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THE PLACE AND ROLE OF PROBLEM SOLVING
IN THE EDUCATIONAL PROCESS

Abstract. Physics studies the general laws of the occurrence of all natural
phenomena, the structure and properties of the material world that
surrounds us. Physics is an exact science and its laws are expressed by
mathematical formulas. The subject of physics taught in secondary school
is the basis of scientific physics and is of special importance in
understanding the material world and forming people's scientific world
views. This subject explores the general properties of matter, its forms of
movement and studies how the material world is formed, the processes
and events ocurring around us and laws which they depend on. Physics is
one of the main natural sciences that studies the laws that exist between
the objects that make up the entire material world and makes it available
to people. Problem solving is an integral part of teaching physics and has
both educational and practical importance. Exercises have special
importance in the deeper assimilation of physical concepts and topics, in
the clear and precise understanding of the meaning and importance of
these concepts. The physical nature of various definitions, rules and laws
becomes more clear when they are applied to specific and concrete
examples. Examining all these facts becomes possible during problem
solving in physics. In such a process, many concepts that remain obscure
and are mechanically mastered in memory are clarified. When solving a
problem, expressions, laws, numerical values of quantities are
remembered, and the physical quantities and units by which they are
measured are consolidated in the human mind. Problem solving isn’t only
useful in learning the basic material but it also plays an important role in
deepening, expanding and strengthening mental knowledge. Problem
solving is an integral part of each lesson. From this point of view problem
solving is an integral part of teaching physics in secondary and high
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school and has both educational and practical importance in the teaching
process. Educational functions of problem solving have a strong influence
on the formation of knowledge and intellectual development in the mind.

Keywords: Matter; action; learning; science; cognition; problem solving.

INTRODUCTION / BCTYII

Formulation of the problem. Physics is one of the natural sciences that
studies the objective properties of the material world. Many branches of
science study nature. Each of these sciences separately investigates the
phenomena occurring in nature, studies the regularity of their occurrence. All
living and non-living things in nature are called physical bodies. In physics,
mechanical, thermal, electrical, magnetic, light, sound and atomic phenomena
are studied.

The material world - matter - is a material entity that exists
independently of us. The main property and form of existence of matter is
motion. Arbitrary change in the material world is called movement. This
movement is caused by matter itself, by the interaction of its various forms.
There are also various forms of motion of matter, including physical, chemical,
biological and other forms of motion. These forms of movement are
interconnected and can move from one to another.

Different sciences study different forms of motion of matter. Physics
studies only the mechanical and physical forms of motion of the material world.
Forms of matter and field are accepted as forms of material existence in
physics. The material form of matter includes elementary particles formed
from atoms of a molecule and bodies consisting of atoms and molecules. The
main characteristic of matter is that it is corpuscular, discrete and has a finite
size. The field is a means that creates a connection between these particles and
transfers their influence to each other, it is a form of material existence, unlike
matter, the field is continuous and unlimited in the environment. The field
exists both inside the medium and in the out-of-body space, for example, in
space.

Analysis of major research and publications. In the methodological
literature, such researchers as I. Ismailov [6], Sh. Alizade [2], A. Mehrabov [10],
Z. Garalov [9], V. Orujov [15], S. Imanov [5] dealt with this problem. Scientists-
researchers in their works noted that when solving a problem, expressions,
laws, numerical values of quantities are remembered, and physical quantities
and units by which they are measured are fixed in the human mind. Problem
solving not only helps in the study of basic material, it plays an important role
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in deepening, expanding and strengthening mental knowledge.

AIM AND TASKS / META TA 3ABAAHHA

The purpose of this article is to determine the important role of
laboratory practical classes, astronomy and chemistry taught in physics in
higher education, in deep mastery of physics, in the formation of students'
scientific worldviews and polytechnic creativity of students.

