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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 electronicitextbook 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.

MR Theoretical material Testing

MXT and T . Mechanics MKT and Thermodynamics Electrodynamics
and Thermoaynamics

Physics Ootics Quantum and Ol
ICS
St Physics

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.

1 2 3 4 5 6 |7 8 9 10 11 12

The table shows the concentration of gas molecules in identical closed vessels and the root mean square velocity of

B molecules
Gas Concentration. m* Rootmean square velocity. m/s
Bs Oxygen 5.32-105 460
Nitrogen 10% 550
Wc Analyze the data and select the correct statements.
A) Oxygen pressure on the vessel walls is greater than 0.01 MPa
. D B) Nitrogen pressure on the vessel walls is greater than 0.4 MPa
C) At a pressure of 0.8 MPa, the root mean square velocity of oxygen molecules = 920 nv/s
. E D) The mass of the oxygen molecule is greater than 7.38-10-26 kg.

E) The mass of the nitrogen molecule is lesser than 4.2-10-26 kg.
F) Oxygen pressure on the vessel walls is lesser than 1.7 MPa

. F F) Oxygen pressure on the vessel walls is lesser than 1.7 MPa

G) Nitrogen pressure on the vessel walls is lesser than 0.3 MPa
. G H) At a pressure of 0.8 MPa, the root mean square velocity of oxygen molecules is lesser than 970 m/s
| I

Finish testing

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.

Table 1

Student testing results

Average score
received by students
Mechanics Uniformly accelerated motion. Relativity of motion. Graphical representa-| 10,1/15 (67,3 %)
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.

MKT and Fundamental principles of MKT. The amount of substance. Molar mass.| 11,32/15 (75,46 %)
thermodynamics |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.

Electrodynamics |Electric chargesConservation law of electric charge. Capacitors. Connection| 11,68/15 (77,86 %)
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.

Section Themes of section including in testing

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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A.C. Ilpytsko, A.C. Kynycos, 2.K. Mycenona, K.T. Kambaposa

Opra MekTen OKymbLIAPHI YIIIH GU3MKA MIHI 00MbIHIIA
3JIEKTPOHABIK OKY KYPaJbIH J3ipJiey

Makasana opTa MEKTEH OKYIIbUIAPBIHBIH ©3/iK KYMBICTApbIH YHBIMIACTHIpYFa apHajFaH (u3nuka OOHbIHIIA
O3IpJICHTeH BJIEKTPOHIbI OKY KYPaIbIH KOJIAHY HOTIDKENIEpl TaJllaHFaH. DJIEKTPOHIBIK OKY KYpaJbIHBIH
MYMKIHJIKTEpi, OKY HPOLECIiH/e OKY KYpalabl KOJIAHYIbIH apThIKIIBUIBIKTaPhl KOPCETIIreH. DIEeKTPOHIBIK
OKy KypanblH 33ipney ke3inae Microsoft Visual Studio 6armapiamanbik Kamcb3gaHabipy opTacbiHga C#
GargapnaManay Tl KONIAAaHBULABL Y CHIHBUIFAH 3JEKTPOHABI OKY KYpajblH 3ipJieyadiH Herisri ouWbsl —
TEOPHSUIBIK OKBITY MEH IPAaKTHKAJbIK JaFIbuIapIblH e3apa OaillaHbIChl. DIEKTPOHIBIK OKY Kypajbl €Ki
JKYMBIC PEKUMIH YCBIHA/IBI: OKY PEXKHMI KOHE OaKblIay PEKHMi, SFHH OKY KYPallbl TCOPHUSIBIK MaTepuajaap
OJIOTBIHAH JKOHE OKYNIBUIApJBIH OUTIMIH MHTEpPaKTUBTI TECTiiey MOAyNiHeH Kypbliambl. OKy KypanbIHBIH
TEOPHSUIBIK MaTepraibl «Du3uKay MoHi OOMBIHIIA THITIK OKY GarqapiamachiHa coiikec d3ipieHreH. Tectiney
MOJyJIiHE TalChIpMaiap peTiHae KYpAENUTri op TYpJ CTaHAApTTH €cenTep, COHBIMEH Oipre (uU3MKagaH
HpaKTHKara OaFbITTaNFaH ecentTep eHri3uireH. MU3MKaHbl OKBITY INPOLECIHIE KOJIaHy OKYLIbUIAPIBIH
TEOPHSUIBIK OLTIMI MEH NpaKTHKAIBIK JaFlbUIapbIH KaJbINTACTHIPYFa, OKYLIBUIAPABI IPAKTHKAIBIK iC-
OpEeKeTTUTKKe MaiiblHIayFa MYMKIHOIK OepeTiH MpaKTHKAIBIK-OaFrbITTAIFAaH eCenTep KeUIeHl o3ipJeHreH.
ONEeKTPOHMBIK OKY KYpaJbIHBIH OacThl apTHIKUIBUIBIFGI OHBIH WHTEPAKTUBTLIITIHAE OOJBHI TaObuTaLbL.
DNeKTPOH/IBIK OKY KYpasblH 33ipJey/iH KaHaIbIFbl — OKYIIbUIapaa (H3UKaHbIH HPAKTHKAIBIK KOJTAHBUTYBI
Typanbl GiTiMepiH KaJbINTACTBIPYFa JKOHE OJapAblH NPAKTHUKAJIBIK JaFAbUIAPbIH JAMBITYFa OGarbITTalFaH
JKaHa 9JIIC-TACIITe COMKEC KY3€ere ackeIpy.

