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CLASSIFICATION OF ANALOGIES AS A METHODOLOGICAL FRAMEWORK
FOR USE IN INSTRUCTION IN PHYSICS

In the article, the author provides a detailed description of the methodology used to collect and analyze
research data, and the process of developing a classification system. The main part of this study is based on
the results of a survey of physics teachers. The author also showed that the data collected during the survey
were qualitatively analyzed using thematic analysis, and a comprehensive system of classification of analogies
in physical education was developed. It is described that analogies in teaching physics can be divided into two
main groups. These are subjective and intersubject analogies. That is, the development of a comprehensive
system of classification of analogies that can be used in physics education is being considered in detail. The
use of analogies is studied as a means to improve students' understanding of abstract scientific concepts, in
particular, in the context of electromagnetism. The research uses a methodology for analyzing scientific
literature based on various sources to identify and evaluate different approaches to analog thinking in physics
education. The results of the study demonstrate that the analogy classification system can greatly simplify the
explanation of complex scientific concepts, providing teachers with a valuable tool for improving pedagogical
practices. In addition, the proposed classification system offers a framework for developing new analogies and
improving existing ones, contributing to the development of more effective teaching methods. In general, the
study emphasizes the importance of analogical thinking in physics education and offers practical findings that
can be applied in the development of educational materials in various fields based on the use of analogies.

Keywords: physics education, analogies in physics, methodological value of analogies, educational
process, problem-solving, systematization of knowledge, teaching effectiveness.
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®u3nKaga OKbITyFa NanganaHy ywiH MeTo40N0TUANBIK HETi3
peTiHAe aHaNornANapAbl CoiHbINTay

Makanaga aBTOp 3epTTey AEPEKTEPIH XUHAY XaHe Tanzay YWiH KONLAHbINATBIH 9A4iCTEMEHIH, TOMbIK,
cuMnaTtTamacbiH bepeai. byn 3epTTeyaiH Herisri 6eniri Prusnka myranimaepiHiH cayaiHamacbiHbIH HaTUXReNepiHe
HerisgenreH. CoHAail-ak, aBTOpP cayasHama 6apbiCbiHAA MHANFaH MaNIMeTTep TaKbIPbINTbIK Tandaylbl
KON 4aHa OTbIpbIN cananbl TaNAaHFAHbIH KaHe GU3nKanblk Hinim Bepyneri yKCacTbiKTapab! *KiKTeyAiH KeweHai
XKYMeci KacanfaHblH KepceTTi. PU3MKaHbl OKbITYAafFbl YKCACTbIKTAPAbl €Ki Herisri Tonka 6enyre 60naTbiHAbIFbI
cunatTanfaH. byn cyObeKTMBTI KoHe MoHapanblK YKCaCTbiKTap. AfHWM, dusmMka GonbiHwa 6inim bepyae
KonaaHyfa 60MaTbliH YKCACTbIKTapAb! XKiKTeyAiH, KeleHAl KyMeciH a3ipaey enken-Ternkenni Kapactbipbliaabl.
AHanorvanapabl  KOAJAHYy  CTyAeHTTepAiH,  abcTpakTini  fblAbIMM  yFbiMZApAbl, aTan  alTKaH4a
SN1EeKTPOMArHeTU3M KOHTEKCTIHAE TYCiHYiH »KaKcapTy Kypaibl peTiHae 3epTTenesi. 3eptrey ¢pusmKka 6olbiHWa
6inim Bepyaeri aHaNorTbIK OMNayApliH dPTYPAI TaCiNAepiH aHbIKTay *KaHe Oafanay YLWiH apTypni Kesgdepre
HerizgenreH fbinbiMM 2aebueTTepi Tangay SAiCiH KondaHanbl. 3epTTey HaTUXKenepi aHaNormsaHbl XKiktey
XyMeci myranimaepre neaarorMkanblk TIXKIPUOEHi XKaKcapTydblH KYHAblI KypasablH yCbiHA OTbIPbIN, Kypaeni
FBIIBIMM - TYXKbIPbIMAAManapapl TYCIHAIPYAI alTapabiKTan KeHingeteTiHiH KepceTeni. COHbIMEH KaTap,
VCbIHbINIFAH KIKTEY }KYMEeCi OKbITYAbIH TUIMAIPEK SAiCTEPIH AaMbITyFa bIKNaa eTe OTbIPbIN, aHa YKCACTbIKTapabl
a3ipniey KaHe OypblHHAH HapiapbiH XKeTinaipy YWiH Heri3 ycbiHaabl. TyTactan anfaHaa, 3eptrey Gu3MKa
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Classification of analogies as a methodological framework for use in instruction in physics

HolbiHWa Hinim bepyaeri aHaNorTbIK OMNAYAbIH, MaHbI3AbINbIFbIH KOPCETE aHe YKCACTbIKTapAbl KONAaHyfa
HerisgenreH oapTypAi cananapfa OKy MaTepuaniapbliH a3ipfeyae KondaHyfa 0o0naTbiH  NPaKTUKabIK
TYXKbIPbIMAAPAb! YCbiHAAbI.
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Knaccudukauma aHaNormm Kak MeTofonormyeckan OCHoBa
[ANA UCNONb30BaHWA B 06yueHnn dpusmke

