
Серия «Физика». № 4(100)/2020 87 

ФИЗИКАНЫ ОҚЫТУ ƏДІСТЕМЕСІ  
МЕТОДИКА ФИЗИКИ  
METHODOLOGY OF PHYSICS 

DOI 10.31489/2020Ph4/87-94 

UDC373.5:372.853 

A.S. Prutko, A.S. Kudussov*, E.K. Mussenova, Zh.T. Kambarova 

Karagandy University of the name of academician E.A. Buketov, Kazakhstan 
(*E-mail: akudusov@mail.ru) 

Development of the electronic physics textbook for students of secondary school 

The work the results of using the developed electronic textbook on physics for organizing the independent 
work of secondary school students is analyzed. The possibilities of an electronic textbook are shown, the 
advantages of using the textbook in the learning process are noted. For the development of the electronic 
textbook, the C# programming language was used in the Microsoft Visual Studio software environment. The 
main idea of developing an electronic textbook is the relationship between theoretical teaching and practical 
skills. The electronic textbook provides two modes of operation: training mode and control mode, thus the 
electronic textbook contains a block of theoretical material and a module for interactive testing of students' 
knowledge. The theoretical material of the textbook has been developed in accordance with the standard 
curriculum for the subject “Physics”. The interactive testing module includes standard physical problems of 
different degrees of complexity, as well as practice-oriented problems on physics. A set of practice-oriented 
problems has been developed, the use of which in the process of teaching physics will allow to ensure the 
formation of students' theoretical knowledge and practical skills, to prepare students for practical activities. 
The main advantage of an electronic textbook is interactivity. The novelty of the development of an electronic 
textbook is implementation in accordance with a new approach aimed at shaping students' knowledge about 
the practical applications of physics and developing their practical skills. 

Keywords: electronic textbook, information and communication technologies, interactive testing, physical 
problems, pedagogical experiment. 

 

Introduction 

Electronic technology becomes an important component in all areas of social activity. Education is one 
of the most significant components in the process of personality formation and development of a man of to-
day; therefore it needs constant improvement and modernization. 

Modern education cannot be imagined without electronic technologies, since their use makes it possible 
to ensure the fulfillment of a number of important problems, such as providing access to educational materi-
als as part of the implementation of distance learning programs, conducting online courses, and the use of 
innovative technologies contributes to the modernization of education. 

The study of the concept of teaching by using information technology is one of the prospective lines of 
research today. The concept of e-learning is one of the main directions of research in educational technolo-
gies, and most scientific works on the e-learning education theme are devoted to the study of teaching and 
learning strategies, interactive learning environments, e-learning in education sector and massive open online 
courses [1]. This indicates an increase in interest in the study of the application of information and commu-
nication technologies in education sector, due to the development and dissemination of these technologies. 

Information technologies make it possible to gain access to educational material at any time, simplify 
the transfer of information, provide greater clarity of the material and automate the process of knowledge 
control; make it possible to conduct virtual laboratory works. The textbooks created by using these technolo-
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gies have a number of advantages and disadvantages. The advantages of electronic textbooks include the 
ability to fill the textbook with various visual aids, the ability to use hyperlinks and animations. The disad-
vantages of electronic textbooks include the complexity of development, the high cost of devices for repro-
ducing educational material, the need to have an Internet connection, if necessary to display various elements 
of the textbook [2, 3]. Electronic textbooks on physics can be equipped with tools of self-control and testing 
of students, as well as tools for conducting virtual physical experiments, which will improve the quality of 
learning the material by students [4]. 

In work [5] authors investigated how elements of course structure influence the usage patterns of elec-
tronic textbooks (e-texts) in introductory physics courses. Found that course structure has a strong influence 
on how much of the e-texts students actually read, and when they do so. 

The scientific and methodological basis of the use of the electronic textbooks and virtual laboratory 
works in the formation of an applied orientation in students were discussed in [6]. The article noted that 
conduction a physical experiment and frontal laboratory works by using virtual models and electronic books 
via computer, then can compensate the lack of equipment in the physics laboratory. 

The theory of creating and using an electronic textbook, solving the requirements of innovative tech-
nologies and practical problems in the process of professional training of students, in particular, training fu-
ture teachers with electronic textbooks, and also forms skills and abilities in practice, were discussed in [7]. 
The study is devoted to overcome the above contradictions by finding the best option for the creation and use 
of electronic textbooks illustrating its impact on the quality of education. 

