©pney. Y3gikci3 6inim »xapubicbl — Opney. Bectn HenpepbiBHOro obpasoBaHms. Ne3(54)/2026

https://www.doi.org/10.69927/XLAN5419

Bekbenova A.!, *Amangeldi O.%, Yegemberdiyeva S.°, Baiduisenova T.*
! Abai Kazakh National Pedagogical University
2 Almaty Humanitarian Economic University
340. Zhanibekov South Kazakhstan Pedagogical University
L2 Kazakhstan, Almaty
34 Kazakhstan, Shymkent
ORCID: https://orcid.org/0000-0002-6306-8569
ORCID: https://orcid.org/0000-0003-0682-6017
ORCID: https://orcid.org/0000-0002-7241-9762
ORCID: https://orcid.org/0000-0002-5458-1408
* ozerkel990@gmail.com

PEDAGOGICAL ANALYSIS OF TEACHING THE COURSE “ARTIFICIAL
INTELLIGENCE IN CHEMISTRY” TO PROSPECTIVE CHEMISTRY TEACHERS

Abstract

This research paper examines the implementation and perceived outcomes of a practice-oriented course focusing
on the application of artificial intelligence in the professional training of prospective chemistry teachers. The study, which
took place during the 2025-26 academic year, involved 48 third-year undergraduate chemistry education students (n =
48) at a pedagogical university. The experimental work was carried out as part of the course «Using Artificial Intelligence
in Chemistry Teaching» and was delivered exclusively through practical classes.

The research employed an exploratory one-group study, a questionnaire survey, an analysis of students’ learning
products, and qualitative methods. The findings indicated predominantly positive self-reported levels of students’ digital,
methodological, and professional skills. Quantitative results revealed a predominance of good and very good levels across
most indicators, while qualitative analysis indicated of a reflective, pedagogically grounded approach to using artificial
intelligence in chemistry teaching.

These results suggest the potential educational value and feasibility of integrating Al-oriented courses into the
professional training of future chemistry teachers in the context of digital transformation in education.

Key words: artificial intelligence, chemistry education, prospective chemistry teachers, Al literacy, digital
competence, technological pedagogical content knowledge (TPACK), professional training.

Introduction. The rapid digitalisation of education means that artificial intelligence (Al) is now
one of the key factors in transforming higher teacher education. Modern Al technologies are being
introduced into the educational process to provide personalised learning, automate routine
pedagogical tasks, visualise complex concepts, and support learning analytics. Al is particularly
relevant in chemistry education, where studying abstract, microscopic, and dynamic processes
requires intelligent digital tools and models.

Current research shows that integrating Al into chemistry education can lead to a deeper
understanding of learning materials, the development of research skills, and increased motivation
among learners [1]. However, the effectiveness of Al applications depends heavily on the
professional preparedness of teachers, particularly future chemistry teachers. Insufficient
preparedness for the pedagogically sound use of Al can result in the formal, fragmented, or unethical
use of these technologies in educational practice.

Scientific research pays special attention to training future chemistry teachers and developing
their digital and Al competence. Empirical studies show that, while students of pedagogical
specialities generally have a positive attitude towards the use of artificial intelligence in teaching,
they demonstrate different levels of knowledge, practical experience, and confidence in using Al
tools [2, 3]. However, there are also risks associated with a potential decline in critical thinking,
reliance on Al systems, and the inadequate preparedness of future teachers to utilise these tools
effectively.

In the context of the professional training of chemistry teachers, the concept of technological
pedagogical content knowledge (TPACK) is of particular importance, as it considers the integration
of subject content, pedagogy, and technology as a holistic process. Studies show that developing
TPACK in future chemistry teachers is necessary for effectively implementing innovative
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technologies, including Al, in a digitalised education system [4]. However, the development of
TPACK in relation to Al remains insufficiently studied and systematised.

Additionally, analysis of the current state of pedagogical education reveals insufficient digital
competence among future teachers, hindering the integration of Al technologies into teaching [5].
This highlights the need for the intentional design of educational disciplines that not only equip
students with the technical skills to work with Al but also provide them with a pedagogical
understanding of its possibilities, limitations, and ethical implications.

Despite the growing interest in using artificial intelligence in chemistry education, there is still
a scientific gap between Al's potential capabilities and the actual pedagogical readiness of future
chemistry teachers to apply it. This gap highlights the importance of developing and implementing a
special training course that fosters a comprehensive understanding of the pedagogically sound use of
artificial intelligence in chemistry among students.