The main task of physics is to clarify the real picture of the physical
world and determine its laws. When teaching physics, the following tasks are
set:

e give students knowledge of the basics of physics at the modern level
in a certain system: basic concepts, laws, theories;

e to form in students a modern natural-science picture of the world;

e mastering the methods of scientific research by students;

e familiarization with the scientific foundations of modern technologies.

THE THEORETICAL BACKGROUNDS / TEOPETUYHI OCHOBH
AOCAIAKEHHA

Problem solving is an integral part of teaching physics and has both
educational and practical significance. Problems in physics are of particular
importance in a deeper assimilation of physical concepts and topics, in a clear
and precise understanding of the meaning and significance of these concepts.
The physical nature of the various definitions, rules and laws becomes clear
when these definitions, rules and laws are applied to particular and specific
examples. The study of all these facts in teaching physics becomes possible
when solving problems. In such a process, many concepts are clarified, which
remain unclear and are mechanically assimilated in memory.

A significant part of each lesson is problem solving: explanation of a new
lesson, consolidation, knowledge testing and other learning situations are
accompanied by problem solving. Homework is almost always about problem
solving. The main feature of optional exercises, competitions and olympiads is
also problem solving. Problem solving plays an important role in
extracurricular activities, circles, excursions.

When solving a problem, expressions, laws, numerical values of
quantities are remembered, and the physical quantities and units by which
they are measured are fixed in the human mind. Problem solving not only helps
in the study of basic material, it plays an important role in deepening,
expanding and strengthening mental knowledge. Problem solving is an
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important part of every lesson. It is from this point of view that problem
solving is an integral part of teaching physics both in secondary and higher
schools and has both educational, educational and practical significance in the
educational process. The upbringing and educational functions of problem
solving have a strong influence on the formation of knowledge and intellectual
development in the mind in conditions of strong communication. A problem
solution is a means for a clearer understanding of the material covered in the
educational process, consolidating the material, practical application of the
material studied, and doing homework.

Scientists have distributed the problems in physics according to their
various characteristics: content, didactic goal, method of setting the condition,
degree of difficulty, main methods of solution, according to their nature,
according to their content, and also grouped them in the following order.

Content tasks can be functional, laboratory, polytechnic, historical and
others.

A large number of tasks in the course of higher education are associated
with functional tasks. In such problems, one physical quantity is functionally
dependent on another physical quantity. The solution of these types of
problems is of particular importance in the repetition of students' knowledge
and in the functional relationship between quantities, in their understanding of
patterns. For example, in high school, they studied the application of the law of
conservation of momentum to a body with a variable mass, the law of
momentum and its conservation, Ohm's law depending on the strength of
current, voltage and resistance.

The problems of a laboratory nature include those problems in which the
desired value is determined using the quantities associated with it and
measured by instruments during the experiment. Laboratory problems prepare
students for independent creativity. Consider the following laboratory
problem.

Problem. The weight of an ingot of gold and silver in air is 0.309 N. In the
mechanics section, you should use the laboratory experience associated with
the experimental verification of Archimedes' law and determine the percentage
of gold and silver by weight in the alloy. To do this, using student experience,
using the law of Archimedes, one should determine the viscosity of the mixture
in water, and the problem is solved using the corresponding values obtained.

Questions of polytechnical content include problems related to industry,
agricultural production, transport, communications, household appliances, etc.
Such questions prepare students for work and have a strong influence on their

213



BicHuk nicasidunaomuoi oceimu. Bunyck 25(54) Cepis «Iledazoziuni Hayku» (Kamezopis «b»)
Bulletin of Postgraduate education. Issue 25(54) Educational Sciences Series (Category «B»)
https://doi.org/10.58442/2218-7650-2023-25(54)

professional orientation.

Problem. 20 lamps are connected in parallel in a circuit. The current in
the lamp is 0.5 A. The resistance of the connecting wires is 0.2 Ohm. The
internal resistance of the generator is 0.05 Ohm. What voltage should the
generator produce so that the voltage drop in the lamps is 220 V.