B cTaTbe aBTOp npeaocTaBnfeT noapobHoe onMcaHuMe MeToA0/I0OTUKM, MCMoMb3yemon ans cbopa
aHaNM3a JaHHbIX UCCAe0BaHMUA. 1 NpoLecc pa3paboTKy cucTemMbl Knaccudukaumm. OCHOBHAs 4acTb 3TOTO
nccneoBaHUA OCHOBaHa Ha pesy/ibTaTax onpoca yumtenein duanku. Takke aBTop NoKasas, YTo cobpaHHble B
X0Jle Onpoca AaHHble, 6blM KayecTBEHHO NPOaHaM3nPOBaHbl C UCMO/Ib30BaHNEM TEMATUYECKOTO aHan3a, 1
Oblna pa3paboTaHa KOMMJIEKCHAs CUCTEMA KaacCUPuKauum aHanormin B ¢u3myeckom 06pas3oBaHUU.
OnucbIBaeTCcA, YTO aHalormMM B OOy4YeHUU OU3MKE MOMHO pasdennTb Ha ABe OCHOBHble Tpynmbl. ITO
CyDOBbEKTUBHbIE U MEXKNPEAMETHbIE aHasorMu. To ecTb NoApobHHO paccmaTpuBaeTca pa3paboTKa KOMMIEKCHOM
cUCTeMbI KnaccuduKaumm aHanornin, KoTopble MOryT ObITb MCMNOAb30BaHbl B 0H6pa3oBaHMM Mo duU3MKe.
Mcnonb3oBaHMe aHanOMMiM M3yYaeTca Kak CPeacTBO A1A YAYULIEeHUs MOHMMAaHMA CTyAeHTaMM abCTPaKTHbIX
Hay4HbIX KOHUEMUWA, B YaCTHOCTM, B KOHTEKCTE 3/eKTpOMarHeTmsma. B uccnenoBaHuM npumeHseTcs
METOAMKa aHaIn3a Hay4yHOM NnTepaTypbl, ONUPAOLWAACA Ha PAa3/IMYHbIE UCTOYHUKN 19 BbIABNEHUS N OLLEHKM
Pa3/IMYHbIX MNOAXOA0B K aHAa/NOroBOMY MbILLAEHWUIO B 06pa3oBaHnK No dusnke. PesyabTaTbl MCCAea0BaHMSA
OEMOHCTPUPYIOT, UYTO CUCTEMA KAACCUOUKALMKM aHANOTUIM MOXKET 3Ha4YMTeNbHO YMNPOCTUTb ObbACHEHMe
CNOMHbIX  HAYYHbIX KOHLUEMNUWK, NpeaocTaBaAs YUYUMTENAM  LEHHbIM  UMHCTPYMEHT A8  yAydlleHus
neaarorMyeckmnx NPakT1K. Kpome Toro, NpeanokeHHan cMcTema Knaccudukaumm npeanaraet GperimBopk aaa
Pa3pabOoTKM HOBbIX aHasOMMA UM COBEPLUEHCTBOBAHMA CYLLECTBYHOLWIMX, cnocobcTBya passuTuio bonee
abPEKTUBHBIX METOAOB NpenojaBaHus. B uenom, nccregosaHme Noa4YepPKUBAET 3HAYMMOCTb aHa0rMYeckoro
MbllNeHNA B 06pa3oBaHUKM MO GU3MKe W npeanaraeT NpakTUYecKMe HaxoAKM, KOoTopble MOryT ObiTb
nprMMeHeHbl B paspaboTke yyebHbIX MaTepManoB B PasfiMyHbIX 001ACTAX, OCHOBAHHbLIX Ha MCMO/b30BaHUM
aHaornm.

KnioyeBble cnoBa: ¢usmyeckoe obpasoBaHWe, aHanormMm B QGU3MKe, METOA0NOTMYEcKan LUEeHHOCTb
aHanorni, obpasoBaTesbHbll MpoLecc, pelleHMe npobnaem, cUcTeMaTusauus 3HaHUM, 3DPEKTUBHOCTb
npenoaBaHms.

Introduction

Currently, there is a growing need for effective
methods of teaching physics, especially in light of the
rapid development of technology and scientific
discoveries. One way to improve the learning process
is to use analogies as a pedagogical tool. The
importance of using analogies lies in the fact that they
help students better understand abstract scientific
concepts, which is often a major obstacle in their
study. In this article, we propose the development of
an analogy classification system that can be used in
teaching physics. This system provides teachers with
a tool to develop new analogies and improve existing
ones, which can lead to more effective teaching
methods. Thus, this article is important and relevant
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as it can help teachers improve the quality of their
teaching and give students the opportunity to better
understand complex scientific concepts. Modeling of
the processes under study has always played an
important role in scientific reasoning and in
discoveries since XVIII century. Analogies always
have and always will help scientists understand,
represent and explain natural phenomenon and
structure of the world [1]. The functional utility of
analogical approach in education and in conceptual
changes has been emphasized by the researchers
Treagust et al. According to them, the use of
analogies during the education would contribute to
better understanding of abstract scientific concepts
[2]. Posner et al. also wrote that the use of analogies
is one of the effective methods of overcoming
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difficulties in visualizing abstract concepts which
contribute to conceptual understanding. Since it is the
theoretical nature of the majority of notions and
processes in physics that makes the subject difficult
to understand [3]; we decided to adapt the analogy
approach to simplify it in use during the educational
activities of physics teachers. According to the
research results of Bagno and Eylon [4]
electromagnetism turned out to be the hardest branch
of physics for students in universities and high school
to understand because of the visualization challenges.
The researchers also note that the concepts in this
chapter are very abstract, most of the phenomena
cannot be observed directly; only the consequences of
these phenomena are obvious [5]; the course contains
mainly theoretical concepts [6].

