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The study objective is to substantiate and implement modern information-communication technologies 
(ICT) means for improving the testing of strength endurance of hands and upper body of students with 
chronic diseases in physical education. 
Materials and methods. To solve the research tasks used the methods of comparing and contrasting are 
used and analysis, synthesis, abstraction, formalization and technical modelling. 
Results. The result of a scientific search aimed at integrating ICT into test control of strength endurance 
of students with chronic diseases is a device of capacitive sensor testing. The designed capacitive touch 
tester is based on a combination of modern nanotechnology and microprocessor systems, including smart 
phone’s, tablets, etc. It is a constructive solution for electronic measuring systems of spatial position of 
objects based on capacitive sensor devices. 
Conclusions. The effectiveness of using the designed device in testing students’ of strength endurance of 
hands and upper body is achieved through the ease of use and compactness of the device, student-friendly 
testing procedure and the efficiency and reliability of control.
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Introduction

Problem statement. Ensuring the imple-
mentation of the wellness function of physical educa-
tion of students with chronic diseases of universities 
requires a comprehensive study of indicators character-
izing the state of various aspects of physical fitness and 
the availability of a reliable information control system 
(Anikieiev, 2015). Test control in our context of physi-
cal development and physical fitness of students with 
disabilities is a methodological basis for managing the 
physical education system of universities (Koryahin & 
Blavt, 2016). Today, the issues of testing the level of 
physical fitness of students and predicting their func-
tionality are some of the most relevant in the theory and 
methodology of physical education.

The need and importance of finding innovative 
approaches to optimize test controls and improve the 
technological foundations of this process is dictated by 
time. Scientific and technological progress in the field 
of physical education has recently become a reality that 
cannot be ignored (Sukhova, 2009; Kachan, 2017). The 

relevance of our research is determined by the deci-
sive importance for the effective physical education of 
students of students with chronic diseases methods of 
forming a comprehensive control system on the one 
hand and the lack of its scientific substantiation and 
technological support on the other. It is considered 
that one of the promising directions of improving the 
system of physical education of students with chronic 
diseases in the state of health of universities is the de-
velopment and practical implementation of new high-
performance technologies of test control (Stroot, 2014; 
Overton, Wrench, А. & Garrett, 2016).

Analysis of recent research and publications. Physi-
cal fitness is an important result of the physical educa-
tion of students with chronic diseases was proved (Bas-
sett, 2000). Numerous authors (Iedynak, Galamandjuk, 
Ivashchenko, Stasjuk, Guska, Prozar, Mazur, & Sliusar-
chuk, 2017; Reiman& Manske, 2009) have emphasized 
that its level is an integral indicator of the state and 
level of health. One of the important components of the 
physical fitness of students with chronic diseases is the 
level of endurance (Koryagin, Blavt, & Tsiovkh, 2018). 
Strength is attributed to specific types of power. It re-
flects the ability to perform power work for a long time 
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without reducing its effectiveness. In fact, it is the ability 
to withstand fatigue caused by prolonged muscle stress 
of considerable magnitude (Matiegka, 1991).

An effective way of testing the endurance of the 
arms and upper torso, according to which the test pro-
cess is monitored, is to perform an exercise «Body re-
tention on the crossbar», which fixes the retention time 
according to generally accepted standards (Koryagin, 
& Blavt, 2019). The methodological feature of the test 
is that the chin should be over the bar and not touch it, 
that is, the body should occupy a practically stable posi-
tion. However, in this way there is a certain dependence 
of the subjective assessment of the perception of the 
teacher conducting this testing, the observance of the 
required position of the body and hands, which are set 
visually during the monitoring. There is a likelihood of 
error in setting the retention time of the required pos-
ture, which makes it impossible and difficult to obtain 
reliable assessment results, respectively, they cannot 
testify to the effectiveness of the educational process 
used.

Based on the summarized relevant literature sourc-
es on this issue (Bassett, 2000; Ivashchenko, 2016; 
Magill, 2007), it is determined that the effectiveness of 
test methods level of physical fitness is determined by 
the following characteristics: they must be reasonable, 
reliable and informative, and their conduct requires 
clear control.

