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RESEARCH OF THE EFFICIENCY OF USING SOFTWARE PRODUCTS FOR

SIMULATION OF PHYSICAL PROCESSES

Abstract. The introduction of new information and communication technologies in the
educational process requires a transition to a new high-quality level of teaching physics, the
revitilization of students’ educational activities.

The successful use of pedagogical software helps the teacher to present educational material at a
high and quality level, to control educational activities, to increase the self-organization of the
educational process.

Computer demonstrations can be an organic part of any class and effectively help the teacher and
learners. Some physical processes or phenomena cannot be observed visually in the laboratory.
Modeling of various phenomena certainly does not replace "live" experiments, but in combination
allows explaining the meaning of a particular educational material at a higher level.

This article discusses the practical use of pedagogical software products for modeling physical
processes: software product "Laboratory work "Study of hemodynamics fundamentals using the
apparatus "Heart-lung machine SORIN C5", mobile application "Pedometer"”, software product
"Educational software in physics. Electrodynamics".

Software products form subject of competencies in physics. There is a more complete realization
of students’ potential resources in the process of forming new knowledge about basic physical
principles and approaches to the study of processes in living nature, physical and technical
principle of the functioning of devices, the use of mathematical methods in research. Solving
professionally oriented tasks and performing laboratory work in physics improves the quality of
the professional component of education. The priority of computer models is that the process of
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their perception takes place in the same way as the process of perception of real objects, increasing
the success of learning.

The authors carried out an experimental test on the effectiveness of implementing the proposed
pedagogical software products in the educational process in physics. The article presents the
results of experimental research at the Volodymyr Vynnychenko Central Ukrainian State
Pedagogical University, which showed positive changes in the attitude of students to the study of

physics.

Keywords: physics; information and communication technologies; pedagogical software; virtual
laboratory work; pedagogical experiment.

1. INTRODUCTION

Statement of the problem. The development of scientific and technological progress,
the widespread introduction of automation systems for physical and mental work, requires the
education to increase the demand for the level and quality of professional training of future
specialists, to increase the role and importance of the theoretical stage of training, one of the
structural elements of which is a training course in Physics [1].

Increasing the success of education through the activation of students’ educational
activities, and thus the attainment of a new qualitative level of physics training is achieved
through the introduction of information and communication technologies (ICT) in the
educational process [2]. Achieving positive results is possible because it makes the process of
teaching physics more visual and interesting. The combination of ICT with traditional
methodology makes it possible to increase the motivation of teaching physics, to lay a solid
foundation of knowledge in physics that contributes to a better assimilation of the necessary
educational material of professional direction [3].

Pedagogical software is a type of ICT that is successfully used in higher education.
Pedagogical software helps the teacher to explain the lecture material at high quality level, to
control the educational activity, to increase the self-organization of the educational process by
students, to promote deep learning of any discipline, in particular physics [4].

Analysis of recent research and publications. The use of information and
communication technologies in the educational process is considered in the works of such
scientists as V. Bykov [5], V. Zabolotnyi [6], N. Morze [7], O. Pinchuk [8], M. Shyshkina [9]
and others.

The development and application of educational tools based on ICT and the creation of
methodological support for their use are presented in the works of scientists: M. Acher,
R. Lopez-Herrejon, R. Rabiser [10], O. Kuzminska, N. Morze [7], S. Mirn [11], V. Oleksiuk
[12], S. Semerikov, A. Striuk [13] and others.

A thorough scientific search indicates development of author's pedagogical software
products for educational process of higher education institutions. Thus, the problem of design
and development of author's pedagogical software products is expanded in the works of
scientists: Yu. Dementiev, L. Burulko, E. Suvorkova [14], St. Coomans, G. Lacerdab [15],
L. Sukhovirska, O. Lunhol, O. Zadorozhna [4], P. Gao, A. Nagel, H. Biedermann [16],
A. Drach [17] et al. However, this scope of research is characterized by the lack of sufficient
viable data on the methodology of implementation author’s pedagogical software products for
modeling physical processes and their application in the professional activities of future
professionals in various fields in our country.