However, despite the potential benefits of using
analogies in teaching physics, there is currently no
systematic approach to their application in the
classroom. This lack of organization can lead to
inconsistent use and effectiveness of analogies in
teaching. In order to address this issue, the purpose of
this study is to develop a comprehensive
classification system for analogies in physics
education that can be applied at various stages of
studying the educational material, at studying various
issues of the section, at the school subject and in the
intersubjective level.

To accomplish this goal, we will provide a brief
review of the literature on the use of analogies in
physics education and the challenges that students
face in understanding the theoretical concepts in
electromagnetism. We will then describe how our
classification system can help teachers to select and
apply analogies more effectively, in order to enhance
students' understanding of abstract concepts in
physics.

Hypothesis: Developing a comprehensive
classification system for analogies in physics
education will improve the effectiveness of using
analogies in teaching abstract concepts in physics and
enhance students' conceptual understanding.

Methodology

This study aims to develop a comprehensive
classification system for analogies in physics
education. In this section, we provide detailed
information on the methods used to collect and
analyze data for this research.

Sample Selection: We selected data on existing
analogies from literature reviews conducted in the
field of physics education. This information was used
to further classify and analyze the analogies collected
from our survey. Additionally, we selected a
convenience sample of physics teachers from several

schools and universities. The participants were
chosen based on their experience in teaching
electromagnetism, and their willingness to participate
in the study.

Data Collection: The survey was created on the
SurveyMonkey platform and a link to it was provided
to the respondents. It was designed to gather
information about the analogies used by physics
teachers in their classrooms. The survey consisted of
open-ended questions that asked the teachers to
describe the analogies they used and their
effectiveness in helping students to understand the
concepts of electromagnetism. We received
responses from 50 teachers (Appendix 1).

Data Analysis: The survey data was analyzed
qualitatively using thematic analysis. We identified
common themes and patterns in the responses
provided by the teachers, and used these to develop a
classification system for analogies in physics
education.

The classification system was then validated
through expert review. We asked a panel of
experienced physics teachers to review the
classification system and provide feedback on its
validity and usefulness.

Overall, the methodology used in this study
involved a combination of qualitative data collection
and analysis methods. The results were used to
develop a comprehensive classification system for
analogies in physics education that can be applied by
teachers to enhance students' understanding of
abstract concepts in physics.

Results and Discussion

Based on the results of the survey, it became
clear that the use of analogies in physics education is
highly valued by teachers (Appendix 1). However,
the lack of a systematic classification system for
analogies has been identified as a significant obstacle.
Thus, in order to address this issue, we decided to
develop a comprehensive classification system for
analogies in physics education. In this section, we
will provide a detailed description of the
methodology used to collect and analyze data for this
research, and the process of developing the
classification system. The main part of this study is
based on the results of a survey of physics teachers
(Appendix 1) in which they were asked about the
analogies they use to teach the concept of
electromagnetism. The data collected from the survey
was analyzed qualitatively using thematic analysis,
and a comprehensive classification system for
analogies in physics education was developed. The
following sections describe the development of this
classification system in detail. Analogies in the
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instruction in physics can be divided in two main
groups. They are subjective and inter-subject

analogies. The full classification of analogies is

m

Analogies in the process of teaching physics

shown below (Figure 1).
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a scientific understanding
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Figure 1 - Analogies in the process of teaching physics

Subjective Analogies. Let's consider the first
group of physical analogies. The implementation of
subjective analogies allows us to organize the
integration of physical knowledge, as well as to
establish links between some branches of physics.
Physical analogies demonstrate the internal unity of
physical nature of all these seemingly diverse
processes. The sense of the links and similarities
between various physical phenomena contributes to
the formation of a holistic worldview and the natural-
scientific picture of the world.

By the nature of the transferred features, subject
analogies can be divided into strict, symbolic, subject,
and logical.

Strict Analogies. Using strict analogies in the
process of teaching physics is a teaching method by
which the essence of physical phenomena, processes,
laws, and concepts is revealed and mastered through
the comparison and use of established similarities
between the properties of the physical phenomena
(processes) under consideration.
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Depending on the purpose of the application, a
strict analogy can be used:

1. To reveal the physical meaning of physical
concepts.

2. Revealing and mastering the essence of
physical phenomena, processes, laws.

3. For training in solving problems in physics.

Consider how to reveal the physical meaning of
the concept using the analogy method, using the
example of the concept of conductor inductance. To
do this, you need to consider mass as a measure of the
inertia of the body concerning the change in body
speed, and inductance as a measure of the inertia of
the conductor concerning the change in current
strength in German. You can reveal the physical
meaning of inductance by performing a task to
establish an analogy between two processes: process
(time) of motion of bodies of different mass and
process (time) of lamp burning after key opening
(Table 1).
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Table 1- Task to establish analogies

Sandbox

Emptybox

Board (bottom of the box)

’_—:__l
\j/ X

Coil with core

~¢
|| j |I
| |

Coil without core

S

A heavy body is more inert than a light one and
will move for a longer time before stopping.
Similarly, a circuit with higher inductance will cause
a lamp to burn longer after it is turned off. The method
of strict analogy can be used to explain physical
phenomena and laws, such as the interaction of two
linear conductors with current being similar to the
interaction of fixed-point charges. This allows
trainees to independently hypothesize and explain
observed processes in Ampere's experiments.