However, the current methodology makes it impos-
sible to obtain reliable indicators due to the large num-
ber of uncontrolled variables and the lack of continuous 
recording of test results. In the special literature availa-
ble to us (Kachan, 2017; Reiman, Manske, 2009), the au-
thors agree that it is practically impossible to carry out 
a test in an exercise to determine the level of strength 
endurance of the hands and upper body of a specialist in 
physical education, unlike other test requirements with 
clear standardization of testing procedures and objec-
tive measurement using a stopwatch, roulette, etc. The 
analysis of the test revealed the existing contradictions 
between the need to ensure the objectivity of testing and 
the lack of ability to do so. Therefore, there is a need for 
a fundamentally new approach to addressing this issue.

It was the search for ways to improve the method 
of determining the level of strength endurance of the 
hands and upper torso, and determined the choice of 
topic and direction of study. An analysis of the available 
publications on this issue (Haake, 1996; Morze, Kochar-
ian, 2014; Prykhodko, 2010) indicates that the solution 
to this problem is related to the use of modern tech-
nologies for obtaining objective information. The tech-
nological basis of this issue in the physical education of 
students with health disabilities needs scientific refine-
ment, which is recognized by scientists. To date, the 
proposed automated monitoring approach has not been 
used in the science of physical education of students 

with chronic diseases. In this regard, it is important to 
consider further study of the effectiveness of automated 
methods of testing the strength endurance of the hands 
and upper torso in the context of modern electronic 
devices (Kachan, 2017; Koryahin, Mukan, Blavt & Virt, 
2019; Shyrobokov, Malinina, & Malinin, 2012).

Purpose of the research is to substantiate and imple-
ment modern information-communication technolo-
gies (ICT) means for improving the testing of strength 
endurance of hands and upper body of students with 
chronic diseases in the physical education.

Materials and methods

To solve the research tasks used the methods of 
comparing and contrasting are used and analysis, syn-
thesis, abstraction, formalization and technical mod-
eling. The research strategy is focused on the integra-
tion of the information resource of ICT to ensure the 
effectiveness of control.

Results

In this respect, it is of interest to develop new ICT 
based on the introduction of computerization of the 
test process in the physical education of students with 
chronic diseases of universities (Koryahin & Blavt, 
2016; Shyrobokov, Malinina & Malinin, 2012; Hotra, 
Holyaka, Marusenkova, & Potencki, 2010).

In order to carry out an objective evaluation and 
to provide reliable results of monitoring the strength 
endurance of the hands and upper torso, we have de-
veloped a capacitive touch test device. The device in-
cludes: two electrodes, a signal line, a signal converter, 
an interface, a communication line, and an electronic 
computing device or mobile communication system, in 
particular, a smartphone or a tablet computer (Fig. 1).

The designed capacitive touch tester is based on a 
combination of modern nanotechnology and micro-
processor systems, including smartphones, tablets, and 
more. It is a constructive solution for electronic meas-
uring systems of spatial position of objects based on 
capacitive sensor devices (Bracke, Puers & Van Hoof, 
2007).

The information signal of capacitive sensors is the 
electrical capacitance between the electrodes, which 
changes under the influence of external factors. The 
informative parameter of the dynamics of the exercises 
is determined by the time dependence of the distance of 
the body from the capacitive electrodes, which is deter-
mined by the measurement of interelectrode capacities. 
As the monitoring subject approaches, these capacities 
increase and, at removal, decrease. A significant advan-
tage of capacitive type sensors is the contactlessness 
of the measurement process, which ensures their high 
ergonomics (Baxter, 1997).
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The developed device uses two active capacitive 
electrodes that place on the crossbar and one passive 
electrode (marker), which is attached to the collar of the 
monitoring subject (student).

Nano-fiber «smart textiles» are used to create ca-
pacitive electrodes in this device. The latter are made 
by filling traditional fibrous polymers with nanoparti-
cles of conductive materials, which ensures their high 
elastic and electrical characteristics (Koryagin & Blavt, 
2019).

In the capacitive sensor testing device, a signal is 
formed, which is determined by the distance between 
the active electrodes on the crossbar and the marker. 
The information from the monitoring entity is trans-
mitted by the set of technical means that make up the 
data transmission system: signal line, signal converter, 
interface, communication line.

Active capacitive electrodes are connected to a sig-
nal converter by a signal line (a harness of electrical 
cables), and a passive electrode is contactless, which 
ensures that there are no cables between this electrode 
and the signal converter. The signal converter converts 
the input analog signal into a digital code (digital sig-
nal). A feature of digital signal processing is the stream-
ing nature of processing large volumes of data in real 
time. Data transmission can be digital (stream of bi-
nary signals), or by means of digital coding, which pro-
vides the switching of the capacitance electrode array 
to one analog information input and conversion of the 
type «electrode capacitance – digital code» (Estivalet & 
Springer, 2009).

