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Abstract. This work examines the role and significance of laboratory work in the teaching of
physics. The study demonstrates that laboratory experiments contribute to consolidating students’
theoretical knowledge, developing practical skills, and forming research-oriented thinking. The
pedagogical and psychological aspects of laboratory work are analyzed, and the stages of its
organization are outlined: preparation, performing the experiment, processing results, and drawing
conclusions. The didactic functions of laboratory work-visualization, consolidation, assessment,
developmental, and educational functions are described. In connection with the introduction of STEM
and STEAM approaches into the modern education system, the effectiveness of enhancing the content
of physics laboratory work with digital technologies has been demonstrated. It is noted that virtual
laboratories and computer modeling allow students to conduct experiments in a safe and engaging
way. The study results show that laboratory work is an important methodological tool for mastering
complex physical concepts, increasing students’ interest in the subject, and developing scientific
thinking.
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Introduction.

Today, the education system is viewed as a key factor in the socio-economic development of
society. The main goal of 21st-century education is to develop individuals who can think creatively,
analyze scientific information, and make independent decisions. To achieve this goal, it is necessary
not to limit the teaching process to theoretical knowledge alone but to involve students in active
learning activities. Such activity is primarily realized through learning forms on experimentation and
research. Among natural science disciplines, physics occupies a special place because it explains the
essence of natural phenomena and requires experimental verification. The presence of many abstract
concepts in physics creates difficulties in fully understanding the material. For example, concepts
such as electric field(E), magnetic field(B), wave, induction, and the law of conservation of energy
cannot be fully explained only theoretically. Therefore, mastering these concepts through concrete
experiments is one of the main methodological requirements in teaching physics [1].

In this regard, laboratory work is an integral part of teaching physics. It is not just a method
of conducting experiments but also a powerful tool that develops students’ cognitive activity, logical
thinking, creativity, and research skills.

The main feature of teaching physics is that theoretical laws can be verified through
experiments. In this subject, experimentation plays a special role: it is not only a source of knowledge
but also a main tool for forming and testing knowledge. Laboratory work is a process in which a
student understands a physical law through hands-on activity. During such work, the student
measures physical quantities, operates instruments, processes data, and draws conclusions. Thus,
instead of receiving ready-made information, the student comprehends it through personal
experience. Laboratory work activates students’ cognitive activity through: clarification of
knowledge through direct observation and measurement;
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* increased cognitive interest;
+ independent analysis and interpretation of experimental results;
* linking theoretical concepts with practical experience
These features prove that laboratory work not only provides subject-specific knowledge but
also forms research-oriented thinking [2].
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Figure 1. laboratory work

Organizing laboratory work requires not only methodological skill but also knowledge of
pedagogical and psychological principles. From a pedagogical point of view, laboratory work is an
effective way of involving students in active learning.

It shifts the learning process from the model “teacher — source of knowledge” to “student —
seeker, researcher.” This approach is consistent with constructivist learning theory: knowledge is not
given in a ready-made form but is constructed through the student’s actions and experience (J. Bruner,
J. Piaget) [3]. From a psychological perspective, a laboratory experiment develops the student’s
attention, memory, logical thinking, and willpower. During each experiment, the student:

* identifies a problem,

* Searches for ways to solve it,
* Manipulates instruments,

* analyzes results,

* draws conclusions.

This is the classical logic of scientific research. Therefore, students who frequently perform
laboratory work develop research culture, experimental thinking, and scientific reasoning.

In physics education, laboratory work is divided into several types depending on content and
purpose. Each type has its own educational benefits. For example, demonstration experiments
reinforce the principle of visual learning, while individual laboratory work enhances student
independence.

Students often have difficulty understanding abstract concepts in physics, such as:

* electric field, which is invisible and understood only through its effects;

» magnetic field, represented only through field lines;

» wave processes, which propagate in space and time and cannot be directly observed;

* quantum phenomena, which occur in the micro-world and can be demonstrated only through
modeling.

In mastering such complex concepts, laboratory work plays an important role because it
connects theory with factual evidence. For example, when explaining the law of electromagnetic
induction, observing the appearance of an electric current when a coil is moved in a magnetic field
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allows students to deeply understand the theory. Similarly, demonstrating interference and diffraction
of light helps confirm the correctness of wave theory.

Laboratory work has wide didactic functions: Visualization: demonstrates theory with
concrete experiments;

Consolidation: allows practice-based reinforcement of knowledge;

Assessment: checks students’ knowledge and skills;

Development: enhances thinking, analysis, comparison, and reasoning; Education: develops
qualities such as accuracy, discipline, and responsibility.

Thus, laboratory work can be used at all stages of the learning process—explaining new
material, reinforcing it, and evaluating learning [4].

With the introduction of STEM and STEAM concepts, physics laboratory work is becoming
integrated with informatics, engineering, technology, and art. Students can build their own devices
using the Arduino platform or study physical processes using computer simulations.
In conclusion, laboratory work combines the theoretical and practical foundations of teaching
physics. It increases students’ cognitive activity and helps them deeply understand complex physical
concepts. Effective use of laboratory work requires the teacher to consider not only its technical
organization but also pedagogical and psychological aspects.

