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ABSTRACT

In the context of  digitalizing the educational process for training future physics teachers, enhancing the methodo-
logical component of  the “Molecular Physics” course in higher education institutions of  Kazakhstan is crucial. 
This study aims to develop and implement a methodological system for the professional training of  future physics 
teachers through the “Molecular Physics” course. The research employs a mixed-methods approach, including 
both qualitative and quantitative data collection techniques. The study justifies the theoretical need for reorganiz-
ing the methodological system and explores the potential benefits of  the proposed methodology in enhancing the 
study of  “Molecular Physics” among students in Kazakhstan’s higher education institutions. Data were gathered 
through pre- and post-tests, surveys, and a controlled experiment involving 162 participants, divided into experi-
mental and control groups. The study outlines pedagogical conditions essential for the successful implementation 
of  this methodology, including developing motivation among future teachers, improving teaching methodologies, 
and utilizing effective digital technologies. It recommends implementing this methodology through controlled 
tasks for independent study, employing both traditional and non-traditional teaching methods, organizing vari-
ous forms of  independent student work, establishing a clear scoring system, and providing feedback through in-
novative assessment methods. The research introduces a structural and content model for professional training 
that consists of  three interrelated components: methodological, content-activity, and criterion-evaluation. The 
practical value of  this work lies in its updated methodological system, which is grounded in practical methods 
and technologies aimed at improving the study of  physics in higher education institutions in Kazakhstan. This ap-
proach not only enhances the educational process but also aligns with the evolving demands of  digital education.
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INTRODUCTION

The exponential growth of  information in 
today’s digital society requires specialists capable 
of  creative knowledge assimilation, rapid adap-
tation, and forecasting of  trends (Batyrbekova, 
2020). In Kazakhstan, this necessitates rethinking 
the higher education system, particularly in the 
training of  future physics teachers, to align curri-

cula with societal needs and technological chan-
ge (Aitbaeva & Shaihozova, 2022). The problem 
addressed in this study concerns the absence of  a 
comprehensive, empirically grounded methodo-
logical framework tailored to the course “Mole-
cular Physics” in Kazakhstani higher education, 
which hinders the preparation of  future physics 
teachers for the demands of  a digitalized and 
competence-based educational environment. One 
of  the central challenges in Kazakhstani higher 
education is to enhance the training of  professio-
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nals whose competencies align with the dynamic 
labour market (Onyshchenko & Serdiuk, 2025). 
This issue is emphasized in the State Programme 
for the Development of  Education and Science 
of  the Republic of  Kazakhstan for 2020-2025 
(2020), which advocates for urgent systemic re-
forms based on leading international practices.

In recent decades, Kazakhstan’s professio-
nal and pedagogical education system has under-
gone major reforms due to internal and external 
pressures (Marugkas et al., 2023). Key develop-
ments include curriculum modernization, pro-
fessional advancement of  educators, infrastruc-
ture strengthening, and intensified international 
cooperation (Zalewski et al., 2019). However, 
the implementation of  updated educational stan-
dards – such as those established in the Order 
of  the Minister of  education and science of  the 
Republic of  Kazakhstan No. 604 “On Approval 
of  State Compulsory Educational Standards for 
All Levels of  Education” (2018) – has led to a 
marked reduction in classroom hours for physical 
disciplines. This reduction necessitates a revised 
methodological system for training future physics 
teachers that ensures disciplinary depth despite 
curricular constraints.

As noted by Kuzmicheva et al. (2022) and 
Riznyk (2023), the modernization of  pedagogi-
cal education in Kazakhstan aims to cultivate 
competencies relevant to digital environments, 
critical thinking, and autonomous learning. In 
this regard, the course “Molecular Physics” holds 
particular importance, serving as a key compo-
nent of  the methodological formation of  future 
physics educators. Its instructional design must 
increasingly rely on digital tools that stimulate 
cognitive engagement and deepen conceptual un-
derstanding (Boyle, 2019).

According to Ualihanova and Omarov 
(2023), the growing complexity of  scientific kno-
wledge demands renewed approaches to teaching 
“Molecular Physics.” In the current context, it is 
not sufficient for future teachers to possess only 
deep theoretical knowledge; they must also exhi-
bit flexibility, creativity, and the capacity to an-
ticipate scientific and educational trends. This is 
supported by Semerikov et al. (2021), who stress 
that effective instruction requires the develop-
ment of  scientific reasoning and research skills, 
while Weissman et al. (2019) emphasize the im-
portance of  making scientific content accessible 
and pedagogically effective.

Moreover, changes in general secondary 
education standards place increased pressure on 
higher education to prepare teachers who are not 
only content experts but also proficient in rese-
arch and reflective practice (Sohn & Kwon, 2020). 

In this regard, the professional development of  
physics teachers demands robust methodological 
support and structured exposure to inquiry-based 
learning (Kuznietsov & Kuznietsova, 2024).

Moldabekova et al. (2023) affirm that 
“Molecular Physics” plays a foundational role 
in fostering subject-specific expertise, while also 
enabling systematic self-improvement and effec-
tive pedagogical practice. However, despite its 
importance, this discipline often lacks integrated 
methodologies that adequately link theory with 
practice in the Kazakhstani context. Recent rese-
arch has proposed several innovative solutions. 
For instance, Zharmukhanbetov et al. (2024) 
emphasize the integration of  project-based lear-
ning with STEM to enhance disciplinary under-
standing and transferable skills such as teamwork 
and creativity. Similarly, dos Reis Belíssimo and 
Nardi (2024) highlight the role of  sustained iden-
tity formation in cultivating teachers who are 
aligned with current educational demands. Inter-
disciplinary instruction is another promising ave-
nue. Yermekova et al. (2024) suggest embedding 
environmental education within physics curricu-
la to improve applied learning outcomes, while 
Kozhabekova et al. (2024) promote a competen-
ce-based approach that prioritizes cognitive and 
instructional skills necessary for scientific litera-
cy. Nevertheless, despite these advances, a syste-
mic gap remains. There is no unified, empirically 
validated methodological model that integrates 
digital technologies, pedagogical conditions, and 
measurable competencies into a coherent frame-
work for the “Molecular Physics” course. Most 
studies to date address isolated pedagogical stra-
tegies rather than constructing a holistic structure 
aligned with national educational goals.

The aim of  the research is to develop, 
implement, and assess an innovative methodo-
logical system for the professional training of  
future physics teachers, with a specific focus on 
the course “Molecular Physics”, aligned with 
the digitalisation and modernisation priorities of  
Kazakhstan’s higher education.