The structure and content of the electronic educational and methodological complex for students «Phys-
ics: social and humanitarian direction of specialized education» were described in [8]. The offered complex 
was developed on the basis of application software. Didactic and basic principles of organization of the elec-
tronic educational and methodical complex on the subject, which are the basis for the development of the 
author's complex, were highlighted. 

The work [9] considers the organization matter of the training process in Physics with the “Educon” 
helping as an electronic support. The article noted that the practice of using electronic textbooks shows that 
students assimilate the material qualitatively. The development of the information and communication edu-
cational environment represented by electronic educational resources opens the way for new methods in 
physics studying, thereby improving the educational quality. 

The purpose of the research in [10] is to identify students’ preference for e-textbooks or analog, printed 
books, analyze the perception of student benefits and limitations of the medium, and investigate potential 
impacts of e-textbook use in educational process. The survey analyzed five beneficial and five limiting fea-
tures of e-textbooks, confirming that eyestrain is the most problematic feature for e-textbook users, while 
ease of access was the most significant positive feature. Although the research does consider factors that may 
influence e-textbook preferences among students, there may be other factors that were not addressed in this 
research that may influence students’ preferences for electronic texts and printed texts. 

At the Department of Physics and Nanotechnology of the Physics and Technology of Faculty of the Ka-
raganda University named after academician E.A. Buketov, work is underway to develop and use electronic 
teaching aids in the educational process [11–16]. At the principle of the concept of electronic edition devel-
oped by lecturers at the Department, much attention is paid to the methodological component, which allows 
using electronic educational resources as self-training for students and a simulator for self-testing. 

According to the State Compulsory Standard of general secondary education [17], the purpose of gen-
eral secondary education is to create an educational space to ensure the development of the following skills: 

− functional and creative application of knowledge; 
− critical thinking; 
− carrying out research work; 
− use of information and communication technologies; 
− the use of various methods of communication; 
− ability to work in a group and individually; 
− problem solving and decision making. 
This purpose can be achieved by using electronic teaching textbooks, since working with the textbook 

will improve the skills of using information and communication technologies among students, and can also 
contribute to the development of the above skills. 
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The purpose of this work is to develop the electronic textbook and practice-oriented problems on phys-
ics. To achieve the purpose of the work, the following tasks were set and solved: 

− to develop the theoretical material of the textbook in accordance with the standard curriculum on 
physics [18]; 
− to develop practice-oriented problems on physics. 
Practice-oriented problems were included in the textbook, since the preparation of students on physics, 

according to the State Compulsory Standard of general secondary education, involves the use of the 
knowledge gained to explain various physical processes and phenomena, the principles of operation of the 
most important technical devices. Solving applied problems helps to establish a connection between the stud-
ied theories and phenomena occurring in the real world, and contributes to the use of acquired skills in vari-
ous life situations [19]. 

The electronic physics textbook 

The electronic textbook was developed by using the C # programming language in a development envi-
ronment «Microsoft Visual Studio» for Windows operating system. The main structural elements of the text-
book are a block of theoretical material and a module for testing students' knowledge. The main menu of the 
program is shown in the Figure 1, where the structural elements of the textbook are indicated by numbers  
1–3. 
 

 

Figure 1. Main menu of the electronic textbook 

Description of the structural elements of the electronic textbook: 
1 — the block containing theoretical material on the sections of physics. The theoretical material is 

compiled on the main themes of a typical curriculum on physics; 
2 — the testing module, when you click on a specific section, the test for the section opens in a separate 

window, the program window is hidden until testing is complete; 
3 — the block containing information about the structure of the electronic textbook, when the button is 

pressed, this information is shown to the user. 
All sections of the theoretical material are divided into subsections. For example, the “Electrodynam-

ics” section includes the following subsections: electrostatics, direct current, magnetism, electromagnetic 
oscillations and waves. Each subsection is broken down into themes. On the themes included in the subsec-
tions, a brief reference material is presented, which is necessary for solving physical problems, supplemented 
by process diagrams and graphics, various figures that make the material more visual and improve its percep-
tion. The Figure 2 presents reference material on the themes “The motion of a body thrown at an angle to the 
horizon”, included in the subsection “Kinematics”. 
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Figure 2. Reference material on theme “Motion of a body thrown at an angle to the horizon” 

The material is structured in such a way to make it easier to find the information you need. When you 
click on each of the subsections, a list appears containing all the theme of the subsection, clicking on the 
theme name from the splash list allows you to open the reference material. The non-linear structure of the 
material of textbook allows you to start studying it from a specific theme and return to previously studied 
material if necessary. The splash list also contains a link for passing testing by subsection. Testing is a set of 
problems with a choice of one answer out of five proposed, as well as problems with a choice of several cor-
rect answers out of eight proposed. All problems, including practice-oriented problems, were compiled ac-
cording to the themes included in the subsection. 
 

