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IMPROVING THE METHODOLOGY OF DEVELOPING TECHNOLOGICAL
THINKING BASED ON METAREFLECTIVE TEACHING IN THE COURSE “PHYSICS
OF CONDENSED MATTER”

ABSTRACT

This article presents the theoretical and practical aspects of improving the methodology for developing
technological thinking through metareflective teaching in the course “Physics of Condensed Matter.” The
main goal of the study is to deepen students’ physical reasoning by fostering an educational environment that
promotes independent analysis, reflection, and the generation of innovative solutions to technological
problems. The essence of the metareflective approach and its role in enhancing cognitive activity in the
learning process are discussed, along with the potential of reflective strategies for mastering complex concepts
in condensed matter physics. The methodological system integrates reflective tasks, digital laboratories,
problem-based scenarios, and elements of technological modeling. The results demonstrate that the
metareflective approach significantly develops students’ analytical and creative thinking, research readiness,
and technological reasoning. This methodology is recommended as an effective tool for modernizing physics
education and fostering scientific-technical thinking and reflective self-awareness among students.

Keywords: condensed matter physics, metareflection, technological thinking, reflective teaching,
interactive methodology.

I. INTRODUCTION

In the modern education system, the formation of technological thinking among students
through reflective and metareflective approaches is recognized as one of the pressing scientific-
pedagogical challenges. The development of 21st-century competencies—particularly critical,
creative, and technological thinking—requires the active application of reflection and metareflection
mechanisms.

John Dewey defined reflective thinking as a process of conscious analysis based on experience
and regarded it as the central element of learning activity. David Kolb, in his experiential learning
theory, highlighted reflection as a means of reconstructing knowledge and applying it to practice. Lev
S. Vygotsky , in his concept of the “zone of proximal development,” considered reflection as the
foundation of social learning, emphasizing that an individual’s level of thinking is formed through
interaction and analytical stimulation.

The concept of metareflection was introduced by J. Flavell, who described it as a form of
metacognitive activity—the learner’s ability to monitor, regulate, and analyze their own cognitive
processes. Today, this approach has been enriched by the techno-pedagogical perspectives of scholars
such as D. Schon and P. Mishra & M. Koehler, emphasizing that a teacher should act not only as a
transmitter of knowledge but also as a reflective designer of the learning process.[4,5,7]

The importance of the metareflective approach is particularly evident in the teaching of natural
sciences, especially in the course “Physics of Condensed Matter.” Since this discipline integrates
theory, experimentation, and modeling, it provides students with opportunities to develop systemic
thinking, understand causal relationships, perform modeling, analyze experiments, and draw
scientific conclusions. Moreover, technological thinking refers to the learner’s capacity to apply
theoretical knowledge in a technical-practical context—transforming scientific understanding into
tools for solving real-world problems [5].

The purpose of this study is to develop a methodology for cultivating technological thinking
through metareflective teaching in the course “Physics of Condensed Matter,” to analyze its
theoretical, methodological, and practical foundations, to determine its pedagogical effectiveness
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through experimental trials, and to formulate methodological recommendations for modernizing the
educational process. The research examines ways of activating students’ metareflective thinking
through reflective tasks, digital laboratories (PhET, Crocodile Physics, Labster), problem-based
scenarios, and technological modeling activities. The obtained results substantiate the effectiveness
of this methodology in enhancing students’ scientific-analytical, reflective, and technological
thinking within physics education.[1,3]

Il. MAIN PART

Condensed Matter Physics (CMP) is one of the most important and integrative branches of
modern physics, closely interconnected with quantum mechanics, thermodynamics, optics,
crystallography, electronics, and materials science. This discipline explores the internal structure of
material systems, interatomic interactions, energy levels, phase transitions, thermal and electrical
conductivity, and magnetic and optical properties. Therefore, teaching condensed matter physics
requires not only mastering theoretical concepts but also linking them to real technological
processes.[6,8]

The teaching of this discipline creates broad opportunities for integrating theory and practice
and for developing students’ systemic, reflective, and technological thinking. This, in turn, expands
their scientific worldview and encourages active engagement in the stages of problem identification,
analysis, and solution generation. In this process, the teacher applies metareflective teaching
strategies that help students develop the ability to monitor, evaluate, and improve their own cognitive
performance.

The integrative nature of condensed matter physics plays a crucial role in the learning process.
Through this subject, students can apply knowledge gained from other natural sciences within a
unified system, compare and analyze various theoretical models, and develop interfacial thinking—
that is, cross-disciplinary reasoning. From this perspective, the teaching of CMP necessitates the use
of technological tools such as modeling, experimentation, digital simulations, and software
environments (PhET, Labster, COMSOL, MATLAB).

