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The article presents the results of research on the challenges in preparing future physics teachers. It
demonstrates that for the effective training of future physics teachers in solving non-standard physics
problems, it is essential to shift the focus in the selection of content and educational materials towards
the predominance of methods and rules for solving physics problems. While the content of laws and
physical theories is important and requires comprehension, it is secondary. This conclusion is
illustrated by two methods for solving non-standard physics problems, which are taught to students in
the course “Practicum in Solving Non-Standard Physics Problems ”.

Keywords: physics problem; physical law; methods of solving; teaching methodology in physics; law of
odd numbers; law of conservation of energy; harmonic oscillations; kinematics.

NIITOTOBKA MAWMBYTHIX BUUTEJIB ®I3UKHU 10
PO3B’A3YBAHHA HECTAHAAPTHUX ®I3UYHUX 3ATAY

Cepriii Tepemyk, 0KTOp NeNaroriyHUX Hayk, IOLEHT, npodecop kadeapu ¢izuku Ta
IHTErpaTUBHUX TEXHOJOTIM HaBYaHHS MPUPOJHUYUX HAyK, YMAHCHKUH JepKaBHHUH
neaaroriyHuil yHiBepcuret iMeHi [1aBna Tuunnu.

ORCID: 0000-0002-1084-5838

E-mail: s.i.tereschuk@udpu.edu.ua

Biman Ilance, noktop o¢inocodii, moueHt xadenpu ¢izuku, npodecop H.I'. mayk i A.l.
Komepuiitnoro konemxy Caxapxepaa, nupexrop @ynnanii Panxakican.

ORCID: 0000-0002-3683-466X

E-mail: vshl.panse@gmail.com

Cepriii lllapoB, kanauAaT NEAAroriYHUX HAyK, AOLEHT, 3aBiAyBay Kadeapu KOMI IOTEpHUX
HayK, TaBpilicbkuil iepkaBHHUM arpoTeXHOJIOTIYHUN yHIBepcUTeT iMeH1 JMutpa MoTopHoro.
ORCID: 0000-0001-5732-9980

E-mail: vshl.panse@gmail.com

ISSN 2706-6258
86


mailto:vshl.panse@gmail.com
mailto:segsharov@gmail.com
mailto:s.i.tereschuk@udpu.edu.ua
mailto:vshl.panse@gmail.com
mailto:vshl.panse@gmail.com

30ipHHK HAyKOBHX Ipaub
Bun. 1(13), 2025 ITcuxonozo-nedazoziuni npobremu cyuacHoi wrxonu

Y emammi posensinymo pezyromamu 0oCuiodceHHs w000 Ni020MOSKU MAUOYMHIX yuumenie Qizuxu.
Buseneno, wjo 0ns ycniunozo nasuanua manoymuix nedazozié po3e sa3y8anHio HeCmaHOapmuux 3a0a4
HeoOXiOHO nepeopieHmyeamu 3MiCm i 0C8IMHIU KOHMeHm. 30Kpema, aKyeHm ciio pooumu Ha Memooax
i mpasunax po3e’sizamHs Qi3uuHUX 3a0ay, MOOi K 3AC60E€HHS (DI3UYHUX 3AKOHI6 | meopil, xoua U
B3ANUMUAEMBCS BANCTUBUM, 8i0icpae OpyeopaOoHy poab. Lleil 6ucH080K NiomeepodceHo NpuKiadamu 080X
Memooie po36’A3aHHA HeCMAHOAPMHUX DI3UYHUX 3a0aU, AKI BUKIAOAIOMbCA CIMYOeHmMAM nio Yac Kypcy
«IIpakmuxym 3 po36 ’sa3y8aHHA HECIMAHOAPMHUX QIZUYHUX 3A0aU».

