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TEACHING OF ELECTROMAGNETISM WITH NDT
(novel data technologies)

The importance to the affective domain in learning is underscored in many research pursuits at the
expense of the cognitive development of students studying science, in particular, physics. The thesis has
proposed a structure, the pedagogical technological combined medium (PTCM) founded on the elec-
tronic model, that builds on the existing premises of pedagogy, content, and technology to make space
for the affective domain where these three premises intersect with each other. Establishment of the PTCM
framework through a multi-loop model that explores the affective dimension as an overarching space for
interaction among learners, teachers, and parents through a series of stages included home tasks, as well
as seminar and out-of-university activities. The paper is wanted to show the effectiveness of the methods
and techniques of teaching «Electromagnetism». The context provides the results of new technological
education teaching, samples the needed literature, and also to bond strengthen the scientific research.

Key words: education, teaching, modern education technology, electromagnetism.

TypexaHoBa K.M., OkimxaHoBa XK.E., fann XX.b.

an-Dapabu aTbiHaafFbl Kasak yATTbIK, YyHUBEpPCUTETI,
KasakcraH, Aamartbl K., e-mail: kunduz@physics.kz

IAekTpomarHeTusmAi XXAT-neH oKbITy
(OkaHa aknapaTTblK, TEXHOAOIMSIAAP)

OxpITypa aPDEKTUBTI AOMEHHIH, MAHbI3ABIAbIFbI KOMTEre€H FbIABIMU 3EPTTEYAEPAE XKaPaTbIAbICTAHY
FBIAbIMA@PbIH, atan anTKaHAa (u3MKaHbl 3epTTENTIH CTYAEHTTEPAIH KOrHUTMBTI Aamybl ecebiHeH
barkanaabl. Makarasa neaarormka, MasmyHbl MEH TEXHOAOTMSI KOAAQHbICbIHAAFbI aAFbILIAPTTapbiHa
Heri3AeAreH >koHe OCbl YL aAfbiapTTap 6ip-6ipiMeH KMbIAbICATbIH TMIMAI aiMak, KEHICTIriH Kypy yiliH
neAarormKaAblK, TEXHOAOTMSIAbIK, OipikTipiareH opTaHbiH (MTBEO) 3AEKTPOHAbI YATICiHIH, KYPbIAbIMbI
YCbIHbIAFAH. TeXHOAOTMSIAbIK, OpTaHbl KOAAQHY OKbITY YAEPICiHIH (3MOLIMOHAAAbI  CaAACbIHbIH)
adpheKTMBTI AOMEHI YLLIiH KEeHICTIKTI 6ocaTyra MyMKiHAIK 6epeai. KernkypbIAbIMAbI YATiHIH KeMerimeH
MTEO KkypblAbiMbl  83ipAeHAI. OpTa aTaAMbIW 3AEKTPOHABIK, KEHICTIK apKblAbl OKYLIbIAAQPAbIH,
OKbITYLIbIAQD >KOHE aTa-aHaAap apacbiHAAFbl ©3apa OalAaHbICTbIH, Y TarcbipMaAapbl, COHbIMEH
KaTap YHBEPCUTETTEH TbIC CEMMHAPAAP MeH cabakTapAblH HOTMXKEAEPIH OALLeyre MyMKIHAIK Bepeai.
Makaaa aTtaAMmbILl YATiIHI KOAAQHA OTbIPbIMN “IAEKTP >KoHE MarHeTn3m” KYPCbliH OKbITYAbIH KYPbIAbIMbI
MEH 8AICTEMECIHIH TMIMAIAITI KOPCeTIiMN, TaHbICTbIPbIMN, MiKipTaAacka Wakbipasbl. MakaAa Ma3myHbIHAQ
>KaHa SAICTEMEAIK TOCIA — MeAarorMka MeH TEXHOAOTUSIHbIH, MOH Ma3MYHbIHbIH, MHTErpaumsChl XoHe
TEXHOAOIMSIABIK, BiAIM 6epyAiH KobaraHFaH OpPTACbIHbIH HOTUXEAEPI XKOHE FbIAbIMU 3ePTTeyAEepA|
HbIFANTY YLIIH KQXKeTTi 9AeOMEeTTEPAIH YATIAEPI YCbIHbIAFAH. DAEKTPOHAbI TEXHOAOTMSIAbIK, OPTaHbIH
anpobaumsacbiHaH COH OHbIH, TMIMAIAITIH aHbIKTay YLLIiH CTYAEHTTepre apHaAFaH cayaAHama >KacaAblHAbI.
50 cTyaeHTTiH 80,3 %-bl aTaAMbILL KYPACTbIPbIAFaH OPTaHbIH OKbITY YLUIH KOAAAHY TUIMAI A€M CaHANADI.
KaAFaH CTyAEHTTEpP OKbITYAbIH ABCTYPAI 8AICTEPIH  KOAAAHYABI KAAAMADI.