By solving problems of this type, students gain a deeper understanding of
Ohm's law.

The problems associated with the discovery and invention of the laws of
physics and related technology can be classified as problems of historical
content. When solving such problems, the attention of students is directed to
issues related to the history of science and technology problems of historical
content reveal to students the essence of scientific discoveries, show missing
pages, introduce research methods, for example, Newton's law of universal
gravitation, the law of radioactive decay, Coulomb's law, the law of
conservation of electric charge, the basic laws of geometric optics, etc. For
example, the discovery of radioactivity made it possible to determine the age of
the Earth, as well as to determine the history of ancient people who lived in the
Azykh cave. All these facts allow you to repeat the materials on physics and
deeply understand the materials.

Newton gave the first idea of light. This theory is the corpuscular theory
of light. But since Newton's theory could not explain the law of refraction of
light, Huygens created a new wave theory. Both theories dominated in parallel
for about 150 years. At present, the modern quantum theory of light has
emerged.

Problems can be abstract or specific. In abstract problems, one should
not consider secondary, unimportant facts. But abstract problems provide good
visibility. Usually, the solution of abstract problems is of a general and template
nature.

Problems in physics vary greatly in their content, nature and level of
complexity. Therefore, the methods for solving them are also different. The
choice of one or another method for solving a problem is determined not only
by the content and nature of the problem, but also by the degree of difficulty of
the problem, its position in the course of physics, the mathematical preparation
of students, their knowledge, skills and abilities. When discussing the problem,
the teacher determines which method is more effective and convenient in
solving the problem. In the process of teaching physics, the following methods
are used to solve problems in physics:

1. Oral method.
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2. Computational method.

3. Algebraic method.

4. Graphical method.

5. Geometric method.

Oral method. Students are not required to make a written report when
solving a problem by the oral method. Such questions are very important for
the development of memory and thinking of students. This technique enlivens
the course of the lesson, increases the interest and attention of students. For
example, in the electromagnetism section, the teacher suggests solving the
following problem in order to deepen knowledge about measuring
instruments.

Problem 1. How can | measure a current of 10 A with an ammeter with a
measurement limit of 5 A?

The computational method means solving the given problem step by step
without applying any formula. A computational method based on four
arithmetic operations is commonly used in the first grade of secondary general
education. In this case, these issues are resolved by gradually studying them
and solving them on the basis of free reasoning without applying any formula.
The computational method also prepares for solving more complex problems
with other formulas in the future.

Algebraic method. In the educational process, a broader algebraic method
is used to solve problems in physics. Algebraic problem solving includes:
problem solving using a ready-made formula, analytical method, synthetic
method.

The solution of problems according to a ready-made formula is applied
after studying certain patterns. With this method, a formula is used that
expresses one or another law when solving a problem. When applying this
method to solve a given problem, it establishes physical patterns, repeats the
formula expressing this pattern, performs calculations, writing information
corresponding to the condition of the problem into the formula.

Problem. An ideal gas occupies a volume of 855 liters at a temperature of
285 K and a pressure of 810 kPa. At a temperature of 320 K, this gas occupies a
volume of 800 liters. Determine the gas pressure.

The problems of the graphical method is solved for two purposes.

1. To establish graphical dependencies of functions.

2. In cases where high mathematical knowledge is not required.

The value of the graphical method in solving problems is as follows.

1. The graphical method simplifies the solution of the problem.
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2. The graphical method visualizes the physical phenomena associated
with the solution of the problem.

3. No special mathematical background is required.

4. This method prepares students to use the ruler and other
mathematical tools in solving problems and be able to choose the appropriate
scale.

5. This method helps to determine the functional relationships between
quantities and to understand them.

A detailed discussion of the process of solving problems is important for
a better understanding of the problems of physics and a deep understanding of
their solution. When discussing each issue of physics, first of all, it is necessary
to distinguish between two aspects of the issue: the physical aspect of solving
the problem and its mathematical aspect. The physical aspect of solving the
problem is as follows.