This study is relevant because of the need to modernise the professional training of future
chemistry teachers in an era of the active implementation of artificial intelligence in educational
practice. Including the discipline 'Using Artificial Intelligence in Chemistry' in pedagogical
university curricula enables the intentional development of students' Al literacy, digital competence,
and TPACK knowledge, ensuring they are prepared for effective and responsible pedagogical
activities in digital educational environments.

This article aims to provide a theoretical justification and pedagogical analysis of teaching this
discipline to third-year students on the «Chemistry» programme, as well as identify its role in
developing the professional and digital competencies of future chemistry teachers.

The theoretical significance of the study lies in clarifying the pedagogical foundations for
integrating artificial intelligence into the training of future chemistry teachers, as well as expanding
scientific ideas about developing TPACK knowledge and Al competence in chemical education.

The study's practical significance lies in its potential to inform the development and
enhancement of academic disciplines, teaching materials, and educational programmes at
pedagogical universities, with the aim of fostering the pedagogical and ethical application of artificial
intelligence in educational practice among future chemistry teachers.

Literature review.

The rapid development of artificial intelligence (Al), including generative models (GenAl), is
shaping a new educational landscape. The ways in which information is retrieved, materials are
prepared, and assessments are conducted are changing, as are the nature of learning tasks and
classroom communication. In pedagogy, this shift is accompanied by the transition from sporadic use
of digital tools to the systematic integration of Al as a means of personalising learning, supporting
teachers, and developing learners' competencies.

Al is a transformative factor in education and pedagogical approaches.

In the Kazakhstani and regional discourse, it is considered not only a technological trend but
also a basis for rethinking pedagogical approaches in higher education. This emphasises the need to
shift the focus from reproductive learning to models in which students actively construct knowledge,
solve practical problems, and use digital tools for analysis and decision-making. In this context, Al
acts as a 'catalyst' for updating teaching methods and training content for future specialists, as well
as strengthening the teacher's role as an educational environment designer and mentor [6].

At the same time, it is acknowledged that the implementation of Al in education necessitates the
development of digital literacy and an understanding of associated risks, such as those relating to
ethics, authenticity, academic integrity, and data security. Additionally, the development of
regulatory mechanisms at the course/programme level is required. Review papers on Al in education
emphasise that successful implementation depends not on the number of «tools», but on the correct
methodological approach to their application and on teachers' readiness to manage learning activities
in a digital environment [7].

Kazakh-language research on primary education emphasizes that the systematic use of digital
technologies can increase the interactivity and visibility of learning materials, strengthen students’
motivation, cognitive engagement, creativity, and critical thinking, and support more flexible
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organization of the learning process [8]. At the same time, their educational effectiveness depends on
teachers’ digital competence and the methodologically sound integration of digital tools into
classroom practice

Al in teaching chemistry: functional literacy and practice-oriented learning.

As a fundamental discipline, chemistry is oriented towards developing logical reasoning,
analytical and critical thinking, and research skills, as well as a practical approach to learning. In the
context of digital transformation, the development of functional literacy the ability to apply
knowledge and skills in educational, professional, and everyday situations is particularly important.
Tusupbekova & Orazbayeva's (2025) [9] research demonstrates that integrating Al into chemistry
teaching expands the toolkit for developing functional literacy. Al can support the personalisation of
learning, the automation of assessment, the visualisation of complex processes, the intellectual
support of learning activities, and the simulation of realistic situations.

This approach is important because it shifts the focus from «knowledge for knowledge's sake»
to the practical application of chemical concepts. Students learn to interpret data, explain phenomena,
justify conclusions, analyse experimental results, and make evidence-based decisions. Here, Al and
digital tools become an environment that can enhance the research and design component of learning,
rather than a substitute for thinking.

Broader publications forecasting the future of chemical education emphasise the need to update
educational content and methods to incorporate digital technologies and Al as well as strengthening
the practical element and interdisciplinarity. Such works generally convey the message that chemical
education must address contemporary challenges by training specialists who can work with data,
modelling, and modern digital environments while maintaining scientific rigor and experimental
culture [10].

Linking Al research in chemistry and learning objectives: what matters for didactics.