Ty#in cesaep: 6inim 6epy, OKbITy, 3aMaHayu aknapaTTbiK TEXHOAOIMSAAD, SAEKTPOMArHETUSM.
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BaxxHoCTb adhheKTUBHOrO AOMEHa B 0OyUYeHUM NMOAUYEPKMBAETCS BO MHOMMX MCCAEAOBATEAbCKMX

paboTax 3a CYET KOrHUTMBHOIO PasBUTUS CTYAEHTOB, M3YyYalOLMX eCTECTBEHHbIE HAyKM, B YaCTHOCTM
u3umky. B cTaTbe Gblra NPeAAOKEHA CTPYKTYPA IAEKTPOHHOM MOAEAM, MEAArOrMYECcKas TEXHOAOrMYec-
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Teaching of Electromagnetism with NDT

Kasi kombuHmnposaHHas cpeaa (MTKC), koTopasi OCHOBbIBAETCS Ha HOBOM METOAMYECKOM MOAXOAE
MHTErpaunmn CoAepyKaHust NnpeaMeTa, NeaarorMkm U TEXHOAOTMIA. MICMOAb30BaHe TEXHOAOTM3MPOBAH-
HOM CpeAbl TMOMOXEeT OCBOOOAMTb MPOCTPAHCTBO AAS apPEKTMBHOrO AOMeHa (3MOLMOHAAbHOM
ob6AacT) npouecca obyyeHmnsi. PaspaboraHa ctpykTypa INTKC ¢ nomMoLibto MHOFOKOHTYPHOM MOAEAM.
Cpeaa No3BOAYET U3MEPSATb Pe3yAbTaTbl Yepe3 AQHHOE IAEKTPOHHOE NMPOCTPAHCTBO B3aMMOAENCTBUS
MEXKAY YYaLLMMMUCE, NPENoAABATEASIMMN U POAUTEASIMM HA MPOTSHKEHMM PIAA 3TAMOB, BKAOYAIOLLMX
AOMaLLHME 33aAaHUS, a TaKXKe CEMUHapbl 1 3aHATUS BHE yHMBepcuTeTa. CTaThsl MpU3BaHa NO3HAKOMMUTb
N NPEAAOXUTb AAS AMCKYCCUM, MoKa3daTb 3(P(EKTUBHOCTb MPEAAAraemMoi CTPYKTYPbl M METOAMKM
00yueHus Kypca «DAEKTPUUYECTBO M MArHETM3M» C MPYMEHEHMEM AAHHOW MOAEAW. B coaepykaHum
CTaTbW MPEACTaBAEHbl pPe3yAbTaTbl HOBOMO METOAMYECKOrO MOAXOAQ - MHTErpaumm CoAep KaHus
npeAMeTa, MeAarormkm, TEXHOAOTUI, U CMPOEKTUPOBAHHOM CPEAbl TEXHOAOTMYECKOro 06pa3oBaHms,
B KOTOPOM Tak)e MpeACTaBAeHbl 06paslbl HEOOXOAMMOM AMTEPATYPbl AAS 3aKPEMAEHUS HayuHbIX
nccaepoBaHuii. Mocae anpobaumn 3AEKTPOHHOM TEXHOAOTM3MPOBAHHOW Cpeabl Obiaa pa3paboTaHa
aHKeTa AAY CTYAEHTOB Mo oueHke ee spdexktBHOCTU. M3 50 ctyaeHTtoB 80,3% cumTaior, uTo
3 HeKTMBHO MCMOAb30BaTh pa3paboTaHHYIO CPEAY AAS OByueHus. Apyrve BCe >Ke MPeAnouMTaioT

paHee 3apekoMeHAOBaBLUME CeO3 (TPAAMLMOHHbBIE) METOAbI 0OYyUeHUs..
KatoueBble cAoBa: ofyueHue, MpernosaBaHWe, COBPEMEHHblE TEXHOAOTMU OOYuYeHMsl, IAEKTPO-

MarHeTmn3m.