 

Figure 3. Testing window for the section “Molecular-kinetic theory and thermodynamics” 
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The testing module allows to testing the entire section. The testing window is shown in the Figure 3. 
Test tasks include tasks from testing on subsection. When generating a test variant, each task is selected ran-
domly from a list of tasks of a certain number, generated from all testing variants on a subsection. This al-
lows creating many different test variants and gives the ability to test multiple times. Each variant of the test 
consists of 12 tasks (9 tasks with a choice of one answer and 3 tasks with a choice of several correct an-
swers). Tasks with a choice of one correct answer are evaluated at 1 point; tasks with a choice of several cor-
rect answers are evaluated from 0–2 points, depending on the selected answers. Thus, having completed all 
the tasks correctly, the student receives 15 points. 

The information block of the textbook program contains information about the structure of the program, 
the structure of test tasks and the assessment of test items. 

Results and its discussion 

The approbation of the electronic physics textbook was carried out in the 10th grade of the secondary 
school. The students studied the theoretical material of the textbook, after which they completed the tasks 
from the test module of the textbook. When conducting a pedagogical experiment for students, test variants 
were created for the sections “Mechanics”, “Electrodynamics”, “Molecular-kinetic theory (MKT) and 
thermodynamics”. The testing results are shown in the Table 1. 

T a b l e  1  

Student testing results 

Section Themes of section including in testing 
Average score  

received by students 
Mechanics Uniformly accelerated motion. Relativity of motion. Graphical representa-

tion of movement. Uniform circular motion. Forces in nature. Newton's 
laws. The movement of a body thrown at an angle to the horizon. Body 
movement along an inclined plane. The law of conservation of momentum 
and energy. Work done by a constant force. Free and forced vibrations. 
Harmonic vibrations. Oscillations of mathematical and spring pendulums. 
Sound waves. Conditions for equilibrium of bodies. Archimedes' law. Hy-
drostatic pressure. Rule of moments. 

10,1/15 (67,3 %) 

MKT and 
thermodynamics 

Fundamental principles of MKT. The amount of substance. Molar mass. 
Molecular speed. Isoprocesses in gases. Internal energy of gas. Ideal gas 
equation of state. Basic equation of MKT. I and II laws of thermodynamics. 
Heat balance equation. Heat engines. Humidity. 

11,32/15 (75,46 %) 

Electrodynamics Electric charge. Conservation law of electric charge. Capacitors. Connection 
of conductors. Electric field. Electric current. Ohm's law for a section of 
circuit. Electromotive force. Electric current in various environments. 
A magnetic field. Magnetic induction. Ampere force. Lorentz force. Work 
and power of current. 

11,68/15 (77,86 %) 

 
These data show that the learning material was assimilated by the students, since the average score ob-

tained as testing result on the sections is more than 67 % of the maximum possible score. The analysis of the 
students works showed that each of the students successfully solves at least 7 physical problems with the 
choice of one correct answer and at least 1 problem with the choice of several correct answers, which is 
66.6 % of the number of proposed problems. These results indicate that the developed theoretical material of 
the textbook can be useful for students for independent study, repetition of previously studied themes, and 
the testing module can be used to practice the skills of solving physical problems. The analysis of the test 
results also showed that the greatest difficulties for students arise when solving problems on the following 
themes: “Body motion on an inclined plane”, “Law of conservation of momentum and energy”, “Rule of 
moments”, “Magnetic induction”, “Humidity”. Students also had difficulties in solving practice-oriented 
problems. This can be attributed to the lack of students' experience in solving this type of problem. 

Conclusion 

The electronic physics textbook was developed for for students of secondary schools. For the 
development of the textbook, the Microsoft VisualStudio software development environment was used. The 
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theoretical material and tasks of the test part of the textbook were developed in accordance with the typical 
curriculum for the subject. 