The specific objectives of  the study are:
To analyse existing methodologies of  te-

aching “Molecular Physics” in Kazakhstani uni-
versities and identify areas in need of  reform.

To define pedagogical conditions and de-
sign a structural-content model that enhances the 
effectiveness of  professional training for future 
physics teachers.

To determine methodological tools, 
including digital platforms and assessment 
mechanisms, that support competency deve-
lopment in the context of  “Molecular Physics” 
instruction.
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METHODS

In the process of  the research, the pedago-
gical conditions necessary for successful imple-
mentation of  the methodology of  professional 
training of  future physics teachers in the process 
of  teaching the course “Molecular Physics” have 
been developed. The structural and content mo-
del of  implementation of  professional training of  
future physics teachers in the process of  teaching 
the course “Molecular Physics” has been deve-
loped. The model consists of  three interrelated 
components: methodological, content-activity 
and criterion-evaluation.

The research employed a mixed-methods 
approach, combining quantitative data collec-
tion through tests and surveys with qualitative 
pedagogical observation. Data were analysed 
using descriptive statistics, Pearson’s chi-square 
tests, and Cohen’s h to determine the statistical 
and practical significance of  differences between 
control and experimental groups (p<0.05).

The issue of  the inherent level of  the met-
hodological system of  training future physics 
teachers in the process of  teaching the course 
“Molecular Physics” was studied in the Kazakh 
Pedagogical University named after Abai in the 
framework of  the research’s ascertaining stage. 
The study was conducted during 2023-2024 years 
at the Department of  Methods of  Teaching Mat-
hematics, Physics, and Informatics at the Faculty 
of  Mathematics, Physics, and Informatics. The 
experiment involved 162 respondents whose age 
ranges from 18 to 21 years old. There were 81 
participants in the control group and 81 partici-
pants in the experimental group. All participants 
were randomly assigned to each group to avoid 
pre-existing biases in group composition. The 
experimental results were evaluated on high, me-
dium and low levels (Attokurova, 2023).

Bachelor’s degree programme 6B01502 – 
Physics. The mission of  the faculty is to train high-
ly qualified teachers and specialists in the field of  
mathematics, physics, and computer science on 
the basis of  advanced methods, national heritage 
and world approaches. The presented educatio-
nal programme of  teacher training is developed 
in accordance with the professional standard 
“Teacher”, National and Sectoral Qualification 
Frameworks in the field of  education. The edu-
cational programme 6B01502 – Physics is one of  
30 innovative educational programmes that are 
being implemented for qualitative transformation 
in the Centre for Academic Excellence (CAE), 
envisaged under the state funding programme, 

including Science, Technology, Engineering, Arts 
and Mathematics (STEAM) technology training 
of  teachers in biology, mathematics, physics, che-
mistry, geography, computer science, art educa-
tion, music education and others; as well as spe-
cial educators to work with children with autism 
spectrum disorder and and digital pedagogy ma-
jors (Shoiynbayeva et al., 2021).

After the introduction of  the model of  pro-
fessional training of  future teachers of  physics 
during the study of  the course “Molecular Phy-
sics” repeated testing of  the respondents of  the 
experimental group, who were trained according 
to the experimental methodology, was conducted. 
The intervention lasted for a full academic year 
and was implemented as part of  the “Molecular 
Physics” course. The educational programme, 
within the framework of  which the training of  
future physics teachers during the study of  the 
course “Molecular Physics” is carried out, is de-
veloped taking into account the requirements of  
employers, in accordance with the national deve-
lopment priorities of  the Republic of  Kazakhstan 
until 2025 and the development strategy of  “Abai 
University” for 2022-2025.

To determine the components of  the level 
of  methodological component in the professional 
training of  future physics’ teacher during the study 
of  the course “Molecular physics” in the control 
and experimental groups, the following methods 
were used: to assess one motivation to obtain a 
profession of  a physics teacher, the author’s ques-
tionnaire developed for students, future physics 
teachers was compiled. It was proposed to use 
the digital application Google Forms to con-
duct the questionnaire (Petrochko et al., 2024). 
To reduce selection and instrumentation biases, 
tools were standardized across groups, learning 
activities were consistently implemented, and 
survey responses were anonymized to minimize 
instructor influence. The questionnaire included 
such items as: “To what extent do you aspire to 
become a physics teacher after graduation?”, “Do 
you consider good academic performance to be 
a key motivator in studying physics?”, and “Do 
you associate physics teaching with opportunities 
for leadership or social impact?”. 

Content validity was ensured through ex-
pert review by university lecturers specializing 
in pedagogy and subject methodology. Descrip-
tive statistics (means and standard deviations) 
were calculated for individual item responses. 
For group-level comparisons of  categorical out-
comes (low, medium, high) in each of  the three 
components, Pearson’s chi-square test of  inde-
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pendence was applied to evaluate whether the 
distribution of  competency levels differed signi-
ficantly between the control and experimental 
groups. Additionally, effect sizes were calculated 
using Cohen’s h, allowing for the assessment of  
the practical significance of  observed differences. 
All statistical analyses were conducted at a sig-
nificance level of  p<0.05. Processing of  answers 
according to the proposed key in the question-
naire showed that motivation for “good grades” 
is important for future physics teachers (47.6% 
– situational level), and aspiration for leadership 
was 52.4%. At 34.2% of  respondents (low level), 
insufficient consciousness of  the values of  perfor-
ming their work was determined.

To test the content-activity component, the 
tasks aimed at assessing the professional compe-
tences of  future physics teachers during the study 
of  the course “Molecular Physics” were integra-
ted. The level of  formation of  the content-activity 
component of  readiness was assessed by answe-
ring theoretical and practical questions related to 
the content of  the course “Molecular Physics”. 
The testing was conducted using the Kahoot! 
platform. It allows creating interactive quizzes 
with different types of  tasks (confirmation cho-
ice, true/false), as well as free participation in 
them in real time, which leads to a more efficient 
process (Nyssan, 2023).

The criterion-evaluation component was 
proposed to be tested by means of  a test to assess 
the level of  formation of  professional competen-
cies in future physics teachers during the study of  
the course “Molecular Physics”. For this purpo-
se, the Exam.net platform was used, which allows 
creating tests with different types of  tasks (choo-
sing answers, true/false, it is the same), output-
ting students’ results and giving them feedback.