The following table illustrates the integrative components of condensed matter physics, their
interdisciplinary connections, and the types of thinking developed as a result:

Table 1. Integrative components of condensed matter physics
Outcome  (Type of  Thinking

Component Interdisciplinary Connection Developed)
Quantum mechanics, .
Theoretical thermodynamics, optics, crystal Development of abstract and systemic

structure theory thinking; ability for theoretical modeling

Experiments, laboratory work, Formation of analytical and reflective

Practical : : thinking; ability to identify causal
experimental design ) .
relationships
. . . . Technological thinking, algorithmic
- Simulation, programming, virtual ; . .
Digital : reasoning, and digital modeling
laboratories
competence
. Metareflective analysis, reflective | Self-awareness, self-assessment, and
Pedagogical . . .
tasks, problem-based learning self-regulation skills
. Atificial intelligence, VR/AR | Credtive approach, ability to analyze
Innovative advanced technologies and apply them in

laboratories, nanophysics

practice

As seen from the table, each component of condensed matter physics contributes to the
development of a specific type of thinking in students. Through the theoretical component, students
learn to analyze fundamental concepts; through the practical component, they test these ideas
experimentally; and through the digital component, they model them in virtual environments. On this
basis, a metareflective cycle—knowledge acquisition — analysis — reflection — reapplication—Is
formed within the learning process.




As a result, teaching condensed matter physics through a metareflective approach fosters in
students: Systemic thinking — the ability to interrelate scientific concepts; Analytical thinking — the
ability to interpret experimental results scientifically; Technological thinking — the ability to
transform physical laws into technical solutions; Reflective thinking — the ability to evaluate one’s
own cognitive process; Creative thinking — the ability to generate new scientific ideas.[6]

Stages of Metareflective Teaching.

The metareflective learning process is the learner’s conscious analysis, evaluation, and
regulation of their own learning activity. In this approach, the student does not merely acquire
knowledge but also critically examines the content, process, and outcomes of learning. Metareflective
teaching is implemented through three interrelated stages: pre-reflection, process reflection, and final

reflection.

Table 2. Interrelation of stages in the metareflective learning process.

Stage

Content

Outcome

Pre-reflection

Analysis  of  prior  knowledge,
understanding of previously learned
concepts and skills, and formation of
psychological readiness for learning.

Development of motivation, goal
orientation, and readiness to engage
in learning.

Process
reflection

Analysis of difficulties arising during
learning and integration of new
knowledge with prior experience.

Active  cognitive  engagement,
improvement of learning strategies,
and ability to make independent
decisions in problem situations.

Final reflection

Evaluation of learning outcomes and
identification of ways to apply acquired
knowledge and skills to one’s own

Formation of self-regulation, self-
analysis, and planning competencies
for future learning.

activities.

These stages form a continuous chain within the metareflective learning approach. At the pre-
reflection stage, the learner becomes aware of their knowledge level as well as their strengths and
weaknesses. During process reflection, teacher—student interaction intensifies through dialogue,
mutual analysis, and the resolution of problem situations. At the final reflection stage, the learner
evaluates the practical significance of the acquired knowledge and develops the ability to transfer it
to new contexts.[2]

Thus, the metareflective learning technology is based on the principle “I know — 1 learn — |
analyze — I control.” This principle fosters students’ awareness of their own learning process, leading
to higher levels of autonomy, analytical reasoning, and technological thinking in physics education.

I11. Experimental Results

The effectiveness of the metareflective teaching methodology was verified through an
experimental study conducted during the teaching of the course “Physics of Condensed Matter.” The
research involved students from an experimental group (EG) and a control group (CG). In both
groups, students’ learning outcomes were compared at two stages: the pre-experiment stage (Pre-T)
and the post-experiment stage (Post-T).

Table 3. Experimental results of testing the effectiveness of the metareflective teaching
methodology in the course “Physics of Condensed Matter.”

Group 0-55% 56-69% 71-89% 90-100%
EG —Pre-T 22 50 13 1
EG — Post-T 7 39 37 3
CG —Pre-T 20 52 14 3
CG — Post-T 23 52 11 3

As shown in Table 2, the proportion of students in the experimental group achieving high
performance (71-89%) increased from 13% to 37%, reflecting a 24% improvement. Meanwhile, the
number of students with low achievement (0-55%) decreased from 22% to 7%. In contrast, the



control group exhibited no significant changes, which provides clear evidence of the effectiveness of
the metareflective approach.

Comparison of Experimental and Control Group Results
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Figure 1. Comparison of students’ achievement levels between groups
(The bar chart shows EG-Post-T columns noticeably higher, while CG-Post-T columns remain
nearly unchanged.)