Geometric method. Applying the geometric method of solving problems,
the value of the quantity sought in the problem is found on the basis of
geometric or trigonometric rules. In this case, an important part of solving the
problem is the construction of an appropriate graph or drawing. Unlike the
graphic method, in the geometric method, graphs and drawings are used to
determine the existing geometric relationships between known quantities and
sought quantities. Certain geometric relationships make it possible to find the
quantities sought in the problem to solve the problem. Let's solve the following
problem geometrically.

A detailed discussion of the process of solving problems is important for
a better understanding of the problems of physics and a deep understanding of
their solution. When discussing each problem in physics, first of all, it is
necessary to distinguish between two aspects of the question: the physical
aspect of solving the problem and its mathematical aspect. The physical aspect
of solving the problem is as follows.

Finds a quantitative relationship between the known values and the
desired values as follows.

1. Drawing up the corresponding formulas and equations based on
experimental and theoretical data.

2. Refinement of each written equation and the result of its solution, as
well as the final result obtained.

The mathematical side of solving problems consists in solving equations
drawn up according to mathematical rules, and carrying out the necessary
calculations to find the desired values. When solving a problem, the teacher
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conducts a detailed study in order to more clearly convey to the students the
physical essence of the problem. All this allows a deeper understanding of
physics.

The process of solving problems in physics consists of the following
steps.

1. Reading the conditions of the problem.

2. Explanation of incomprehensible words and terms in the conditions of
the problem and the definition of relevant concepts.

3. Analysis of the content of the problem in order to clarify the physical
meaning of the problem.

4. A summary of the conditions of the problem on the left side of the
notebook.

5. Determination of the system of units for solving the problem. After
that, these values should be brought to the same system of units.

6. Determination of all physical laws associated with the solution of the
problem, and the construction of the corresponding equations.

7. Obtaining the general formula of the desired value, the construction of
the corresponding drawings and diagrams.

8. Finding the numerical value of the desired value.

9. Analysis of the answer received when solving the problem with
students.

In order for students to clearly and clearly understand the condition of
the problem, it is necessary to repeat the condition of the problem frontally. A
brief statement of the condition of the problem has both pedagogical and
methodological significance. In order to write the condition succinctly, students
must study it carefully and have a clear idea of what quantities are given and
what quantities are required. After solving the problem, you should analyze the
result in detail with the students.

Graphic method. The graphical method consists in constructing
appropriate graphs or vector drawings with a certain scale according to the
problem statement. In this case, the answer to the problem, i.e., the numerical
value of the sought value, is determined using line segments, in some cases,
angles or areas taken as scales. Graphical problem solving is more often used in
the section of physics, mechanics and optics. The solution of the problem
graphically consists in the construction of appropriate graphs or vector
drawings with a certain scale according to the condition of the problem. In this
case, the answer to the problem, i.e., the numerical value of the desired
quantity, is found by direct measurement of line segments, sometimes angles or

217



BicHuk nicasidunaomuoi oceimu. Bunyck 25(54) Cepis «Iledazoziuni Hayku» (Kamezopis «b»)
Bulletin of Postgraduate education. Issue 25(54) Educational Sciences Series (Category «B»)
https://doi.org/10.58442/2218-7650-2023-25(54)

areas based on the accepted scale. The graphical method is used to solve many
problems in physics, especially mechanics and optics.

RESEARCH METHODS / METOAU AOC/IIAXXEHHA

Natural phenomena are studied by scientists using certain methods.
These methods are called scientific methods. As in all natural sciences, methods
for studying phenomena in physics are built according to the following scheme:

Phenomenon - Observation - Problem - Hypothesis - Experiment -
Theory.

Observation is the collection of information about events through the
senses without interfering with the course of their actions.