RESULTS AND DISCUSSION

In connection with the need to update the 
content of  higher education in Kazakhstan, gra-
duates of  pedagogical specialities should receive 
theoretical and methodological knowledge that 
allows them to compete in the labour market. A 
qualitatively selected methodological system of  
teaching the course “Molecular Physics” is one 
of  the key components in the professional trai-
ning of  a future physics teacher. This approach 
will emphasize the actual problems of  modern 
physics, which makes it possible to flexibly choo-
se the content of  teaching material for different 
levels and types of  educational institutions (Liu et 
al., 2020). Higher education in Kazakhstan in the 

twentieth century requires updating approaches 
to the implementation of  professionally oriented 
training, in particular, future teachers of  physics 
(Basharuly, 2017).

The study concludes that one of  the most 
significant factors influencing the modernization 
of  professional pedagogical education is Industry 
4.0 – the fourth industrial revolution characteri-
zed by the introduction of  digital technologies in 
all spheres of  life (Šukolová & Nedelová, 2017). 
In the conditions of  rapid development of  digi-
tal technologies and the digitalization of  society, 
the training of  highly qualified teaching staff  be-
comes one of  the priority tasks of  the state (Aviv 
et al., 2021). Modernization of  professional and 
pedagogical education in Kazakhstan, taking into 
account the requirements of  “Industry 4.0”, al-
lows not only improving the quality of  education, 
but also educating a new generation of  citizens 
capable of  adapting in a rapidly changing world 
(Goren & Galili, 2019).

For the future teacher of  physics, it is rele-
vant to master the skills of  effective application of  
general laws and methods of  scientific research, 
having universal character for solving specific 
problems in the field of  physics of  atom, atomic 
nucleus and solid state, at interdisciplinary boun-
daries with other fields of  physical knowledge 
and in pedagogical activity. Given the differen-
tiation of  the content of  the course “Molecular 
Physics” with other courses of  physical direction, 
changes in the sequence of  studying the material, 
introduction of  new methods and technologies of  
teaching in the educational process of  higher edu-
cational institutions of  Kazakhstan, the system 
of  physical and mathematical training of  future 
specialists is subject to reorganization.

“Molecular physics” in higher educatio-
nal institutions of  the Republic of  Kazakhstan 
in the educational programmes belongs to the 
normative disciplines being mandatory for study 
(Rakhimberdinova et al., 2022). In the process of  
teaching the course “Molecular Physics”, future 
teachers of  physics study such topics as the struc-
ture and properties of  molecules, kinetic theory 
of  gases, thermodynamics, statistical physics, so-
lid state physics, liquid physics, and plasma phy-
sics. Various teaching methods are used to study 
these topics, such as lectures, laboratory work, 
seminars, practical classes, and the use of  digital 
technologies. In modern conditions of  training 
of  future teachers of  physics in higher educati-
on institutions of  the Republic of  Kazakhstan, 
methodical foundations of  teaching the course 
“Molecular Physics” acquire special importance 



B. Orazov, G. Issayeva, Zh. Syzdykova, F. Nametkulova / JPII 14 (2) (2025) 378-393382

in the professional formation of  a future specia-
list (Kozhevnikova & Kozhevnykov, 2024). Sin-
ce students’ learning activity should model their 
future professional activity, the introduction of  a 
professionally oriented approach to teaching this 
discipline becomes relevant (Dashko, 2023). Sin-
ce during training students need to perform lear-
ning activities that should model their profession 
in the conditions of  digitalization of  education, it 
is necessary to pay special attention to the metho-
dological component of  the study of  the course 
“Molecular Physics”, which occupies an impor-
tant role in the formation of  a high-level specialist 
(Kanchana et al., 2019).

The use of  digital technologies in the pro-
cess of  studying the course “Molecular Physics” 
has many advantages, namely, increasing the mo-
tivation and activity of  students, improving the 
assimilation of  knowledge and understanding of  
complex concepts, and developing skills of  inde-
pendent research and analysis. The introduction 
of  digital technologies in teaching the course 
“Molecular Physics” in the process of  professio-
nal training of  future teachers of  physics opens 
new opportunities for better assimilation of  kno-
wledge and development of  professional compe-
tences of  future specialists (Ivanova et al., 2024). 
The purpose of  studying the course “Molecular 
Physics” in higher educational institutions of  
the Republic of  Kazakhstan is: the formation of  
students’ deep and systematized knowledge of  
basic principles of  molecular physics necessary 
for their professional activity, development of  in-
tellectual abilities of  personality: abstract and lo-
gical thinking, intuition, cognitive interest, inde-
pendence and will, improvement of  algorithmic 
and graphic culture.

When developing curricula and program-
mes for the course “Molecular Physics”, it is cri-
tical to take into account intra-subject and inter-
disciplinary links. Intra-subject links ensure the 
systematicity and consistency of  the presentation 
of  educational material, and its logical structure. 
Interdisciplinary links allow students to see the 
relationship of  “Molecular Physics” with other 
sciences, which contributes to the formation of  a 
holistic worldview.

Modern standards of  higher education in 
the Republic of  Kazakhstan have been analysed. 
Due to the dynamic development of  many pro-

fessions today, specialists are required to possess 
physical methods to solve professional problems, 
professionally oriented knowledge and skills in 
molecular physics, which is one of  the key fac-
tors that increase the competitiveness of  univer-
sity graduates in the labour market (O’Hara  & 
Pritchard, 2008).

Training of  highly qualified physics teach-
ers is one of  the priority directions of  the edu-
cation system development in the Republic of  
Kazakhstan (Kovalchuk et al., 2020). Modern 
requirements to the educational process stipulate 
the necessity of  continuous improvement of  the 
methodological system of  training of  future phy-
sics teachers, ensuring the formation of  necessary 
competencies (Shevchuk & Hunaza, 2025). The 
strategy of  the programme is aimed at the forma-
tion and implementation of  the established com-
petence model, as well as expanding the possible 
range of  employers (Annenkov et al., 2023). The 
mission of  the educational programme is to form 
the human resource potential of  highly qualified 
specialists – teachers of  physics – competitive in 
the domestic and international labour market in 
accordance with their demands and development 
prospects of  the country and the region.

The methodology is based on the imple-
mentation of  readiness components. It is propo-
sed to implement the motivational component 
using the coaching method to support high edu-
cational motivation of  future physics teachers, 
to expand learning and autonomy, to develop 
self-assessment and self-reflection, the ability to 
adjust and organize their own learning (Onipko 
et al., 2023). To form the content-technological 
component, it is proposed to use the programme 
and methodological support in the form of  pro-
fessional direction tasks in the course “Molecu-
lar Physics”. It is proposed to track and correct 
the results of  the educational activity of  future 
physics teachers during the study of  the course 
“Molecular Physics” using the Moodle learning 
management system. 

