ANNOTATION

dissertation on the topic «Methodological features of teaching the course
«Alternative Energy Sources» to future physics specialists in the context of
STEM education» for the degree of Doctor of Philosophy
(PhD) in the specialty «6D011000 — Physics»
Pattayev Amin Magamatsharipovich

Research topic: Methodological features of teaching the course "Alternative
Energy Sources" to future physics specialists in the context of STEM education.

The purpose of the study: Theoretical justification for teaching the course
"Alternative Energy Sources" to future physics specialists in the context of STEM
education, development of a teaching methodology, and experimental verification of
its effectiveness and specific features.

Research objectives:

1) Analysis of the current state of training future physics specialists for research
activities;

2) ldentification of the features of teaching the course "Alternative Energy
Sources" in the context of STEM education;

3) Development of a methodological system for teaching the course "Alternative
Energy Sources" to future physics specialists in the context of STEM education;

4) Analysis of the results of the pedagogical experiment aimed at proving the
effectiveness of the developed methodological system.

Research methods:

The study employed a comprehensive approach using methods at theoretical,
empirical, pedagogical, and statistical levels. Theoretical methods focused on
identifying the theoretical foundations of teaching alternative energy sources and
developing research activities of future physics specialists through the analysis of
scientific literature, regulatory documents, and methodological materials. Empirical
methods, such as observation, surveys, interviews, and pedagogical experiments,
made it possible to collect data on the effectiveness of the methodology for forming
students' research activities. Pedagogical methods ensured a modern organization of
research activities by integrating the STEM approach and digital technologies into
laboratory work and project-based assignments. Statistical methods were used to
conduct quantitative and qualitative analysis of the collected data and to confirm the
effectiveness of the methodology by comparing the results of the experimental and
control groups.

The main provisions recommended for protection (proven scientific
hypotheses and other conclusions that are new knowledge):

The results of the conducted research, as confirmation of the scientific
hypothesis, showed that the systematic application of research-oriented methods and
innovative pedagogical technologies in the context of STEM education, when
teaching the course "Alternative Energy Sources,” significantly enhances the quality
of education, scientific thinking, and research activity of future physics specialists.

In addition, the extensive use of STEM education tools (STEM project-based
learning, STEM laboratories and products, stands) enhanced creative and engineering



thinking and made the content of the "Alternative Energy Sources" course more
practice-oriented and aligned with modern requirements.

The main results of the study:

1) Content-related features of teaching the course "Alternative Energy Sources"
in the context of STEM education and its connection with the research activities of
future physics specialists.

2) The methodological system for teaching the course "Alternative Energy
Sources" to future physics specialists in the context of STEM education and its
coherence between goals, content, methods, tools, and learning outcomes.

3) Results of the pedagogical experiment confirming the effectiveness of the
methodology for organizing the teaching of the course "Alternative Energy Sources"
in the context of STEM education.

4) The methodology for using developed STEM products, research-based
learning tasks, and STEM projects in the course "Alternative Energy Sources," which
contribute to the formation of research activities among future physics specialists,
along with scientific and methodological recommendations.

Substantiation of the novelty and significance of the results obtained:

the novelty of the first result — The features of forming research activities among
future physics specialists during the teaching of the course "Alternative Energy
Sources" in the context of STEM education have been identified.

the novelty of the second result — A methodological system for teaching the
course "Alternative Energy Sources" to future physics specialists in the context of
STEM education has been developed.

the novelty of the third result— The scientific foundations of the methodology for
using STEM products, research-based learning tasks, and STEM projects in
accordance with the content of the course "Alternative Energy Sources" have been
presented.

the novelty of the fourth result — The effectiveness of preparing future physics
specialists for research activities in teaching the course “Alternative Energy Sources”
within the framework of STEM education has been confirmed by the results of the
pedagogical experiment.

The scientific and methodological works published based on the results of the
research can be used in higher education institutions, pedagogical colleges, and
general education schools.

Compliance with the directions of scientific development or government
programs:

The research direction directly aligns with the United Nations Sustainable
Development Goals: Goal 4 — "Quality Education” and Goal 7 — "Affordable and
Clean Energy".

According to the Order of the Minister of Science and Higher Education of the
Republic of Kazakhstan "On the Approval of State Compulsory Standards for Higher
and Postgraduate Education” (dated July 20, 2022, No. 2), the training of future
specialists includes requirements for collecting and interpreting information,
knowledge of scientific research methods and academic writing, as well as their
application in the relevant field of study.



In the Address of the President of the Republic of Kazakhstan, Kassym-Jomart
Tokayev, to the people of Kazakhstan dated September 1, 2023, titled "The
Economic Course of a Just Kazakhstan," it is stated: "Over the past five years, the
share of renewable energy in the total volume of energy produced in the country has
increased by almost 5 percent. The implementation of renewable energy projects will
continue. By 2029, key indicators related to energy consumption and losses must be
reduced by at least 15 percent".

The research results contribute to the training of future physics specialists as
engineering personnel focused on the field of green energy and also make a
contribution to sustainable development and the formation of environmental culture
through increased energy efficiency.
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