Therefore, the article’s goal is to show the practical use of software products in the
educational process of educational institutions and to investigate the effectiveness of the use
of pedagogical software products for modeling physical processes.
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2. RESERCH METHODS

The theoretical and empirical research methods included the analysis of psychological,
pedagogical, methodological and professional literature. Conducting a pedagogical
experiment; pedagogical observation; systematization of students’ academic performance and
projects; generalization of lecturers’ experience during the introduction into the educational
process of author’s software products of Ukrainian production.

Olha Slobodianyk formulated the main provisions for modeling physical phenomena
and processes, which are the basis for the development of a mobile application "Pedometer™
for its implementation in a physical practicum on "Mechanics".

Vladylena Fedorenko conducted a content analysis, generalization, comparison of
different views on the problem of implementing software products in the educational process
of medical education institutions, in particular in the Kryvyi Rih Medical College. She
described the implementation of the method of combining virtual and real educational
experiments in the preparation and implementation of physical practicum in the sections
"Hydrodynamics" and "Electrodynamics".

Vasyl Bolilyi is the developer of the mobile application "Pedometer”, proposed,
described and implemented a mathematical model of counting steps.

The author’s contribution of Vitalii Dmytruk was to analyze and determine the
psychological and pedagogical features of the innovative technologies introduction in the
educational process of institutions of higher education in the humanities. The problem of
formation and development of subject competence of students in the process of solving
physical problems is substantiated.

Valerii Kushnarov studied the didactic possibilities of web-applications and services, on
the basis of which modern means of teaching physics have been developed. The author
conducted an experimental test of the software products implementation effectiveness
described in the article, which confirms the feasibility of their use in the educational process
and testified to the increase in the efficiency of students’ learning activities.

3. RESERCH RESULTS

We have tested the indicated author pedagogical software products "Laboratory work
"Study of the hemodynamics fundamentals using the apparatus "Heart-lung machine SORIN
C5", "Educational software in physics "Electrodynamics™ and mobile application "Pedometer™
[18] — [24], in the course of teaching the disciplines of the physics cycle in various
educational institutions. As a result, we established that these software products are aimed at:

— fuller realization of students’ potential resources: development of interest, creativity
and students’ motivation to study discipline Physics;

— formation of students’ new knowledge about basic physical principles and approaches
to the study of different processes in nature;

— study of physical and technical principles of device functioning;

— the use of mathematical methods in research.

The priority of such computer models is that the process of their perception occurs in
the same way as the process of perception of real objects, increasing the success of vocational
training.

The effectiveness of teaching physics in the process of training future specialists should
be expressed in the ability to recognize the situation as a whole by its specific characteristics,
as well as by incomplete information about it; to make inductive conclusions, that is, to
summarize individual facts into a single system; solve problems with no single algorithm that
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requires flexibility and the ability to adapt to changing conditions that are difficult to predict
in advance.

The combination of information and communication technologies with traditional
methods of teaching, has allowed to increase the motivation of teaching physics and to form a
solid foundation of knowledge for future specialists.

Developed by a team of authors [4], [20], [21], [22] software product “Laboratory work
"Study of the hemodynamics fundamentals using the apparatus "Heart-lung machine SORIN
C5" is used in the study of the topic "Hydrodynamics" (Fig. 1).

JloHeUbKM HALIOHANBHWA MEANUHMIA YHIBEPCUTET

Asropw: Cyxompeska /1.1, Nysson O.M,, Janopoxus 0.8,
Kpoossunuseni, 2018 p

Fig. 1. Heart-lung machine SORIN C5

Laboratory work in physics is one of the powerful means of enhancing the educational
and cognitive activity of students, since it allows them not only to get acquainted with the
theoretical material, but also to gain practical skills in measuring and calculating physical
quantities, their errors, to analyze the results obtained and draw appropriate conclusions.