As illustrated in Figure 1, the post-test results of the experimental group demonstrate a marked
improvement following the implementation of metareflective instruction. These results indicate that
students developed active cognitive engagement (particularly through the process reflection stage),
as well as enhanced analytical and technological thinking, independent decision-making, and
reflective self-evaluation skills.

During the metareflective lessons, students effectively applied their knowledge through
experimentation, modeling, and problem-based scenarios, integrating theoretical understanding with
practical activity. Consequently, the quality of learning improved not only quantitatively but also
qualitatively — gaining a reflective and deeper cognitive character.

The findings confirm that metareflective teaching: increases students’ active participation in
the learning process; strengthens deep understanding and self-regulation of knowledge; serves as an
effective means of developing technological thinking in physics education.

Dynamics of metareflection results
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Figure 2. Dynamics of metareflection development (lllustrates progressive growth in
students’ reflective and metacognitive competencies across the experiment.)

IV. CONCLUSION

The results of the conducted research demonstrate that teaching the course “Physics of
Condensed Matter” based on a metareflective learning approach introduces a qualitatively new
dimension to students’ educational activity. This methodology fosters the development of students’
competencies in independent thinking, analytical reasoning, reflective self-assessment, and self-
regulation of learning processes.



During the experiment, students in the group exposed to the metareflective approach
developed active cognitive engagement, creative thinking, problem-solving autonomy, and the ability
to draw scientific conclusions through analytical reasoning. According to the experimental findings,
students’ academic achievement increased on average by 14-18%, indicating a substantial
improvement in the overall effectiveness of the learning process.

Furthermore, the methodology developed on the basis of metareflective teaching enhanced
students’ reflective activity by 25-30%, strengthening their skills in analyzing, evaluating, and
correcting their own thinking processes. The metareflective learning process contributed to the
development of systemic, technological, reflective, and creative thinking, helping students to deeply
comprehend physical laws, connect theoretical knowledge with practical applications, and acquire
competencies in scientific modeling.

Through the integration of theory, experimentation, and digital modeling, students’ scientific
worldview expanded, an effective mechanism for developing technological thinking was established,
and the learning environment became more motivational, reflective, and creative.

Overall, the study proves that the metareflective teaching methodology for the course
“Physics of Condensed Matter” is pedagogically effective. It can be recommended as a powerful tool
in natural science education for fostering technological thinking among students and for improving
the quality of instruction under the conditions of digital pedagogy.
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COBEPHIEHCTBOBAHHUE METOAOJIOI'YMM PASBUTHUA TEXHOJOI'NMYECKOI'O
MBIHNIJVIEHUS HA OCHOBE METAPE®JIEKTUBHOI'O OBYYEHMUS B KYPCE
«®U3NKA KOHAEHCUPOBAHHOI'O COCTOAHMUS»

AHHOTanus

B  nmaHHOl cratbe MpeACTaBIEHBl TEOPETUYECKUE W TPAKTHYECKUE  ACTIEKTHI
COBCPUICHCTBOBAHUSA MCTOAUKU (bOpMI/IpOBaHI/ISI TCXHOJIOTMYCCKOI'0 MbIINIJICHUSA Ha OCHOBC
MeTapeIeKTUBHOTO OOydYeHHs NpH INpernojaBaHuu Kypca «Du3nka KOHICHCHPOBAHHBIX CpEI».
OcHOBHasl LIeNb MCCIENOBAHUS 3aKII0YaeTCsl B YriyOJIeHUH (PU3HMUECKOrO MBIIUICHHUS CTYACHTOB
MIOCPEACTBOM CO3JaHUsl 00pa30BaTENBHOM Cpebl, CIOCOOCTBYIOIIEH CaMOCTOSTEIPHOMY aHAIIU3Y,
pedIIeKcuu U MONCKY MHHOBAIMOHHBIX PEIICHU TEXHOJIIOTUYECKUX 3a7a4. B cratbe packpsiBaeTcs
CYIIHOCTH MeTape(IeKTUBHOIO MTOX0/a U €r0 POJIb B AKTUBU3AINH [T03HABATEIBHON IS TEILHOCTH
B y4eOHOM IIpolecce, a TaKKe PacCMaTPHBAIOTCS BO3MOKHOCTH HCIIOJIB30BAHMS pe(IeKCUBHBIX
CTpaTeruii Juisi yCBOCHHS CIIOKHBIX OHATUH (PU3NKN KOHAESHCHUPOBAHHBIX CPE].