Another area of interest is the discussion of how the application of Al to chemical research is
changing the training requirements of students and future teachers. Berber et al. (2025) [11] argue
that Al in chemical research inevitably affects teaching and learning and that it is necessary to educate
students in the principles of Al, the limitations of algorithms, the interpretability of results, and the
correct handling of data. Consequently, chemistry teaching should include tasks that do not simply
provide students with answers but encourage them to verify correctness, compare results, draw
reasoned conclusions, and grasp the limitations of numerical solutions.

This thesis highlights the importance of disciplines that promote the competent and ethical use
of Al in teaching. A future chemistry teacher should know how to apply Al capabilities to didactic
scenarios, including visualisation, simulations, analysis of experimental data, and preparation of
teaching materials.

Competence of the future teacher in the digital age: from 'digital skills' to GenAI competences.

The readiness of teachers, especially future teachers, is a key condition for the effective
integration of AI. Works on the didactics of the digital age note that the professional training of future
chemistry teachers can no longer be conceived without modern digital technologies. The focus of
education is shifting towards the development of digital literacy and skills, while the fundamental
objective of knowledge, skill, and experience acquisition remains unchanged. The authors emphasise
the need to integrate digital technologies into traditional learning, providing examples of tools that
contribute to the development of general professional competencies, such as digital/virtual
laboratories, video content creation, and the use of the university's digital learning environment.

But there are also rules: digital independent work needs teaching control and keeping up the
quality of the content, and the choice of technology should be based on the learning goals and the
features of the learning material [12].

The concept of GenAl competence emerges at the next level of discussion. Xia et al. (2025) [13]
propose and validate the Generative Artificial Intelligence Competency Self-Efficacy Scale for
Teachers and Researchers (GAICS-TR) in higher education. They emphasise that existing digital/Al
competency frameworks often fail to consider the impact of GenAl on assessment and research
activities sufficiently. The authors highlight the domains and dimensions of competence: a basic
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understanding of GenAl and ethics; teaching with GenAl (student interaction, instructional design,
and assessment); research with GenAl; and professional engagement. The scale itself is seen as a tool
for diagnosing professional development needs and developing institutional policies. In terms of
training future chemistry teachers, it is not enough to simply teach them how to 'use the tool'; it is
also important to develop their ability to design learning tasks that promote academic integrity, data
security, accurate assessment, and critical thinking.

Literature findings and identified research gap.

The analysis of sources enables us to identify several consistent themes:

- Al establishes a new context for higher education, necessitating a revision of pedagogical
approaches, particularly in the training of future teachers [6, pp. 83-87; 7, p. 7; 8, pp. 79-84].

- In chemistry teaching, Al shows promise as a means of developing functional literacy through
visualisation, modelling, analysis, and supporting learning activities [9, pp. 186-203].

- The development of Al in chemical research emphasises the importance of incorporating Al
topics into teaching in a didactic manner [11, pp. 1445-1456].

- The key condition for effectiveness is teacher competence, ranging from digital skills and tool
proficiency to comprehensive GenAl competence [12, pp. 222-226; 13, p. 12].

However, there is a practical deficit in the literature: while many works describe possibilities
and general directions, comparatively few present modular, discipline-specific solutions for training
future chemistry teachers where Al is integrated into the teaching process through clearly defined
objectives, tasks, assessment methods, and criteria. Consequently, there is an urgent need to describe
and validate real-life training courses and syllabuses for future chemistry teachers that aim to develop
the skills needed to meaningfully apply Al in teaching scenarios.

The scientific novelty of this study lies in the development and empirical implementation of a
discipline-specific, practice-oriented model for integrating artificial intelligence into the professional
training of prospective chemistry teachers. Unlike studies that primarily examine general perceptions
of Al or the use of individual digital tools, this study presents an integrated course design that
combines chemistry content, Al-supported learning-product development, pedagogical reflection,
and the evaluation of digital, methodological, and professional skills. The authors’ contribution
consists in specifying the course structure, practical lesson sequence, Al-supported tasks, and
assessment indicators that can be adapted for chemistry teacher education.

Methods and materials

Organisation and basis of the study. The research was conducted during the 2025/26 academic
year (first semester, fifth semester of study) at South Kazakhstan Pedagogical University, Faculty of
Natural Sciences, Department of Chemistry.

The experiment was implemented within the framework of the «Use of artificial intelligence in
teaching chemistry» discipline, which is studied by third-year students on the «6B01504 - Chemistry
teacher training» educational programme.

