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Abstract

Relevance. This paper concerns the use of interactive methods and technologies in the distance educational process when
studying physics in secondary school.

Purpose. The purpose of the paper is to identify the possibilities of interactive computer models and to develop didactic
and practical bases of the methodology of their effective application in teaching physics to secondary school students.

Methodology. The following pedagogical methods of literature analysis and statistical processing of the results are used
in the work. Conversation, observation, experience, practical work with the predominance of the heuristic nature of the
cognitive activity of students are the main methods of organising work with students.

Results. Special attention is paid to the forms and types of educational activities in information networks, as well as
problems that arise during distance learning. The article reveals the need to develop methodological foundations for the
use of interactive computer models in teaching a physics course in secondary school. The paper considers the main
provisions of the methodology for using interactive computer models in the educational process, methodological and
didactic requirements for its organisation. This article discusses the prospects of using interactive methods and
technologies in the distance learning process. This paper unlocks the potential of interactive computer models and justifies
the expediency of their use in the process of teaching physics in secondary school.
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Conclusions. The article substantiates the importance of the relationship between methodological and technological
approaches to the development of interactive educational computer models. The paper shows the effectiveness of
interactive computer models in physics for self-training of students to increase their level of practical and applicable skills.

Keywords: physical experiment; distance learning; education; electronic textbook; teaching in secondary school.

Introduction

An information-oriented society facilitates an active
modernization of education. The emergence and
continuous improvement of forms and sources of obtaining
information require education to search for new learning
technologies. Today, digital technologies and the Internet
are relevant in the process of cultural development of
society, since the scale of education has no equal in
importance. Educational institutions have switched to
online mode due to the access of the whole world to the
Internet, as well as social and economic crises caused by
the Covid-19 pandemic. The pillar of this research is to
conduct and further develop independent work as a
methodological guide for the self-education of students
using new computer technologies in education. Interactive
computer models are new information technologies that
allow creating dynamically developing images in various
information manifestations by combining statistical visual
information (text, graphics, colour) and dynamism
(animation) [1; 2]. Interactivity allows the student to be
active in working with a computer model, to control the
presentation of information within certain limits, to choose
an individual course and the pace of the educational
material. The harmonious combination of animation,
graphics, colour and interactivity provides students with a
visual and imaginative perception of the educational
material, develops imagination and model thinking,
promotes mental activity, increases and stimulates the
effectiveness of mastering the materials, cognitive interest
in studying subjects. Therefore, computer models have
didactic potential and can be used in educational work by
various and effective methods [3; 4].

Many studies confirm the increase in the educational
and cognitive activity of students using an interactive
computer model in the educational process (V. P. Bespalko
[5], A. G. Dorrer [6], V. S. Polat [7], I. V. Robert [8], V.
A. Starodubtsev [9] et al.). In the Republic of Kazakhstan,
certain aspects and types of computer technologies,
theoretical and scientific-applied directions of application
of information and communication technologies are
studied in the work of A. Karaeva [10], E. 1. Bidaibekova
[11], E. A. Abdykerimova [12], etc. In the works of these
authors, the promising direction is proved of using
computers as a means of teaching. This allowed
considering computer training as one of the most important
modern trends in the methodology of teaching physics.
Currently, specialists pay attention to the development of
various computer-learning models that simulate the
environment and various applications for computational
experiments. The widespread introduction of computer
technologies in all spheres of practical activity and in the
educational process raises the issue of textbooks and
teaching aids of a new type aimed at the active use of
educational programmes, teaching materials, as well as
modern computer technologies. This question is especially
important for teaching physics since computers open up
new opportunities for the educational process, as well as

the study of specific phenomena when this is impossible
using traditional methods. Thus, new computer-based
learning technologies are an important factor in turning
broad information learning into fundamentally intensive
learning [5; 6].

Due to the loss of students' interest in the subject, the
issue of using physical interactive computer modelling
becomes particularly relevant for online learning in
modern schools. Having studied the development of the
world education system and the prospects for the
development of the online learning system, we believe that
using electronic textbooks will be the most productive in
the future learning process. In the context of intensive
computerisation of modern education, new information
technologies are being developed and used in secondary
schools for teaching physics such as electronic textbooks,
multimedia, animation, models, etc. The Internet can also
provide access to new sources of knowledge such as
interactive computer models that significantly expand and
enrich the educational environment. In this regard, the
development of methodological theoretical and practical
foundations requires constant improvement to use world
interactive computer models for physics courses with new
textbooks [7; 8; 9].