For digital signal processing, the signal converter 
uses a so-called signal processor. The developed device 
uses a signal processor of hardware-supported floating-
point operation. There are several reasons for using 

floating point signal processing. Working with data in 
this format significantly simplifies and speeds up pro-
cessing, increases the reliability of the program, since it 
does not require operations of rounding and normaliza-
tion of data, tracking of situations of loss of importance 
(Alme & Mylvaganam, 2006).

The digital signal via the interface (in this case USB 
interface) and the communication line, such as infrared 
or radio frequency, are then transmitted to the elec-
tronic computing device or mobile communication sys-
tem. Data transmission (digital communication) is the 
physical transfer of digital stream data in the form of 
point-to-point or point-to-multipoint signals for fur-
ther processing by computing equipment, where it is 
recorded and graphically visualized.The developed soft-
ware for recording and visualization of the obtained test 
results is presented in Fig. 2.

Their subsequent archiving takes place in the infra-
structure of the centre of data storage and processing in 
custom-tailored and accessible in text format for each 
student. Application of software enables simultaneous 
analysis of test results of a group of students without 
loss of information.

The proposed method for assessing the endurance 
of the arms and upper torso is that two active capaci-
tive electrodes are placed on the crossbar and a marker, 
a passive capacitive electrode with a digital output, is 
placed on the cell of the monitoring subject (student). 
An informative signal between the active electrodes on 
the crossbar and the marker that arises when the posi-
tion of the monitoring subject (student) changes its posi-
tion, allows to record the start of the exercise, the process 
of completion and the end of the exercise. The signal is 
received by a signal line, transmitted to the signal con-
verter, processed, and wireless infrared communication 

Fig. 1. Block diagram of capacitive sensor testing device
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devices are fed to an electronic-computing device or mo-
bile telecommunication system, which implements the 
monitoring of the exercise and the value of which make 
a conclusion about the strength of endurance students.

Positive features of using our proposed method of 
testing the endurance of the hands and upper body for 
students with chronic diseases using ICT means are:

1. ensuring the possibility of conducting an accu-
rate testing procedure;

2. reliability of monitoring;
3. urgent receipt of the result;
4. ease of use and compactness of the device;
5. automatic receipt of multiple test results in the 

form of an electronic protocol;
6. rapid execution of complex calculations with 

presentation of results in digital or graphical form;
7. convenient review of the structure of the obtained 

results and their dynamics.
In general, all of the above makes it possible to en-

sure that the fitness of students with chronic diseases is 
objectively monitored.

Discussion

We support the position that, іmplementation of the 
unique possibilities of ICT provides state-of-the-art of 
didactic method of intensification of control process in 
physical education of students. The adoption and use of 
modern ICT in the process of the physical education will 
help to solve entirely the problems of the current control 
(Estivalet & Springer, 2009; Haake, 1996; Prykhodko, 
2010). This is in harmony with the contemporary trends 

in the field. For instance, the Ministry of Education and 
Science of Ukraine has defined and endorsed the stra-
tegic trends of modernization of the system of physi-
cal education of youths in educational establishments 
(Resolution of the Verkhovna Rada of Ukraine).

An objective estimation of a degree of physical de-
velopment and of physical fitness has special impor-
tance during conducting physical education classes 
with students of the university’s (Anikieiev, 2015; Ko-
ryahin, Blavt & Tsiovkh, L. 2018; Shyrobokov, Malinina 
& Malinin, 2012).

The results of our study are consistent with a num-
ber of scientific developments (Ayers, 2004; Ivashchen-
ko, 2016; Kachan, 2017), one of the promising direc-
tions to improve the testing system is the development 
and practical implementation of new, highly effective 
means, methods, technologies for integrated control 
and management of this process.

Our research corroborates the studies (Mac-Duggala 
et al., 1997; Edwards, 2010; Preatoni, Hamill, Harrison, 
Hayes, Van Emmerik, Wilson & Rodano, 2013; Reiman 
& Manske, 2009) which postulate that the automation 
of the process for obtaining and processing informa-
tion of testing can significantly improve the efficiency of 
obtaining and evaluating information in real time and 
significantly reduce time spent on conducting tests.

