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- VIHTepaKTUBHBIE ¥ UTPOBEBIE (HOPMBI
00yueHws..

Wcnons3oBanue ¢popmyn He3
TIOHUMAaHUs

- Ob6bsicCHEeHHE CMBICTIOB (DOPMYTI, @ He UX
3ay4uBaHue.

- IIpakTrueckue npumMepsl U
3KCIIePUMEHTHI.

Oco3HaHHOe NTpUMeHeHNe
¢dbopmyn B 3ajjauax.

Pa3Hblil ypoBeHb IOATOTOBKU Y
yyalmxcs

- InddepeHLipoBaHHBIN TIOAXOZ,
(cnabblit, cpeiHUIA, CUTBHBIN YPOBEHB).
- I'pynnoBas paborta.

Y4eHUKM NTOMOraau Apyr Apyry,
yJlyuiiasi HaBbIKU.

TPyAHOCTH B PellIeHNH CJI0KHBIX
3agaq

- [TocTenenHoe yBenu4eHue CJI0KHOCTU
3a/laHUM.
- HarnsiiHble puMepsl.

IToBbIieHue ycrieBaeMOCTH U
CaMOCTOATE/IbHOCTHU.

3ak/IloueHue

[TpumeHeHue auddepeHIMPOBaHHOIO MOAX04a B 00yueHNM Gu3uKe SBsIeTCs: 3hGheKTUBHBIM
CPe/iCTBOM TIOBBIILIEHUS] yCIIeBaeMOCTH HeYCIeBaloIMX YUeHUKOB. YUMTbIBasi WH/AWBH/Ya/bHbIe
0COOEHHOCTH KaXK[[OT0 Y4Yall[erocs, YUuTeJb MOXXET CO3/aTh YCJIOBHS, CIIOCOOCTByomue Oosee
r/iy00KOMy MOHMMAaHUIO TIpejMeTa U Pa3BUTHIO YCTOMUMBOTO UHTepeca K HeMy. Peanu3aliys Takux
MeTo/[0B TpeOyeT OT mefarora BBICOKOW TMpO(eCcCHOHaNbHONW KOMITIETEHTHOCTH, THMOKOCTH |
TBOPUECKOTO TIO/IXOZa, HO pe3y/bTaThl OINpPAaBABIBAIOT 3aTpauyeHHble YCU/UsS, CII0COOCTBYS
(hopMHUPOBaHHIO YCIIELIHON U MOTUBUPOBAHHOM JIMUHOCTH.
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The modern educational system is aimed not only at transmitting knowledge but also at
developing students' ability for self-analysis and self-regulation. Metacognitive skills enable students
to be aware of and control their own learning process, which is especially important when studying

natural sciences such as physics.
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Metacognitive skills play a crucial role in mastering physics, as this subject requires not only
memorization of formulas and laws but also deep conceptual understanding, logical reasoning, and
the ability to apply knowledge to solve complex problems. Students who develop strong
metacognitive abilities can regulate their learning process, ensuring that they fully comprehend
physical concepts, recognize connections between different principles, and apply their knowledge
effectively in both theoretical and practical contexts.

Metacognitive knowledge in physics involves understanding one's own cognitive processes
related to learning and problem-solving. For example, a student who knows that they struggle with
abstract concepts might use visual aids such as diagrams or simulations to enhance understanding.
They also recognize which problem-solving strategies work best for them—whether it is breaking
problems into smaller steps, applying analogies, or using multiple representations (graphs, equations,
and conceptual explanations) to grasp a concept fully.

Metacognitive control is essential in physics, as solving physics problems often requires careful
planning, continuous monitoring, and evaluation. In the planning stage, students must analyze the
problem, determine relevant principles (e.g., Newton’s laws, conservation of energy), and decide on
an appropriate strategy for solving it. During the problem-solving process, they monitor their
progress, checking whether their calculations and reasoning are consistent with physical laws. If an
answer seems unreasonable (e.g., an object moving faster than the speed of light in a classical
mechanics problem), they recognize the need to reassess their approach. Finally, in the evaluation
phase, students reflect on whether their chosen method was effective and whether there might be a
more efficient way to approach similar problems in the future.

Metacognitive regulation allows students to adjust their learning methods based on experience
and feedback. If they struggle with a particular concept, they may experiment with different study
techniques, such as watching physics demonstrations, working through additional problems, or
discussing concepts with peers. If they notice recurring mistakes in their problem-solving process,
they refine their strategies—perhaps by paying closer attention to units and significant figures,
verifying assumptions, or ensuring they understand the underlying physics rather than relying solely
on memorized equations.