The purpose of the paper is to identify the possibilities
of interactive computer models and to develop didactic and
practical bases of the methodology of their effective
application in teaching physics to secondary school
students. The research work is carried out within the
framework of the project of grant financing of scientific
and technical projects. The practical significance of the
research is to substantiate the importance of the
relationship between methodological and technological
approaches to the use of physical interactive models in
secondary  school; to develop scientific and
methodological recommendations for the introduction of
an interactive computer model as an illustrative material in
the physics course and to improve the effectiveness of the
educational process; to develop an electronic textbook on
the sections of the physics course. The research materials
can be used in the work of general education schools,
institutes or regional centres for advanced training and
retraining of teaching staff. The scientific novelty of the
research results is as follows:

e  didactic and practical bases of the methodology of
using interactive computer models were developed, aimed
at a deeper assimilation of physics, activation of cognitive
and creative interests of secondary school students;

e the importance of the relationship between
methodological and technological approaches to the
development of interactive educational computer models
was substantiated;

e an electronic textbook was developed and
implemented using interactive computer models, and its
content and methodological content were determined;
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e practical and methodological materials were
presented that allowed students to design interactive
computer models independently in physics, create
electronic textbooks, and carry out project activities;

e when developing a methodology for using
interactive materials of an electronic publication, various
methodological models can be used, depending on the
composition of students in the class, the school's
availability of computer equipment and the methodological
tasks facing it.

Materials and Methods

Currently, the rapid development of information and
communication technologies has made it necessary to
modernise the content and structure of all areas of school
education. In recent years, there have been significant
changes in the goals, content, methods and technologies of
training during the modernisation of the education process,
namely, during the transition from teaching “knowledge,
skills and abilities” to a competence-based approach. The
article pays special attention to the forms and types of
educational activities in information networks, as well as
problems that arise during distance learning. This article
provides some conditions for ensuring the effectiveness of
interactive methods and technologies in distance learning
[10; 11]. The following pedagogical methods are used in
the work:

e  theoretical: analysis of pedagogical,
methodological and special literature on the problem of
research;

e general scientific: pedagogical observation,
conversations with schoolchildren, analysis of the results
of students' activities, the study of computer software
products intended for teaching physics at school, study and
analysis of the experience of using information technology
tools in teaching schoolchildren;

e  statistical: processing the results of pedagogical
experience.

When developing a methodology corresponding to the
tasks of this study, scientific works and methodological
publications were analysed on the use of interactive
computer models in the process of teaching physics in
secondary school. Conversation, observation, experience,
practical work with the predominance of the heuristic
nature of the cognitive activity of students are the main
methods of organising work with students. These methods
provide the development of research skills, skills, teach
students to make new decisions independently. The
individual work of students on PCs is the most effective
form of working with interactive models since students
gain knowledge in the process of independent creative
work. At the stage of generalisation and systematisation of
new material, students are invited to independently
conduct a small study using a computer model or a virtual
laboratory, and get the necessary results. The necessary
methodological aspects are proposed in the work:
methodological recommendations for various sections of
the course are developed for demonstrating and illustrating
new material, showing methods for solving problems,
solving experimental problems, conducting laboratory and
independent work, organising research activities,

monitoring, self-monitoring, etc. The article considers the
main provisions of the methodology of using interactive
computer models in the educational process,
methodological and didactic requirements for its
organisation. Methodological instructions were developed
for the teacher to work with an interactive computer model.

To study the problem of using interactive computer
models in the process of online physics education in
secondary school, it was found that a survey of high school
students in some schools in Atyrau resulted in great
difficulties for students in online learning at an unexpected
time, their lost interest in the subject, which did not allow
reaching potential [12; 13]. When mastering new
knowledge in traditional ways online such shortcomings
result from the following:

e a body of information transmitted through
traditional education for a limited time, and little time is
spent on increasing the creative potential of students;

e the lack of electronic methodological manuals to
demonstrate necessary experiments when developing new
knowledge;

e formal execution of physical experimental tasks
on paper without practical verification of the results;

e it is not possible to perform traditional laboratory
tasks online.