The criterial-evaluative component was 
proposed to be realized by means of  self-assess-
ment of  the formation of  professional competen-
cies during the study of  the course “Molecular 
Physics”. The results obtained after the fulfilment 
of  the outlined tasks were processed and pre-
sented in Figure 1.
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Source: compiled by the authors

Figure 1. Results of  Evaluation of  the Development of  Professional Competencies in the Control and 
Experimental Groups at the Founding Stage of  the Experiment

Figure 1 reflects the baseline distribution 
of  professional competency levels in the control 
and experimental groups prior to the interventi-
on. The majority of  students in both groups de-
monstrated low or medium readiness across all 
components. In the motivational domain, 53.5% 
of  students in the control group and 57.7% in the 
experimental group were classified as having low 
motivational readiness, while the proportion of  
high-level responses remained modest at 15.2% 
and 17.1% respectively. A similar pattern is obser-
ved in the content-activity component, where low-
level responses constituted 36.4% in the control 
group and 33.6% in the experimental group, with 
high-level responses accounting for only 27.4% 
and 29.5%. The conceptual and goal-oriented 
component showed comparable distributions, 
with low-level performance recorded at 38.1% in 
the control group and 35.8% in the experimental 
group. Statistical analysis using chi-square tests 
confirmed that these differences were not statisti-
cally significant across all components, with p-va-
lues well above the 0.05 threshold. For instance, 
in the motivational component, χ²(2, N = 162) = 
1.27, p = .530; in the content-activity component, 
χ²(2, N = 162) = 0.54, p = .763; and in the con-
ceptual and goal-oriented component, χ²(2, N = 
162) = 0.45, p = .799. The corresponding effect 
sizes calculated using Cohen’s h were minimal 
and did not exceed 0.15 in any domain, indica-
ting negligible practical differences.

The analysis of  the data obtained during 
the ascertaining stage of  the experiment indicates 
the need to improve the training of  future phy-
sics teachers in higher education institutions of  
the Republic of  Kazakhstan. This, in turn, will be 
the key to the development of  their professional 
competence on the basis of  digital educational 
resources (Nurizinova et al., 2024). The results of  
the study at the formative stage of  the experiment 

showed that the respondents of  both control and 
experimental groups have a low and average level 
of  motivation for learning. This indicates their 
unwillingness to develop in the professional di-
rection. The insufficient level of  content-techno-
logical component formation also emphasizes 
the need to update the methodological system of  
professional training of  future physics teachers 
in the process of  studying the course “Molecular 
Physics”.

The conceptual and goal-oriented com-
ponent of  readiness needs improvement. This is 
due to the fact that it is important to be able to 
evaluate one’s achievements and knowledge in 
this area. Thus, it was necessary to conduct the 
formative stage of  the experiment. Its purpose 
was: to implement in the educational process pe-
dagogical conditions and methodological system 
of  professional training of  future physics teachers 
during the study of  the course “Molecular Phy-
sics”. This methodology is an author’s model of  
professional training of  future teachers of  physics 
with technologies of  formation of  its compo-
nents. In the control group, the classes were con-
ducted following the traditional methodology, 
and in the experimental group – according to the 
proposed methodology, using digital educational 
resources.

The coaching method was used to form the 
motivation component. This is a kind of  creati-
ve partnership between the teacher and students, 
which allows them to realize their personal and 
professional potential. Teachers of  the course 
“Molecular Physics” acted as a coach. Coaching 
as a pedagogical technology was used in the stu-
dy to: support high educational motivation of  
future physics teachers, enhance learning and au-
tonomy, develop self-esteem and self-reflection, 
ability to adjust and organize their own learning.
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To improve the level of  formation of  the 
content-technological component, it is proposed 
to use programme and methodological support in 
the form of  professional tasks in the course “Mo-
lecular Physics”. Tracking and correction of  the 
results of  educational activity of  future physics 
teachers during the study of  the course “Molecu-
lar Physics”, it is proposed to carry out with the 
help of  the learning management system Mood-
le. This system allows creating and conducting 
online courses, and also includes a tool for cre-

ating tests with different types of  tasks. Moodle 
also allows tracking students’ learning outcomes 
and giving them the necessary feedback.

After the introduction of  the model of  pro-
fessional training of  future physics teachers in the 
process of  studying the course “Molecular Phy-
sics”, the respondents of  the experimental group, 
who were trained according to the experimental 
method, were tested again. The results of  respon-
dents’ distribution by levels at the stage of  the for-
ming experiment are presented in Figure 2.

Source: compiled by the authors

Figure 2. Results of  Evaluation of  the Development of  Professional Competencies in the Control and 
Experimental Groups at the Founding Stage of  the Experiment

Figure 2 presents the outcomes of  the for-
ming stage following the implementation of  the 
proposed methodological system. The data de-
monstrate a clear improvement in the distribution 
of  competencies within the experimental group, 
particularly in the content-activity component. 
In this domain, the percentage of  students at the 
high level rose from 29.5% to 39.7%, while tho-
se at the low level declined sharply from 33.6% 
to 17.4%. In contrast, the control group showed 
only minimal changes, with high-level responses 
remaining largely stable at 29.4% and low-level 
responses increasing slightly to 40.4%. 

A similar trend is evident in the motivatio-
nal component. The proportion of  experimental 
group students with low motivational readiness 
decreased from 57.7% to 34.5%, while high-level 
motivation increased from 17.1% to 26.1%. The 
control group also experienced improvement, 
but less markedly, with high motivation levels 
rising from 15.2% to 21.7% and low levels dec-
reasing from 53.5% to 41%. In the conceptual 
and goal-oriented component, gains were also re-
corded. High-level responses in the experimental 
group increased from 25.9% to 29.5%, and low-
level responses decreased from 35.8% to 29.7%, 
indicating a moderate upward shift in overall 
readiness. Chi-square tests confirmed that the 

differences between the experimental and cont-
rol groups at this stage were statistically signifi-
cant. The motivational component yielded χ²(2, 
N = 162) = 7.83, p = .020, the content-activity 
component χ²(2, N = 162) = 15.62, p < .001, and 
the conceptual-goal-oriented component χ²(2, N 
= 162) = 6.21, p = .045. Corresponding effect sizes 
calculated using Cohen’s h indicated a medium ef-
fect in the motivational domain (h = 0.39), a large 
effect in the content-activity domain (h = 0.61), 
and a medium effect in the conceptual-goal-ori-
ented domain (h = 0.32).