3anpononosani memoou po3e’sa3y8aHHs HECMAHOAPMHUX QI3UYHUX 3a0ay O00360JAIOMb He Juule
po3Kpumu  cymuicms  QQI3uMHUX 3aKOHI8, A U Hasuamu 3000y8auie oc8imu e@exmusHomy ix
BUKOPUCMAHHIO Ha npakmuyi. AHaniz 0ceimnbo2o npoyecy C8i04Umb, WO KIOY08UM € HAGUAHHS
Memooam i Nputiomam po3e a3y8ants 3a0ad, mooi AK 3ACE60EHHA MEOPeMUUHO20 MAMepiany Modice
oymu opeanizosame y opmami camocmitinoi pobomu cmyoenmie abo 8 Mexucax 3Miuano20 Hag4aHHs
(nanpuknao, 3a modeinio «nepesepHymuil kiacy). llepcnexmusnumu ueniaoaioms O00CHIONHCEHHA ma
6NPOBAOIICEHHA MEXHON02iU HABYAHMSA, WO BpPAXOEYIOMb NiOXi0, 3a AKO20 ONAHYBAHHA MemoOié
PO36 ’A3y6aHHA 340a4 NEe6HO20 MUNY Nepeoye GUGUEHHIO MEeOPemuiyHo20 Mamepiany, noe sa3aHoeo i3
yumu 3aoauvamu. Ilpu yvomy eadxciuso epaxogysamu, wjo 3000y8aui euwjoi oceimu NOSUHHI Mamu
0a306i 3HaHHA, AKI 8IONOBIOAIOMb BUMO2AM UKILILHOL NPOZpaMU.

3anpononosanuii nioxio, 3a K020 ONAHYBAHHA MeMOOI8 PO36’A3V6AHHA 34044 Nepeoye GUEHEHHIO
8I0N0BIOHO20 MeopemMUUHO20 MAmepiany, € 0COOIUB0 AKMYATbHUM Y NI020MO8Y] MAUOYMHIX uumenie
@izuxu. Le 0o36ons€ He nuwe opmysamu y cmyOeHmie HABUUKY BUPIUWEHHs 30044, ale U po36usamu
ix 30amuicme mMEOpPHO BUKOPUCMIOBYBAMU CYYACHI MEXHONO02I] HABUAHHA O/ BUKIAOAHHA OCHO8
dyHOaMeHmanbHUX Qi3UUHUX 3AKOHIS.

Hna maubymuix euumenie @izuxu 6axciugo 3ade3neyumu KOMHIAEKCHY Ni020MOGKY, AKA 6KIIOYAE K
meopemuyHi 3HaHHA, MaK [ NPAKMUYHI HAGUYKU X 3ACMOCY6anHs. 3acmOCYBanHs ONUCAHO20 NIOX00Y
Modice Gymu peanizosane 8 Kypcy «IIpakmukym po3e’a3yeanns Hecmanoapmuux gisuunux 3aoauy. Ha
niocmagi npogeoeHuUx YUCTEHHUX CHOCMEpedceHb 3a OCSIMHIM Npoyecom, Hamu 6y10 po3pobieHo
MEXHON02i4HY NOCNIO06HICIb YRPOBAOICEHHS PO3POOTIEHO20 HAMU MEmOOY.

Kniouosi cnosa: @isuuna 3adaua; Qizuunuii 3aKoH; Memoou po36 °A3Y6aAHHA, MEMOOUKA HAGUAHHA
Qi3uKu; 3aKOH HeNapHUX Yuces; 3AKOH 30epedCceHHsl eHep2ii; 2apMOHIUHI KOTUBAHHS, KIHeMAMUKA.

A modern physics teacher must possess a solid foundation in mathematical tools, as
well as appropriate methods and techniques for solving advanced-level physics problems. To
develop relevant general and professional competencies, the course “Workshop on Solving
Non-Standard Physics Problems” was designed. Its primary goal is to familiarize higher
education students with methods for solving non-standard physics problems aimed at teaching
high school students (grades 10-11).

The purpose of this article is to identify optimal methodological approaches for
preparing future physics teachers to train students in solving non-standard physics problems, a
critical aspect of teaching gifted youth.