This applied discipline was implemented exclusively in the format of practical classes due to its
content and objectives, which are oriented towards forming the digital, methodological and
professional competencies of future chemistry teachers.

Study participants. The experiment involved 3rd year students enrolled in the specified
educational program. Classes were held in several academic groups. The distribution of the study
participants by academic group and gender is presented in Table 1. The study followed a one-group
design, and the participants were not divided into experimental and control groups.

Table 1. Characteristics of the study participants

Groups Total number of students female male
1507-13A 19 4 15
1507-23 12 3 9
1507-33 17 2 15
Total 48 9 39

Source: developed by the author
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All participants had previously studied subjects related to digital and information technologies
in education, but they did not have special training in the use of artificial intelligence in chemistry
education.

Characteristics of the discipline and format of lessons.

The discipline «Use of Artificial Intelligence in Chemistry Teaching» aims to develop the
pedagogical skills of future chemistry teachers in the application of Al tools in the teaching process.
This includes the development of teaching tasks, visualisation of chemical processes, creation of
teaching videos, analysis and interpretation of experimental data, and design of interactive teaching
methods.

All classes are conducted as practical sessions, during which students perform individual and
group tasks using Al tools.

The following digital and Al tools were used during the practical exercises, which are
summarised in Table 2.

Table 2. Digital and artificial intelligence tools used in the experiment

Tool Developer and access Function
ChatGPT OpenAl; web version available during | Generation of text explanz.ltions, lesson scenarios, and
the first semester of 2025-2026 methodological comments
Gemini Google; web version available during the | Preparation of alternative'explana.tions and examples
first semester of 2025-2026 on chemistry topics
Grok xAl; web version available during the Generation of visual apd video materials illustrating
first semester of 2025-2026 chemical processes
CapCut Bg;igagiﬁ; ggg;iﬁg;;eé?ggza; 2;1(1)2;]3616 Creation and editing of educational videos
Canva and other | Web-based platforms available during Support for visualization, presentation, and
online services the first semester of 2025-2026 demonstration of results

Source: developed by the author

These tools were all used in one practical session or a series of interrelated sessions, thus
ensuring the integrity of the training scenario.

Scenario of practical training sessions.

The practical lessons were based on a unified scenario, comprising the following stages:

- Formulation of a learning task on a specific chemistry topic.

- Selection of Al tools to solve the task.

- Development of a learning product (e.g., text, infographics, or video).

- Presentation and discussion of the results.

- Reflection on and methodological analysis of the possibility of applying the created product in
school practice (table 3).

Table 3. Example of the structure of a practical lesson

Stage Content of the activity Tools used
Setting the task Statement of the lesson's purpose and topic Teacher
Designing Developing a scenario for explaining the topic ChatGPT, Gemini
Realization Creating a video or visualization CapCut, Grok
Performance Demonstration of the results Multimedia (Canva)
Analysis Discussion and pedagogical assessment Group discussion

Source: developed by the author
Videos as part of the experimental basis:

1. During practical classes, students developed educational videos reflecting the content of
chemical topics and the methodology used to explain them, with the help of Al tools.
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2. The videos were used exclusively for educational purposes and do not disclose the personal
data of the students.

3. Examples of the videos are available via external links (Google Drive) and are intended to
illustrate and support the experimental work.

Research methods.

The pedagogical experiment comprised three stages: preparatory, implementation, and
diagnostic-analytical. The final assessment included a questionnaire and analysis of students’
learning products, while no separate initial diagnostic assessment was conducted. The independent
variable was the implementation of the practice-oriented Al course, and the dependent indicators
were students’ self-reported digital, methodological, and professional skills.

The research methods used in this study are systematically presented in Figure 1. They include
pedagogical experimentation, observation of students’ learning activities, analysis of learning
products, comparative analysis of practical work results, and qualitative analysis of skills
development.

&Eﬂ Pedagogical Experimentation

Research
Methodologies

Figure 1. Research methodologies
Source: developed by the author

These research methods were chosen due to the specific objectives and the practice-oriented
nature of the discipline. The pedagogical experiment, the leading method, allowed us to study the
formation of professional and digital competencies in students in the real conditions of the
educational process. This approach is in line with modern methods of analyzing the quality of
educational products in higher education systems [14]. Observation and analysis of learning activity
products provided a comprehensive review of practical lesson results, including student-developed
videos, lesson scripts, and visual learning products. Qualitative analysis was employed to examine
the role of digitalization in the development of general professional competencies in future chemistry
teachers, with a particular focus on the practical application of digital tools and the reflection on
learning experiences [12, p. 61-68].