The results obtained at the stage of  the 
formative experiment emphasized the necessity 
of  solving the problem of  updating the methodo-
logical system of  professional training of  future 
physics teachers in the process of  studying the 
course “Molecular Physics”. The study conside-
red the formation of  this definition as a holistic 
pedagogical process based on the interaction of  
teachers and students within the educational pro-
cess. Thus, the theoretical and practical analysis 
of  the investigated problem, allowed distinguis-
hing the risks that complicate the process of  up-
dating the methodological system of  professional 
training of  future teachers of  physics in the pro-
cess of  studying the course “Molecular Physics”. 
Based on the results obtained as a result of  the 
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study, the pedagogical conditions of  professional 
training of  future physics teachers during the stu-
dy of  the course “Molecular Physics” have been 
developed.

The first condition is “Development of  
motivation in future teachers to study the course 
“Molecular Physics”. The essence of  the pedago-
gical condition is the formation of  a system of  
motives and needs of  students, stimulating them 
to study the course “Molecular Physics”. The level 
of  formation of  motivation to learning is manife-
sted in the tendency to autonomy, independence 
of  task performance, attitude to the learning pro-
cess, the use of  means for independent assimilati-
on of  knowledge, the desire for self-development 
and self-improvement, as well as in the degree of  
motivation to study the course “Molecular Phy-
sics”. The second condition – improving the met-
hodology of  professional training of  future phy-
sics teachers in the process of  teaching the course 
“Molecular Physics” – focuses on improving the 
methodology of  professional training of  future 
physics teachers in the process of  teaching the 
course “Molecular Physics”. This is achieved by 
careful selection of  forms, methods, and means 
of  teaching.

The main method of  implementation of  
the principle of  professionally oriented learning 
is the fulfilment of  tasks of  professional directi-
on. The implementation of  this condition is car-
ried out by solving tasks differentiated by groups 
of  students, taking into account the principle of  
complex differentiation (Yekimov et al., 2022). 
Such tasks include: tasks of  professional direction 
directly related to the future professional activity 
of  students; tasks for independent work with the 
use of  application programmes that allow future 
physics teachers to apply theoretical knowledge 
in practice, using software relevant to their fu-
ture profession; professionally-oriented projects 
– complex tasks that require students to work in-
dependently, analyse information, apply the ac-
quired knowledge and skills to solve the problems 
of  the future profession.

To increase the effectiveness of  such trai-
ning, appropriate materials for exercises are 
needed, including: lists of  tasks for the course 
“Molecular Physics” systematized by topics and 
levels of  difficulty; methodological instructions, 
detailed guides to the performance of  tasks, con-
taining explanations, algorithms for solving and 
examples; brochures, information materials, 
supplementing the curriculum and providing stu-
dents with additional information on topics rela-
ted to the future profession; appropriate software 
in the form of  specialized software for the course 

“Molecular Physics”. The implementation of  the 
third pedagogical condition: the use of  effective 
digital technologies implies the active use of  di-
gital technologies in the learning process. It is re-
commended to use mathematical software packa-
ges for methodological purposes (Shyshenko et 
al., 2024). The classification of  such programmes 
includes: tutorial programmes: designed for pri-
mary learning of  the material, containing inter-
active elements, explanations, and examples; si-
mulators: they allow students to consolidate the 
acquired knowledge and skills by solving typical 
problems with automatic checking of  the results; 
controlling programmes: serve to assess the level 
of  knowledge and identify gaps in the mastering 
of  the material; information and reference pro-
grammes: provide students with access to refe-
rence information, formulas, theorems, and other 
necessary information; simulation programs: 
simulate real-world processes and phenomena, 
allowing students to study them under different 
conditions; modelling programs: allow students 
to create their models to solve problems and 
investigate different hypotheses (Hunsu et al., 
2023). In the context of  the proposed methodo-
logical system of  professional training of  future 
physics teachers in the process of  teaching the 
course “Molecular Physics”, it is recommended 
to use the following programmes: Geogebra, 
Mathcad, Wolfram, Photomath (Hervás-Gómez 
et al., 2017). 

The use of  this methodology allows inc-
reasing students’ motivation to study the course 
“Molecular Physics”, improving the quality of  
their training and forming the necessary compe-
tencies for future professional activity. Implemen-
tation of  the methodology of  professional trai-
ning of  future teachers in the process of  teaching 
the course “Molecular Physics” in universities of  
Kazakhstan is an important factor in improving 
the quality of  training of  future specialists. 

It is recommended to implement the pro-
posed pedagogical conditions by introducing the 
structural and content model of  professional trai-
ning of  future physics teachers in the process of  
teaching the course “Molecular Physics”, which 
encompasses three interrelated components:

1. Methodological component: specificati-
on and content of  the methodology of  professio-
nal training of  future physics teachers in the pro-
cess of  teaching the course “Molecular Physics”; 
definition of  the stage of  the process of  imple-
mentation of  the proposed methodology.

2. Operational-activity component: inclu-
des didactic and methodical processing of  the 
course material “Molecular Physics”; develop-
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ment of  a system of  specially structured tasks, 
laboratory, and research works aimed at the for-
mation of  professional skills.

3. Criterial-evaluative component: consists 
of  a system of  indicators of  the formation of  
professional skills, including: mastering the met-
hods of  scientific cognition; application of  ways 
of  thinking (analysis, synthesis, generalization, 
abstraction); ability to apply knowledge and ways 
of  activity depending on the learning task.

The proposed model is oriented to the for-
mation of  exactly those professional competen-
cies during the study of  the course “Molecular 
Physics”, which are necessary for future teachers 
of  physics. It can be used in the educational pro-
grammes of  higher education of  the Republic of  
Kazakhstan and allows improving the quality of  
training of  future physics teachers, to form the ne-
cessary competencies, to prepare them for scien-
tific and pedagogical activity. The clear structure 
of  the model provides a systematic approach to 
the use of  methodological approach of  training 
of  future teachers of  physics. The model includes 
a system of  tasks, laboratory and research works, 
which can be used in the educational process of  
studying the course “Molecular Physics” and is a 
relevant tool for training future teachers for pro-
fessional activity. The availability of  criteria for 
assessing the formation of  professional compe-
tencies during the study of  the course “Molecular 
Physics” makes it possible to monitor the dyna-
mics of  professional skills’ development in future 
teachers (Gedvilienė et al., 2019).

It is recommended to implement the first 
condition by forming positive motivation of  fu-
ture physics teachers in the process of  teaching 
the course “Molecular Physics” through discus-
sions and analyses of  achievements in the field 
of  physics of  famous personalities. The second 
condition – improvement of  the methodology of  
professional training of  future physics teachers 
in the process of  teaching the course “Molecular 
Physics” – reflects the level of  improvement of  
the methodological component of  professional 
training of  future physics teachers in the process 
of  teaching the course “Molecular Physics”. To 
implement the second condition in the process of  
studying the course “Molecular Physics” lectures 
with problem elements were used.