Kinm ce30ep: »NEeKTPOHOBIK OKYy KYpasbl, aKIapaTTHIK-KOMMYHHKATHBTIK TEXHOJOTHSIAp, TECTLISY
6argapaamacel, pU3MKagaH ecenTep, NeaaroruKaiblK SKCIIEPHMEHT.

A.C. Ilpyteko, A.C. Kynycos, 3.K. Mycenona, XK.T. Kambaposa

Pa3paborTka 3JIeKTPOHHOI0 y4eOHOT0 nocoous no pusuke
AJISl y4alMXxcsl cpeiHeil MKOoJIbI

B crartee mpoaHanm3upoBaHBI pPE3yNBTATHl HCMOIB30BAHMS . Pa3paOOTAHHOTO AJIEKTPOHHOTO II0COOHS MO
(u3mKe U1 OpraHU3aliy CaMOCTOSTEIBFHOM PAabOTH! yHAIMXCs cpexHeil mKobl. [loka3aHbl BO3MOKHOCTH
JJIEKTPOHHOTO y4eOHOTO MOCOOMS, OTMEYEHBI HPeMMYINEeCTBA HCIOJIB30BAaHUS IOCOOWS B IIpoliecce
oOyuenus. Ilpu pa3paboTke 371EKTPOHHOTO y4eOHOTO MOCOOHS MCIIONB30BaH A3bIK MporpammupoBanus C# B
cpene mporpammHoro obecneuenust Microsoft: Visual Studio. OcHoBHast umes pa3pabOTKH 3JIEKTPOHHOTO
y4eOHOro MmocoOusi — B3aMMOCBSI3b TEOPETHUECKOr0 OOYyUeHHS W MPAKTHYECKUX HABBIKOB. DIJIEKTPOHHOE
yuebHoe mocolue MpeaycMaTpUBAET [Ba PEeKUMa PabOTHI: PEXUM OOYUYEHHUS M PEKUM KOHTPONSA, TaKUM
00pa3oM MocobHe COAEPHKHUT OJIOK TEOPETHYECKOro MaTepuana W MOAYJIb MHTEPAKTHBHOIO TECTHPOBAHUS
3HaHMI ydammxcsi. TeopeTHueckuii mMarepuan mocodust pa3paboTaH B COOTBETCTBHM C THIIOBOH ydeOHON
nporpaMmoii mo mpeamery «®u3mka». B Momyiah MHTEpaKTHBHOTO TECTHPOBAHUS YUYAIUXCS B KauecTBE
3aJaHui BKIIIOUCHBl CTaHIAPTHHIE 3aJaddl pa3IMdHON CTENEHH CIOXKHOCTH, a TakKe MPaKTHKO-
OpPHEHTHPOBAHHBIE 3agadd Mo ¢usuke. Pa3paboTaH KOMIUIEKC MPaKTHKO-OPHEHTHPOBAHHBIX 3ajad,
HCIIOJIb30BaHAe 'KOTOPOFO B Impolecce OO0ydeHUs (HU3MKE MO3BOJHUT OOecHednuTh (GOpMHUpOBAaHHE Yy
O0y4alOIMXCsl TCOPETHYECKUX 3HAHMA M INPAKTUYECKMX YMEHHMH, a TaKKe MOArOTOBKY Y4alluXcs K
MPAaKTHYECKOM JesATenbHOCTH. (OCHOBHOE MNPEMMYLIECTBO 3JIEKTPOHHOro y4yeOHOro mocobus —
HUHTEPAaKTUBHOCT. HoBH3HA pa3paboTKH 3JIEKTPOHHOTO y4eOHOr0 MTOCOOUS 3aKIII0YaeTCsl B €€ BBINOJIHEHUH B
COOTBETCTBHH C HOBBIM ITOJIXOJIOM, HAIIPaBJICHHBIM Ha ()OPMUPOBAHUE Y YUAIINXCS 3HAHHUH O MPAKTHIECKUX
NPUMEHEHUAX GU3UKU U Pa3BUTHE Y HUX NPAKTHYCCKUX YMEHHI.

Knouesvie cnosa: DJIEKTPOHHOC y‘{e6HOC HOC06I/IC, I/IH(i)OpMaL[I/IOHHO-KOMMyHI/IKaTI/IBHI)Ie TEXHOJIOI'UH,
HUHTEPAKTUBHOC TECTUPOBAHUEC, (1)I/I3I/I‘IGCKI/Ie 3aaa4u, Hel[aI‘OFI/I‘{eCKI/Iﬁ OKCIIEPUMEHT.
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