Introduction

It is known that the traditional education in
Kazakhstan is based on continuous and sequential
assimilation of knowledge and relies on the
reproductive capabilities without regard to personal
creativity. The reality is that highly qualified
modern specialists have to work in complex, rapidly
changing conditions of scientific-technical progress,
which requires constant updating of knowledge,
erudition, combined with deep special knowledge,
skills of conducting scientific research and creative
attitude to their professional activities.

Studying at the university can change or
improve the not only knowledge but also a way of
thinking. The most important that can be turned is
not what the teachers teach, but how they teach. In
Kazakhstan, the method of teaching is moving to the
new technological medium, which helps to exchange
experiences in developing mental skills and take
advantage of removing to the outside of the country.
In this way, weighty influence in science is taking
part a physics; almost a branch of it «Electricity and
Magnetismy.

It is well-known that students of various ages
have problems in understanding some basic concepts
of electricity and magnetism. This fact has been
verified repeatedly by conceptual tests like CSEM
(Conceptual Survey on Electricity and Magnetism,
Maloney et. al., 2001), BEMA (Brief Electricity and
Magnetism Assessment), DIRECT (Determining
and Interpreting Resistive Electric Circuit Concepts
Test) and others.
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The paper offers that wusing noveldata
technologies (NDT) in teaching physics, and
particularly, electromagnetismwill be a promising
solution to these problems. There are several
factors which cause their use at the present stage of
training. First, many high schools have computers
due to the social and economic achievements.
The quantity and quality of ready-made physics
software allows implementing various learning
technologies. Secondly, the simulation with the
use of any computer technology can give a good
dynamic illustration not only of the observed
physical processes and phenomena, but also of those
processes that are not available for observation in a
real experiment; and it also allows providing greater
flexibility in conducting computational physics
experiments and solving various experimental
tasks. The computer with modern equipment
connected to it gives us the possibility to conduct
research of different studying processes on a
high level. Accordingly, the use of new computer
experiments (demonstration and laboratory) in
training electromagnetism allows overcoming the
mentioned related experiment problems. Moreover,
the potential benefits of NDT give the opportunity
to organize productive learning and make learning
process personally oriented and the opportunity to
set and solve both traditional and new educational
objectives: the formation of model representations,
information, communication and other skills of
students.
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For instance, as a specific tutorial path in
Kazakhstan Universities, there is taken place Al-
Farabi Kazakh National University. Accepting the
English language as a crucial teaching means the
leveling up of educational system in Kazakhstan
and it is the main requirement of our university.
Nowadays, materials and information, scientific
researches give opportunity to find out new,
qualitative knowledge. The fundamentals of physical
thinking are formed and developed in specific forms
and methods of training.

Physics course in modern higher education of
Kazakhstan includes effective teaching and learning
information technology, focused on the formation
of key competencies, which in turn develop the
motivation, proactive learners. New information
technology teaching physics that are the subject
of information, promote processes such as design,
construction, implementation, analysis, rendering
computer systems development methodology of
teaching physics at the university. The learning
process in higher education should be based on
this concept and methodology of training that
combines theory of design methodology and theory
of mastering practical skills. Some methodological
problemsfigures out in the learning process of
information, they are performed based on educational
technology, using of information-communication
technologies and it allows to organize collective and
individual students. Active involvement of students
in activities to address the challenges of innovation
extends content-semantic space of the learning
process.

The goal of physical education is to develop
students’ knowledge of the theoretical basis of
the methods of teaching physics. The content and
organization of the educational process in physics in
the framework of modern educational technology is
the training of specialists in discipline physics in the
modern school.