In order to comprehensively understand 
physical concepts and laws, as well as to establish 
interrelationships with practical features of  cer-
tain specialities, recommendations on the struc-
ture and blocks of  lectures have been developed, 
namely: formulation of  the base of  applied tasks, 
development of  a general model of  studying 

the course “Molecular Physics”, mastery of  the 
methodology of  solving different types of  tasks. 
It is proposed to include such questions in lectu-
re materials and independent work of  students, 
which will ensure the increase of  interest in the 
course “Molecular Physics”, and renewal of  
professional motives. As a result, students learn 
to apply knowledge and skills in the context of  
real professional situations, which contributes to 
avoiding formal presentation of  the material and 
expanding the opportunities for interdisciplinary 
communication.

In lecture and seminar classes, within the 
framework of  the presented methodology, met-
hods of  active interaction of  students can be used, 
organization of  lecture classes with current cont-
rol for immediate verification of  acquired compe-
tencies and correction of  mistakes. At the seminar 
classes it is possible to use computer programmes 
for the interpretation of  physical concepts; within 
the framework of  independent work – laboratory 
practice with the use of  computer programmes, it 
is possible to consider practical examples of  the 
use of  physical laws in real life, allowing students 
to establish links with their future professional 
activity. In the process of  using such lectures, it 
is possible to use information schemes that allow 
not only organizing lecture material on a certain 
topic qualitatively, but also simplifying its percep-
tion; it is also possible to use such schemes for 
solving professionally oriented tasks.

In the context of  the implementation of  
the third condition, it is recommended to actively 
use digital technologies in laboratory and semi-
nar classes in the course of  studying the course 
“Molecular Physics” in order to optimize the 
work of  teachers and adapt the learning process 
to the needs of  students. Mathematical software 
packages, which should be used in laboratory 
works, can be divided into the following catego-
ries: tutorial (help students to master new topics 
and concepts); simulators (allow consolidating 
knowledge and skills by performing practical 
tasks); controlling (designed to test knowledge 
and understanding of  the material); information 
and reference (provide access to the necessary in-
formation and resources); simulation (simulate 
real processes and phenomena, allowing students 
to explore them in a safe environment); model-
ling (allowing students to create their own models 
and investigate their behaviour).

Independent work of  students is an impor-
tant component of  professionally oriented trai-
ning of  the course “Molecular Physics”. It can 
be used to prepare for lectures and independent 
study of  the material, to repeat the material be-
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fore various forms of  control, to write essays, to 
prepare for exams, to do homework (Marushko, 
2022). The forms of  independent work recom-
mended to be used within the framework of  the 
methodology are as follows: self-organization, 
group work, and mass work (Nardi et al., 2020). 
Methods of  independent work: independent dis-
cussion of  educational material, work in pairs, 

tutor support, problem methods, project activity, 
methods of  collective mental activity, and appli-
cation of  the latest digital technologies in lear-
ning. The following criteria for evaluating the 
professional competences of  future physics te-
achers during the study of  the course “Molecular 
Physics” are proposed and presented in Table 1.

Table 1. Criteria for Assessing Professional Competencies of  Future Physics Teachers During the 
Study of  the Course “Molecular Physics”

Levels of 
learning 
achieve-

ment

Criteria for assessing learning achievements

Elementary
Pupil recognizes some physical and names them at an everyday level; describes some 
physical objects according to certain attributes.

Medium
The student independently performs some physical experiments in laboratory classes 
from the Molecular Physics course; describes individual observations of  the flow of  
physical experiments.

Sufficient
The pupil compares and classifies physical objects; identifies understanding of  funda-
mental physical theories and facts, giving examples to support this; describes observa-
tion of  physical experiments.

High

The pupil applies knowledge in standard situations, is able to analyse, summarize 
and systematize the provided information, draw conclusions; uses knowledge in 
non-standard situations, establishes connections between phenomena; independently 
finds and uses information according to the task set; analyses additional information; 
uses knowledge reasonably, including in problem situations; independently evaluates 
phenomena related to substances and their transformations.

Source: compiled by the authors

The application of  the developed teaching 
methodology can contribute to: improving the 
quality of  training of  students from the course 
“Molecular Physics”, the development of  their 
independence and creativity; and the formation 
of  skills to use modern digital technologies in 
professional activities. Implementation of  the 
methodology in the training programme of  the 
course “Molecular Physics” and the use of  digi-
tal technologies is an effective tool to improve the 
quality of  training of  future specialists.

Thus, the study of  the course “Molecular 
Physics” according to the presented methodolo-
gical system plays a pivotal role in the training of  
future teachers of  physics, as this course provides 
a deep understanding of  nature, development of  
critical thinking skills, preparation for teaching 
modern topics, development of  skills in working 
with laboratory equipment, education of  scienti-
fic outlook. Studying Molecular Physics can also 
help future teachers to develop teamwork and 
communication skills; increase their confidence 
in teaching science; and make teaching more in-
teresting and engaging for themselves and their 

students (Sabatayeva et al., 2018). It is considered 
necessary to present the following recommenda-
tions for the training of  future physics teachers in 
institutions of  higher education: to continue imp-
roving the teaching methodology of  the course 
“Molecular Physics” using modern pedagogical 
technologies and developments; to develop met-
hodological recommendations for teachers on 
the use of  computer programmes in the teaching 
process; to conduct systematic monitoring of  the 
effectiveness of  the developed teaching methodo-
logy (Semenovska et al., 2023).

The present study is of  value for teach-
ers of  the course “Molecular Physics” of  higher 
educational institutions, as it contains practical 
recommendations to improve the learning pro-
cess and improve the quality of  student training. 
Thus, the introduction of  digital technologies and 
the organization of  students’ independent work 
in the process of  studying the course “Molecular 
Physics” allow improving the process of  training 
of  future physics teachers, making it more inter-
esting, effective and efficient.
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Behind the results of  experimental re-
search, it is argued that in the Republic of  Ka-
zakhstan considerable attention is paid to this is-
sue, and in institutions of  higher education active 
work is carried out to improve the process of  trai-
ning of  future teachers, in particular future teach-
ers of  physics. One of  the important directions of  
this work is to improve the content and teaching 
methods of  the course “Molecular Physics”. This 
course is one of  the basic courses in the training 
of  future physics teachers, and its study provides 
them with the necessary knowledge and skills to 
form a scientific outlook in schoolchildren, un-
derstanding of  the basics of  physical phenomena 
and laws of  the microcosm (Kholina et al., 2020). 

