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Amid the rapid digitalization of education, the use of information and communication technologies
(ICT) in physics education is no longer limited to proficiency in individual digital tools and requires a didactic
understanding of their application. However, the mere availability of digital technologies in the educational
process does not, in itself, guarantee their pedagogical appropriateness or methodological integration into
lesson structure. The aim of this study is to analyze undergraduate educational programs for pre-service
physics teacher education in terms of the extent to which they include courses focused on the pedagogically
grounded use of ICT in instructional design. The empirical basis includes 20 educational programs in the
B010 «Physics Teacher Training» group. The analysis is based on a formalized content analysis of discipline
tittes and the calculation of integral indices reflecting digital, experimental, and research orientation. The
results indicate that, despite the consistent presence of experimental and research-oriented courses, the
didactically grounded integration of digital technologies is fragmented and, in most cases, remains primarily
instrumental in nature. The overwhelming majority of educational programs do not include courses explicitly
focused on the methodologically informed use of ICT in physics education. These findings substantiate the
need to develop an interdisciplinary core in pre-service physics teacher education that ensures coherence
among the subject-specific, methodological, and digital components of professional preparation. The findings
may also be used to inform the improvement of teacher education programs.

Keywords: training of future physics teachers, ICTs in education, digital technologies, educational
programs, design.
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Binim 6epydi 6enceHdi yugpnaHObIpy xardalibiHOa ¢bu3zukaHbl OKbimyda akrnapammbiK-KOMMYHUKa-
68


mailto:sherzod.ramankulov@ayu.edu.kz
mailto:praktika-2013-14@mail.ru
mailto:banas@vku.edu.kz
mailto:nurkozha.zhaksylyk@ayu.edu.kz
mailto:sherzod.ramankulov@ayu.edu.kz
mailto:praktika-2013-14@mail.ru
mailto:banas@vku.edu.kz
https://doi.org/10.52269/SEPT2632070

NEQATOIMMKA fblJ1IbIMOAPDI NEOATOrMYECKME HAYKU

UUSITIbIK mexHoo2usinapobl KorndaHy Macerneci xeke Kypandapobl KorndaHa any MyMKiHOieiHeH acbkirl myceoi
XoHe udakmukaribiK MaKkcammalnbiKmbl Kaxem emedi. OKy npouyeciHoe yugpbik KypandapdblH KorndaHbI-
nybl onapdbiH nedazoaukaribiK OpbIHObIIbIFbIHA XOHE cabakmblH KypbliibiMbiHa adicmemernik calikec KeryiHe
kenindik 6epmelidi. 3epmmeydiH Makcambi ¢husuka myranimOepiH Oasiprnaydbl xy3eze acbipambiH 6aka-
naspuammeiH 6inim 6epy barGapriamanapbiH onapda oKy cabakmapbiH xobanay ke3iHoe AKT-Hbl dudakmu-
KarnbiK Heezi3derneeH KondaHyra barbimmarnfaH noHOep KaHwarnbiKkmbl YCbIHbIIFaHbl MypfbiCbiHaH masnday
6onbin mabbinadsl. 3epmmeydiH amnupukansik 6azacbi BO10 «@u3uka myranimOepiH daspray» mobbiHbIH
20 6inim 6epy 6ardapnamacskl 600bl. Tanday neHdepdiH amaynapbiH hopmarnbObl KOHMeHmM-marnday Heai-
3iHOe, coHbIMeH Kamap 6ardapnamanapOobiH UUPIbIK, 3KCrepuMeHmMmik xoHe 3epmmey b6arbimbiHbIH OeH-
eeliiH KepcememiH uHmMeepasnobik UHOekcmepldi ecernmey HeaisiHOe opbiHOandbl. Tanday Homuxesnepi
9KCMepUMEHMMIK XoHe 3epmmey KbismemiHe barbimmarnraH noHOepdiH 6inim 6epy bardapramariapbiHoa
bonybiHa KapamacmaH, UugprblK mexHosnoeusnapobi{ OudakmukasnblK bGafbimmariFaH UHMmeapayusichl
paemeHmmi mypde ycbiHblTambiHbIH XoHe Kerl xardalida uHcmpymeHmandsl cunamma 6onambiHbIH Kep-
cemmi. biniv 6epy 6ardapnamanapbiHbiH bacbiM kKernwinigiHde ¢pusukaHbl oKbimyda AKT-Hbl adicmemenik
MmarbiHasbl KondaHyra mikenel barbimmarfaH noHOep XemKifikci3. AnblHFaH Homuxenep Kacibu 0aspribik-
mbiH noHOIK, adicmemeriik XoHe UugpribiKk KOMIOHeHmmepiHiH ylunecimoinieiH kKammamacbsi3 ememiH 6ona-
wak usuka myranimoepin OaspnaydbiH noHaparsnbik e3eziH dambimy KaxemminieiH Heai30elodi xoHe neda-
2oeaukanbiK beliHOeai 6inim 6epy 6ardaprnamanapbiH xemindipyde naddanaHbliybl MyMKiH.

