functions, gait, and the condition of the vestibular
apparatus in students with disabilities after blast TBI.

The basis of the installation (Fig. 2) (Mykytyuk et
al.,, 2024) was a sensor network organized based on the
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Fig. 2. Scheme programmable installation
(1 - start, 2 — track for passing the test, 3 - a system of sensors,
4 - data processing system)
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Arduino microcontroller platform. Acoustic, optical, range,
proximity, presence, and spatial position sensors are placed
to record the test distance results (Mykytyuk, Blavt et al.,
2022), which have different purposes in our installation.
However, all sensors are assembled in a set, united by a
common program for storing, processing, and displaying
test data on a personal computer.

Sensors are placed at control points to record the
beginning of the test process, the intermediate 6 meters, and
the end of the test. In this way, it is possible to record whether
a student walks 10 meters, without outside help, without
losing balance, and at a constant speed. The determination
of the time of movement between points is provided by the
developed software.

A “smart system” with optical sensors is built into the
device to measure the student’s position in space when
performing a test exercise that assesses the state of functional
mobility and balance while walking. Such a system, with
the help of a neural network, analyzes the position and
movements of the student during the test and automatically
records all the studied parameters and the presence of
deviations from the norm.

In the developed installation, sensors are placed directly
on the student’s body. In this way, we ensure the reliability of
the measurement of all parameters of coordination, balance,
and functional mobility. A feature of the developed software
installation is that such measurements can be carried out
without sensors located at control points of the test distance.

The sensors, having received an information signal about
the student passing the test, transmit it to the controller.
In the controller, information is identified, processed,
calculated, and transferred to the personal computer (PC).
On a PC, the test results are displayed on the screen and
reproduced graphically.

The software implements maintainability throughout
the test, efliciency of data processing, calculation of necessary
parameters, and storage. Data processing is implemented
using image analysis systems based on neural networks.

The second stage involved the implementation of
a comparative pedagogical experiment. According to
the results of testing and correlation analysis (Table 1),
indicators of the degree of authenticity of the used tests were
established, which differed in the means of measuring the
results.

Table 1. Degree of authenticity of the 10 Meter Walk Test
for students with disabilities after blast TBI (n = 39)

rtt S PI S PI S PI S PI
reliability  0.588 0.891 0.611 0.922 0.594 0.912 0.591 0.933
0.215 0.218 0.616 0.609 0.220 0.618 0.223 0.601

validity

* Note: S - fixing the results with a stopwatch, PI - fixing the
results with a a programmable installation

Thelevel of the correlation coefficient of the values of test
reliability and validity in the first case (fixing the results with
a stopwatch) was not at the limit of “low” and “acceptable’,
in the second case (fixing the results with a a programmable
installation for monitoring) it reached the level of “high”.

Discussion

Before the war, the issue of inclusion attracted
considerable attention, however, as a result of the war,
the issue of inclusive PE in higher education, given the
humanitarian trends during emergencies (Congressional
Research Service, 2019), gained special importance. The
research conducted extends the data of previous studies
(Blavt, Bodnar et al., 2023; Blavt, Iedynak et al., 2023) that
the evolution of inclusive PE to meet the challenges of
today, which are caused by Russia’s long-term aggression
against Ukraine requires the search for innovative solutions
to ensure proper conditions for recovery after injuries of
students with disabilities.

Researchers see the solution to this issue in constructive
and technological solutions based on the use of modern
information technologies (Varga & Révész, 2023; Gupta,
2021; Cuthbert et al., 2014), which is currently is the most
dynamic segment of software engineering development.

The effects of blast TBI remain a serious source of injury
for armed forces and civilians in combat zones worldwide
(Xiang et al., 2022). Blast injuries have been identified as a
new entity with specific characteristics. Blast injuries have
been identified as a novel entity with specific characteristics
(Maas et al., 2008; Merritt et al., 2015). Physical activity
is considered by experts as a powerful means of non-
pharmacological recovery after blast TBI (Physical Activity
Guidelines for Traumatic Brain Injury; Fulk & Nirider, 2014;

Fig. 3. Scheme using a programmable installation for 10 Meter Walk Test (1 - student, 2 — track for passing
the test, 3 — a system of sensors that determine the time of passage of each section of the system to determine
the speed and its changes during walking, 4 - controller, 5 - PC)
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Johnson et al., 2023), control, as proven (Bland et al., 2011;
Fure et al,, 2021), having an exploratory and evaluative
nature, is the basis of evidence-based rehabilitation The
need for such studies is due to the lack of randomized trials
establishing the effectiveness of rehabilitation after blast TBI
(Xiang et al., 2022).