Conclusions

The developed infrastructure of the device the test-
ing of strength endurance of hands and upper body 
provides quick processing of received testing results 

Fig. 2. The developed software for recording and visualization of the obtained test results
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using the methods of multidimensional mathematical 
analysis. The effectiveness of using the designed de-
vice in testing students’ of strength endurance of hands 
and upper body is achieved through the ease of use 
and compactness of the device, student-friendly testing 
procedure and the efficiency and reliability of control. 
The proposed technique of strength endurance testing 
provides reliable data on the level of general physical 
fitness of students with chronic diseases of universities 
in the process of their physical education. The imple-
mentation and use of it in practice makes it possible to 
comprehensively address the issues of current control 
in the process of physical education. Іt is a powerful 
methodological basis for scientifically sound improve-
ment of the educational process of universities in order 
to increase its effectiveness at the same time.

The introduction and use of modern ICT in the 
test process in the physical education of students with 
chronic diseases of universities will allow solving com-
plex issues of current control and its purposeful cor-
rection on the basis of an integrated approach to the 
development of physical qualities.
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Мета дослідження — обґрунтування 
та реалізація сучасних електронних технологічних 
засобів для вдосконалення тестування силової ви-
тривалості рук і верхньої частини тулуба студентів 
спеціальних медичних груп. 

Матеріали та методи. Для вирішення завдань 
дослідження використано методи порівняння ана-
лізу, синтезу, абстракції, формалізації і технічного 
моделювання. 

Результати. За результатами наукового по-
шуку, спрямованого на інтеграцію ІКТ в тестовий 
контроль силової витривалості студентів з хро-
нічними захворюваннями, представлено пристрій 
сенсорного тестування. Сконструйований ємніс-
ний сенсорний пристрій тестування базується на 
поєднання сучасних нанотехнологій та мікропро-

Інноваційна інтенсифікація тестового контролю 
силової витривалості у фізичному вихованні 
студентів з хронічніми захворюваннями 

Корягін В.М., Блавт О.З., Пономарьов С.В.   
Національний університет «Львівська політехніка»
Реферат. Стаття: 7 с., 2 рис., 34 джерела.

цесорних систем, зокрема, смартфонів, планшет-
них комп’ютерів тощо. Конструктивним рішенням 
пристрою є електронні вимірювальні системи про-
сторового положення об’єктів на базі ємнісних сен-
сорних пристроїв. 

Висновки. Ефективність використання розроб
леного пристрою для тестування силової витри-
валості рук і верхньої частини тулуба студентів з 
хронічними захворюваннями досягається за раху-
нок простоти використання і компактності при-
строю, зручної для студентів процедури тестуван-
ня, а також ефективності і надійності результатів 
контролю.

Ключові слова: тестування, контроль, студент, 
хронічні захворювання, ІКТ, ємнісний сенсорний 
пристрій, контроль.
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Цель исследования — обоснование и 
реализация современных электронных технологи-
ческих средств для совершенствования тестирова-
ния силовой выносливости рук и верхней части ту-
ловища студентов с хроническими заболеваниями. 

Материалы и методы. Для решения задач ис-
следования использовано методы сравнения ана-
лиза, синтеза, абстракции, формализации и техни-
ческого моделирования. 

Результаты. По результатам научного поис-
ка, направленного на интеграцию ИКТ в тестовый 
контроль силовой выносливости студентов с хро-
ническими заболеваниями, представлено устрой-
ство сенсорного тестирования. Разработаный 
емкостный сенсорный прибор тестирования бази-
руется на сочетании современных нанотехнологий 
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и микропроцессорных систем, включая смартфо-
ны, планшеты и т.п. Конструктивным решением 
устройства являются электронные измерительные 
системы пространственного положения объектов 
на базе емкостных сенсорных устройств. 

Выводы. Эффективность использования раз-
работанного устройства для тестирования силовой 
выносливости рук и верхней части туловища сту-
дентов с хроническими заболеваниями достигает-
ся за счет простоты использования и компактно-
сти устройства, удобной для студентов процедуры 
тестирования, а также эффективности и надежно-
сти результатов контроля.

Ключевые слова: тестирование, контроль, сту-
дент, хронические заболевания, ИКТ, емкостное 
сенсорное устройство, контроль.
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