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THE INTRODUCTION OF PROBLEM-BASED LEARNING METHODS INTO THE
PRACTICE OF A PHYSICS TEACHER AND THE STUDY OF THE EFFECTIVENESS
OF THEIR USE IN THE DEVELOPMENT OF STUDENTS' RESEARCH SKILLS

Abstract

This article examines the introduction of problem-based learning (PBL)
into physics teaching and analyzes its effectiveness in developing students’
research skills. Problem-based learning encourages involvement of students in the
learning process, development of critical thinking, independence, and teamwork
skills. Special emphasis is placed on practical experiments and real-world scenario
modeling, which helps students better understand theoretical material and apply it
in practice. The study results include survey data, academic performance, and
project task completion among students, confirming the positive impact of PBL on
the learning process. The article also provides recommendations for further
integrating PBL into the school curriculum and for teacher professional
development to support more effective application of this method.
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1. Introduction

Problem-Based Learning (PBL) encourages students to actively engage in the learning
process, which helps develop their research skills. This is especially important in physics, as the
discipline requires the ability to conduct experiments, analyze data, and draw conclusions.

Physics is a science whose main goal is to find patterns in the study of nature. When
studying physics, students are faced with many interesting questions that need to be answered. The
teacher's task is to help formulate the question and provide tools for finding an answer. For
example, when studying Archimedes' principle, it is useful to start by posing a question or a
demonstration experiment and formulating a problematic question: why do objects that are
underwater weigh less? Students, based on their everyday experience, can offer many answers,
many of which are quite unexpected. This requires students to analyze information, search for
solutions, and test assumptions, which develops their critical thinking.

2. Materials and methods

Problem-based learning is closely related to the formation and development of research
skills; students not only study theory, but also plan and conduct experiments, analyze data, and
draw conclusions. When studying physics, the formation of research skills is of particular im-
portance, since experiments and work with hypotheses play a key role here. In addition, an
important role in problem-based learning is played by increasing students' motivation — from
abstract concepts it turns into an interesting science related to real life, when students model real
situations and this helps to understand how physical laws work in reality. It is also necessary to note
such important aspects of problem-based learning as the development of independence and
responsibility skills, the development of communication and teamwork skills, preparation for real
life and professional activity. In the process of problem-based learning, students learn to make
decisions independently and take responsibility for the results of their work. This requires them to
develop planning and organization skills, the ability to work in conditions of uncertainty, make
decisions based on incomplete data, search for and use various resources to solve various problems.
If problem-based learning is carried out in the process of group and pair work, students learn to
discuss and share ideas, listen to their friends and opponents, ask questions, offer alternative
solutions, this develops the skill of argumentation and interaction. Also, especially in senior classes,
preparation for the choice of profession and future professional activity is relevant. When observing
the work of students, the teacher can recommend to the student the area of application of their
abilities. This is also an important aspect of the teacher's work, since when studying physics,
students must know not only "what to study", but also "why to study". Even those students who do
not plan to connect their activities with physics can gain knowledge that will be useful to them in
everyday life, for example, the ability to work with electrical appliances and electrical measuring
instruments, safety rules when working with them, basic information from radio engineering, etc.
Thus, the introduction of problem-based learning into the educational process significantly
improves the quality of training of students, making them not just holders of theoretical knowledge,
but also holders of practical, research skills. This is especially important for disciplines such as
physics, where the theoretical understanding of phenomena is closely related to the ability to study
and apply them in practice. So how is the implementation of problem-based learning planned for the
practice of a physics teacher? It is necessary to implement three main principles of problem-based
learning — student involvement, working with real problems, and independent acquisition of
knowledge. A real or imaginary problem task can be integrated into each lesson, for example, when
studying electric current, you can ask students what is the difference between a conductor with
current and a conductor without current? This will make students "look" inside the conductor,
motivate them to formulate a definition of electric current based on their knowledge of the
molecular structure of matter. Simulation of laboratory experiments for independent solution can