RESULTS OF THE RESEARCH / PE3YJIbTATHU JOCIIAAKEHHA

Solving problems in higher educational institutions and secondary
educational institutions further develops the mathematical thinking of students
and leads to the expansion and deepening of their knowledge. Problem solving
instills in students the ability to work independently and develops many skills
in them. Problem solving helps to establish functional dependencies between
physical quantities. Problem solving is a great way to put theory into practice
and create an interface between physics and technology. Solving problems
helps to combat formalism in students' knowledge and instills in them the
ability to work independently. Problem solving develops the volitional qualities
of students and is an excellent tool for repeating and summarizing the material
they have studied.

Solving problems, being an integral part of the lesson, is a means for
deepening and consolidating knowledge, performing practical applications and
homework.

Problem solving has educational value. It forms in students such
important volitional qualities as: perseverance, diligence, desire for research, a
conscious attitude to work.

Solving problems forms independent thinking among schoolchildren and
students, contributes to the development of their knowledge.

Problem solving increases students' interest in an in-depth study of the
physical foundations of technology.

Problem solving contributes to the development of mental education of
students and the formation of their special abilities.

Solving problems helps students develop logical thinking, contributes to
the emergence of new ideas and thinking styles in them.
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Since the problems have different content, they introduce students to
classical and modern methods of physics, establishes a connection between
theory and practice.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH /
BHUCHOBKH TA ITIEPCIIEKTHUBH IIOAAJIBINUX JOC/IIAXKEHD

Thus, based on the foregoing, we come to the following conclusions that
the practical significance of solving problems is as follows:

Problem solving is a means of demonstrating the application of acquired
knowledge.

Problem solving is a means of testing the knowledge of pupils and
students, as well as a means for assessment.

Problem solving is a means of understanding natural phenomena and
explaining them on a scientific basis.

Problem solving is a powerful tool for determining functional
dependencies between certain quantities.

Problem solving is a means for understanding and investigating certain
patterns that occur in nature.

Problem solving is the main means of applying the acquired knowledge in
practice.

Solving problems at the university forms the skills and abilities of
students to use tables associated with physical constants.

Problem solving is important for mastering and memorizing the units of
measurement of physical quantities, helping them to establish relationships
between units of measurement of quantities.

Problem solving develops students' ability to formulate problems,
identify problems and look for convenient ways to solve them.

Problem solving forms a system of physical concepts, creates a functional
relationship between the quantities included in the laws of physics, helps in an
in-depth study of physics.