Results

Based on the analysis of scientific, pedagogical,
methodological and special literature on the problem under
study, the types of interactive computer models were
determined taking into account the content specifics of the
physics course in educational institutions and were
recommended for practical and laboratory classes of
secondary school students. The didactic and practical
methodological base was developed for using interactive
computer models in teaching physics to secondary school
students. It was found out that interactive computer models
opened new doors for the educational process: they
significantly increased and stimulated cognitive interest in
the subject; created a unique methodological and didactic
potential in teaching; developed imagination and model
vision; promoted mental activity; individualized learning;
developed independence, etc. [14]. The ability to
demonstrate visually a lightweight theoretical model is a
special feature of interactive computer models that allows
you to find physical laws of natural phenomena quickly
and efficiently, which can practically not be implemented
in a real physical experiment. In addition, students can
simultaneously monitor the creation of appropriate
graphical dependencies during the experiment. The
graphical method of displaying the simulation results
facilitates the assimilation of a large amount of information
received by students. Because of the research, electronic
textbooks were prepared on the sections "Vibrations and
Waves”, "Conservation Laws", "Atom Structure. Atomic
Phenomena. To check the effectiveness of the research on
the topic under consideration, the following plan was
executed:

1. Methodological support following the curriculum of
the 9th grade “Conservation Laws” and “Vibrations and
Waves” by developing lesson plans and electronic
textbooks using interactive computer models.
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2. Improving the quality of education through
executing lesson plans and electronic textbooks for the 9th
grade in physics, developed using interactive computer
models, into the educational process.

The research results were approved during
experimental searches in general education schools when
studying physics. A pedagogical experiment was
conducted in five schools of Atyrau and Atyrau region of
the Republic of Kazakhstan to test the effectiveness of
interactive electronic models. The weakest parallel classes
were selected for an experimental group in each school,
while the strongest classes respectively made up a control
one. To validate the proposed method, identification and

control tests were conducted using interactive computer
models [15]. At the ascertaining stage, tests were
conducted in the control and experimental classes. Based
on the results, it is possible to draw conclusions about the
level of knowledge of students in the subject. The results
of the knowledge assessment are shown in Figures 1 and 2.
It can be seen from the diagrams that a small part of the
students know and understand physics above the
"satisfactory” grade. Based on the number of correct
answers, the level of knowledge assimilation was
determined (calculated on a four-point scale). 20 questions
were asked, less than 10 tasks unsatisfactory; 11-14 tasks
satisfactory; 14-18 tasks good; 18-20 tasks excellent.

M2
H3
Ma
M5

Figure 1. Levels of knowledge assimilation in the experimental classes

2
H3
M4
5

Figure 2. Levels of knowledge assimilation in the control classes

During the formative experiment, students of the 9th

grade learned the topics "Conservation Laws",
"Momentum", "Momentum  Conservation", "Jet
Motion","Mechanical Work and Energy", “Energy

Conservation and Transformation Laws". At this stage,
physics lessons [10] were conducted in the experimental
group using the lesson plans and an electronic textbook
prepared using interactive computer models of physical
phenomena. Traditional lessons were conducted without
computer models in the control class. To check the
fulfilment of the purpose, the authors conducted
demonstration computer experiments with students of the
experimental class when explaining a new topic at the

beginning of the lesson, repeating the material in the
middle of the lesson, consolidating knowledge at the end
of the lesson. In addition, the Ilesson considered
experiments with students in virtual laboratories. The
practical verification of the developed methodology was
carried out at the stage of a control experiment. At this
stage, a control test was conducted with the experimental
and control classes for the topic "Conservation Laws" to
confirm the research hypothesis. This was the final test
given to the students of the experimental class to determine
whether the computer models contributed to improving the
quality of learning. The pie charts present the results in
Figures 3 and 4.
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4%

M2
M3
M4
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Figure 3. Levels of knowledge assimilation in the experimental classes

M2
H3
M4
M5

Figure 4. Levels of knowledge assimilation in the control classes

The obtained results confirm the correctness of the
proposed study hypothesis, that is, comparing the results of
students in the control and experimental classes on
ascertaining and control tests, the authors were convinced
that using interactive computer models positively affected
their academic performance and level of knowledge
assimilation. In the experimental classes, the quality of
training increased by 1.5 times. Thus, three stages of the
experimental search were implemented.