From the perspective of  inclusive educati-
on policy, the modernization of  the “Molecular 
Physics” course contributes to building an equi-
table learning environment where future physics 
teachers are better equipped to accommodate di-
verse student needs. The updated methodology 
encourages differentiated instruction, indepen-
dent learning, and digital accessibility. By culti-
vating pedagogical adaptability, such initiatives 
align with the goal of  creating inclusive, student-
centered educational environments.

Orazov and Issayeva (2023) concluded 
that the training of  future physics teachers should 
meet the world standards and is one of  the pri-
ority tasks of  higher education institutions. The 
opinion presented in the cited works is sup-
ported, as the course “Molecular Physics” serves 
as a foundation of  pedagogical and engineering 
education. At the formative stage of  the experi-
ment, the conclusions are made that the study of  
future physics teachers of  the course “Molecular 
Physics” contributes to the formation of  the ne-
cessary basic knowledge for understanding such 
disciplines as theoretical mechanics, theory of  
machines and mechanisms, hydraulics, heat engi-
neering, resistance of  materials, materials scien-
ce, electrical engineering and microelectronics. 
Nevertheless, over the last two decades, there has 
been a steady tendency to reduce the classroom 
hours allocated to the study of  the course “Mo-
lecular Physics” (Slovinscki et al., 2021). This 
leads to a systemic deterioration of  the level of  
physics and mathematics training of  future phy-
sics teachers, which negatively affects their mas-
tery of  specialized disciplines and acquisition of  
professional competence. In addition, there is a 
devaluation of  the prestige of  pedagogical specia-
lities compared to legal and economic education, 
which makes the career of  a teacher less attrac-
tive for gifted applicants. That is why an upda-
ted methodological system has been developed 

and experimentally tested, aimed at significant 
improvement of  teaching “Molecular Physics” 
in pedagogical institutions of  higher education, 
increasing the number of  hours allocated to the 
study of  the outlined course with an emphasis on 
classroom teaching, improving the qualifications 
of  teaching staff  and their constant motivation 
for professional development.

Comparative international practice reveals 
that many countries face challenges similar to 
those in Kazakhstan and have developed effecti-
ve solutions anchored in inclusive, inquiry-based, 
and technology-rich pedagogies. For example, 
in Finland, teacher education emphasizes socio-
constructivist theory and autonomy through in-
quiry- and problem-based approaches that ref-
lect differentiated and individualized learning 
design. The 2016 curriculum reform introduced 
phenomenon-based learning, supporting inter-
disciplinary education that mirrors the aims of  
Kazakhstan’s revised “Molecular Physics” course 
in building inclusive environments and nurturing 
independent learning skills (English et al., 2022). 
Similarly, in Ontario Canada the Early Learning 
Kindergarten Program employs inquiry-based 
pedagogy rooted in sociocultural theory, which 
has demonstrated positive effects on student 
outcomes and supports the logic behind integ-
rating real-world problems and student-centered 
methods into the Kazakh context (Takala et al., 
2023). The alignment of  this approach with the 
updated “Molecular Physics” course reinforces 
its pedagogical credibility (Van Dusen et al., 
2021). Australia’s National STEM School Edu-
cation Strategy also addresses equity and inquiry-
based teaching, particularly in underrepresented 
groups, and shows that structured professional 
development and collaborative networks en-
hance teacher preparedness and instructional 
quality (Jones et al., 2024). These international 
comparisons substantiate the appropriateness of  
Kazakhstan’s direction in reforming the course 
and affirm the global relevance of  inquiry-based 
and digitally supported teaching frameworks in 
science education.

de Oliveira (2018), investigating the met-
hodology of  professional training of  future phy-
sics teachers in the process of  teaching the cour-
se “Molecular Physics”, came to the conclusion 
that the training of  future physics teachers should 
apply tasks that are directly related to the future 
professional activity of  students. The use of  the 
outlined approach is considered correct because 
the curriculum of  the course “Molecular Phy-
sics” should include disciplines that introduce 
students to the physical methods used in their 
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future specialities. The methodology proposed in 
the presented research suggests that practical clas-
ses and laboratory works during the study of  the 
course “Molecular Physics” should be aimed at 
the application of  physical methods by students 
to solve real professional problems (Petrova et 
al., 2018). In the process of  using modern met-
hods of  teaching the course “Molecular Physics” 
should be used modern digital technologies that 
allow students to independently solve problems, 
conduct research, find and analyse information 
(Yermolenko et al., 2024).

In modern conditions of  information and 
educational environment, according to Han et 
al. (2019), the issue of  organizing professional-
ly-oriented independent work of  students, and 
future physics teachers, during the study of  the 
course “Molecular Physics” becomes relevant. 
The study supports this opinion and proposes 
the implementation of  the following pedagogical 
conditions – improvement of  the methodology 
of  professional training of  future physics teachers 
in the process of  teaching the course “Molecu-
lar Physics” based on the use of  non-traditional 
lectures on the course “Molecular Physics”, lec-
ture with pre-planned errors, lecture with current 
control, lecture-visualisation. During laboratory 
and seminar classes in the process of  studying 
the course “Molecular Physics” it is proposed 
to use digital technologies to optimize the work 
of  teachers and adapt the learning process to the 
needs of  students, mathematical software packa-
ges, and independent work is used to prepare for 
lectures and independent study of  the material, 
repetition of  material, various forms of  control, 
writing essays, preparing for exams, homework 
(Hrechanyk & Sharov, 2023).

Moldabekova and Bitibayeva (2017) sub-
stantiate in their research the expediency of  using 
motivational tasks of  professional direction in 
the educational process of  training future teach-
ers of  physics. They should contain professional 
concepts and terms that promote students’ inte-
rest in the study of  the subject and its practical 
application and learning tasks that simulate real 
professional situations and require the applicati-
on of  mathematical methods, developing profes-
sional thinking and skills needed in future acti-
vities. Having studied the opinion of  researchers 
concerning the presented problems in order to 
improve the training of  future physics teachers, it 
is considered appropriate to develop a methodo-
logical system of  teaching the course “Molecular 
Physics”, oriented to professionally oriented trai-
ning. This system classifies different forms and 
methods of  physics education according to the 
level of  knowledge and skills assimilation, as well 

as to take into account the specifics of  future pro-
fessional activity of  specialists (Shovkova, 2021). 
The implementation of  the proposed methodolo-
gical recommendations behind the results of  the 
experiment contributes to the improvement of  
the quality of  specialists’ training in accordance 
with the requirements of  the modern labour mar-
ket, the formation of  students’ sustainable skills 
of  independent problem-solving of  professional 
direction, the development of  professional thin-
king and creative approach to problem-solving. 
This approach can be effectively used in the sys-
tem of  training specialists in different technical 
and natural science areas.