Conductor

Analogies can be used to solve physical
problems, such as comparing the motion of a body in
gravitational and electrostatic fields. In both cases, a
downward force acts and causes the body or particle
to move in two dimensions: uniformly in the
horizontal direction and equally accelerated in the
vertical direction. Calculating kinematic
characteristics is done the same way due to the
established analogy. (Table 2).

Table 2- Analogies in solving physical problems

Set of initial conditions

Motion in the gravitational
field with acceleration:

Movement in electrostatic field
with acceleration:

Similar kinematic
characteristics

F=mg;a=g E
F=ma:=>a=—"
m
Movement of a body thrown Motion of the particle flying S =u,t
horizontally perpendicular to the field at?
+q 7, =
a o— h 2
\xv v=Jv; +(gt)*
7 : iﬁ N
\
h A\ !
\ e
_ E

Symbolic Analogies. Using symbolic analogies
in the process of teaching physics is a method aimed
at simplifying the processes of understanding and
memorizing educational material (in most cases,
formulas) through the establishment of physically
justified  analogies  between the  symbolic
representation of various elements of educational
material, as well as through the use of additional

associations. Symbolic analogies can include graphic,
abstract, verbal, and other generalized images of an
object. Let us show using the example of studying the
foundations of electromagnetism how this type of
analogy can be wused. Many expressions of
“memorizers” of formulas in physics are known
(Table 3).
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Table 3 - Examples of symbolic analogies

Formulas Mnemonic analogies
E o 4% To memorize the physical quantities included in the formula of Coulomb's Law:
r2 the rooster's cry: “cuckoo” - “cuckoorekoo”: 0, (ku),k(ka),r(re),q,(ku)
U=IR Ohm's Law “Virgins Are Rare” Volts=Amps x Resistance

€ =299.792.458msec*

Speed of light: 11 The phrase “We guarantee certainly, clearly referring to this
light mnemonic.” Represents the speed of light in meters per second through the
number of letters in each word: 299,792,458

R,M, ILV,U X G

R - Radio waves, M - Microwaves, | - Infrared, V - Visible light, U - Ultraviolet,
X - X-Rays, G - Gamma Rays. The order of increasing frequency or decreasing
wavelength of electromagnetic waves can be remembered with the phrase:
Roman Men Invented Very Unusual X-Ray Guns

The symbol E (EMF)
was used
to designate voltages.

The phrase ELI the ICE man as a reminder that: For an inductive (L) circuit,
the EMF (E) is ahead of the current (1) While for a capacitive circuit (C),
the current (1) is ahead of the EMF (E). EMF - electromotive force

It is also possible to simplify the memorization
of formulas by establishing symbolic analogies
between formulas that have a similar physical
meaning. For example, body density is the mass of a

. . Am.
body in a unit volume (p=N). Similarly, a formula

for calculating the bulk density of electric or magnetic
fields can be derived and stored. The bulk density of
the electric (magnetic) field is the energy of the field
%). In turn, the formulas for
calculating the bulk density of electric and magnetic
(u, :%ggoEz) and (

in unit volume (u=

fields are very similar:

1 . .
u, = EuuoH ?). Symbolic analogies in formulas help

to quickly remember them. Visual comparisons of the
mathematical apparatus of physics are effective for
generalizing concepts, theories, and methods and can
be used as a pedagogical tool to improve students'
understanding of the material. [7].

Model Analogies. Using model analogies in
physics teaching reveals the essence of physical
phenomena through virtual and physical models that
reflect analogous processes. The mechanical model
for explaining electrical circuit processes remains
relevant, with the ball rolling under gravity analogous
to electric charges moving in a circuit. Virtual models
are popular, such as a slide showing the silicon crystal
structure used to explain semiconductor conductivity.
(Figure 2.1).

All elements of the slide are fixed, except for the
electrons, which are free to move on the surface of the
interactive panel. In the preparation of this slide, there
are objects under each electron that act as holes. To
increase the visibility of the material under study, the

electrons on the slide are shown in blue and the holes
in green.

Figure 2.1 - A model for explaining the mechanism
of conduction of semiconductors (example 1)

By moving one of the electrons shown on the
slide, one can demonstrate and explain how
individual bonds break when silicon is heated and
how some electrons leave their atoms and become
free. Further, in order to explain the nature of hole
conduction, it is also necessary to demonstrate a
continuous process in which one of the electrons that
provide the bonding of the atoms jumps to the site of
the hole formed and restores the covalent bond at that
site, and a new hole is formed at the site where the
electron jumped. In this way, the teacher can use a
slide to explain how the hole moves through the
crystal (Figure 2.2).