By integrating metacognitive skills into physics learning, students can develop a more
systematic approach to understanding the subject. They become better at recognizing patterns,
establishing relationships between different physical laws, and applying concepts to real-world
situations, such as engineering problems, astrophysics, or everyday technological applications. Strong
metacognitive skills in physics also enhance experimental skills—students can plan experiments
more effectively, monitor data collection for errors, and evaluate whether their experimental results
align with theoretical predictions.

Next, let's move on to the methods and techniques for developing metacognitive skills in
physics lessons:

— |
o |
— |
— |
— T |

Figure 1. Methods and techniques for developing metacognitive skills in physics lessons.

1. Reflection is a crucial tool for understanding acquired knowledge. At the end of each
lesson, students analyze what they have learned, identify difficulties they encountered, and
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determine how to overcome them. For example, students can be asked to write down three key
takeaways from the lesson or create a brief summary of their understanding of the material. Another
useful practice is keeping a "learning journal,” where students record which methods helped them
better understand the topic and which aspects remain unclear. This practice promotes awareness of
knowledge gaps in school physics and helps students develop strategies to address them.

2. The self-questioning method allows students to activate their cognitive activity by
fostering a critical approach to the studied material. They independently formulate questions on the
topic, which promotes deeper understanding and helps identify gaps in their knowledge. This
method is especially effective in physics, as the subject requires a profound understanding of
processes and patterns. For example, students can formulate questions about the causes of physical
phenomena, such as: "Why does the resistance of a conductor depend on its length and cross-
sectional area?" or "How is the law of conservation of energy manifested in pendulum motion?"
This stimulates them to seek answers independently and explain complex concepts. As part of a
"flipped lesson" approach, students can prepare mini-lectures explaining to their classmates topics
such as the principle of heat engines or the interaction of electric and magnetic fields. This enhances
material retention and fosters the development of metacognitive skills.

3. The development of prediction skills plays a crucial role in studying physics, as the
subject is closely related to the analysis of phenomena and processes. Students can make
hypotheses about the outcome of an experiment before conducting it and then compare their
predictions with real data. This method helps develop logical thinking and the ability to adjust one's
understanding based on new information. For example, before conducting an experiment on
Archimedes' principle, students might predict how the buoyant force will change depending on the
density of the liquid and the submerged object and then test their hypotheses in practice.

4. Working with Concept Maps helps structure knowledge by allowing students to
visualize the relationships between concepts and laws, making it easier to remember and understand
the material. For example, when studying the topic of "Electromagnetic Phenomena," students can
create a diagram that illustrates the relationship between electric current, magnetic fields, and
induction. The use of color coding and graphic symbols helps students better navigate the complex
interconnections of physical processes.

5. The use of problem-based learning (PBL) makes the study of physics more
meaningful and engaging. Students encounter problems that require independent problem-solving,
stimulating the development of both their cognitive and metacognitive skills. For example, they can
be given a task like: "What factors influence the trajectory of an object in weightlessness?" and be
encouraged to find the answer based on previously learned physical laws. Additionally, case-based
learning can be used, where students analyze real-world physical phenomena. For instance, they
might explore the working principle of a car engine or the aerodynamics of an airplane wing,
applying theoretical knowledge to practical scenarios.

We conducted a survey for teachers in the form of a "Yes / No" questionnaire with 10 questions
to determine whether they recognize the importance of metacognitive skills:

1. Do you use methods in your practice aimed at developing metacognitive skills?

-Yes -0LINo

2. Do you teach students goal-setting skills before studying a topic?

3. Do you encourage students to independently search for information when learning new
topics?

4. Do you conduct reflection at the end of the lesson (discussion of what was learned and what
difficulties arose)?

5. Do you use tasks that require students to analyze their mistakes?

6. Do you offer students different learning strategies (e.g., diagrams, experiments, discussions)?

7. Do you apply self-assessment and peer-assessment methods among students?

8. Do you observe improvements in students' performance when they develop metacognitive
skills?
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9. Do your students struggle with understanding their learning process (e.g., they cannot explain
why they made a mistake)?

10. Do you consider it necessary to conduct additional training for teachers on the development
of metacognitive skills?

Total number of respondents: 50 teachers.

1
Students struggle with learning *
process
h
Apply self & peer assessment [ NI
“
Use error analysis I g
e — )
Encourage info search | ——
. —
Develop metacognitive skills | ———C

0 10 20 30 40 50 60 70 80 90 100

H No (%) mYes (%)

Figure 2. Survey Results on the Development of Metacognitive Skills in Physics Teaching

- 78% of teachers use methods to develop metacognitive skills, but 22% do not.