The results of the pedagogical experiment showed that each student successfully completes more than 
66 % of the proposed test tasks. The presented electronic physics textbook can be useful for achieving 
various educational goals. The electronicphysics textbook can be used by students in the process of 
independent preparation to practice solving problems, repeating previously studied themes and consolidating 
theoretical material. 
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А.С. Прутько, А.С. Кудусов, Э.К. Мусенова, Ж.Т. Камбарова 

Орта мектеп оқушылары үшін физика пəні бойынша  
электрондық оқу құралын əзірлеу 

Мақалада орта мектеп оқушыларының өздік жұмыстарын ұйымдастыруға арналған физика бойынша 
əзірленген электронды оқу құралын қолдану нəтижелері талданған. Электрондық оқу құралының 
мүмкіндіктері, оқу процесінде оқу құралды қолданудың артықшылықтары көрсетілген. Электрондық 
оқу құралын əзірлеу кезінде Microsoft Visual Studio бағдарламалық қамсыздандыру ортасында С# 
бағдарламалау тілі қолданылды. Ұсынылған электронды оқу құралын əзірлеудің негізгі ойы — 
теориялық оқыту мен практикалық дағдылардың өзара байланысы. Электрондық оқу құралы екі 
жұмыс режимін ұсынады: оқу режимі жəне бақылау режимі, яғни оқу құралы теориялық материалдар 
блогынан жəне оқушылардың білімін интерактивті тестілеу модулінен құрылады. Оқу құралының 
теориялық материалы «Физика» пəні бойынша типтік оқу бағдарламасына сəйкес əзірленген. Тестілеу 
модуліне тапсырмалар ретінде күрделілігі əр түрлі стандартты есептер, сонымен бірге физикадан 
практикаға бағытталған есептер енгізілген. Физиканы оқыту процесінде қолдану оқушылардың 
теориялық білімі мен практикалық дағдыларын қалыптастыруға, оқушыларды практикалық іс-
əрекеттілікке дайындауға мүмкіндік беретін практикалық-бағытталған есептер кешені əзірленген. 
Электрондық оқу құралының басты артықшылығы оның интерактивтілігінде болып табылады. 
Электрондық оқу құралын əзірлеудің жаңалығы — оқушыларда физиканың практикалық қолданылуы 
туралы білімдерін қалыптастыруға жəне олардың практикалық дағдыларын дамытуға бағытталған 
жаңа əдіс-тəсілге сəйкес жүзеге асыру. 

Кілт сөздер: электрондық оқу құралы, ақпараттық-коммуникативтік технологиялар, тестілеу 
бағдарламасы, физикадан есептер, педагогикалық эксперимент. 

 
А.С. Прутько, А.С. Кудусов, Э.К. Мусенова, Ж.Т. Камбарова 

Разработка электронного учебного пособия по физике  
для учащихся средней школы 

В статье проанализированы результаты использования разработанного электронного пособия по 
физике для организации самостоятельной работы учащихся средней школы. Показаны возможности 
электронного учебного пособия, отмечены преимущества использования пособия в процессе 
обучения. При разработке электронного учебного пособия использован язык программирования С# в 
среде программного обеспечения Microsoft Visual Studio. Основная идея разработки электронного 
учебного пособия — взаимосвязь теоретического обучения и практических навыков. Электронное 
учебное пособие предусматривает два режима работы: режим обучения и режим контроля, таким 
образом пособие содержит блок теоретического материала и модуль интерактивного тестирования 
знаний учащихся. Теоретический материал пособия разработан в соответствии с типовой учебной 
программой по предмету «Физика». В модуль интерактивного тестирования учащихся в качестве 
заданий включены стандартные задачи различной степени сложности, а также практико-
ориентированные задачи по физике. Разработан комплекс практико-ориентированных задач, 
использование которого в процессе обучения физике позволит обеспечить формирование у 
обучающихся теоретических знаний и практических умений, а также подготовку учащихся к 
практической деятельности. Основное преимущество электронного учебного пособия — 
интерактивность. Новизна разработки электронного учебного пособия заключается в ее выполнении в 
соответствии с новым подходом, направленным на формирование у учащихся знаний о практических 
применениях физики и развитие у них практических умений. 

Ключевые слова: электронное учебное пособие, информационно-коммуникативные технологии, 
интерактивное тестирование, физические задачи, педагогический эксперимент. 
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