The method of organizing laboratory work includes the following stages:

1. Preliminary preparation Students are introduced to the objective and task of the laboratory
work. The tools and safety rules are explained. A brief review of theoretical material is provided:
formulas, laws, and key concepts related to the topic [5].

2. Performing the experiment Students work independently or in groups. All measurements and
observations are carried out carefully. If needed, measurements are repeated to check accuracy.

3. Processing and analyzing results Experimental data are recorded in tables and graphs. Errors and
their causes are identified. Comparison with theoretical models is carried out.

4. Drawing conclusions Achievement of the experiment’s objective is evaluated. The relationship
between theory and experimental results is identified. Students present and discuss their conclusions.

Each of these stages ensures the educational effectiveness of laboratory work and develops
student’s logical thinking. Laboratory work serves as a basic component of students’ cognitive
activity, covering the process from perceiving knowledge to experimentally verifying it.

Linking theory with practice: For example, when studying mechanical oscillations, students
compare the theoretically calculated period with the measured one.

Learning through hands-on experimentation: Because many physics concepts are abstract,
theoretical explanation alone is insufficient. For example, understanding electric current through
Ohm’s law becomes clearer when measuring voltage and current directly. Developing independent
thinking and research skills: During experiments, students independently choose methods, evaluate
results, and draw conclusions. These skills contribute to lifelong scientific thinking. Developing
error-analysis skills: Differences in measurements and inconsistencies in data teach students to
analyze information critically. They learn to generalize data and draw correct conclusions [6,7,8].

In physics courses, several experimental methods are used, each having its own impact on
students’ cognitive activity: measurement using instruments, observation and comparison, modeling
when real demonstration is impossible, demonstration experiments conducted by the teacher,
independent project-based experiments [9,10].

Laboratory work plays a crucial role in increasing students’ motivation. Motivation is
enhanced by:

* practical relevance,

* Engaging and dynamic experimental processes,

* the possibility of drawing personal conclusions.

For example, experiments on light diffraction using different gratings increase student
engagement. They compare results for different grating spacing’s and verify theoretical predictions.

Learning outcomes from laboratory work can be assessed based on several criteria:

* understanding theoretical laws and applying them in practice,
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» skillful use of instruments and measurement accuracy,

» ability to analyze data and draw conclusions,

* Creativity and research initiative.

Assessment results help teachers evaluate lesson effectiveness, identify students’ strengths
and weaknesses, and plan future lessons.

In modern education, integrating laboratory work with digital technologies is essential. Virtual
and online laboratories, simulations, and computer modeling provide safe and visual experimentation.

For example:

* physical models offer visual representation of complex systems;

* data analysis software outputs graphs and error calculations;

* interactive simulations illustrate atomic and molecular processes.

These methods develop research skills, increase interest in physics, and help master complex
concepts.

Conclusion. The study results show that laboratory work plays an essential role in teaching
complex physics concepts. The initial hypothesis that laboratory experiments significantly improve
student’s theoretical understanding was fully confirmed. The main findings are:

» Reinforcement of theoretical knowledge: students verify theory experimentally, such as

comparing calculated and measured oscillation periods.

* Development of practical skills: students learn to handle instruments and make accurate

measurements [11].

* Formation of research thinking: students analyze data, identify errors, and draw conclusions.

* Increased motivation: hands-on experiments enhance interest and responsibility.

* Advantages in the learning process: clarification of abstract concepts, learning through
experience, development of creativity, teamwork skills, and the effectiveness of digital tools.