Discussion

Over the past decade and a half, interactive computer
models have entered the system of physical education as
one of the teaching tools. Teaching physics at school
implies constant accompaniment of the course with
demonstration experiments. With the advent of computer
technology, it became possible to supplement the
experimental part of the physics course and significantly
increase the effectiveness of lessons [2; 12]. The use of
computers in physics lessons turns them into a real creative
process, allows using the principles of developmental
learning. There is an opportunity to select the necessary
material, present it vividly, clearly and accessible. In
addition, a much larger number of experiments can be
carried out using computers. This type of experiment is
implemented using a computer model of a particular law,
phenomenon, process, etc. Working with models opens up
huge cognitive opportunities for students, making them not
only observers, but also active participants in ongoing
experiments. In secondary school, the course of physics

includes sections, the study and understanding of which
requires a developed imaginative thinking, the ability to
analyse and compare. In the conditions of school physical
rooms, many phenomena cannot be demonstrated. For
example, these are phenomena of the microcosm, or fast-
flowing processes, or experiments with devices that are not
present in the room. First, we are talking about such topics
as  "Molecular  Physics", some chapters of
"Electrodynamics”, "Nuclear Physics", "Optics", etc.
Strictly speaking, you can find chapters that are difficult to
understand in any section of the physics course. As a result,
students have trouble in studying them, since they are not
able to visualise them.

In such situations, modern technical means of teaching
come to the rescue such as computers and multimedia
training programmes in physics. Using modern
technologies should contribute to solving this problem in
the study of physics. Using an interactive computer model
as an illustrative material is one of the most popular in
school, since it does not require a computer-equipped
classroom and can be carried out based on a single
workplace with a multimedia projector [14; 16].
Interactivity opens up huge cognitive opportunities for
students, making them not only observers but also active
participants in ongoing experiments. Since interactive
learning is the most modern training, therefore, a
hypothesis is put forward: the motivation of schoolchildren
to study physics should increase using modern computer
technologies. After all, the level of motivation is an
important indicator of the effectiveness of the educational
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process. Interactive modules make it possible to use the
training time more effectively since a real frontal
experiment takes more time both to prepare and to conduct.
During the development of interactive computer models,
teachers must find a reasonable didactically justified
correspondence between computer logic and the logic of
living human activity. It is important to provide special
measures to stimulate educational activities, maintain
positive motivation for learning, and create a favourable
work regime. Interactive computer modelling makes it
possible to obtain visual dynamic illustrations of physical
experiments and phenomena, to reproduce their subtle
details, which often escape when observing real
phenomena and experiments.

It was realised that didactic materials helped students to
master the management of a computer model, acquire skills
to work with it, contributed to the assimilation of
educational material, awareness of the need to acquire
knowledge on the methodology of using interactive
computer models, created a wide field of creativity in
preparation for teaching physics in secondary school. The
intensive development of personal computers, information
technologies, and powerful supercomputers has made
computer modelling one of the most effective methods for
studying physical, technical, biological, economic and
other systems. Computer models allow exploring easily
and simply, as well as carrying out computational
experiments. In this regard, we present the requirements
that satisfy the model of the system under study [2]:

1. The completeness of the model, i.e. the ability to
calculate all the characteristics of the system with strict
accuracy and reliability.

2. The flexibility of the model, which allows
reproducing various situations and processes, changing the
structure, algorithms, and parameters of the system under
study.

3. The duration of preparation and implementation,
which characterises the time spent on creating the model.

4. A block structure that allows adding, deleting and
replacing some parts (blocks) of the model.

In addition, the information support of the model,
software and technical means should ensure the exchange
of information with the corresponding database and
convenient user operation. Using the models and flash
animations in the educational process ensures the active
reception of new educational materials, as well as increases
the interest of students in learning. In addition, this
technology increases the visibility of the perception of
concepts and makes it possible to assimilate deeply
theoretical knowledge, organise new, non-traditional types
of educational activities for teachers, and widely use
activation methods. For any stage of a lesson, you can
create Flash textbooks that can be used at the stage of
interpreting and consolidating new knowledge. With the
help of such textbooks, it is possible to control the level of
assimilation of educational material by students [17]. The
programme also makes it possible to develop logical
training games that can be used at the stage of
consolidating knowledge. At the same time, the use of
learning tools based on interactive Flash creates conditions
for students to get practice-oriented knowledge. Modern
technical and software tools allow creating and using
models that bring objects and processes as close to reality