The complex implementation of real and virtual laboratory work provides for students
to conduct research aimed at a multifaceted study of physical phenomena and processes with
subsequent analysis and generalization of the results. Real and virtual experiments are
performed to study a physical phenomenon in its various manifestations, in a wide range of
parameters, using both a real object of cognition and an idealized one. This approach allows
students to obtain more complete and accurate information about the phenomenon or process
being studied: independently determine the external signs by which a physical phenomenon
can be detected and distinguished from others; to establish the conditions of the physical
phenomenon; to identify and understand the essence of this phenomenon; independently
develop a mathematical model of a physical phenomenon and determine the limits of its use;
to establish a functional dependence between physical quantities and to determine the limits
of physical law [25].

The software "Laboratory work "Study of the hemodynamics fundamentals using the
apparatus "Heart-lung machine SORIN C5" is based on the Object Pascal programming
language in Delphi 6. The software consists of 10 files with a total size of 63 MB. Its small
size makes it easy to install and use.

The main sections of the software are "Theoretical information”, ""Structural elements of
the Heart-lung machine SORIN C5", "Glossary"”, "Web-resources"”, "Performing laboratory
work", "Start".

202



DOI: 10.33407/itlt.v82i2.4107 ISSN: 2076-8184. Information Technologies and Learning Tools, 2021, Vol 82, Ne2.

In the ""Start™ section begins virtual implementation of the laboratory work "Study of the
hemodynamics fundamentals using the apparatus "Heart-lung machine SORIN C5" (Fig. 2).

NIArOTOBKA A0 ONEPALIL

Fig. 2. Virtual laboratory

The developers have clearly defined the structure of the laboratory work and the
automatic verification of the entered data correctness.

Solving professionally oriented problems and performing laboratory work in physics
classes improves the quality of training, forms practical skills and abilities that are manifested
in practice in real technical systems (for example, during the work with medical equipment).

Using the software product "Educational software for physics. Electrodynamics™ is an
example of implementing the methodological system of teaching the section
"Electrodynamics” [3], [18], [19]. This software is used during practical classes, laboratory
works, consultations in order to acquaint students with new theoretical material, test
theoretical knowledge, skills and ability to solve problems, to develop students’ skills of
independent educational activity.

The software is based on Action Script 2.0 programming language in Adobe Flash
Professional CS6. ActionScript tools allow the developer to provide the ability for a user to
perform certain actions in a clip, that is, make the user an active participant in the viewing.

Software "Educational software in physics. Electrodynamics” consists of 45 Flash
Movie files that are imported into one main shell-file "Electrodynamics.swf" and consists of
two main sections: "Theoretical Information™ and "Problems Solving".

The "Theoretical information” section is an electronic textbook of the
"Electrodynamics” module. It contains the main key questions of this section in physics, but
there are additions and extensions of these questions with theoretical information on the
construction direction. The "Theoretical information” section is also filled with animation
drawings, sound effects and explanations for theoretical material (Fig. 3).

203



DOI: 10.33407/itlt.v82i2.4107 ISSN: 2076-8184. Information Technologies and Learning Tools, 2021, Vol 82, Ne2.

Fig. 3. The interface of the window "Theoretical information. Electromotor™

Section "Problems Solving” includes qualitative and quantitative tasks of the
construction direction in "Electrodynamics” section: "Fuses”, "Generator”, "Transformer”,
"Battery”, "Power Plants", "Capacitor”, "Electromotor” (Fig. 4).
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Fig. 4. The interface of the window "Solving problems. Fuses"

204



DOI: 10.33407/itlt.v82i2.4107 ISSN: 2076-8184. Information Technologies and Learning Tools, 2021, Vol 82, Ne2.

Advantages of using the software product "Educational software in physics.
Electrodynamics™ in the educational process:

1. Stimulation and development of mental cognitive processes: attention (perceptual,
involuntary and, in our opinion, intellectual) due to the use of various types of information.

2. Logical and algorithmic type of thinking, due to the interactivity of the program and
the ability of the user independently manage the educational process.

3. Sensations — visual and auditory sensitivity.

4. Perception, imagination, memory (through the use of dynamic circuits, animations of
models of physical phenomena and processes, idealized material objects).

During distance learning, the use of the specified pedagogical software product
provided an illustration of physical processes, laws and concepts; independent work of
students in studying theoretical material (using an electronic textbook); training problem
solving (using educational testing); self-assessment (using control testing), performing
computational and graphic works (using the tasks for independent solution); learning process
to solve problems (by examples of problem solving).