TytiHOi ce30ep: bonawak chusuka myranimoepiH Oaspnay, binim 6epydeai AKT, yughpribiK mexHoso-
eusnap, 6iniv 6epy bardapramanapsl, xobanay.
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B ycnosusix akmueHoU yughposusayuu 0bpa3ogaHuUsi 80rpPOC UCMOb308aHUsI UHGOPMayUOHHO-KOM-
MYHUKaUUOHHbIX mexHosoeuli 8 obydeHuu ¢hu3duke ebixo0um 3a pamku eradeHuss omoOerbHbIMU UHCMpPY-
mMeHmamu u mpebyem Oudakmuyeckoeo ocmbiciieHus1. OOHaKo Hanudue yugposbix cpedcmes 8 y4ebHoM
npoyecce camo o cebe He z2apaHmMupyem ux rnedazoaudeckol uerecoobpasHocmu U mMemodudyeckol
8CMPOEHHOCMU 8 CmpyKmypy ypoka. Llenbto daHHO20 uccredosaHus senigdemcs aHanu3 obpa3osameribHbiX
npozpamm bakanaspuama, peanusyoujux noG2omoskKy yyumersnel U3UKU, C MOYKU 3PEHUsT MO20, 8 Kakol
cmeneHu 8 Hux npedcmasrneHbl OUCUUMIIUHbI, OpPUEHMUPOBaHHbie Ha dudakmuyecku 060CHOB8aHHOEe
ucrnonb3osaHue VKT npu npoekmupogaHuu y4ebHbIx 3aHamul. AMnupudyeckyro basy uccrnedosaHusi cocma-
sunu 20 obpaszosamernbHbix npoepamm epynnisl BO10 «[lo0zomoeka yyumenel ¢usuku». AHanu3 8binorsi-
HeH Ha ocHose hopMasiu308aHHO20 KOHMEHM-aHanu3a HauMeHosaHul AucyunuH ¢ nocnedyuum pacyé-
mom uHmMezparsbHbIX UHOEKCO8, ompaxkarowux yposeHb Uughposol, akcriepumMeHmarnbHolU u uccredosa-
mesibCcKkol HarnpasneHHocmu npogpamm. [1osyyeHHble pe3ynibmamebl MoKasbiearm, 4mo rnpu ycmoulyugom
fpucymcmeuu aKcrepuMeHmaribHbIX U uccredosamesibCKux OucyuniuH Oudakmu4yecKu opueHmuUposaHHas
UHmMezpayus yugposbix mexHonoaul npedcmasneHa ¢hpacMeHmapHoO U 8 60onbWUHCMEe Crly4aes HOCUM
UHCMpyMeHmarbHbil xapakmep. B nodasnswowem yucrie obpazosameribHbIX MpogpaMmM Omcymcmeyom
QucyunuHbl, NPSIMO OPUEHMUPOBaHHbIE Ha MemoOuUYeCKU OCMbIC/IEHHOEe ucrionb3osaHue UKT e obyyeHuu
usuke. [MonydeHHble pesyribmambl 060CHO8bI8aOM HeobxoOuMocmb pa3eumusi MexXOUCUUNIUHapHo20
s0pa nodzomosku 6ydywux ydumenel ¢pu3uku, obecriequsarou,e2o Ce3HOCMb pedMemHbix, Memoou-
YeCKUX U Yughposbix KOMIOHEHMOo8 rnpogheccuoHansHol no02omosku, U Moaym 6bimb UCMOMb308aHbl npu
cosepuieHcmeogaHuu obpasogameribHbIX npo2pamm rnedazoauqdeckozo npoghusis.