Tests that use the function of walking are quite wide-
spread in the practice of monitoring the rehabilitation pro-
cess in persons with amputations (Brooks et al., 2001), car-
diovascular diseases (Bellet et al., 2012; Hanson et al., 2012;
Casillas et al., 2013), with total hip arthroplasty (Yuksel,
Unver, Kalkan, & Karatosun, 2021), brain injuries (SCIRE-
PROJECT), in muscular dystrophy (Pizzato et al.,, 2016), in
neurological diseases (Tyson & Connell, 2009) and even in
children, during their development (de Baptista, et al., 2020).

A certain list of works is devoted to the determination of
quality indicators of tests using walking for a certain distance
in relation to various studied contingents. In particular,
young healthy adults (Smith-Turchyn et al., 2021), persons
with total hip arthroplasty (Yuksel et al., 2021), in typically
developing children (de Baptista et al., 2020), persons
with lower limb prostheses (Sawers et al., 2020). However,
studies on the use of distance walking tests for students with
disabilities after blast TBI have not yet been conducted.

On the other hand, we agree with our research on the
use of test results to monitor the progression of disability.
This was confirmed by previous studies (Pizzato etal., 2016).

The results of our previous research on the expediency
of using technical means in the implementation of the
control process in inclusive PE have been supplemented.
Considering that specialists recommend repeating the test
after certain periods (Pizzatoet al., 2016), the developed
setup makes it possible to implement such control with the
least loss of time.

Conclusions

Inclusive PE in times of war faces new challenges. As a
result of the armed aggression of the Russian Federation, due
to shelling and explosions, the structure of the contingent
of students with disabilities was significantly affected: now
students with disabilities after blast TBI are the largest
contingent.

Blast TBI is considered a problem that goes beyond the
scope of BI and is positioned as a multiple injuries, which
is included in the concept of mine-explosive injury and
requires a comprehensive approach in the implementation
of the recovery process.

Developed with the use of information systems and
networks, the programmable device for monitoring
functional mobility, gait, and the state of the vestibular
apparatus in students with disabilities after blast TBI
integrates modern electronic technologies and a package of
system application programs.

The use of the developed programmable installation in
the practical work of inclusive PE provides convenience,
functionality, objectivity, and reliability of control in the
process of rehabilitation of students with disabilities after
blast TBI. What is confirmed by the values of the measure
of authenticity of the test obtained during the experiment
in the case of fixing the results by the developed setup: The
calculated values of the coeflicients reach the “high” level,

which allows us to assert the objectivity of the control of the
studied parameters.
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Mera KOCTiI)KeHHA — BI3HAYNUTYU CTYIiHb aBTEHTUYHOCT] y 10-MeTpOBOMY TeCTi X0Ab0M, peaisoBaHOTO 3 BUKOPUCTAHHAM
PO3po6/IeHOT ITPOrpaMOBaHOI YCTAHOBKY KOHTPOJIIO BiffHOB/IeHH: (QYHKLiN (GYHKI[IOHAIBHOI PyX/IMBOCTI, XOAM Ta CTaHy BECTH-
6y/1ApHOro amapary y 3o6yBadiB BUIIOI OCBITK 3 iIHBa/IIHICTIO MiC/IsA BUOYXOBOI YeperHO-MO3KOBOI TPaBMI.

Marepian ta MeTogu. 39 crynenTis I Kypcy 3 iHBamigHicTIO mic/s BOYXOBOI YepelrHO-MO3K0BOI TpaBMu. BukopucraHo Taki
METOJV: TEOPETUYHUI aHa/Ii3 HAYKOBO-METOAUYHOI JiTepaTypu, METOJ, TEXHIYHOTO MOJENIOBAHH, NelarOriyHe TeCTYBaHHA,
Ie/IarOTiYHMIT €KCIIEPYMEHT, METOV MAaTeMATUYHOI CTATUCTUKN. Y JOCTIIKEeHHI 3aCTOCOBAHO 10-MeTPOBMIT TECT XOBOU.