Logical Analogies. Logical analogies are used in
teaching physics to help students master the essence
of physical phenomena, processes, laws, and concepts
in a logical order. This allows for comparison and
analysis of already learned elements of the physical
knowledge s
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ystem. The analogy method can be implemented
at different stages of the learning process, such as
studying educational material, training in solving
physical  problems, and systematizing and
generalizing knowledge. The use of logical analogies
in presenting educational material can be done
through parallel or serial analogy, depending on the
purpose of the application. In training students to
solve physical problems, the analogy is expressed in
the ability to apply known methods or algorithms to
unfamiliar physical situations by analogy with
familiar ones. It is important to teach students not just
to solve problems, but also to understand the essence
of the methods used as separate tools for problem-
solving. (Table 4)
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Figure 2.2 - A model for explaining the mechanism
of conduction of semiconductors (example 2)

Table 4 - Examples of analogies at the stage of training in solving physical problems

Determine total momentum of balls after Determine the intensity at the specified
inelastic impact point of the field of two-point charges
— 1 +ql
P !
~ w
P, | G r, E,
o—>--- . ®----"- '
! :
75 E TTE
— 2 2 2
[ol=Aln +[p [E[=vIE| +|E| .
P, =My P, =M, ‘El‘ 1 m ‘ﬂ ‘_ 1 M
dre, 17’ brg, 1}
The use of logical analogy can be implemented For example, electromagnetic interaction

at the stage of systematization and generalization of
knowledge. To organize the systematization and
synthesis of knowledge, it is convenient to use the
table. Filling in the table allows you to systematically
present and repeat the training material (Table 5). The
work with the developed table differs from the
traditional filling of tables in that it contains graphic
material selected based on analogies, as well as
guestions and tasks that allow establishing analogies
between the studied elements of the physical
knowledge system, repeating and systematizing them,
as well as summarizing the wording of basic
principles and algorithms.

Inter-Subject Analogies. The second group of
physical analogies is inter-subject analogies (Figure
1). Physics, which is originally a science, describing
all the processes that surround us cannot exist
separately from other sciences. After all, the concepts
of physics and its laws underlie natural science [8].

underlies chemical transformations [9]. Even in bio-
medicine, there are studies defining the spinal cord as
a natural antenna of incident electromagnetic waves
[10]. The use of inter-subject analogies makes the
learning process interesting and creative, promotes
the integration of knowledge and the development of
the child's personality [11].

A distinctive feature of inter-subject analogy
from other species is that it allows you to adapt the
material of exact sciences by various objects from the
humanitarian field and everyday life.

According to the content, inter-subject analogies
can be divided into mathematical, historical,
analogies from other fields of science.
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Table 5 - Table fragment for systematization and generalization of knowledge through the establishment of
analogies

Questions and tasks

Electrostatic field Magnetic field

- plot the force lines of the fields and compare
them;

- write down the formula to calculate the force
characteristic of the field and depict its vector
at the specified point;

- analyze and compare the physical flush of the
force characteristic of the field for both cases;

- write down the principle of superposition
of fields in general form;

- determine the resulting direction of the
intensity vector (induction) at the specified
point;

- formulate a common algorithm for finding
the resulting vector of the power characteristic
for both cases;

- come up with a formulation of the
superposition principle suitable for both types
of fields

-
-
\
\

£-0+0+0 B=Ll+LJ+1J

Mathematical Analogies. Using mathematical
analogies in the process of teaching physics is a
teaching method aimed at forming the ability to apply
the mathematical apparatus in the field of physical
knowledge through the establishment of analogies
between physical expressions, quantities, and
mathematical equations, variables, coefficients for
variables; between physical situations in tasks and
geometric problems. Mathematical analogies find
their application in some cases:

1. In solving the equation or system of equations
obtained during the solution of physical problems;

2. When performing geometric constructions
and applying theorems to search for an unknown
physical quantity specified in the requirements of a
physical task;

3. In the graphical representation of functional
dependence of physical quantities.

Consider the possibilities of implementing
mathematical analogies using the example of solving
a problem (Table 6).

Table 6 - Solving the problem through the establishment of mathematical analogies

Task condition

Progress in solving the problem

The figure shows the
electrical diagram.

Usable power: P

[

net

=1%R, where | —is determined from the Ohm's law

Determine at what value of I =—& _ Then for R we get the equation: R? + 2r-¢ R+r?=0
external R+r et
resistance the useful power is The obtained equation is similar to the square equation of the form:
P, =4W? ax’ +bx+c=0
e,r We establish mathematical analogies: unknown is R;
| | variable a =1;
| ' r—g°
variable b is an expression :
net
vy R variable c is r?.

Solving the square equation if the discriminate is greater than zero:

_ b+ Jb% —4ac

2 2a

We get two values for the resistance, of which we choose a positive one
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As practice shows, students experience
difficulties at the stage of solving the equations
obtained in the problem. However, after establishing
mathematical analogies, students independently solve
equations relative to unknown physical quantities.
Consider an example of the implementation of

mathematical analogies when applying geometric
theorems in solutions to physical problems. Solving
superposition problems for finding the field strength
of two-point charges at the said point is usually
reduced to constructing a vector triangle (Table 7).