Knrodeebie cnoea: nodzomoska 6ydywux yqyumenel ¢usuku, KT e obpasoeaHuu, uyugposbie
mexHorsioeuu, obpasogamersibHble MpPogpamMMbl, MPOEKMUPO8aHUE.

Introduction. The rapid expansion of information and communication technologies has led to pro-
found changes in contemporary education, affecting not only teaching tools but also the logic of lesson de-
sign and the professional role of the teacher. In school physics education, digital technologies are increa-
singly used for visualization, modeling, data acquisition, and experimental analysis. However, the educatio-
nal value of these tools depends not on their availability, but on the teacher’s ability to integrate them into the
structure and objectives of the lesson in a pedagogically meaningful way.

A number of studies emphasize that future teachers generally demonstrate a sufficient level of basic
skills related to lesson planning. For example, Sural [1, pp. 8, 11-12] reports that pre-service teachers de-
monstrate an overall adequate level of competence in lesson planning, while emphasizing the importance of
strengthening their practical preparation and curriculum literacy.Similar conclusions are drawn by Gill, Dal-
garno, and Carlson [2, pp. 53-54], who demonstrate that, over the course of their teacher education
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program, pre-service teachers generally progress from an uncritical acceptance of observed ICT practices
towards a more reflective and context-sensitive understanding of technology use, although the pace and
extent of this development vary considerably among students.

In the context of physics teacher education, the problem becomes more specific. Physics teaching
traditionally relies on experimentation, modeling, and the interpretation of empirical data, all of which are
increasingly mediated by digital tools. Consequently, the professional training of future physics teachers re-
quires not only general digital literacy, but also the ability to align digital resources with subject content,
experimental activity, and didactic objectives. Despite this, the preparation of teachers for such integrated
use of ICT remains uneven and often fragmented.

Previous research has identified a wide range of factors influencing teachers’ readiness to use ICT.
These include institutional and material conditions, such as access to digital tools, laboratory equipment, and
specialized software [3], as well as organizational support and institutional culture [4]. Other studies focus on
individual characteristics of teachers, including their level of digital competence [5], technology—pedagogy—
content knowledge [6], professional experience [7], and psychological readiness to adopt digital tools, such
as self-efficacy and attitudes toward technology use [8].

At the same time, several authors note that effective technology integration cannot be reduced to
technical proficiency alone. Janssen and Lazonder [9, p. 456] argue that pre-service teachers often expe-
rience difficulty integrating technological, pedagogical, and content information, which may result in low-
quality technology integration in their lesson plans.Similar conclusions are presented in studies emphasizing
that mastery of digital tools becomes pedagogically meaningful only when it is embedded in lesson design
and supported by methodological training [10-12].

The analysis of existing research shows that, despite the growing body of literature on ICT in teacher
education, an important aspect remains insufficiently explored. Most studies focus either on general digital
competence or on individual pedagogical conditions, while the structural characteristics of teacher education
programs themselves receive considerably less attention. In particular, there is a lack of empirical analyses
examining how didactically oriented ICT components are embedded in the curricula of physics teacher edu-
cation programs and how these components relate to subject-specific, methodological, and experimental
training.