The author-developed questionnaire was designed in accordance with the course learning
outcomes and covered three dimensions: digital, methodological, and professional skills. As the
questionnaire was used as an exploratory descriptive instrument, its psychometric validity and
internal consistency were not independently tested.

This study is particularly interested in the work of Kolyada and Bugaeva (2019) [15], which
considers artificial intelligence (Al) as a driving force for the innovative development of education
even at an early stage of its development. The authors emphasize that introducing intelligent systems
into the educational process requires technological readiness and a rethink of pedagogical
approaches, teaching methods, and assessment of learning outcomes. Formulated before the
widespread adoption of generative Al tools, this thesis confirms the relevance of applying qualitative
research methods to analyze the pedagogical feasibility of using artificial intelligence in education
and is fully aligned with the logic of the present study.
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Statistical analysis. Due to the exploratory one-group design of the study and the absence of pre-
test and control-group data, the quantitative findings were analysed using descriptive statistics.
Frequencies and percentages were calculated for each response category, and the combined
proportion of “good” and “very good” responses was used as a descriptive indicator of positive course
outcomes. No inferential statistical tests were performed; therefore, the results are interpreted as
descriptive evidence of students’ perceived skill levels after completing the course rather than as
proof of statistically significant improvement or a causal effect of the course.

Results and discussion. To quantitatively assess the results of the pedagogical experiment, the
distribution of students' responses to ten closed questions in the questionnaire was analyzed. Each
question was evaluated on a four-point scale: «low» (0-49 points), «average» (50-64 points), «good»
(65-84 points) and «very good» (85-100 points) (Appendix). This gradation enabled us to determine
the level at which the learning material was mastered and the quality of the future chemistry teachers'
professional and digital skills.

The generalized results of students' responses to each question are presented in Table 4.

Table 4. Distribution of students’ responses to closed questions by performance level (N = 48)

Question Low (0-50) Average (51-65) Good (66-85) Very good (86- Quality (%)
100)
Q1 4 (8.3%) 6 (12.5%) 22 (45.8%) 16 (33.3%) 79
Q2 3 (6.3%) 5 (10.4%) 24 (50.0%) 16 (33.3%) 83
Q3 5 (10.4%) 7 (14.6%) 20 (41.7%) 16 (33.3%) 75
Q4 2 (4.2%) 6 (12.5%) 23 (47.9%) 17 (35.4%) 83
Q5 4 (8.3%) 8 (16.7%) 21 (43.8%) 15 (31.3%) 75
Qo 3 (6.3%) 7 (14.6%) 22 (45.8%) 16 (33.3%) 79
Q7 2 (4.2%) 6 (12.5%) 24 (50.0%) 16 (33.3%) 83
Q8 5 (10.4%) 6 (12.5%) 21 (43.8%) 16 (33.3%) 77
Q9 4 (8.3%) 7 (14.6%) 22 (45.8%) 15 (31.3%) 77
Q10 3 (6.3%) 6 (12.5%) 23 (47.9%) 16 (33.3%) 81

Note: QI1-Q4 assess digital skills; Q5, Q6, and Q9 assess methodological skills; Q7, Q8, and Q10 assess
professional skills. Quality (%) = Good + Very good.
Source: developed by the author

The generalized results of the students' responses presented in Table 4 are interpreted in Figure
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Figure 2. Distribution of students’ responses to closed questions by performance level
Source: developed by the author
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As the data in Table 4 and Figure 2 show, the majority of responses to all questions in the
questionnaire were at good or very good levels. On average, between 70% and 83% of students
achieved a positive result in each indicator, indicating predominantly positive self-reported levels of
digital, methodological, and professional skills by the end of the course. To identify differences in
learning outcomes between study groups, a comparative analysis of student responses was conducted.
The percentage of students who achieved good or very good grades was used as an overall indicator
of the quality of education.