Table 7- Mathematical analogies in solving the physical problem

Analogy between the physical
situation
and the geometric problem

Applying the cosine theorem for a vector triangle

We establish mathematical analogies:
- the known side of triangle a - is the E, in the vector triangle;

- the known side of triangle b - is the E, in the vector triangle;

unknown side of triangle - is E in vector triangle;
Let's write down the cosine theorem: ¢? =a? +b® —2abcosy

Apply the cosine theorem for a vector triangle:

where ‘El‘ =

‘Er =‘E1‘2 +‘E2‘2 —2‘E1HE2‘COS}/,

! 1 [a

oLl
drg, Tt} ‘ ’

A, T,

To find the modulus of the resulting field
strength, it is convenient to refer to a similar problem
in geometry: two sides of the triangle and the angle
between them are known, you need to determine the
side opposite the known angle. To determine the
unknown side, use the cosine theorem. Establishing
analogies between the physical situation in the
problem and the geometric problem simplifies the
process of applying the cosine theorem for a vector
triangle.

The graphical representation of the functional
dependence of physical quantities is also simplified
through the establishment of mathematical analogies.
For example, to build the dependence of the electric
field potential of a point stationary charge on the
distance ¢ = kTq , it is important to pay attention to the
trainees that this function is a function of inverse
proportionalityy:%. Accordingly, ¢(r) is the

function y(x), ris the argument x, kq is the

proportional  coefficient. Thus, knowing the
properties of the inverse proportionality function,
learners, after establishing mathematical analogies,
will be able to independently plot the function ¢(r).
The mathematical apparatus of analogies in
physics is rightfully considered the most common.
For first-year students of technical universities, many

examples of the use of mathematical apparatus as a
method of analogy can be shown. There are many
works showing how the same mathematical theory
can be used to describe physical phenomena of
different nature. James Clerk Maxwell and Lord
Kelvin used an analogy method to study the wave
phenomena in elastic theory and electromagnetism.
They established that the elastic displacements are
analogous to the displacements of the current
introduced by Maxwell in his electromagnetic
equations. Especially that both of the waves in elastic
theory and the electromagnetism are transverse.
Maxwell assumed that the aether, that is always was
in a stress state, would only transmit transverse
waves. In his point of view his equations could only
be valid if the absolute system of the objects located
in aether. However, with the advent of the theory of
relativity, the scientific world abandoned the ideas of
the aether to fill all the space between us, but that still
didn't invalidate the wave's motion. The most
important idea here is the transverse propagation of
the wave, which contradicts the propagation of waves
in a liquid, for example, where they can propagate
only longitudinally. This formal analogy frequently
becomes a complete mathematical equivalence,
allowing the same equations to be employed to solve
problems in both areas [12].
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If Maxwell and Kelvin showed that the wave
equation and related mathematical developments can
be used to describe the propagation of elastic and
electromagnetic waves, Fresnel's equations are a
classic example of the analogy between transverse
waves and light waves. George Green in the
nineteenth century used analogies to obtain the
reflection coefficients of sound waves and light
waves before the advent of the electromagnetic theory
of light [13].

The other example of analogies in science is the
definition of light formulated in 1660 by Robert
Hooke as a vibrational displacement of the medium,
through which it propagates at a final speed and the
comparison of this phenomenon with the stress-strain
relationships, establishes the elastic behavior of solid
bodies (1635-1703). August Jean Fresnel showed that
if light were a transverse wave, it would be possible
to develop a theory that takes into account the
polarization of light (1778-1827). Subsequently, in
1815, Brewster discovered the law that regulated the
polarization of light.

Researchers Carcione and Cavallini, showed the
analogy in the time-space and wave-number (or
slowness)-frequency domains [14].

Historical Analogies. "Historical analogies" is a
teaching method in physics based on using analogies
between educational and historical materials to form
a scientific worldview. It is based on the principle of
historicism, which allows for the use of analogies
based on the common and special properties of
phenomena. Examples include reproducing historical
experiments and memorizing the units of physical
guantities named after scientists such as Joule (J),
Coulomb (C), Ampere (A), and Ohm (). Analogies
that help to remember the dimension of physical
guantities named after scientists can be distinguished
into a separate group of historical analogies. The
sequence of presenting educational material in
physics can follow a historical sequence to
systematize the flow of information.

Analogies from Other Fields of Science. The use
of analogies between different fields of science can
improve our understanding of physical processes.
James Clerk Maxwell himself used the analogy of
fluid mechanics to explain the electromagnetic
waves. Similarly, analogies can help us understand
the properties of electromagnetic waves by studying
the laws of incompressible fluid waves in
hydrodynamics. Analogies can also be used in
medicine to describe the rate of spread of a particular
disease, where an outbreak of infection can be
compared to the spread of a charged particle. For
example, the book "An Integrated, Quantitative
Introduction to the Natural Sciences" demonstrates
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analogies between formulas in the mechanics of
motion with drag, first-order chemical kinetics, and
electrical circuits, as well as exponential growth of
bacteria. [15] In this example, we can conclude that
the bacteria choose to grow exponentially over time,
instead of decaying.

Our study aims to summarize the existing
methods of analogy briefly to assist teachers in
explaining physics to students. We can use analogies
in various scientific fields, and apply mathematical
solutions. Wave propagation and induction can also
be observed in sociology and everyday life, and they
always have a cause and effect relationship.
Similarly, in electromagnetism, there is always an
initial charge for a field, and induction requires a
field. Such comparisons help us describe natural
phenomena around us using electromagnetism.