- 62% teach students goal-setting skills, indicating the need for further efforts in this area.

- 85% encourage independent information searching, confirming the importance of active
learning.

- 81% use error analysis, but 19% of teachers do not apply this crucial method.

- 88% believe that additional training for teachers is necessary, highlighting the demand for
professional development in this field.

These results show that most teachers recognize the importance of metacognitive skills, but
there are areas for further development and improvement of teaching methods. Many teachers
understand that metacognitive skills are an integral part of effective learning.

Thus, metacognitive skills are an integral part of effective learning. Their development helps
students not only successfully master academic subjects but also enhance critical thinking, self-
analysis, and independent learning. In today’s world, where information is constantly evolving, the
ability to control one’s own learning process and adapt to new conditions is crucial.Physics as a
science provides unique opportunities for the development of metacognitive skills through laboratory
experiments, research-based problem-solving, and interdisciplinary connections. Unlike many other
subjects, physics requires not just memorization of formulas but also a deep understanding of
fundamental principles and their applications in the real world. For example, when studying
thermodynamics, students can explore not only the laws of energy conservation but also their
applications in biology (metabolism in organisms), ecology (thermal insulation of buildings), and
engineering (operation of heat engines). This approach helps students not only memorize facts but
also recognize their significance in everyday life. Moreover, physics helps develop the ability to
analyze information, establish logical connections, and predict experimental results. Working with
hypotheses and conducting laboratory research teach students to plan their activities, monitor the
effectiveness of their methods, and adjust them if necessary. For instance, when studying Newton’s
laws, students can predict how the trajectory of an object will change under different forces and then
test their hypotheses in practice.
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The use of problem-based learning and project-based methods also promotes the development
of metacognitive skills. Presenting students with open-ended questions and tasks that require
independent problem-solving fosters their ability to assess their level of knowledge, apply different
thinking strategies, and evaluate their results. For example, analyzing real-world physical
phenomena, such as the aerodynamics of an airplane wing or the principles of laser operation,
encourages students not only to study laws but also to explore their applications in engineering and
technology.

Therefore, the implementation of teaching strategies aimed at fostering metacognitive skills
should become a key goal of modern pedagogy. Developing such skills not only improves the quality
of education but also prepares students for future professional careers, where the ability to analyze,
self-regulate, and independently seek information plays a decisive role.
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ByriHze okyiibuiap MyrasimMziepre epekiiie CbIHaK OOJbIM OTHIP. Byl — «KIUITIK oinay» fer
aTasaThIH, UGPJIBIK bIHTATAHABIPY/IAP/bIH, Y3/iKCi3 aFbIHBI 9CEPiHeH aKIapaTThl XKbIIaM api OeTKi
JleHreiiie eH/ieyre aKeseTiH KOTHUTUBTI CTU/bAIH HaTKeci. MyHali oHall KO/ >KeTimMZi akrapaT
’KacecIipiMZepiH CbIHM OWlay MeH TIyeJsICi3 Ta/ljay ’KacayFa JereH illKi bIHTaCblH TOMeHJeTe/| .
Hatwkecinge, Kasipri 6imiMm Oepy >kyieci wukemzi, Oacekere KabOi/feTTi >koHe ITPOAKTUBTI
OKYIIIbUIAP/bl KAJIBINITACTBIPYFa YMThUIaZbl. Cebebi [aCTypJIi OKBITY 9/1icTepi OKYIIIbUIAP/IbIH OUbIH,
KOChIMILIQ/Iap JK9He oJIeyMeTTIK JKejlijiep CHUSIKTbl WHTePAaKTMBTI TeXHOJIOTUsIapFa JlereH
KbI3bIFYIIIbUIbIFbIHA COMKeC KesiMel, 83 TUIM/iIIriH xorantyaa [1, 2].

JKapaThinbiCTaHy FRITBIMAAPBIHBIH, illiHAe (H3MKa OKYIIbUIAp YILIiH KYpAesi KabbuigaHaThiH
neHepiH 6ipi 6ok Tabb1agbl. COHABIKTAH OHBI MEHrepy IpPOIeCiH KeHUIZeTy MaKCaThIHZA
reiiMuduUKalus 9/liCiH OKy yJepiciHe eHri3y ycbiHbUI[bI. ['eliMubUKalus — OWbIH 3/1IeMeHTTepiH
OWbIHFA JKATTIAWTBIH cajajgapra eHridy ypgici. On GamanapAblH, Ha3apblH ay/apaThlH OWbIH
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