Thus, laboratory work strengthens theoretical learning, develops practical and research skills,
increases motivation, and integrates modern digital technologies into physics education.
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Anparna. by kympicTa u3uKa MOHIH OKBITY/Ia 3€PTXaHAJBIK JKYMBICTAPIBIH PO MEH
MaHbI3bl KapacThIPbUIFAH. 3epTTey OapbIChIHAA 3€PTXAaHANbBIK TKIPUOETEpAIH OKYIIbUIAPIbIH
TEOPUSJIBIK OUTIMIH OekiTyre, TOXIpUOENIK JaFaplIapblH JaMbITyFa *OHE 3€pTTEYIIUIIK onjay
KaOUIeTiH KaJbIITAaCThIpyFa BIKMAN eTeTiHI AdnenaeHni. JKymbIcTa 3epTXaHajblK KYMBICTHIH
MeIarOTMKAJIBIK JKOHE TICHXOJIOTHSUIBIK ACTIEKTUIepl TalaHbIN, OHbI YHBIMIACTHIPYIBIH KE3eHIEpi
KOPCETUITeH: JalbIH/IBIK, SKCTIEPUMEHTT1 OPBIHIAY, HOTHXKENEP/Ii OHJIEY KOHE KOPBITHIHABI LIBIFapY.
Conpaii-aK 3epTXaHaJbIK >KYMBICTAPJbIH IUIAKTUKAIBIK (QYHKIMSUIAphl — KOPHEKLTIK, OeKiTy,
0aKpuIay, OaMBITYHIBUIBIK KOHE TOpOMENiK KbI3MerTepi cumnarrairadH. Kasipri Oimim  Oepy
xyhecingeri STEM xone STEAM  GarbITTapblHBIH €HTi3UTyiHE OalaaHbICTBl (DU3HKAIBIK
3epTXaHaJBIK KYMBICTAPIbIH Ma3MYHbBIH HU(PIIBIK TEXHOJOTUSIIAPMEH TOJBIKTBIPYIbIH THIMALIIT
nonenieHred. BupTyanasl 3epTxaHajgapMeH KOMITBIOTEPIIK MOJIENbJAEY 9MICTEPl OKYIIbLIapIbIH
Kayirci3 opi KbI3BIKTHI TOXipuOe jkacayblHa MYMKIHJIIK OepeTiHi atam eTuIreH. 3epTTey HoTHxenepi
KOPCETKEH/IeH, 3epTXaHAIBIK JKYMBICTap Kypaem  (H3WKamblK  YFBIMIApAsl  MEHTepy/e,
OKYIIBUIAPJIBIH TIOHTEe JIeTEH KbI3bIFYIIBUIBIFBIH apTThIpYJa OHE FBUIBIMH TYPFBIAAH OWHiIay
KaOlJIeTIH TaMBITY 1€ MaHBI3]IbI IICTEMEITIK Kypasl OOJIBIT TaObIIaIbl.

Tyiiin ce3nep: ¢pusuKa, 3epTXaHANBIK KYMBIC, TOKIpHOE, OKBITY 9/licTEMEC], 3epTTEYyLILIIK
narnel, STEM, STEAM, BupTyanast 1abopaTopusi.
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YUYEBHO-IIO3HABATEJBHAS POJIb JIABOPATOPHOM PABOTEHI B
OCBOEHHUHU CJIOKHBIX IOHATUIA KYPCA ®U3UKH
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AHHoTauus. B nanHoii pabore paccmaTpuBaeTcs pojib M 3HaU€HHE J1AO0paTOPHBIX paboT IMpU
n3ydeHur pu3nku. B xozne nccienoBanus ObU10 10Ka3aHO, YTO J1a00OPATOPHBIE ONBITHI CIOCOOCTBYIOT
3aKpEIJICHUI0 TEOPETHUYECKUX 3HAHMM ydalluxcs, pPa3BUTUIO MPAKTUYECKUMX HABBIKOB U
(OopMHPOBAHHUIO HCCIIEI0BATEIBCKOIO MbIIIITIEHH. B paboTe mpoananu3upoBaHbl Ne1aroruyeckue u
MICUXOJIOTUYECKUE aCTIeKThI Ja00paTOpHOIl paboThI, MOKa3aHbI ATAIBI €€ OpPraHU3alUU: MOrOTOBKA,
BBINOJIHEHUE JKCIIEPUMEHTa, 00paboTKa pe3yibTaTOB M IMOABEIEHHE HMTOroB. Takyke ONMCaHbI
Hunaktuueckue (yHKUUU J1IaOOpaTOpHBIX paboOT — HarIsaHas, 3akperuniiomas, KonTposbHas,
pa3BuBaroias u BocnutaTenbHas. B cBsa3u ¢ BBenenwem HampasieHuid STEM u STEAM B
COBPEMEHHOW cucTeMe o00pa3oBaHHsA J0Ka3zaHa dS()(PEKTUBHOCTH OMOIHEHHUS COACPIKAHUS
¢usnyeckux ga00paTOpHBIX pPabOT UHUMPOBBIMH TexHOJOTUsAMH. OTMedaercsi, YTO METOJbI
KOMIIBIOTEPHOTO MOJICJIMPOBAHUSA C BHUPTYyaJIbHBIMHM JIA0OPATOPUSIMU MO3BOJIAIOT  Y4alllUMCS
co3JlaBaTh Oe30IacHble M MHTEPECHbIE SKCIEPUMEHTHI. Pe3ynbTaThl Mccael0BaHUs MTOKA3alH, YTO
nabopaTopHble pabOTHl SBISIOTCS BaKHBIM METOJMYECKMM MOCOOMEM B OCBOCHHH CIIOXHBIX
(Gu3MYeCKUX MOHATHH, MOBBIIIEHUN MHTEpEca yJalluxcs K MpeIMeTy U Pa3BUTUU CHOCOOHOCTH K
HayYHOMY MBIIIEHHUIO.

KawueBble cioBa: Qusuka, jgabopaTopHas pabora, NpakTHKa, METOAMKa 00ydeHus,
uccinenosarenbckue HaBbiku, STEM, STEAM, BuptyanbHas 1abopaTopusi.
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