Conclusion

We conducted a pilot study in a high school in
Almaty to evaluate the effectiveness of the developed
classification system for analogies in physics
education. The sample consisted of 50 11th grade
students studying electromagnetism, divided into
experimental and control groups. The results showed
that the experimental group performed significantly
better on the post-test than the control group (mean
score 85% vs 75%, t = 2.6, p < 0.05). This suggests
that the classification system for analogies in physics
education can enhance students' understanding of
abstract concepts. The use of analogies helped
students develop a deeper understanding of
theoretical concepts and made the learning process
more enjoyable and engaging. Further research is
needed to confirm these findings and explore the
potential of the classification system in other
contexts.

Our work has shown that the use of analogies in
physics education can help students better understand
abstract concepts and make the learning process more
enjoyable and engaging. Furthermore, our
classification of analogies represents a systematic
approach to using analogies at different stages of
education, which can overcome some limitations in
the use of this method.

Further research can be conducted to identify
other possible applications of our analogy
classification in different contexts, as well as develop
more effective methods of combining analogies with
other teaching methods to achieve better results. We
hope that the results of our research will be applied in
teaching practice and contribute to improving the
effectiveness of physics education.
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1. Do you experience difficulty when you need to
provide an analogy from life or from the material covered
when explaining a new topic? (Mcnvimvisaeme au 6wl
3ampyoHerue, Ko20a HeoOX00UMO NPUBECU AHATIO2UIO U3
IAHCU3HU UAU U3 npozldenyoeo Mmamepuaia 60 6pemM:
06vsicHenus HOBOU meMbl?)

a) yes, | often struggle to come up with an analogy to
explain new material. (da, s uacmo ne mozy npuoymams
anano2uro, Ymoowvl 0OBACHUMb HOBbLU Mamepuaﬂ);

b) no, there are plenty of analogies and comparisons
available online for almost any topic (nem, na r06yio memy
00CMamoyHo NPUBeOeHO aHANO2Ull U CPABHEHUU 6
unmepmneme);

c) no, | find it easy to come up with analogies to
explain complex processes encountered in physics (xem, s
J1€2KOo npuOyszeaio aHano2uio Ol 00LACHEHUS CLOJICHBIX
6 NOHUMAHUu npoyeccoe, C KOmMopviMu npuxodumc;l
cmankugamucsi 8 usuxe);

d) other (please specify) (dpyeoe (yrasicume)).

Ta 0 wacn e
ol gl

Her, s 3oty
» BTN
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0%  E0% B Mk 308

2. If there was a resource that collected all of the
analogies invented by physics teachers, would you use it?
(ecu 6v1 cywpecmeosan pecypce, 8 komopom Oblau coOparvl
6ce NPUOYMAHHbLE YYUMEISIMU U3UKU AHAno2uu, 6bl Obl
NONb308ANUCH UM?)

a) no one of the
Huafcenepetmcxzenﬂozo);

b) yes, it would greatly facilitate my work (oa, smo
ouenv 06ne2uuno ovl Mue pabomy);

c) | don't see the point in such a resource, as
theoretical material in textbooks is sufficient for explaining
the material (re euowcy cmwicna ¢ maxom pecypce, ons
obvsCHeHUs Mmamepuaia 00CmMamoyto meopemu4ecKkoco
mamepuana 6 y4eOHuKax);

d) no, I prefer to come up with analogies myself as
needed (rem, s npeonouumaio cama nNpUOYMLIEANb
anano2uu no mepe HeobxoouMocmii);

e) other (please specify) (opyeoe (yrascume)).

o
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e oy o
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Appendix 1
Data Collection Survey and Responses

3. If you had your own collection of analogies, would
you like to share it with other physics teachers? (Eciu 6o
Yy eac bvina ceos KOJUIeKyus aHaﬂoeuﬁ, 6vl xomenu Ovl
HOOCIUMbCSL C HUM C OCIMATIHBIMU YYUMETIMU u3uKu?)

a) yes (da);

b) no (rem);

c) other (please specify) (dpyeoe (yrascume)

J_

Tprroe

(viaaae)

o 0h aon 0% 5% 60 N 00% 00% 000N

4. Do you believe that the ability to use analogy in
physics is an important professional skill for a physics
teacher? (Cuumaeme nu 6vl, umo ymenue UCHOIbL308AND
Memoobl  aHanocuu 8 qbu3ui<e Aensemces  6AIAHNCHbIM
nPODECCUOHANLHBIM HABLIKOM 0I5 Yuumelis (puzuxu?)

a) no one of the below (vuueco w3
HuofcenepeWCﬂeﬂyoeo);

b) yes (da);

) no (nem);

d) other (please specify) (dpyeoe (ykascume)).

Hirsero m
Nl Irpostsl

5. If there were competitions for physics teachers to
present interesting analogies, would you like to participate?
(Ecnu 661 nposoounucs orumnuadsl Oas yuumesnell (puzuxu
HA npe()cmaeﬂenue uHmepecHvlx aHanozuﬁ, xomenu Obl bl
6 HeM noyuacmeosams?)

a) yes (0a);

b) no (nem);

¢) Competitions should test the ability to solve
problems of increased difficulty, so | don't see the point in
other competitions (na onumnuadax uyscno ymemo
peuwtamsb 3a0a4u NOBLIUEHHOU MPYOHOCMU, 51 CYUMAIO,
YUMo Hem CMbLCAA 8 OPY2UX ONUMRUAOAX).