PesynpraTu. PesynbraToM HAIOro JOCTIIKEHH:A CTaaa po3poOKa 3 BUKOPUCTAHHAM iHQOPMALiHUX CHCTEM Ta Mepex
IPOrpaMOBAHOI YCTAaHOBKM /IS peasnisanii 10-MeTpOBOro TecTy X001, KNIl 3aCTOCOBYETHCS AJIsI KOHTPOJIIO BiJHOBIEHHS
¢byHK1iT QyHKLIOHANIBHOI PyX/IMBOCTI, XO[M Ta CTaHy BeCTUOY/IAPHOrO amapary y CTy[eHTiB 3 iHBamigHicTIO micis BuOyxoBoi
YeperrHo-M03KoBoi TpaBMu. OCHOBOIO YCTaHOBKU CTajla Mepe)ka CeHCOPIB, AKY OpraHisyBamyu Ha 6asi MiKpOKOHTpPOJIEPHOI IIaT-
¢dopmu Arduino. [l dikcanii pesyabTaTiB M0 AMCTaHLII IPOXOMKEHHA TeCTy OY/I0 pO3MillleHO aKyCTWYHI, ONTUYHI JaTYMKH,
HATYVKY JAJTbHOCTI, HAO/IVDKEHHS, IIPUCYTHOCTI Ta IOJIOXKEHH:A y IIPOCTopi. JaTumku, oTpuMaBIIM iHPOPMALiiiHIIT CUTHAT IIPO
IPOXOPKEHHsI TECTY MePefaloTh JIOro Ha KOHTposep. Y KoHTpoepi indopmanis iHaudiKyeTbest, 00po6/Ia€TbCs, 00UMCTIOETHCS
Ta IepefaeThCs Ha IePCOHANTbHIIT KOMIT I0Tep, fie BifoOpa)kaloThCs Ha eKpaHi Ta BiiTBOproI0Thes rpadiuno. [Iporpamue 3abesme-
YeHHs peaslisye CYIpOBOKEHHs BIIPOJOBXK YChOTO TECTY, epeKTUBHICTD 06pOOKM ZaHMX, 00UNC/IeHHs HeOOXiTHUX TapaMeTpiB
Ta ixHe 36epiranna. O6pobKa JaHUX 3[ilICHIOETbCA 3 BUKOPUCTAHHAM CUCTEM aHali3y 300pakeHb Ha OCHOBI HellpoMepex. 3a
pe3y/ibraTaMy TeCTyBaHHs Ta KOPEJIALIHOTO aHasIi3y 6y/I0 yCTaHOBIEHO IOKA3HUKY MipJ aBTEHTUYHOCTI BUKOPUCTAHVX TECTIB,
AKi BigpisHAMMCh 3acob6aMu BUMipIOBaHHA pe3y/bTaTiB. PiBeHb KoedillieHTa KopesAlii 3HaYeHb TeCTOBOI HaJiifHOCTI Ta Basij-
HOCTi y pasi pikcanil pesy/IbTaTiB TeCTyBaHH:] 3 BUKOPMCTAHHAM CEeKyH/IOMipa epeOyBaB He MeXi “HM3bKOI” Ta “HPUITHATHOL, Y
Ipyromy, Ko (GikcyBamy pesyabTaTy IpOrpaMOBaHOI0 YCTaHOBKOIO KOHTPOJIIO, — JOCATaB PiBHA “BUCOKMIT .

BucHoBKN. BukopyucTaHHAM y HpaKTU4Hi po60Ti iHK/M03MBHOTO (BisMYHOrO BUXOBAaHHA PO3pPOOIIEHOI IIPOrpaMoBaHOl
YCTaHOBKM KOHTPOJIIO 3a0€3I1eYyI0Th 3PYUHICTh, PyHKIIOHAIbHICTD, 00 €KTUBHICTD Ta JOCTOBIPHICTb KOHTPOJIIO Y IpOLiec pea-
6iniTanii 3106yBa4iB BUIIOI OCBITI 3 iIHBaJIHICTIO MiC/IA BUOYXOBOI YepermHo-M03koBoi TpaBMu. Ilo miATBep/Ky€eTbCA OTpMMa-
HVIMI B IIPOIL{eCi eKCIIEPUMEHTY 3Ha4eHb Mipy aBTEHTUYHOCTI TecTy y pasi ikcarii pesynpratiB po3po6/eHO0 MpOrpaMoBaHOI0
YCTaHOBKOIO.

KnrouoBi cmoBa: 3)106yBa1{i BUIIOI OCBIiTH 3 iHBa/TigHICTIO, BI/I6yXOBa YepenHO-MO3KOBa TpaBMa, (bisr/mHe BUXOBaHHs, TECTY-
BaHHA, IHK/II03is, KOHTPOJIb, ABTEHTUYHICTb.
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