During the explanation of topics in physics in the "Mechanics" section, to increase
students’ interest in this topic, we analyze the principles of pedometer and accelerometer
operation, consider the algorithm for counting steps taking into account the parameters that
directly affect its operation, in particular: step, distance, speed and calories. The concept of
the algorithm is based on the use of three axial digital ADXL345 type accelerometers.

Pedometers are popular devices used to measure the number of steps a person takes
during the day. Modern pedometers are based on microelectromechanical systems, inertial
sensors and sophisticated step detection software.

The authors of the article developed a mobile application "Pedometer”. It is focused on
tracking the daily physical activity of the user, calculating the calories burned and received,
tracking the body’s water balance, storing statistics on the amount of work performed and
calories burned for the entire period of use of the mobile application. Due to the active
promotion of a healthy lifestyle and physical activity, this application is especially relevant
for medicine, physical education and sports.

The application is developed for the iOS platform, the Swift language is chosen for its
implementation. For user, the application provides next functions: registration and
identification in the application; filling in and changing personal data; calculation of the ideal
number of calories individually in accordance with the requirements and physical data of the
user; adding calories consumed or expended; adding consumed fluids; adding activity; the
ability to add new products / workouts / liquids to the database; start pedometer; viewing
statistics such as: the number of steps per day, the number of consumed and spent calories, the
state of the body’s water balance, viewing the activity for the last week (this information is
displayed in the form of a graph); receiving a notification about the consumed / spent number
of calories and the amount of fluid.

Among the non-functional requirements for the application are the following: output of
statistical data in the form of a graph; animations; display on the home tab statistics on user
activity for the current day; option to enter and select data by the user.

On the authorization page, the user can log in to the application or create a new account
(Fig. 5). The procedure involves entering a login and password. If the option "create an
account” is selected, then after entering the email and password for registration, a new
window will open to provide information. After providing the necessary information, the
application calculates the optimal number of calories for daily consumption, depending on the
chosen purpose of using the application.
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Fig. 5. Authorization and account creation pages

The personal information page displays statistical data entered by the user during
registration, in particular: name, surname, email, height, weight, purpose of using the
application. The user is also given the opportunity to update the data by clicking on the
"Update" button (Fig. 6).

First Name
First Name

Last Name
Last Name

Email
Emall

Height
Height

Weight
Weight

Goal
Goal

Fig. 6. Personal information and data update page

On the activity page there is an additional button "Start!" which activates the pedometer.
On the page, the user can see his/her own progress during the current day. The following data
are provided here: the number of calories consumed / used / left and the amount of fluid
consumed / left (Fig. 7).
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Callories

Water Drunk

Fig. 7. General information page

The developed mobile application "Pedometer” is useful for users interested in
controlling their daily physical activity, tracking the number of calories consumed and
expended, monitoring fluid levels in their own body and focused on a healthy lifestyle. The
simple interface provides ease of application use and does not provide special knowledge and
skills, which makes the product attractive for user.

The use of visual information model "Pedometer” in the process of teaching physics
increases the cognitive activity of students through the visualization of idealized physical
concepts, makes it possible to facilitate the understanding of the content of physical theories,
create a meaningful basis for solving applied problems and conduct elementary theoretical
research.

Experimental verification of the effectiveness of implementing the proposed
pedagogical software products in the educational process in physics confirmed the feasibility
of their use.

For statistical verification of the effectiveness of students subject competencies
formation, the Student’s t-test was used. The sample size was calculated according to the law
of sufficiently large numbers:

where n is number of students whose level of knowledge quality needs to be established
(sample size); t is the argument of the function F(t), the value of which is equal to a
predetermined probability P (Student’s ratio); p — the probability of the event; g = 7 - p —the
probability of the opposite event; ¢ is the error of the obtained results.

The effectiveness of the method was investigated by comparing the academic
achievements of two independent samples of students in experimental and control groups of a
sufficiently large sample size. The value of the average indicator of knowledge assimilation
separately for the control and experimental groups corresponds to the conditions of use — the
Student’s criterion.