as possible. The combination of video and sound effects
provides simultaneous effects on both organs of vision and
hearing, significantly increases the information content of
the educational process and the effectiveness of its
perception. Different feelings are ensured during the
analysis of students when exposed to the sensory organs
with a colour set, sounds, oral intonations, audio-visual
means of teaching, in comparison with already known
ideas and concepts.

Using interactive models and dynamic Flash
presentations is one of the most effective methods of
introducing new information technologies in the
educational process. Experience shows that students'
interest in physics increases when working with a
computer, their psychophysical and intellectual resources
are used at the highest level, creative potential develops,
horizons expand, the relationship between theory and
practice is formed. Computer modelling contributes to the
development of students' formal-logical and operational
forms of thinking and allows them to rethink creatively
modern methods of scientific cognition. If classes are held
using interactive computer models, students will be able to
choose a profession related to physics in the future, as they
will have a more complete understanding of this subject
and an increased level of understanding of the educational
material.

Conclusions

Practice shows that most of the students of the
experimental class began to assimilate the educational
material better with the help of interactive computer
models of physical phenomena, and some of them began
to show a special interest in physics. Based on the analysis,
it was proved that using interactive computer models
increased the quality of knowledge during the lesson due
to the novelty (innovation) of the activity. The more
colourfully and visually teachers can give a lesson, the
better they will be able to improve the students' academic
performance. The survey of the students (participants of
the experiment) in schools and the survey of experimental
teachers showed that the motivation to perform educational
tasks among students increases significantly if the
educational tasks are presented in an interactive computer
form. The experiment showed that the assimilation of the
material will be more effective if a complex of interactive
computer models is used, united not only by the generality
of the topic, by the methodology of its presentation, but
also by a common methodological approach to the use of
each model and the whole complex.

Thus, it can be concluded that using interactive
computer models in teaching physics increases the
student's interest in the subject, the quality of educational
materials and student academic performance. The
necessity was substantiated to develop interactive
computer models based on the content of the basic school
physics course aimed at the formation of practical skills of
students. It was shown that the multifunctional interactive
properties of computer models allowed them to be
successfully used in various types of work. It was revealed
that the greatest advantages and possibilities of their
application were revealed in the physical experiment.
Having listed the main advantages of using interactive
computer models in physics lessons, their use in the lesson,
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we conclude: it significantly increases the effectiveness of
the lesson, accelerates the process of preparing for the
lesson, allows teachers to demonstrate fully their creative
abilities and teaching aids. Based on the above, we note
that it is possible to achieve most of what is necessary for
the informal development of the physics course and the
formation of a physical picture of the world with the
competent use of interactive computer models of physical
phenomena. The effectiveness is proved of using
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EdexkTuBHiCTL BUKOPHCTAHHS iHTEePAKTHBHHUX KOMII'IOTEPHHUX MoO/eJIeil NP HAaBYaHHI (izuku
B Cy4YacHIi mKoJIi

Basn Kyan6aeBa
ATtupaycbkuii yHiBepcuteT iMeHi X. /locmyxamenosa
060011, mpocnekt CtyneHrcbkuid, 1, M. Atrupay, Pecrry6mika Kazaxcran

lizaryana Imamesn
ATtupaycekuii yHiBepcuteT iMeHi X. JlocMyxamenoBa
060011, mpocniext CtyneHTcbkui, 1, M. Atupay, Pecnyomnika Kazaxcran

Ailiman Maiiysin6aeBa
ATupaycekuii yHiBepcuteT iMeHi X. JlocMyxamenoBa
060011, mpocniext CtyneHTcbkui, 1, M. Atupay, Pecnyonika Kazaxcran

Axmapan MyxaHOeTxaHOBa
ATrupaycekuii yHiBepcuteT iMeHi X. JlocMyxamenoBa
060011, mpocniext CtyneHTcbkui, 1, M. Atupay, Pecnyomnika Kazaxcran

I'ynam Komanosa
Kacmificekuii nepxaBHAN YHIBEPCUTET TEXHOJIOTIH Ta imkuHipuHTY iMeHi ILI. €ceHoBa
130000, 32 mxp, Axray, Pecriyonika Kazaxcran

AHoTauis

AxTyanbHicTs. [lana po®oTa CTOCYETHCS BUKOPHCTaHHS IHTEPAKTUBHHUX METOJIB 1 TEXHOJIOTIH B IUCTaHLIHHOMY
OCBITHROMY IIPOLIECi IPY BUBYCHHI ()i3WKH B CEPEIHIHN IIKOJIL.