Therefore, research aimed at analyzing the structure of physics teacher education programs from the
perspective of didactically grounded ICT integration remains relevant. Such analysis allows one to move
beyond declarative statements about digitalization and to identify actual approaches used in curriculum
design.

The aim of this study is to identify the extent and nature of didactically oriented use of information
and communication technologies in bachelor’s degree programs that train future physics teachers, as well as
to analyze how digital tools are incorporated into the structure of subject-specific, methodological, and
experimental training.

To achieve this aim, the following objectives were addressed:

1) To analyze the lists of academic disciplines included in physics teacher education programs and
determine the structure of professional training in terms of the ratio of subject-specific, methodological,
experimental, and digital components.

2) To conduct a comparative analysis of educational programs based on formalized indicators and to
identify typological differences in approaches to ICT integration.

3) To compare the identified structural characteristics of educational programs with a proposed model
of an interdisciplinary core for the training of future physics teachers.

Materials and methods. The empirical basis of the study consisted of 20 bachelor's degree programs
in the BO10 «Training of Physics Teachers» group, publicly available in the national register of educational
programs (https://epvo.kz/#/register/education_program). The analyzed programs are implemented by differ-
rent higher education institutions in the Republic of Kazakhstan and correspond to innovative educational
programs at Level 6 of the National Qualifications Framework.

The primary analytical material included the lists of academic disciplines forming the compulsory and
elective components of each educational program. Where available, brief descriptions of course objectives
and intended learning outcomes were also considered. Internal course syllabi, teaching materials, and
instructional guidelines were deliberately excluded from the analysis. This limitation was introduced to ensu-
re that the study focused on curriculum design decisions at the program level rather than on specific
teaching practices.

The analysis was intentionally restricted to the titles of academic disciplines and their functional role
within the structure of professional training. Such an approach made it possible to treat educational
programs as integrated curricular constructs and to identify structural priorities embedded at the stage of
program development.

The study employed an analytical research design combining semantic analysis with formalized quan-
titative data processing. This design was chosen to move beyond descriptive comparisons and to identify
stable structural patterns related to the inclusion of digital technologies in physics teacher education.

The analysis was conducted in several successive stages.
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Stage 1. Normalization and semantic analysis of discipline titles

At the first stage, all discipline titles across the 20 educational programs were normalized. Synony-
mous and partially overlapping formulations were consolidated in order to reduce terminological variability
and to reveal recurring semantic structures. Subsequently, a semantic analysis was performed to identify key
terms and markers indicating the functional orientation of the disciplines, such as references to experiment-
tation, methodology, digital technologies, or research activity. This stage aimed to outline the dominant the-
matic areas shaping the structure of professional training for future physics teachers.

Stage 2. Formalized coding of disciplines

At the second stage, a binary content coding procedure was applied. Each discipline was assigned a
set of indicators reflecting its primary functional orientation, including experimental, research, digital, and di-
dactic components. Special attention was paid to identifying courses in which digital technologies were
embedded in the context of teaching and learning processes rather than presented as an independent object
of study. The coding results served as the basis for calculating relative indices characterizing the structural
composition of each educational program.

Stage 3. Comparative and cluster analysis

At the next stage, educational programs were compared using the calculated indices. Cluster analysis
was employed to identify typological differences between programs and to group them according to the
degree of experimental, research, and digital orientation. Clustering was not intended to produce a rigid clas-
sification but was used as an analytical tool to detect recurring design patterns and to examine how digital
components are positioned within the overall curriculum structure.

Stage 4. Interpretation and model comparison

At the final stage, the results of the quantitative and cluster analyses were interpreted from the
perspective of preparing future physics teachers for the didactically grounded use of ICT. Particular attention
was given to the relationships between subject-specific, methodological, experimental, and digital compo-
nents of training and to the degree of their internal coherence within individual programs. The empirical fin-
dings were subsequently compared with the proposed model of an interdisciplinary core of physics teacher
education in order to assess its correspondence with actual curriculum structures.