The obtained data were processed according to the method proposed by [26], [27].

The coefficient of knowledge elements assimilation (K) is determined by the ratio of the
number of reproduced knowledge elements to the maximum possible number of elements:
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where N is the number of correct answers, determined by the product of the correct
answers number to the number of students (n) participated in the experiment; No — the
maximum possible number of answers to questions, determined by the product of the number
of knowledge elements on the number of students (n) participated in the experiment.

The pedagogical experiment was conducted on the basis of educational institutions:
Kryvyi Rih Medical College, Volodymyr Vynnychenko Central Ukrainian State Pedagogical
University, "Lviv Branch of the Kyiv National University of Culture and Arts", Kyiv National
University of Culture and Arts, Kropyvnytskyi construction college.

The article presents the results of a pedagogical experiment for students of Volodymyr
Vynnychenko Central Ukrainian State Pedagogical University.

For students who took part in the experiment created two variants of learning
conditions: traditional conditions and learning with the use of the proposed pedagogical
software products.

During the analysis of the content of the sections "Mechanics" (Fig. 8),
"Hydrodynamics" (Fig. 9), "Electrodynamics” (Fig. 10), we identified 47 physical concepts,
phenomena, processes.

Mechanics

i Control group
M Experimental group

!

Fig. 8. Selective histogram of students’ knowledge on the section "Mechanics'

Hydrodynamics

100

el

i@ Control group
HExperimental group

Fig. 9. Selective histogram of students’ knowledge on the section «Hydrodynamics»
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Fig. 10. Selective histogram of students’ knowledge on the section «Electrodynamics»

The results of experimental research (Fig. 8, 9, 10) showed positive changes in the
students’ attitude to the study of physics. The experiment showed that the use of the proposed
pedagogical software products in physics and virtual laboratory work contribute to the
formation of the logical structure of educational material and strengthen the role of
fundamental generalizing concepts and theories, as well as optimize the training time for
practical tasks. Computer models allow to demonstrate experiments without equipment, but
the process of perceiving them is the same as the process of perceiving real objects, increasing
the success of learning.

For the control and experimental groups: the total number of elements is calculated as
the product of the number of students (n) for the total number of answers. The total number of
knowledge elements is 47. The total number of knowledge elements for the control and
experimental group, respectively, are equal: 123 « 47 = 5781; 86 * 47 = 4042 (Table 1).

Table 1
Generalized results of pedagogical experiment
Number of The total number | Reproduced N
Groups of knowledge knowledge K== -100%
students, No
elements, No elements, N
Control 123 5781 4253 73,57
Experimental 86 4042 3712 91,84

The difference between the coefficients of knowledge acquisition in the experimental
and control groups: d= K.~ K,=0,1827 During the pedagogical experiment, we calculated
the average sampling error in the experimental training. Mathematical efficiency of the
educational material structure and methods of its study was checked through the reliability of
the difference in the coefficients of knowledge elements assimilation.

209



DOI: 10.33407/itlt.v82i2.4107 ISSN: 2076-8184. Information Technologies and Learning Tools, 2021, Vol 82, Ne2.

(- K
P= "\ (nk k),pk: 3,976-1072,

‘AL-K
P.= "\ ( e), p.=2,953-107%,
ne
whrere  Pe, P Ko, Kying,ny respectively, the average errors of correct answers;
coefficients of knowledge acquisition; number of students in experimental and control classes.
The average probability of correct answers to the questions is calculated by the average

error of their difference.
P.= \$ +P? P,=4953.10"’

Estimation of probability of the received difference reliability is carried out by means of
a normal deviation:

Ke—Ky_ d
T Pa’t“_ 3,69.

Since t >> 1,96, the difference in the coefficients of knowledge acquisition in the
experimental and control groups is significant and depends not on random samples, but on the
difference in the structure and methods of teaching physics organization at Volodymyr
Vynnychenko Central Ukrainian State Pedagogical University.

A pedagogical experiment conducted at the Volodymyr Vynnychenko Central
Ukrainian State Pedagogical University confirmed the effectiveness of the methodology of
teaching physics using the proposed software products and performing virtual laboratory
work.