Meta. MeToto poOOTH € BUSBICHHS MOXJIHMBOCTEH IHTEPAKTHBHUX KOMITTOTEPHHX MOZENEH i po3po0Ka AUAAKTUYHHX i
MIPAKTHYHUX OCHOB METOJAMKH iX e()eKTUBHOTO 3aCTOCYBaHH: Y HaABYaHHI (Di3WKH yIHIB CEPEIHBOI MIKOIH.

Metoa. Y poboTi BUKOPUCTAHO TaKi MeAaroridHi METOAM aHali3y JITepaTypy Ta CTaATUCTHYHOT 0OpOOKU pe3yJsIbTaTiB.
OCHOBHMMH MeTOJaMu oprasizauii poOOTH 3 y4HsSMH € Oecifia, CIOCTEPeXKEHHs, IOCHTiJ, IpaKTH4YHAa podoTa 3
HepeBaKaHHSIM EBPUCTUYHOIO XapaKTepy Mi3HaBAILHOT JisUTbHOCTI YUHIB.

PesyabraTu. Oco0nuBy yBary npuzijieHo ¢opMam i BuaaM HaBYaJIbHOT JisTIbHOCTI B iHQOpMAaLiTHUX Mepexax, a TAKOK
npoOiemam, sIKi BHHUKAIOTh TIiJ] 4ac AUCTAHIIIMHOTO HaBYaHHs. BUsBIEHO HEOOXIAHICTH PO3POOKH METOJANYHUX OCHOB
BHUKOPHCTaHHS IHTEPAaKTUBHUX KOMITIOTEPHHX MOJENEH y HaBUaHHI Kypcy (i3Wku B cepenHid mkomi. Po3rimsHyTto
OCHOBHI TIOJIOKCHHSI METOJMKH BUKOPHCTAHHS IHTEPaKTHBHHX KOMII'IOTEPHUX MOJENIEH Yy HaBYaJbHOMY IIpOIIECi,
METOAWYHI Ta TUIAKTHYHI BUMOTH JI0 Horo opraHizamii. OOroBOpIOIOTHCS IEPCHEKTHBH BUKOPUCTAHHS IHTEPAaKTHBHUX
METOJIB 1 TEXHOJOTIM y MpoIleci MUCTAHIIIfHOTO HaBYaHHs. PO3KPUTO TOTEHIANd IHTEPAKTHBHHUX KOMITTOTEPHUX
Mozenel Ta 00rpyHTOBaHO JTOUUIBHICTh IX BUKOPUCTAHHS Y TIpoIieci HaBuaHHS (Di3WKH B CEPEIHIN MIKOITI.

BucHoBkH. Y cTaTTi OOTPYHTOBAHO BaXKJIMBICTh B3a€EMO3B'A3KY METOMOJOTIYHOTO Ta TEXHOJIOTIYHOTO MiAXOIB 1O
PO3pOOKH IHTEPaKTUBHHUX HABYAIBHUX KOMITIOTEpHHUX Mozenei. [Tokazano epekTHBHICTh BAKOPUCTAHHS IHTEPAKTHBHUX
KOMI'TOTEPHIX MOJIeIer 3 Pi3UKH I CAaMOTIIITOTOBKH YYHIB 3 METOIO ITiIBUIICHHS PiBHS iX MPAKTHYHHX 1 PUKIIATHIX
HaBHUYOK.

KoarouoBi ciioBa: ¢i3uuHull eKCIIEPUMEHT; AMCTAHIIHE HABYaHHS; OCBITA; €IEKTPOHHUH MiAPYYHUK; BUKIAJaHHI B
CEepeIHIN TIKOJTI.
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