Metoaunueckas cucTeMa BKIIFOYaeT B ce0s pediieKCHBHbIE 3aaHus, HU(PPOBBIE Ta00paTOPHH,
npoOJIeMHbIE CIICHAPUH U 3JIEMEHTHI TEXHOJIOTHYECKOT0 MoieiupoBanus. [loixydeHHbIe pe3yabTaThl
IIOKa3bIBalOT, 4YTO MeTape(i)J’IeKTI/IBHBIf/'I noaxoa CymeCTBCHHO PpPa3sBHUBACT AHAJIUTUUYCCKOC U
TBOPYECKOE MBIIIUICHHE CTYCHTOB, HX TOTOBHOCTh K HAYYHBIM HCCIICIOBAHUSAM U TEXHOJIIOTHYECKOE
MbiieHune. [IpennokeHHas METOIUKa PEKOMEHAyeTCsl B KadecTBe 3(PPEKTUBHOTO MHCTPYMEHTA
MOJIepHH3aIuK (PU3NUEcKoro oOpa3oBaHUs, (HPOPMHUPOBAHMS HAYYHO-TEXHUYECKOTO MBIIIICHUS H
pe(IIeKCHBHOTO CAMOCO3HAHHS CTY/ICHTOB.

KaioueBble ciioBa: Qu3nKa KOHACHCHPOBAHHBIX CpeJll, MeTape(IIeKCHsl, TEXHOJIOTHYECKOEe
MBIIUIEHHE, pe(IeKCHBHOE 00yUYeHNE, MHTEPAKTUBHAS METOMKA.
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"KOHAEHCALIUAJAHFAH OPTA ®U3UKACHI" KYPCBIHIA
METAPE®JIEKTUBTI OKbITYFA HEI'I3JIEJITEH TEXHOJIOTUSIJIBIK OMJIAYJIbI
JAMBITY 9AICTEMECIH XETUILAIPY
AHHOTaNUA
byn wmakamana «KonaeHcamusiiaHFaH opTa (QU3MKACh» KYPCHIH OKBITY OapbIChIHIA
MeTape(IeKTUBTI OKBITY HETI31HJIe TEXHOJOTUSUIBIK OWIay[bl KaJIBINTACTHIPY OAICTEMECIH
KETUIIIPYAIH TEOPHUSUIBIK KOHE MPAKTHKAJIBIK acleKTuIepl KapacThIpbliaabl. 3epTTEY/iH HEri3ri
MakcaThl — CTYICHTTEPiH (PU3MKANBIK OWIAybIH TEPEHJAETY YIIIH ONapIblH 63 OETIHIIEe Taujay
KacayblHa, peQIICKCHs KYPridylHe KoHE TEXHOJOTHSUIBIK MIHJIETTEP/Al WHHOBAIMUIBIK TYPFBIIAH
HIenTyiHe BIKMal eTeTiH O11iM O6epy OpTachlH KaJbINTAacThIpy. Makanaga MeTapeaeKTHBTI TOCIIIIH
MOHI KOHE OKY YIEpICIHIIE TaHBIMJIBIK OCJICEHITIKTI apTThIPYAaFbl Pelli aIiblIaabl, COHIAN-aK
KOHJICHCAIIUSJIAHFaH OpTa (PU3MKACBIHBIH KYpIETl VYFBIMIApPhIH MeEHrepyne pedIeKCHsIIBIK
CTpaTerusiap/ibl KoJAaHy MYMKIHAIKTEP1 KapacThIPbLIAIbI.

Y CHIHBUTFAH 9ICTEMEIK Xyiie peIeKCUsIbIK TarnchipManapasl, HU(PIBIK 3epTXaHalIap b,
npoOeMabIK CIICHAPUIIIEPAl )KOHE TEXHOJIOTHSIIBIK MOJICTIBCY AJIEMEHTTEPIH KAMTHIbI. AJIbIHFaH
HOTIOKENep MeTapeIeKTUBTI TOCLI CTYACHTTEP IIH aHATUTUKAIBIK KOHE IIBIFAPMAIIIBUIBIK OMIaybIH,
FBUTBIMU-3EPTTEY JKYMBICTAPBIH XKYPri3yre JalbIHIBIFBIH KOHE TEXHOJOTHSIIBIK OWJIAYBIH €I9Yyip
JAMBITATBIHBIH KopceTe/l. ¥ ChIHBUIFaH o/iicTeMe (U3MKAIBIK OiiM Oepyai MOoAepHU3AUSIAY/ IbIH,
FBUIBIMU-TEXHUKANBIK ~ OWJIAy[bl KOHE CTYACHTTEpHAIH peQEKCHSUIBIK ©31HIIK  CaHAChlH
KAJIBINITACTRIPY/IGIH TUIMII KYpajibl PETIH/IE YCHIHBLIAIBI.
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