4. CONCLUSIONS AND PROSPECTS OF FURTHER STUDIES

Modern advances in science and technology require modern classes in higher education
institutions. Teachers must take these requirements into account when using information tools
in physics classes.

The main advantage of information technology is that computer demonstrations can be
an integral part of any lesson and can effectively help teachers and learners. Some physical
processes or phenomena cannot be observed visually in the laboratory. Simulation of different
phenomena does not replace real experiences, but in combination with them allows explaining
at a higher level the content of a training material. Such classes arouse students’ real interest,
make everyone work, and the quality of knowledge increases significantly.

Methods of teaching physics using information technology are a powerful mechanism
with many possibilities. Educational software is an external resource for activating the
potential of the individual. It allows to increase the motivation to study physics, to lay a solid
foundation of knowledge in physics, contributes to the better assimilation of the necessary
educational material by students.

For modeling of physical processes we actively use such software in pedagogical
activity: software product "Laboratory work "Study of the hemodynamics fundamentals using
the apparatus "Heart-lung machine SORIN C5", mobile application "Pedometer"”, software
product "Educational software in physics "Electrodynamics”. The use of these software
products allowed laying the foundation for the formation of students’ subject competencies in
physics.

Further research of the authors are detailed demonstration of the experimental testing
results of the introduction into the educational process of educational institutions the software
products for modeling physical processes. Prospects for further development are the
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introduction into the educational process pedagogical software products "Physics. Molecular
kinetic theory"; "Physics. Spectral analysis".
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AHoTanisn. YpoBaKeHHs! HOBUX 1HQOpMamifHO-KOMYyHIKaIlifHIX TEXHOJIOTiH B OCBITHIH mpoliec
BUMara€ mepexojy Ha HOBHH SKICHMH piBeHb HaBYaHHS (i3WKH, aKTHBI3alii HaBYaJIbHOI
JUSUTBHOCTI CTY/ICHTIB.

YcninHe BUKOPUCTAHHS TEAAaroriYHuX IMPOrpaMHKX 3ac00iB JJOIIOMarae BUKIagady Ha BUCOKOMY
Ta SKICHOMY DiBHI BHKJaJaTH HaBUYaJbHUH Marepiall, KOHTPONIIOBATH HaBYalbHY MisJIBHICTS,
ITiIBUIIIYBAaTH CaMOOPTaHi3allilo OCBITHHOTO TPOIIECY.

Komm’torepHi JeMOHCTpanii MOXYTh OyTH OpPTaHIYHOI CKJIAJOBOI0 OYIb-SKOTO 3aHITTA Ta
e(peKTHUBHO JOIIOMOITH BHKIAJady Ta Cy0’ekraM HaBYaHHsA. Jleski (i3udHi mporecu abo sSBUINA
HEMOJKJIMBO CIIOCTEPIraTH Bi3yaJbHO B JJAOOpaTOpHUX yMoBax. MonemOBaHHs Pi3HUX SIBUII Hi B
SIKOMY pa3i He 3aMiHIO€ «GKHUBHX» JIOCTI/IIB Ta B ITOEHAHHI 3 HUMH JI03BOJISIE HAa OLITBII BUCOKOMY
PiBHI OSICHUTH 3MICT TOT'O YH 1HIIIOT'0 HABYAJIHHOTO MaTepiary.

VY naniil crarTi po3MIAOaEThCsl NPAKTHYHE BUKOPUCTAHHS IEIAroriYHUX MPOrPaMHUX IMPOIYKTIB
JUT MOJCNIOBaHHS (DI3MUHHUX MPOIIECIB: MporpamHumii 3acid «JlabopaTopHa pobora «BuBueHHS
OCHOB TeMOAMHaMiku 3a nornoMoroto amapary «llty4dnuit kpoBoodir SORIN C5», MoOinbHHI
nonatok «Kpokomipy, nporpamuuii mponykt «HaBuanpHuii mnporpamuHuii 3aci® 3 (izukm.
Enextpoannamikay.