Data processing, statistical analysis and visualization were performed using Python libraries (pandas,
scikit-learn, matplotlib) in a cloud-based computational environment.

The reliability of the study was ensured by the use of official and standardized data sources, the
inclusion of all disciplines listed in the educational programs without selective sampling, and the application
of uniform semantic and quantitative criteria across the entire dataset.

The main limitation of the study lies in its reliance on the declared content of educational programs,
which does not allow for direct assessment of teaching practices or learning outcomes. Nevertheless, for the
purpose of identifying structural trends and design priorities in physics teacher education programs, this
methodological approach can be considered appropriate and sufficient.

Results and discussion. The empirical basis of the study consisted of discipline lists from 20
bachelor's degree programs in the «Physics Teacher Training» group. In total, 998 unique discipline titles
were included in the analysis. The unit of analysis was an individual discipline.

To enable quantitative processing, a binary content coding procedure was applied. Each discipline
was coded according to the presence or absence of five functional attributes: ICT didactic, digital tools,
research methods, experimental focus, and STEM orientation. Coding was based exclusively on discipline
tittes and did not rely on external classification schemes.

On the basis of the coding results, four relative indices were calculated for each educational program:
the ICT-Didactic Integration Index (IDIl), the Digital Saturation Index (DSI), the Experimental Orientation
Index (EOI), and the Research Index (RI). The use of relative indicators ensured comparability between
programs with different total numbers of disciplines.

ICT-Didactic Integration Index (IDII) — proportion of disciplines with the ICT didactic attribute;
DI The number of disciplines with the ICT didactic attribute

The total number of disciplines in the educational programme

Digital Saturation Index (DSI) — proportion of disciplines classified as Digital Tools and STEM;
The number of disciplines classified as Digital Tools and STEM

DsI =
The total number of disciplines in the educational programme

Experimental Orientation Index (EOI) — proportion of disciplines with an experimental focus;
EOl The number of disciplines with an experimental focus

The total mumber of disciplines in the educational programme

Research Index — proportion of disciplines focused on research activities.
RI The number of disciplines focused on research activities

" The total number of disciplines in the educational programme

The use of relative indicators made it possible to correctly compare programs with a different total
number of disciplines.
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The calculated indices are presented in Table 1.

Table 1 — Integral indices characterizing the structure of bachelor-level physics teacher Educational
programs

Educational programs (EP) []] DSl EOI RI
EP1 0,058 0.077 0.096 0.058
EP 2 0,045 0.068 0.115 0.077
EP 3 0,059 0.078 0.077 0.058
EP 4 0,098 0.137 0.096 0.038
EP5 0,061 0.082 0.115 0.058
EP 6 0,02 0,060 0.134 0.077
EP 7 0,055 0.091 0.096 0.058
EP 8 0,075 0.094 0.096 0.077
EP9 0,058 0.096 0.115 0.058
EP 10 0,054 0.071 0.096 0.038
EP 11 0,058 0.077 0.115 0.058
EP 12 0,054 0.077 0.096 0.077
EP 13 0,051 0.077 0.115 0.058
EP 14 0,058 0.096 0.134 0.098
EP 15 0,000 0.027 0.096 0.058
EP 16 0,058 0.074 0.115 0.077
EP 17 0,058 0.077 0.096 0.058
EP 18 0,057 0.094 0.115 0.058
EP 19 0,043 0.064 0.192 0.098
EP 20 0,069 0.116 0.096 0.038

Structural characteristics of educational programs

The data in Table 1 indicate noticeable differences in the structural composition of the analyzed
educational programs. The Experimental Orientation Index demonstrates relatively stable values across
most programs, ranging from 0.096 to 0.192, which reflects the traditionally strong role of laboratory and
experimental training in physics teacher education. The share of research-oriented disciplines is moderate,
with RI values varying from 0.038 to 0.098.