94



XAPATbIJIbICTAHY FblIBIMOAPBI ECTECTBEHHbBIE HAYKU

also have a good effect. I allow students to plan the experiment themselves and they themselves
must choose the necessary equipment, for example, when planning an experiment in mechanics,
they need to select the equipment they need from the list and describe how they will use it. This will
teach them to approach the experiment more responsibly and think through the experiment in
advance, which is also part of the development of research skills. When implementing PBL in
teaching physics, it is important to use the project work method, when students work not only on a
short-term project within the lesson, but also receive an assignment, for example, to build some
mechanism with the best characteristics: for example, a catapult or an airplane, using improvised
materials, determine the evaluation criteria and deadline, it is possible to conduct it in the form of
an open-air competition in the warm season. This motivates students and develops their creativity.

3-4. Results and discussion

Several tools were used to test the effectiveness of implementing this method in the practice
of a physics teacher: a survey among students, reflection after lessons, statistical data on academic
performance among the experimental and control groups, data on homework and project work. The
survey among students included the following questions: 1) How has your understanding of the
subject changed after the introduction of problem-based learning? 2) What types of work in the
lesson help you to master the material in physics efficiently? 3) Specify the stages of the study?
Most of the respondents are 11th grade students, of which 68% indicated that their understanding of
physics, and therefore their academic performance, improved after the introduction of PBL, since
the practical component of the lesson was expanded and students can more clearly imagine the
situation and the consequences of a particular approach to the solution when solving experimental
problems.

Project work 64%

0% 20% 40% 60% 80% 100% 120%

Diagram I — Data analysis

About 72% of respondents, based on the results of reflection, noted that they began to better
understand the teacher's explanations, because this is necessary for completing the practical part of
the assignment, and the learning objectives also became clearer (diagram 1).

The indicators of academic performance, homework completion and project work in the
experimental group also increased, which proves the success of the implementation of PBL methods
and that they have a positive effect on the dynamics of important educational indicators (diagram
2).
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Diagram 2 — Comparison of the indicators of the control and experimental groups

5. Conclusions

Based on the data obtained, we can judge the usefulness of using problem-based learning
methods, their positive impact on the development of students' critical thinking, increased
motivation, develops flexibility and adaptation, cooperation skills, and prepares students to solve
practical problems outside of school by simulating real situations. For further development and
adaptation of problem-based learning to the educational program, it is recommended to take the
following steps: integrate problem-based learning at different levels, i.e. apply these methods not
only in physics lessons, but also in other subjects. Further, professional training of teachers is
required so that teachers understand the methodology of this approach, are able to select problem-
based tasks and questions, and are able to manage the learning process. It is also necessary to create
interactive learning platforms that include problem-based tasks and can increase the effectiveness of
learning, relieving the teacher of the burden of checking and providing some types of feedback. In
addition, if the curriculum provides space for the use of problem-based tasks, this will include a
decrease in the volume of routine exercises in favor of more complex and in-depth research
projects, so more flexible curricula and plans are needed. Another benefit of problem-based
learning is that it is not only the end result that is assessed, but the learning process itself — the
ability of students to work in a group, find information, and offer alternative solutions. Thus,
problem-based learning has significant potential for developing important skills in students. Its
adaptation to the school curriculum can make the learning process more exciting and useful for real
life if it is accompanied by teacher support, the development of digital tools, and curriculum
flexibility.
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TACTAHOB, M.T., TYKTYBAEBA, C.A.

OU3NKA MYFAJIMIHIH TOXIPUBECIHE INMPOBJEMAJIBIK OKBITY 9JAICTEPIH EHI'I3Y
JKOHE OJIAPJBI OKYIIBLUIAPABIH 3EPTTEY JAFABLIAPBIH JAMBITYIA KOJJIAHYIBIH
TUIMALITTH 3EPTTEY