IIporpamui mpoayktu (HOPMYIOTH MPEAMETHI KOMIIETEHTHOCTI 3 (isuku. BinOyBaeThcs OuIbII
NIOBHA peaJizalis NOTeHLIHHUX PecypCiB CTYAEHTIB TiJi yac (POpMyBaHHsS HOBUX 3HaHb IpO 0a30Bi
(i3UYHI TPUHIMITK Ta MIAXOAW IO JOCIIKEHHS IPOIECiB y KUBiH NpHpOAl, (i3UKO-TEXHIYHI
NPUHIUIN (QYHKIIOHYBAHHS MPHUCTPOIB, BUKOPUCTAHHS MaTeMaTHYHUX METOMIB Y JIOCHIPKSHHSX.
Po3p’si3yBanHsT Ha 3aHATTIX 3 (isuku mpodeciiiHo chpsMOBaHMX 3ajJad 1 BHKOHAHHS
nabopatopHux poOIT mojimnrye siKicTh npodeciiiHoi  ckianoBoi  HaBuaHHS. [Ipiopurer
KOMIT'IOTEpHUX MOJENeH JUisi MiJBUIIEHHS YCIIIIHOCTI CTYJCHTIB B TOMY, IO Mpolec IX
CTIIPUHHSATTS BiNOYBa€ThCSl B TaKMH JKe Croci0, SK 1 Mpolec CHPUHHATTS peajbHUX 00 €KTIB,
I ABUIIYIOYH YCITIIITHICTh HABYAHHS.

VY carti onmcaHO IIPOBEJEHY EKCIepHUMEHTalIbHY TMepeBipKy e(EeKTHBHOCTI BIPOBAKEHHS
3alpOIOHOBAHKUX IIE€AArOriYHUX MNPOrPAMHUX MPOAYKTIB y HaBYaIbHUN mpouec 3 (i3uKH.
[IpeacraBneni pe3yabTaTH EKCIHEPUMEHTAIBHUX JAOCHIKeHb Yy LleHTpanbHOyKpaiHChKOMY
JICPKaBHOMY TIeJIaroridyHoOMy YHiBepcuTeTi imeHi Bonmoaumupa BunHuueHka, siki Mokaszaiu
NO3UTHBHI 3MIHU Y CTaBJICHHI CTYACHTIB IO BUBYCHHSI (Di3HKH.

Koarwuosi cioBa: dizuka; iHpopmamiiiHO-KOMYHIKAII{HI TEXHOJIOTIT; MeNaroriyHuii MporpaMHuUin
3aci0; BipTyasibHa J1abopaTopHa podoTa; KPOKOMIp, MearoriyHui eKCIepUMEHT.
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AnHoOTanusl. BrHempenwe HOBBIX HMH(DOPMAIMOHHO-KOMMYHHKAIMOHHBIX  TEXHOJIOTHH B
00pa3oBaTeNbHBIN Mporiecc TpeOyeT Mmepexoja Ha HOBBIA KAYeCTBEHHBIH YPOBCHb OOyUYCHHS
(bu3nKe, aKTUBHU3AIMN YICOHOH ESITeILHOCTH CTYICHTOB.

VYcnenHoe UCTONb30BaHUE MEarOTHUECKUX IPOrPAMMHBIX CPEJICTB TOMOTAET MPEenoaaBaTelNo Ha
BBICOKOM M KAaueCTBCHHOM YPOBHE H3JIaraTh YYeOHBI MaTepuaj, KOHTPOJHUPOBATH YYCOHYIO
JIeSITeIIPHOCTD, TIOBBIIIATH CAMOOPTaHU3AIMIO 00Pa30BaTEILHOIO IIPOIIECCa.

KommbroTepHble JEMOHCTPAIUU MOT'YT OBITh OPTaHMYECKOW COCTABIIAIOIICH JIFOOOTO 3aHATHS U
MoryT 3hdeKkTHBHO MOMOYb MpenoaaBaTe 0 U cyobekTam oOyueHus. Hekoropeie (usnueckue
NPOILIECCHl WJIM SIBJICHUS HEBO3MOXKHO HAOJI0OIaTh BH3YaJbHO B JIaOOPATOPHBIX YCIIOBHSIX.
MOZICJ'II/IDOBaHI/IC Pa3INYHBIX SIBJIEHUH HU B KOEM cliydya€ HC 3aMCHSCT <OKHUBBIX» OIIBITOB, U B
COUC€TaHHHU C HHMU IIO3BOJIAIOT Ha 60.]'[66 BBICOKOM ypOBHe O6’I)${CHI/ITI) CMBICJI TOI'O HUJIKM UHOI'O
y4eOHOro MaTepuana.