Theoretical foundations for the methodology of teaching problem-solving skills
in physics have been explored in the works of O. I Bugayov, S.U.Goncharenko,
O. I. Lyashenko, A. I. Pavlenko, Ye. V. Korshak, M. I. Shut, S. Yu. Voznyuk, H. P. Kobel,
and many others.

Traditionally, in the methodology of teaching physics, it is widely recognized that
solving physics problems plays a leading role in the educational process. At the same time,
educational activities aimed at mastering methods and approaches to solving physics
problems have been thoroughly studied by Ukrainian educational researchers. These
studies emphasize the dual role of problem-solving: as both a tool and a method for teaching
students to operate with scientific knowledge in physics, including a system of scientific
concepts [4, p. 4].

Numerous studies on the methodology of teaching physics provide various methods
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and approaches for teaching students to solve physics problems [2; 3; 5]. However, these
methodological insights typically follow a specific sequence: first, students are expected to
acquire the necessary theoretical material, and then develop practical problem-solving skills.
While this approach is traditional and well-known, it does not address a crucial
methodological challenge — how to teach the practical application of physics laws effectively.

Teaching students to solve advanced-level physics problems involves specific
methodological challenges that can reduce the efficiency of the educational process and lead
to critical errors in a teacher’s future work [1]. It is difficult to describe all methodological
issues and solutions in a single article, so we will focus on a few effective methods for solving
non-standard physics problems.

The course “Workshop on Solving Non-Standard Physics Problems” aims to train
future physics teachers to tackle complex problems. How can the learning process be
organized effectively to develop students’ skills in solving non-standard problems?

We conducted a survey among students of the Faculty of Physics, Mathematics, and
Computer Science at Pavlo Tychyna Uman State Pedagogical University to identify the
difficulties they encounter when solving physics problems and to understand what, in their
opinion, hinders their ability to master this critical skill. The majority of respondents (82%)
noted that simply knowing a physics law is insufficient for solving a physics problem.
A follow-up survey revealed that, according to future physics teachers, this is due to two key
reasons:

1. Applying physics and mathematics laws requires mental operations that can only

be developed through experience (65% of all respondents).

2. The application of physical laws has its limits and depends on the conditions
(initial data) stated in the problem’s description. Therefore, it is crucial to analyze
the problem rather than mindlessly searching for a formula to achieve a numerical
result (77% of respondents).

These findings led us to the conclusion that the “Workshop on Solving Non-Standard
Physics Problems” course should focus not only on the content of physics laws and their
related topics but also on integrating the curriculum around methods and strategies for solving
advanced problems.

Teaching students this method means teaching them to use physical laws (principles,
rules, etc.), as the foundation of any problem-solving method lies in a physical law.

Thus, it became necessary to select methods for solving advanced physics problems
and to search for them in relevant literature. Below, we present two such methods, which are
typically absent from school textbooks but can be successfully applied within the school
physics and mathematics curriculum.

Method: The Odd Numbers Law

One of these methods is the Odd Numbers Law. Although this law is rarely mentioned
in school textbooks, it can serve as an effective tool for solving kinematics problems. The
essence of this law is that the distances traveled by a body starting from rest under uniform
acceleration over equal time intervals relate to one another as a sequence of odd numbers.

For instance, during uniform acceleration from rest, the distances covered in
consecutive equal time intervals are proportional to 1 : 3 : 5: 7 ... . This pattern can simplify
the analysis of motion problems and provide a deeper understanding of kinematics:

51:S2:83...8, =1:3:5:...(2n—1)

There are examples of problems solved using two approaches below. The first method
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is based on the equation of motion for uniformly accelerated motion. The second method uses
the Odd Numbers Law.

Example 1: What is the displacement of a freely falling body during the \(n\)-th
second after it begins to fall?

Method 1: Using the Equation of Motion.

The total displacement is divided into two parts: h: and h» (see Fig. 1a).

hz is the distance the body falls during the n-th second (i.e., in 1 second).

hz is the distance the body falls in the first (n — 1) seconds.