Philipsen et al. (2019) investigated the pos-
sibility of  using digital technologies in teaching 
physics disciplines. In their findings, the resear-
chers testify that such technologies increase mo-
tivation for learning, activate cognitive activity, 
and provide visibility of  learning. It is conside-
red that the use of  the outlined approach is quite 
convenient, because for effective training of  fu-
ture physics teachers in the study of  the course 
“Molecular Physics” the following computer 
programmes should be used, such as Geogebra, 
Mathcad, Wolfram, Photomath. In the process 
of  implementation of  the third pedagogical con-
dition, the study proved that these programmes 
automate calculations, expand the possibilities 
of  using mathematical methods, contribute to 
a better assimilation of  theory. It is concluded 
that the prospects for further research will be the 
development of  a laboratory workshop for the 
course “Molecular Physics”, using the program-
me GeoGebra for independent work. This allows 
students to explore some topics and see how mat-
hematical methods work.

Lipnická et al. (2019) actively investigated 
the digitalization of  the educational process in 
higher education institutions. In numerous works 
it has been proved that digital technologies in 
the study of  the course “Molecular Physics” are 
a crucial factor in improving the quality of  edu-
cation, updating the content and methods of  te-
aching, training specialists who meet the modern 
requirements of  the labour market. The opinion 
of  researchers is continued and the outlined ap-
proach in the pedagogical condition – application 
of  effective digital technologies is reflected. 

The current study shows a number of  sig-
nificant shortcomings, notwithstanding the out-
comes of  the methodical approach that was put in 
place for the professional preparation of  aspiring 
physics instructors through the “Molecular Phy-
sics” course. Most significantly, the external vali-
dity of  the results is hampered by the very small 
sample size of  162 students, all of  whom were 
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selected from the same institution – Abai Kazakh 
National Pedagogical University. Generalisation 
to other higher education contexts in Kazakhs-
tan is hindered by the study’s exclusive focus 
on one academic environment, especially in ru-
ral or less technologically advanced institutions. 
Furthermore, the evaluation of  student growth 
was limited to a single academic year and failed 
to account for the transferability of  learnt com-
petencies into actual teaching practice or long-
term retention. Despite attempts at anonymisa-
tion and standardisation, the use of  self-reported 
data through surveys and online tools like Goog-
le Forms and Kahoot! raises the possibility of  
instructor effect and social desirability bias. Ad-
ditionally, the study lacked triangulated data and 
direct classroom observations, which might have 
limited the breadth and authenticity of  its evalua-
tion of  pedagogical change.

 In order to demonstrate the scalability and 
adaptability of  the suggested methodological met-
hodology, future research should build on these 
findings by carrying out multi-site studies across 
a variety of  Kazakhstani universities, including 
under-represented and resource-constrained pla-
ces. Insight into the training model’s long-term 
effects, particularly with regard to classroom pro-
cedures and student learning outcomes, could be 
gained by longitudinal designs that follow stu-
dents from the time they first take the “Molecular 
Physics” course until the beginning of  their te-
aching careers. Furthermore, in order to provide 
deeper, more complex insights about the model’s 
effectiveness, qualitative techniques like focus 
groups, ethnographic classroom observations, 
and reflective teaching portfolios ought to be used 
in conjunction with the quantitative framework. 
In order to support curriculum-wide pedagogical 
reform, future research should also evaluate the 
cost-effectiveness, infrastructure requirements, 
and institutional preparedness for the widespread 
adoption of  digital tools like Moodle, GeoGebra, 
and Exam.net. Additionally, it should investigate 
how the model can be expanded to other physics 
curriculum domains, such as electrodynamics 
and quantum mechanics.

In general, the study of  the course “Mole-
cular Physics” is a valuable experience for future 
physics teachers, which can help them to become 
more competent, qualified and confident in their 
knowledge teachers. Thus, based on the obtained 
results of  the study, the practical value of  the 
work is the improved methodological system of  
professional training of  future physics teachers 
in the process of  teaching the course “Molecular 
Physics”.

CONCLUSION

This study confirms the practical effective-
ness of  a newly constructed methodological sys-
tem for training future physics teachers through 
the “Molecular Physics” course in the context 
of  digitalized higher education in Kazakhstan. 
The experimental results provide statistically 
significant evidence that the implemented mo-
del fosters superior outcomes in professional 
readiness compared to traditional methods. In 
particular, the proportion of  students in the ex-
perimental group achieving high competency le-
vels in the content-activity component increased 
from 29.5% to 39.7%, while low-level responses 
decreased from 33.6% to 17.4%. Similar positi-
ve trends were recorded for the motivational and 
criterion-evaluative components, with medium 
to large effect sizes (Cohen’s h = 0.39-0.61), es-
tablishing the robustness of  the intervention. The 
key contribution of  this research lies in the design 
and validation of  a comprehensive methodologi-
cal model, comprising motivational, operational-
activity, and criterion-evaluative components. 
This triadic structure not only integrates digital 
tools (e.g., Moodle, Kahoot!, Exam.net) and co-
aching techniques, but also enables targeted de-
velopment of  essential pedagogical competencies 
such as scientific reasoning, digital literacy, and 
learner-centered instruction. The model brid-
ges theoretical content with practical teaching 
skills, thus addressing a previously unmet need 
in Kazakhstan’s teacher training system for an 
empirically grounded, modular, and scalable fra-
mework tailored to STEM education. From a po-
licy perspective, the findings support the strategic 
prioritization of  modular competence-based mo-
dels in teacher education programs. The adoption 
of  the proposed methodological system offers a 
pathway to align training outcomes with natio-
nal educational standards and labour market ex-
pectations. Policymakers in Kazakhstan’s higher 
education sector should consider formal integra-
tion of  such models into national curricula, parti-
cularly in teacher education standards for STEM 
disciplines. Furthermore, the increased use of  
digital platforms and project-based learning en-
vironments highlighted in this study provides a 
foundation for updating pedagogical norms and 
assessment protocols in teacher training institu-
tions across the country. Expanding the imple-
mentation of  this model to other foundational 
physics courses (e.g., Electrodynamics, Quan-
tum Mechanics) would further enhance systemic 
instructional quality in the digital era.
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