The study of theoretical questions has
accompanied to the practical training, which works
through the implementation of all kinds of physics
experiment. The components of the methodical
system of teaching physics at the university are
learning objectives, content of physical education,
methods, tools and organizational forms of
education. Methodical system is based on scientific
and theoretical positions of the discipline (content
of the training material, exercises, laboratory work
and demonstration)for the preparation of students of
physics.

The listed components of methodical training
system are aimed to the creating of motivation

and incentives for students to acquire knowledge
independently. Methodical system aims to develop
skills such as the ability to design a lesson, modeling
technology and teaching methods, tutoring and
educational activities and other kinds and forms of
academic and extracurricular activities.

The most difficult topics, videos were produced
explaining the essentials. The complimentary off
class study, written material, and the laboratory-
based practice should provide the students with
a learning route from elemental to advance. This
investigation allows evaluating two approaches
where students acquire knowledge both prior and
after watching the video. Group interviews and
surveys to those who watched the video afterward
probe the concepts were stated clearlyto us.

Seminars are also conducted using information
technology. As additional tasks, special sites are used
(with examples and solutions). Seminar develops
competence of student’s theoretical knowledge from
lecture. The cause of more quantity of students and
complicated, complex theory of course need using
NDT. During the applying of NDT, learners can
determine exercises and equations by themselves,
in addition managing their time. On this purpose,
the seminar «Electricity and Magnetism» is used as
shown in the figure 1.

* Fid

Aot Two balls on a thread immersed in benzene
Task number: 281
Show task
Two balls, charged by the same electric charge, are hung by two identieally long threads that form an
argl: Ja. B
i Tosc D | i he density of a material the bells are made from, if by dipping the balls into the benzzns the ange
+ Elctrostaics formed by the threads is not changed.
+ Charger Bl Hngig 0 a3U05 | Nt The density of benzene p, =870 kg and s dielctric constant (relative pernitivity) £, = 2.3 C
* Two balls on a thread immersed
in benzens ‘ - ‘
+ gt largesnvetossof an Hint 1
adtagon =
» Elctric ntensity at a Vertes of 3 ‘H'"” ‘
Tiangle
» Chame lne segment ‘Figure ‘
+ Fild of Charged Seheical Shel (14]
v Uneiely Charge Bl ‘ Analysis ‘
il Line

arged Pate
droplet between two
lates

‘ Solution

el | The weight Fi nnd the tnslle ree from thethread 7 act o cnch bal n the e
» Electron flving irto an electric field
The bells are charged thus they repeal each other by the electric force F.
+ Workcone by moving 3 chge
» Elctricaly connected cherged bals | For the mamnitude of these forces it holds:
+ Bcon moving n 3 urbrm fdd Fo-my
+ Econ i the s ofosclosape 1
B

* Capacitors ™
® Howto comnéct capactors g .

. ¥ where ris the distance between the halls
® Delectric ft
gl ec g Cadz it The bells ave stationary thus the vet force of these three forces must be zero

Figure 1 — Extra applied tasks in seminar

As shown in the figure 1, solving the tasks
consists of memorizing the lecture, scheme, hintl,
hint 2, analysis and solution.
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Hint 2
nfo benzene? Will some new fosces emerge?

Which forces will be changed by dipping the balls ix

[Figure

Balls in the air Balls in benzene

hitp: [physicstasks.eu

Analysis

fas Solution

The weight Fg and the tensile force from the thread Fy act on cach b

For the maguitude of these forces it hokds:

Figure 2 — Representation and solution of task

By this technology, every student can clear up
tasks of each topics.

In the laboratory work, the student can practice
the theory that he has read in the lecture. The main
purpose of the laboratory class is to interest students
in conducting experiments, to analyze the results
and to make conclusions. At each laboratory studies,
the students have to set goals, such as learning all
theories about an experiment, to know the rules
for working with instruments, to do the work and
to calculate, to plot and to find the most convenient
way to perform exactly these experiments again. The
results of the completion of work task can be shown
by different programs. Interpretation is likewise
clearly understood and witty indicated. To maximize
laboratory-based practice time in an undergraduate
course at the Electricity and Magnetism, which was
limited due to the number of students, the theoretical
topics were transferred to a flipped classroom format,
via the production of explicative videos. Preliminary
results show that videos achieve the objectives being
well accepted by the students. The students watch
the video during the class having already been given
tools and instructions. The implementation will
allow a more profound evaluation. The creation of
the videos enhanced the possibility of maximizing
the laboratory-based practice time, enabling the
syllabus to adapt to the flagging concepts.