by maxanaoa guszuxanvl oxbimy mascipubecine npobaremanvix okvimy 20ici (PBL) eneizinin, onviy
OKYUBLIAPObIY 3epMMeYiNIK 0a20blIAPbIH OaMbImyoagsl muimoiniei mandanaowl. IIpobaemansiy oxbimy
OKbImMy npoyecine bejcendi KomeK Kepcemyoi, ColHU MYPEbIOAH OULAYObl, 0epOecmiK neH MONNneH HCYMbiC
icmey Oagovliapvln 0amblimyovl Kammuovl. CmyoeHmmepee meopusiiiblk Mamepuanlobl JCaKcvl MeHeepyae
JICOHE OHbL NPAKMUKAOA KOAOAHY2A KOMEKMeCemin NPakmuKaivblk dKCHepuMenmmep MeH Jcagoaunapobl
MoOenvoeyee epexuie HA3ap aydapuliadvl. 3epmmey Hamudiceaepi, COHbIH [WiHOe cayaiHama oepexmepi,
OakwLIay JHcaHe cmyOoeHmmep apacvblHoa Jicobanvlx mancuipmaiap oOepineen, oyn PBL oky npoyecine oy
acepin pacmaiiovl. Maxanaoa convimen Kamap mexmen bagoapaamacvina PBL-0i o0an api eneisy scone ocol
20icmi muimoipex natidaniany yuwin my2animoepoiy Kaciou 0atibiHObigbl OOULIHULA YCLIHbICAD OepinzeH.

Tyitinoi ce3oep: npodremanvix cypax, npooaemanvix okoimy adicmepi (PBL), 3epmmey daz0vinapul,
3ePMXAHANBIK IKCNepUMeHmmepoi Mooenboey.

TACTAHOB, M.T'., TYKTYBAEBA, C.A.

BHEJAPEHUE METOJAOB ITPOBJIEMHOI'O OBYYEHHUS B IPAKTUKY YUUTEJIA ®U3UKHA U
HUCCIEJOBAHUE IPOEKTUBHOCTH nux HCIHOJb30BAHUA B PA3BBUTHUHN
HUCCIEJOBATEJIbBCKUX HABBIKOB YUAIIIUXCSHA

B oannou cmamwe paccmampusaemcs eneOpenue memooog npobremuozo obOyuenus (PBL) 6
NPAKmMuKy npenooasanusi QuU3UKu U AHATUIUPYEMCsL €20 IPHeKmusHOCmsb 8 pa3gUMUL UCCAEA08AMENbCKUX
Hasvikog yuauwuxcs. [lpobremnoe obyuenue cnocobcmeyem aKmu8HOMY 606IEHEHUI0 VUEHUKOS 8 Npoyecc
00yueHus, pazeueaem Kpumuieckoe MuluLleHue, CAMOCHMOSMENbHOCb U HAGLIKU pabomvl 8 KOMAHOe.
Ocoboe snumanue yoensiemest RPaKmudecKuM IKCHEPUMEHMAM U MOOETUPOBAHUIO PEATbHbIX CUTYayull, Ymo
nomMo2aem yuawjuMcsl ayyule yceausams mMeopemudecKull Mamepuan u HPUMEHsmb €20 Ha NpaKmuke.
IIpeocmasnenvl pe3ynrvmamsl Uccie008aHUsL, GKAOUAIOWUE OAHHbIE ONPOCOB, YCReBAeMOCHU U GbINOTHEHUS
NPOEKMHbIX 3A0AHULl CpedU VHaWUxXcsl, RoOmeepxcoarouue noioxcumenvroe eiusnue PBL na yuebuwiil
npoyecc. Takoce 8 cmamve NPuBOOAMCs pekomenoayuu no OoanvbHeuutemy eueoperuro PBL 6 wikonvhyio
npoSpamMmy U RpopecCUOHANbHOU No020mosKe yuumeneli 01 Oojee IPPekmusHo2o npuMeHeHUus 3moco
Memoda.

Knrouesvle cnoea: npobremuviii 6onpoc, memoovi npobiemnoz2o obyuenusi (PBL), uccredosa-
MeNbCKUe HABbIKU, MOOTUPOSAHUE 1AO0PAMOPHBIX IKCNEPUMEHNOB.
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