The equation for the displacement hy in the n-th second is derived as follows:

1. The total displacement after n seconds is given by:

htotar = Egnz

2. The total displacement after (n — 1) seconds is:

1 2
htn-1y = E‘g(n -1
3. The displacement in the n-th second is the difference between these two

displacements:
1 2 1 2
hn = heotar — hn—1 = Egn _Eg(n -1

4. Expanding and simplifying:
1 1
h, = Zg[n2 —(n*-2n+1)] = Eg(Zn— 1)
Thus, the displacement in the n-th second is:

1
hn =5g(@n—1)

— @ At b,
h1 It h,
t= (n-1)
|
|
|
|
b

Fig. 1
Method 2: Using the Odd Numbers Law.
Let us conditionally divide the entire path into segments h4, h,, ..., h,,, which the body
covers in equal time intervals At = 1s (Fig. 1b). For this case, we write the law of odd
numbers as:
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h
hiihy =1:(2n—1)or 2 = —,
h; — movement in the first second At; = 1c, h,,— movement in n-th second (Fig. 1b), that is,
At, = 1c.
2 12
Ago hy = % = % = %. Therefore, 22 =92 - _1

hn hz 2n—1
=9 2 1) = L
= E( n—1)=gm E)

The answer is the same for both methods: h,, = g(n — %).

Example 2. A body is freely falling from a height of 80 m. What is its displacement
during the last second of the fall?

Method 1: Using the Equation of Motion.

Let ho be the distance the body travels in the last second, and hy be the distance it
travels in (n — 1) seconds. Then the total distance is h = h; + h, = 80 m.

Let us find the total time \(t\) during which the body was falling:

2
h=t = [ [0 _
10

Let’s find the displacement during the Iast second:
gt —1)>2 10- (4 —1)?
hy=h—hy=h=""—"=80———"——=80-45=35m.
Method 2: Using the Odd Numbers Law.
Let’s divide the entire path into segments that the body travels during equal time
intervals of At =1 s. How many such segments will there be?

h, T 1c A
h, 1c
Mot e h =80 M
h, 1c
B
Fig. 2

The object was in free fall t = \/% = /% =

Therefore, there will be four segments of At =1 s. (Fig. 2).
Thus, according to the law of odd numbers:
hy:hy:hy:hy, =1:3:5:7
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hy _gat?/2 _g/2 _
ha hy hy
hy="2=2=35m.

The answer is the same for both methods: 35 m.

Example 3. How long did the body fall if, during the last 2 seconds, it traveled
60 meters?

Method 1: Using the Equation of Motion.

Let t be the time during which the body fell from the height h. Then h_1 is the distance
that the body traveled in the time (t — 2), while h, = 60 m is the distance that the body
traveled during the last At =2 s. Therefore,

h=h, +h,
h,=h—h,
gt* gt -2)°
T2 2
gt* g gt? gt?

hy=2——Z(t2 —4t+4)="-—-Z 4 2gt—2
2= 2( + 4) > 5~ t29 g

h, = 2gt — 2g
From the last equation, we will express the time:

ha

h
hz=2gt—Zg:>th=h2+2g:>t=£+1

h, 60
t—5+1—%+1—45
Method 2: Using the Odd Numbers Law. We will conditionally divide the entire
path into segments (the number of segments n) that the body travels over equal time intervals

At = 2 s. The falling time can be found using the formula = n - At. To find the number of

2
segments n, we will use the law of odd numbers: hy:h, = 1: (2n — 1), where h; = % =

20M, h,, = 60 M (according to the problem conditions). Then,

hy 1 _ 20 1
h_n_Zn—l_a_E
2n—1=3
n=2

So,t=n-At=2-2c=4s

The answer is the same for both methods: 4 s.