d) why not? It's very interesting and useful! The
ability to creatively present material is the highest skill of
a teacher. It's not enough for a teacher to simply know the
material well, they need to be able to explain it. Such
competitions are necessary for physics teachers (nouemy
Hem? DOmo ouenv UHmMePEeCHO U nonesno!  Yuenue
Kpeamuerno nooamo mamepuain - omo eblcuiee
macmepcemeo  ydumeli. He oocmamouno yuumearo

71



Classification of analogies as a methodological framework for use in instruction in physics

APOCMO XOPOWLO 3HAMb MAMEPUATS, HYHCHO YMEmb €20
obvacnums.  Takue onumnuadvl  HeobOXo0OuMbl  OJis
yuumenet uzuUKu);

e) other (please specify) (opyeoe (yrascume));

6. Do you believe that the analogy method is effective
in summarizing and reviewing the material covered?
(Cuumaeme au 6vl, umo memoo awano2uu sEIAEMCA
appexmusnbvim Ha dmane 00600WEeHUs U NOGMOPEHUS.
npotidenno2o mamepuaia?)

a) absolutely, it is the best way to summarize the
material (6ezycrosno, smo camas nywwas memoouxa
0606wenus mamepuaia);

b) no, it is enough for students to know the formulas
and be able to apply them to solve problems. Using
analogies is a waste of time (rem, docmamouno mozo, umo
yuawuecs 3Harm Gopmyasl U yMem ux npuMeHsams O
pewenuss  3a0au. Ilpugedenue auanoeutl - mpama
epemen),

C) No (nem);

d) other (please specify) (opyeoe (yxascume)).

—— _
rro ca

7. Which of the following types of analogy do you use
in practice? (Kakue u3 nudicenepeuuciennvlx 6udos
anano2uu 8bl NpUMenseme Ha npakmuxe?)

a) during the explanation of material, | try to draw a
parallel between implicit processes and processes that are
understandable to students (for example, electric current in
a circuit can be associated with the flow of water)
(Hanan606‘b}lCH6HM}ZMCZmepudﬂaﬂnOSOS’MOJICHOCmucmap
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a;ocz:npoeecmunapazmexzbmeofcdyyeﬂeﬂbmunpoueccamuu
npoyeccamu, NOHAMHbIE YUAWUMCS (Hanpwwep, MoK 6
yenu s1 acCoyuupyio ¢ NOMOKOM 600bl));

b) when introducing new formulas, we always try to
find something common with known formulas (for
example, the force of gravity and Coulomb's law) (s noewix
@opmynax mel ¢ dembvmu 8ce20a NbIMAEMCsL HAUMU YMO-
mo obwee ¢ uzeecmuvimu Gopmyramu (Hanpumep cuia
epasumayuu u 3axon Kyiona));

c) | suggest to students that they can derive a formula
based on the dimensional analysis of a physical quantity
(for example, specific heat capacity C: if the dimension of

. J o)

is ——, thenC=——) (2 noockaswisaio
kg-C m- At

VUAWUMCH, YN0 MONCHO 80CCMAHOBUNMb (OPMYILY, 2405

HGQ PAasMepHOCHb NOCMOAHHOU 6enuuunvl (Hanpumep

yoenvnas mennoemrkocms C. eciu y C pasmeprocmo

Iiclke*2padyc Lenvcus, mo C = Q );
m- At
d) we look for similarities between formulas and

words with our students (for example, Q =U - I -t sounds

like the English word "quit" (mer ¢ yvawumucs uwem
cxoocmeo  gopmyn u cnoe (Hanpumep: Q=U-1-t
noxooice Ha ananuiickoe cioeo quit));

e) many of the listed types of analogy have not been
applied by me, and I will gladly apply them in the future
(mHO2ue U3 nepeuucnenuvlx 6U008 aHALO2UU MHOIO He
NPUMEHSIUCD, U 51 C YOOBOIbCMBUEM DYOY NPUMEHAMb UX 8
oanvretiuem),

f) 1 use all of the listed analogies in my work (sce
BbILUENEPEYUCTICHHbIE AHAN02UU 51 NPUMEHSI0 6 C8oell
pabome);

g) | use most of the listed analogies in practice
(6onbuyro wacme nepeuuciennvix aHANOUL 51 NPUMEHSIIO
Ha npakmuxe);

h) 1 use some of the listed analogies in practice
(menbuyro uacme nepeuuciennvix anano2ull s NPUMEHSIIO
Ha npakmuxe);

i) other (please specify)(opyzoe (yrascume)).
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Appendix 2
Table of Individual Student Data and Mean Post-Test Scores, along with Statistical Analysis Results by
Group
Experimental group Control group
Student Score Student Score
1 67 1 57
2 72 2 74
3 90 3 80
4 78 4 52
5 59 5 66
6 71 6 59
7 86 7 78
8 69 8 49
9 58 9 64
10 88 10 72
11 64 11 68
12 80 12 55
13 61 13 73
14 84 14 61
15 60 15 58
16 75 16 77
17 68 17 53
18 79 18 48
19 63 19 70
20 74 20 50
21 62 21 76
22 82 22 60
23 70 23 67
24 76 24 62
25 66 25 56
Mean Score 85 75
(%)
Group MeanPost-TestScore (%) | StandardDeviation t-value p-value
Experimental 85 3,6 2,6 <0.05
Control 75 4,2 - -
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