The percentage indicators of the quality of education for each study group are presented in Table

5.
Table 5. Comparative results of learning quality by academic groups (%)
Group Low + Average (%) Good + Very good (%)
1507-13A 26 74
1507-23 33 67
1507-33 24 76
Average 28 72

Source: developed by the author

Analysis of the data in Table 5 shows that, in all study groups, the proportion of students
demonstrating a good or very good level exceeds the proportion demonstrating a low or average level.
The percentage of positive results ranges from 67% to 76%, indicating the discipline's comparable
effectiveness in different study groups.

Figure 3 provides a visual interpretation of the comparative results by group, clearly showing
the differences and general trends in learning quality.

Comparative results of learning quality by academic groups

(%)
Average — l
1507-33 _ I
15072 ([ J
1507-13A _ l
0 20 40 60 80 100

= Low + Average (%) Good + Very good (%)

Figure 3. Comparative results of learning quality by academic groups (%)
Source: developed by the author

To ensure a comprehensive assessment of learning outcomes, the study was conducted using a
questionnaire comprising both closed and open-ended questions. This combination enabled a
combination of quantitative and qualitative approaches to analyze the effectiveness of the discipline.

The structure of the questionnaire and the distribution of question types are shown in Table 6.
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Table 6. Structure of the questionnaire

Type of questions Number Purpose
Closed questions 10 Assessment of digital, methodological, and professional skills
Open questions 5 Qualitative analysis of students’ learning experience
Total 15 Comprehensive evaluation of learning outcomes

Source: developed by the author

As illustrated in Table 6, closed questions enabled the quantitative assessment of skill
development, while open questions facilitated the identification of individual perceptions of the
course and its professional impact.

To gain a deeper understanding of the results of the pedagogical experiment, a qualitative
analysis of students' responses to the open-ended questionnaire was conducted. This analysis included
students' most typical and meaningful statements about the teaching process and its outcomes.

Examples of students' responses are presented in Table 7.

Table 7. Examples of students’ responses to open-ended questions

Student Key idea of the response
Student A Al tools helped structure explanations of chemical concepts and lesson planning
Student B Visualization improved understanding of abstract chemical processes
Student C Creating videos enhanced confidence and pedagogical thinking
Student D Emphasized the need for critical evaluation of Al-generated content
Student E Course changed perception of digital tools in chemistry teaching

Source: developed by the author

Analysis of the statements shows that students recognize the pedagogical value of using artificial
intelligence in chemistry teaching. They note that it develops methodological thinking, increases the
visibility of teaching materials, and fosters a reflective attitude towards digital tools.

A summary analysis of the quantitative and qualitative data from the study was conducted to
summarize the findings and formulate final conclusions.

Summary indicators of discipline effectiveness are presented in Table 8.

Table 8. Summary of learning outcomes

Indicator Result

Students demonstrating good and very good levels 67-76%

Students requiring further development 24-33%
Overall effectiveness of the discipline High

Source: developed by the author

The summarized data in Table 8 indicate that the implementation of the discipline «Using
artificial Intelligence in Chemistry teaching» was associated with predominantly good and very good
self-reported levels of students’ professional and digital skills and may have potential value as an
element of the professional training of future chemistry teachers.

The descriptive findings indicated that implementing the discipline 'Using Artificial Intelligence
in Chemistry Teaching' in a practical was associated with predominantly positive self-reported levels
of the digital, methodological, and professional skills of future chemistry teachers. Quantitative data
indicate a high prevalence of good and very good levels for most evaluation indicators, with an
average integral indicator of teaching quality (good + very good) of over 70%. This suggests that
using artificial intelligence tools in practical classes may support students’ perceived learning
outcomes and the development of applied pedagogical skills.
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These results are consistent with studies on the development of TPACK knowledge and the
digital competence of future teachers. Bakazhanova et al. [4, pp. 40-51] therefore emphasize that the
effectiveness of digital technologies in chemistry teacher training is determined by their
methodologically sound integration into the teaching process rather than by the number of tools used.
In our study, Al tools were used to solve specific didactic tasks, such as developing lesson scenarios,
visualizing chemical processes, and creating training videos. This illustrates the relevance of the
TPACK approach in the context of the digitalization of teacher education.

The results also correlate with international data on the perceptions and use of Al among future
teachers. Iyamuremye et al. (2024) [1, p. 10] found that AI is most effectively used in chemistry
education to visualize and analyze learning activities, with pedagogical readiness of learners
remaining a key factor. Similar findings are presented in Harianti et al. [2, pp. 5-12], who note that
practical work with Al increases future teachers' confidence and promotes the informed use of digital
technologies in teaching.