The proposed methods for solving non-standard physics problems not only reveal the
essence of physical laws but also teach students to use them effectively in practice. An
analysis of the educational process indicates that the key aspect is teaching methods and
techniques for solving problems, while mastering theoretical material can be organized in the
format of independent student work or within blended learning models (e.g., the “flipped
classroom” model). Research and implementation which include learning technologies that
prioritize mastering problem-solving methods for specific types of problems before studying
the theoretical material related to these problems look promising. At the same time, it is
important to ensure that higher education students possess basic knowledge aligned with the
requirements of the school curriculum.

The proposed approach, in which mastering problem-solving methods precedes the
study of the corresponding theoretical material, is particularly relevant for training future
physics teachers. This approach not only develops students’ problem-solving skills but also
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enhances their ability to creatively use modern teaching technologies to explain the
fundamentals of key physical laws.

For future physics teachers, it is essential to ensure comprehensive preparation, which
includes both theoretical knowledge and practical application skills. The described approach
can be implemented within the framework of the course “Workshop on Solving Non-Standard
Physics Problems”.

Based on numerous observations of the educational process, we have developed a
technological sequence for implementing our proposed method:

1. Organizing Lessons Using Problem-Based Learning:

— The instructor presents a problem to the students without prior explanation of the

theoretical material.

— Students analyze the problem’s conditions, formulate hypotheses, and propose
solutions.

— During the discussion of results, the theoretical material is introduced to explain
the solution and clarify the associated physical laws.

2. Utilizing the “Flipped Classroom” Model in Blended Learning:

—  Students independently study theoretical material using video lectures, textbooks,
or interactive platforms.

— During class sessions, students work on problems designed to apply the studied
laws in practice.

— This approach encourages deeper understanding of the material and enhances
students’ motivation.

3. Developing and Using Educational Cases:

—  For example, creating a case where future teachers are asked to model a physics
lesson scenario. Students must explain a non-standard problem solution to a class,
supporting all explanations with physical laws.

—  “Explain Clearly” Method:

—  Students are divided into two groups: “teachers” and “students”.

— The instructor provides a non-standard problem (ideally qualitative, requiring
proof of a statement or leading to an unexpected conclusion).

—  The “student” group explains the solution and justifies their perspective, while the
“teacher” group critiques the explanation, identifies errors, and seeks clarification
if the explanation is unclear.

— The groups then switch roles. This helps future educators practice explaining
complex material in an accessible way.

4. Developing Professional Competencies:

Mastering problem-solving methods at the early stages of training fosters the

development of the following key competencies:

— Analytical Thinking:

—  Students learn to analyze problem conditions, identify key parameters, and build
logical sequences essential for understanding physical processes.

— Methodological Preparation:

—  Familiarity with problem-solving methods enables future teachers to design clear
and effective lessons tailored to the needs of diverse students.

—  Creative Approach:
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—  Working with non-standard problems cultivates the ability to find unconventional
solutions, which is crucial in teaching practice.

5. Implementing the Approach in Teaching Practice

To reinforce problem-solving skills, the following components should be incorporated

into educational programs:

1. Teaching Practice in Schools:

— Students conduct lessons using a methodology based on the problem-solving
approach.

— During lesson reviews, instructors provide feedback on the effectiveness of the
applied methods.

2.  Workshops and Seminars:

— Training sessions where students learn to explain problems of varying complexity
to students of different age groups.

— Integration of modern technologies (e.g. simulations, interactive platforms) to
visualize solutions.

3. Creation of Educational Materials:

— Future teachers develop problem collections with detailed explanations,
promoting a deeper understanding of the subject matter.

— The use of an approach where problem-solving methods precede the study of
theory requires proper organization of the educational process. Key challenges
include:

— Providing students with a sufficient number of high-quality problems of varying
complexity.

— Training instructors equipped with the necessary teaching methodologies and
expertise in solving non-standard physics problems.

— Motivating students to independently master theoretical foundations.

Promising directions include the development of digital tools to help students engage

with problems interactively and the creation of methodological guidelines for instructors on
implementing this approach in the educational process.

Overall, this approach helps future physics teachers acquire not only solid professional

knowledge but also flexible thinking skills and readiness to integrate innovations into their
teaching practices.

wmn
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