In contrast, the ICT-Didactic Integration Index shows consistently low values across almost all
programs. Although non-zero IDII values are observed in 19 out of 20 educational programs, the index
remains within a narrow range (0.020-0.098), indicating that disciplines explicitly focused on the didactically
grounded use of digital technologies are represented only marginally. In most cases, such content is limited
to one or two courses within the curriculum.

These results suggest that digital technologies are formally present in physics teacher education
programs, but their didactic integration remains weak and structurally isolated from other components of
professional training.

Figure 1 presents the distribution of the ICT-Didactic Integration Index across the analyzed educatio-
nal programs.

Distribution of ICT-Didactic Integration Index
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1.5 10.0 12.5
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Figure 1 — Bar chart of ICT-Didactic Integration Index (IDII)
Note: The figure was created by the authors using Python data analysis tools
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The results demonstrate that IDIl values remain low and relatively homogeneous. None of the
programs shows a pronounced level of didactically oriented ICT integration, which indicates the absence of
systemic curricular emphasis on pedagogically meaningful use of digital technologies.

Figure 2 illustrates the average structural profile of physics teacher education programs.

Average structural profile of phy$i€s teacher education programmes

DIl

RI

Figure 2 — Radar chart of the average structural profile
Note: The figure was created by the authors using Python data analysis tools

The radar chart clearly shows the dominance of experimental training, while the ICT-didactic compo-
nent remains the least developed. This imbalance reflects a structural priority of experimental skills over
pedagogically grounded digital integration.

Correlation analysis

To examine the relationships between didactic ICT integration and other structural components of
educational programs, two hypotheses were tested:

H1. Educational programs with a stronger research orientation demonstrate a higher level of
didactically grounded ICT integration.

H2. A higher experimental orientation of an educational program is associated with a higher level of
didactic ICT integration.

Given the small sample size (n = 20) and the non-normal distribution of the indices, Spearman’s rank
correlation coefficient was used.

The analysis revealed no statistically significant correlation between IDIl and the Research Index
(Spearman’s p = -0.34, p = 0.144). Similarly, the relationship between IDII and the Experimental Orientation
Index was not statistically significant (Spearman’s p = -0.30, p = 0.201).

These findings indicate that neither a strong experimental component nor an increased focus on
research activities automatically leads to the didactically meaningful integration of digital technologies in
physics teacher education programs.

Figure 3 presents the Spearman correlation matrix between the calculated indices.

Spearman correlation matrix of structural indices

DIl

- 0.6

DS

-04

Spearman's p

-02

Rl

i
DIl EOI RI

Figure 3 — Heatmap of Spearman correlations
Note: The figure was created by the authors using Python data analysis tools
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The heatmap confirms the absence of statistically meaningful relationships between the ICT-Didactic
Integration Index and other structural components. This indicates that the presence of experimental or re-
search-oriented disciplines does not automatically lead to didactically meaningful use of digital technologies.

Cluster analysis

Based on four indices (IDIl, DSI, EOI, RI), a cluster analysis was conducted using the k-means
method. As a result, the educational programs were grouped into three clusters differing in the degree of
experimental, research, and digital saturation.

To assess whether these typological differences were accompanied by differences in the level of
didactic ICT integration, the Kruskal-Wallis test was applied. The results showed no statistically significant
differences between clusters with respect to the ICT-Didactic Integration Index (H = 0.43, p = 0.807).

Figure 4 shows the results of k-means clustering based on the Digital Saturation Index and
Experimental Orientation Index. The clustering reveals typological differences in program structure; however,
these differences are not accompanied by systematic variation in ICT-didactic integration, confirming the
instrumental nature of digitalization in the analyzed curricula.