B nmaHHON cTatbe paccMaTpuBaeTCsl MPAKTUYECKOE  HCMONb30BaHHE — MENaroruv4ecKux
MPOrPaMMHBIX MPOAYKTOB IJIsI MOACTUPOBAHUS (DU3MYCCKHUX TPOIIECCOB: MPOrPAMMHOE CPEICTBO
«JlabopaTopnass pabora «l3ydueHne OCHOB TE€MOAWMHAMHUKMA C IIOMOIIBIO  ammapara
«HckycctBennoe kpoBooOpamenune SORIN  C5», moOwibHoe npuinoxkenue «lllaromepy,
MIPOrPAMMHBIN MPOAYKT « Y 4eOHBIN MPOrpaMMHOE CPEACTBO MO (PH3UKE. DICKTPOIMHAMMKAY).
IIporpamMMHbIC TPOAYKTH (POPMUPYIOT MPEIMETHBIC KOMIIETCHTHOCTH 1O (u3uke. [Iporcxoaur
Oosiee TONHAS peanM3anys MOTCHIIMAIBHBIX PECYPCOB CTYIEHTOB B mporecce (HOopMUpOBaHHUS
HOBBIX 3HaHHUH O 0a30BBIX (PU3MUYCCKUX NPUHIMIAX M MOAXOMaX K MCCICAOBAHHIO MPOIIECCOB B
JKUBOH  Tpupope,  (U3MKO-TEXHHYECKUX  IPUHIMIIOB  (YHKIMOHUPOBAHUS  YCTPOWCTE,
HCIIONB30BaHUSI MAaTEMaTHUYECKHX METOIOB B HCCICIOBaHMAX. PelllcHre Ha 3aHATHSIX MO (hHU3HKE
mpodeCCHOHAIRHO HANPABACHHBIX 3aJad W BBIIOJHEHHE J1a00paTOpHBIX pPadOT  yiIydiiaeT
Ka4ecTBO MPO(eCCHOHATBLHOM COCTABIISIONMIEH 00ydueHus. [IpHopHTET KOMIBIOTEPHBIX MOIEei
JUIA TIOBBIIICHHS YCHEBAEMOCTU CTYIEHTOB B TOM, YTO IIPOIECC MX BOCHPHUSATHUS MPOUCXOIHUT
TaKUM k€ 00pa3oM, KakK U IPOIECC BOCIIPHUATHS PEAbHBIX O0BEKTOB.

B crarthe OmMCaHO NPOBEACHHYIO JKCIEPHMEHTAIbHYIO MPOBEPKY 3(D(HEKTHBHOCTH BHEAPECHHS
MIPEUIOKEHHBIX II€AarOrMYSCKUX IPOrPaAMMHBIX MPOAYKTOB B YUEOHBIH IPOIECC MO (DH3HKE.
IIpencraBneHsl pe3yNbTaThl AKCIEPUMEHTANBHBIX HCCIeNoBaHUK B LleHTpanbHOYKpanHCKOM
TOCYIapCTBEHHOM II€JarorMdeckKoM YHHBEpPCHTETe MMEHH Bnamumupa BuHHHYEHKO, KOTOpBIE
TTOKA3aJI1 TIOJIOKUTEIFHBIE H3MEHEHHSI B OTHOIICHUH CTYACHTOB K M3YUEHHIO (PH3HUKH.

Knrouesbie cJIoBa: ¢dusnka; nH(pOpMaANMOHHO-KOMMYHHKAIIOHHBIC TEXHOJIOTUH;

MeJarorndeckoe NpOrpaMMHOE CpEICTBO; BUpTyalbHas JabopaTtopHas paboTa; mIaromep,
NeJarorMYeCKUi SCIIePUMEHT.
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