Prospects for further research in this direction. When teaching
physics both in secondary and higher schools, the cognitive activity of students
increases in the process. At the next stage of cognition, this activity is further
developed and strengthened due to the free creativity of students. Problem
solving is based on reproductive and productive methods. Solving problems
increases the effectiveness of students' knowledge, helps them apply
knowledge in practice, consciously assimilate theoretical material, repeat it,
skillfully apply the laws of physics in many areas of technology and nature,
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prevent mechanical memorization, create and develop deep and solid
knowledge, realize the essence of physical phenomena and for a long time to
remember the studied material.
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AHoTanjia. ®isuka BUBYA€E 3arajibHi 3aKOHOMIPHOCTI BUHUKHEHHS BCiX
NPUPOJHUX SIBMIL, OY/IOBY i BJAaCTUBOCTI MaTepiaJibHOrO CBITYy, 110 HAC
otouye. dizvuka - 1pe TOYHA HaykKa, I II 3aKOHU BiJI3HAYAOTbCA
MaTeMaTUYHUMHU ¢opmysamMu. [IpeameT ¢i3uku, 110 BUKIAAAETHCH B
cepeiHil 1IKO0JIi, € OCHOBOIO HAYKOBOI Qi3MKH i MAa€E 0cOb6/IMBe 3HAYEHHS
B Mi3HAHHI MaTepiaJbHOTrO CBITy i GOpMyBaHHI HayKOBOTO CBITOTJALY
JroavHU. Ller npeamMeT A0CIiAKY€E 3arajibHi BJaCTUBOCTI MaTepii, popmu
il pyXxy Ta BUBYA€, IK YTBOPIOETHCA MaTepiaJibHUU CBIT, MpoOLECcH Ta
noJiii, 10 BiAOYBalOTbCSI HABKOJIO HAaC, i 3aKOHM, BiJj SIKMX BOHHU
3asexaTh. Pi3vka - o/lHAa 3 OCHOBHUX NMPUPOJHUYUX HAYK, KA BUBYAE
3aKOHHM, 10 ICHYIOTh MiXK O00'€KTaMM, 3 SIKUX CKJAJJaETbCS BeCh
MaTepiaJbHUM CBIT, 1 PpoOOUTH MOro [AOCTYNHUM JJi JIOJAEH.
Po3B’13yBaHHA 3a/7a4y € HEBi/ EMHOI0 YaCTUHOIO HaBYaHHSA Qi3UKHU i Ma€
K HaBYa/IbHe, TaK i NpaKTU4YHe 3HayeHHd. BnpaBu MawTbh 0co6JiMBe
3HaYeHHs Jid IJIMOUIOro 3aCBOEHHA QPi3UYHUX MOHATD i TeM, /Il ICHOTO0
i TOYHOTO PO3yMiHHA 3MICTY | 3Ha4YeHHA LUX NOHATHL. PizuyHa npuposa
Pi3HUMX BU3HA4Y€eHb, MPABUJ i 3aKOHIB CTa€ OiJbIl 3pPO3yMiJIOl0, SKIIO
3aCTOCYBAaTH iX /10 KOHKpPeTHUX MNpHUKIafiB. [lepeBipuTu BCi 1i daKTH
CTa€ MOXJMBUM TiJi 4ac po3B'si3yBaHHs 33ja4y 3 i3UKU. Y Takomy
nporneci 3'ACOBYETHCA 6araTo NOHATH, AAKI 3aJIMIIAI0ThCA HE3PO3yMiJIUMHU
i MexaHiuHO 3acBO0OIOThCA B maMm 4ATi. [lix 4yac po3B’si3yBaHHSA 3ajaui
3aMaM TOBYIOTbCA BUpPAa3M, 3aKOHU, YUCJAOBI 3HA4Ye€HHS BeJIMYUH, Y
CBiIOMOCTI JIIOAUHHU 3aKpiMI0TbCAd (i3WUYHI BEeJUYHMHU Ta OJUHHUIL,
SIKUMU BOHU BUMIipHOIOThCs. PO3B’s13yBaHHSA 3a/jla4 KOPHUCHO HE JIMIIE JJIs1
BUBYEHHS OCHOBHOIO MarTepiajly, a W BiJirpae BaXJUBYy pOJb Yy
NorJiubJieHHi, pO3IMIMPEHHI Ta 3MIillHEHHI PO3yMOBUX 3HaHb.
Po3B’A3yBaHHA 33/]a4 € HEBI/I EMHOK YaCTUHOI KO>KHOTO YPOKY. 3 [bOTO
NOrJIiAy PpO3B’SI3yBaHHS 3aJad € HEeBiJEMHOK 4YacTUHOK HaBYaHHS
¢isMKkM B cepefHid Ta cTrapuiid ImKosi i Ma€e K HaB4YaJibHe, TakK i
NpaKTUYHe 3HayeHHS B OCBiTHbOMYy mpolneci. BuxoBHI QyHKIi]
po3B'si3aHHSA 3aBJaHb MalThb CUJIbHUK BIJIMB Ha GOpMyBaHHS 3HaHb i
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iHTe/leKTya/IbHUM PO3BUTOK Y CBiZJOMOCT!.

Ki1rouoBi cs10Ba: MaTepid; Aid; HaBYaHHS; HayKa; Mi3HAHHS; BUPilIeHHA
npob6Jsem.
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