Clustering of educational pregrammes (k-means)
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Figure 4 — Scatterplot with k-means clusters
Note: The figure was created by the authors using Python data analysis tools

The visual analysis confirms that digitalization in physics teacher education is structurally detached
from both experimental and research components. Even in programs with strong experimental orientation,
digital tools are not embedded into didactic decision-making or lesson design logic.

This outcome suggests that, although educational programs differ in their experimental and research
orientation, these differences are not reflected in systematic variations in the didactically grounded use of
digital technologies.

Taken together, the quantitative findings indicate that the digitalization of physics teacher education
programs is predominantly instrumental in nature. Digital tools are introduced mainly through standalone or
technically oriented courses and are rarely integrated into the methodological or experimental logic of
professional training.

The absence of statistically significant correlations and intercluster differences in IDIl points to a
structural gap between experimental and research training, on the one hand, and the formation of
competencies related to the didactically justified use of digital technologies, on the other. Even in programs
with a strong experimental or research focus, digital tools are not systematically linked to lesson design,
pedagogical decision-making, or the organization of educational experiments.

This structural gap provides empirical justification for the development of an interdisciplinary core of
physics teacher education. Such a core should focus not on expanding the list of digital tools, but on their
consistent integration into subject-specific methodology, experimental training, and pedagogical design. The
proposed model of the interdisciplinary core (Figure 5) reflects this shift from fragmentary inclusion of digital
disciplines toward a more coherent and interconnected curriculum structure.

Conclusion. This study analyzed bachelor’s degree programs for the training of physics teachers with
respect to the representation and structural role of information and communication technologies. Based on
the formalized analysis of discipline lists from 20 educational programs, several conclusions can be drawn.

First, the analysis of curriculum structures showed that experimental and research components are
consistently represented in physics teacher education programs. The values of the Experimental Orientation
Index and the Research Index demonstrate moderate variability across programs, indicating a stable
emphasis on laboratory work and research-oriented training. At the same time, disciplines explicitly focused
on the didactically grounded use of digital technologies occupy a marginal position in the curricula. The ICT-
Didactic Integration Index remains low in almost all programs and varies within a narrow range, which points
to a limited and isolated inclusion of such content.
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Figure 5 — The Model Of The Interdisciplinary Core Of Training Future Physics Teachers

Second, the comparative analysis based on correlation and cluster methods revealed that a higher
experimental or research orientation of an educational program does not lead to a higher level of didactic
ICT integration. Neither statistically significant correlations between the ICT-Didactic Integration Index and
other structural indices nor significant intercluster differences were identified. This result indicates the
existence of a structural gap between experimental and research training, on the one hand, and the formati-
on of competencies related to the pedagogically meaningful use of digital technologies, on the other.

Third, the comparison of empirical findings with the proposed model of an interdisciplinary core of
physics teacher education confirms the relevance of this model. The results show that digital technologies
are predominantly introduced as standalone or instrumentally oriented elements and are weakly connected
to subject methodology and experimental training. This supports the need for a curriculum structure in which
digital tools are systematically integrated into lesson design, teaching methods, and educational experiments
rather than added as isolated courses.

The main limitation of the study lies in its focus on the declared structure of educational programs,
which does not allow conclusions to be drawn about actual teaching practices or learning outcomes. Future
research may address this limitation by analyzing the implementation of curricula and assessing the develop-
ment of ICT-related pedagogical competencies among pre-service physics teachers.

Overall, the findings highlight that the challenge in physics teacher education is not the availability of
digital technologies, but their didactic integration into professional training. Addressing this challenge requi-
res a shift from fragmentary digitalization toward a coherent interdisciplinary approach grounded in subject
methodology and experimental practice.
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EXPLORING ENVIRONMENTAL EDUCATION AMONG UNIVERSITY STUDENTS
IN KAZAKHSTAN AND TAJIKISTAN: FINDINGS FROM A PILOT STUDY
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The article examines university students’ perceptions and experiences of environmental education in
Kazakhstan and Tajikistan based on a pilot study. The relevance of the study is driven by global environmental
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