In the Figure 3, there is experimentally
demonstrated in purpose of additional learning,
comprehending of laboratory work as an example.
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There are written the theoretical, image and the
working process in movie form.
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Figure 3 — Extra using equipment in the laboratory work.

Results

The use of multiple devices are investigated in the
different fields in during class, the various material
used in the course ofclass, pedagogical aspects,
some general issues and the use of NDT for teaching.
The questionnaire was implemented electronically
using Google Form, which was a professional web-
based freeware tool offering signs. They were used
to provide an anonymised questioning with the
option to track who had complied the questionnaire
already. One remembering mail was sent to people
with missing data to bring them to fulfill the
questionnaire.

A questionnaire with 12 questions clustered into
two different fieds was developed by the exploration
group and covered two main research questions: 1.
Do students appreciate the used method and do they
see it as a modernized way for their learning? 2. Is
the learner-centered approach using multiple devices
as the central teaching tool a promising method for
the students?

The following table 1 gives an overview of the
questions related to the core features of the teaching
method, like the basic texts, the use of presentations
and the multimedia material.

The second cluster evaluates pedagogical issues,
like the use of hands-on experiments, the role of the
teacher or active parts of teaching.
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Table 1 — Surveyresults

I would like to work with my partner, not with laptop or virtual teaching more

often together in class, to work out different sections of learning matters.

o Question Text I completely Ipartly I do not I.totally
agree agree really agree | disagree

1 The availability of foundation texts supports the contribution in 36 1 1 1
class
Multimedia presentations which are uploaded on the e- learning

2 . . . 38 10 2 0
platform support studying and reversing learning matters
The use of videos and animations endures the understanding of

3 . 39 11 0 0
learning matters
Experiments (all thing considered the necessary materials are

4 . . 40 9 0 1
available) increase the value of class
The teacher, who instructs in class, should communicate the

5 . 40 8 0 2
learning elements to students
During class the teacher should strengthen students to take part

6 |actively in class, for example with the assistance of questions and 38 9 3 0
discussions
The online learning platform provides students with additional

7 | multimedia presentations and the simple presentations which are 39 8 1 0
shown in class. I check and transmit them regularly.

8 | Function with laptop in class has improved my computer skills 42 7 1 0
Engaging with laptop in class has improved my computer skills in

9 . 43 6 1 0
different programs (as word, etc.)

10 I would use implemented videos for learning matters for studying 46 4 0 0
at home
I would like to work with my partner, not with laptop or virtual

11 |teaching more often together in class, to work out different 39 8 1 2
sections of learning matters

12 | The use of a computer makes it easy to supply class 42 6 1 1

Conclusions

¥ 18 no really agree

e _ A

| partly agree

&

?:.'

{ I totaly disagree (4%

Crpoxa 1: Answer

Figure 4 — Example of results

50 students clicked their answers, overall 80,3%
of students completely agreed with the NDT system.
Others followed the elder system ofeducational
work. There are some open questions asked to see
the the suggestions of students for better teaching
as well as to criticize what has been going wrong
during class.

The students highly agreed to the usage of the
teaching and asserted a high level of appropriateness
of the system for learning science.

The study confirms that from the point of view
of the students the teaching method is well accepted
by the students and that they see the method as a
suitable and well structured way of teaching. The
technology enhanced approach can be managed
casily by the students and they see an advantage of
using technology in being taught science, especially
electricity and magnetism.
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The study reflects a high level of satisfaction
of the students and they feel well supported in their
learning process. For instance, there are not existed
any problem in using NDT which must be seen as a
successful preparation work.

In conclusion, the NDT is useful, easy to
understand and there is concrete way to point out
one of the most difficult subject as the «Electricity
and Magnetism». The purposes of teachers are
developing of critical thinking, easy valuing, and

also being smart at their subject. There is found not
problematic pedagogical technology, which will
avoid from difficult situations and keep in mind
future goals.

The integration of ICT in university teaching
needs serious consideration in order to increase the
competency of the country’s education system. It
will help to increase the national education in the
world ranking and produce the better way to the
future work.
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