AP25796559 «DEVELOPMENT OF SCIENTIFIC-PEDAGOGICAL EXPERIENCE IN ENHANCING FUTURE AND CURRENT PHYSICS TEACHERS' COMPETENCE IN TEACHING NANOTECHNOLOGY THROUGH STEM TECHNOLOGIES» 

The purpose of the project: Developing a STEM education model for the effective teaching of nanotechnology; enhancing interest in nanotechnology through STEM while fostering creativity, critical thinking, problem-solving skills, and intellectual abilities. Implementation in the mechanisms for developing subject competencies in nanotechnology, using digital technologies, into the learning process for future and current physics teachers.

Amount of funding: 26 658 946 kzt

Priority area: Intellectual potential of the country

Relevance of research: Nanotechnology is highly relevant in various fields such as medicine, electronics, energy, and ecology. Developing new materials and devices stimulates students’ creativity, prompting them to seek innovative solutions to real-world problems. The digital age has increased the demand for qualified specialists, but there is a global decline in interest in technical and engineering fields. Integrating nanotechnology into STEM education can reverse this trend by sparking interest and fostering creativity, critical thinking, and problem-solving abilities in students.

Expected results: 
2025: Defining a methodology for applying STEM technologies in preparing future and current physics teachers to teach nanotechnology in the context of new technological developments. Providing scientific and methodological support for the use of STEM technologies in developing the competencies of future and current physics teachers. Conducting an analysis of pedagogical physics curricula at higher education institutions and studying the continuity of nanotechnology education in relevant educational institutions. Developing a teaching aid for integrating nanotechnology into the university physics curriculum.
2026: Selecting specialized topics for STEM-based nanotechnology training courses for school physics teachers. Developing specialized courses and video lectures on teaching nanotechnology using STEM. Creating a didactic model for teaching the "Fundamentals of Nanotechnology" course for future physics teachers. Developing simple laboratory projects to explain the fundamentals and prerequisites of nanotechnology through the creation of STEM products in the educational process, as well as the production of prototypes of inaccessible laboratory systems using 3D printing. Defining scientific and methodological features of teaching nanotechnology and nanomaterials based on the continuity of school and university physics courses. Organizing roundtables and seminars to discuss the integration of this area into the educational process. Within 12 months from the date of signing the project agreement, a dissertation for a PhD in the Physics program 8D01502 will be defended.
2027: Development of a program for observing nanostructures and the nano-world using virtual reality (VR) goggles. Organizing fairs and exhibitions for schoolchildren using prototype laboratory projects and virtual laboratory classes in nanotechnology developed within the project. Ensuring the integration of digital educational content and teaching materials on nanotechnology into the educational process, as well as making them available to other interested users.
During all stages of the project (2025–2027), two (2) articles based on the obtained results will be published in peer-reviewed journals included in the Web of Science database with an impact factor and belonging to the first, second, or third quartile (Q1, Q2, Q3) or in the Scopus database with a CiteScore of at least the 50th percentile. At least two (2) articles or reviews will also be published in peer-reviewed foreign and/or domestic journals recommended by the Science Committee.

Fields of application of developments: 
1. Higher pedagogical education system – the research results are being used in the implementation and improvement of training programs for future physics teachers integrating nanotechnology based on STEM education.
2. Teacher professional development – the obtained materials and methodological recommendations are being used to develop the subject competence of current physics teachers in the field of nanotechnology through specialized courses, seminars, and roundtable discussions.
3. General secondary education institutions – the introduction of nanotechnology elements into the school physics curriculum using STEM approaches helps increase student interest in the subject, develop their critical thinking, creativity, and research skills.
4. Digital educational platforms – the developed interactive materials, virtual experiments, and 3D models are being integrated into online courses and educational resources, expanding the possibilities of distance and blended learning in nanotechnology.

[bookmark: _GoBack]The name of the competition within which the project is being implemented: Competition for grant funding of young scientists under the «Zhas Galym» project for 2025-2027
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