Of particular note is the comparison of the present study's findings with those of earlier research
papers. For instance, even before the widespread adoption of generative Al, Kolyada and Bugayeva
[15, pp. 21-30] considered artificial intelligence to be a driving force in innovative educational
development. They emphasized the importance of educators adopting a critical and methodologically
sound approach to its use. The descriptive findings of the present study are consistent with these
arguments and suggest that systematically including Al in pedagogical programs may contribute to
the modernization of future chemistry teachers.

Recent international studies provide a broader context for interpreting the present findings.
Ramnarain et al. [ 16] found that Al literacy, attitudes, perceived behavioral control, subjective norms,
and perceived usefulness significantly influenced preservice science teachers’ intentions to use
GenAl in inquiry-based teaching, demonstrating that technical familiarity alone is insufficient
without pedagogical readiness. Perceived usefulness, ease of use, and self-efficacy were also
identified as significant predictors of preservice teachers’ intentions to adopt GenAl after
participation in a structured Al-integrated activity [17]. The systematic review by Ponomarenko et
al. [ 18] further showed that initially limited Al knowledge and skills among preservice teachers could
improve through targeted training and hands-on experience, although concerns related to academic
integrity, data privacy, and fairness remained. In chemistry teacher education, Akaygun & Kilic [19]
found that preservice teachers valued GenAl-generated visuals for their attractiveness and
instructional potential but also identified scientific, pedagogical, and representational limitations,
emphasizing the need for critical evaluation through PCK and TPACK perspectives. GenAl adoption
among preservice chemistry teachers was additionally found to depend on performance and effort
expectancy, social norms, facilitating conditions, and perceived behavioral control, with behavioral
intention emerging as the strongest predictor of actual use [20]. Taken together, these studies support
the practice-oriented focus of the present course while indicating that positive self-reported outcomes
should be interpreted as perceived readiness rather than conclusive evidence of course effectiveness.

Several /imitations should be considered when interpreting the findings. First, the study involved
a relatively small sample of 48 students from a single pedagogical university, which limits the
generalizability of the results. Second, the absence of a control group and pre- and post-course
measurements prevents causal conclusions regarding the effectiveness of the discipline. Third, the
quantitative analysis was based on aggregated self-reported responses and descriptive statistics;
therefore, statistically significant changes or differences between groups could not be established.
Future research should employ larger and more diverse samples, validated assessment instruments,
control groups, and longitudinal or pre-test—post-test designs to evaluate changes in prospective
chemistry teachers’ Al-related competencies more rigorously.

Conclusion. During the research, the practice-oriented discipline «Using Artificial Intelligence
in Chemistry Teaching», which aimed to develop the digital, methodological and professional skills
of future chemistry teachers, was tested in practice. The descriptive results indicated that, after
participating in the practical classes, students reported predominantly positive levels of digital,
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methodological, and professional skills, a reflective attitude towards the use of digital technologies,
and readiness to apply them pedagogically in school practice.

Quantitative and qualitative data from the study indicate predominantly positive self-reported
levels in professional confidence, methodological thinking, and the visualization of teaching
materials. Analysis of students' responses to open-ended questions suggested that the participating
students generally perceived artificial intelligence not as a substitute for pedagogical activity, but as
as a tool to support and expand the didactic possibilities of chemistry teaching.

Consequently, the findings of this study suggest that further consideration may be given to
incorporating disciplines centered on the practical application of artificial intelligence into the
professional training program for prospective chemistry teachers. Implementing such courses would
contribute to the modernization of pedagogical education in the context of digitalization and could
be considered an effective way to update the content and methods of teaching at pedagogical
universities.
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Anoamna

Makanaga OonamiaKk XUMHS MyFalIds MyFalliMIepiH KociOM paspiayna skacaHAbl WHTEIUIEKTIHI KOJIIaHyFa
OarpITTaNFaH TOKipuOere OarqapiiaHFaH KypCThl €HII3Y yZepici MeH OuliM ayIiblIapablH KaObulgayblHa HeTi3AenreH
HOTIDKEJIepi KapacTeIpbuiaabl. 3eprrey 2025-2026 oKy >KbUTBIHAA ITeJaroTHKaNbIK YHUBEPCUTETTIH XUMHUS MyFaTiMIAepiH
nasipiay 6inim Oepy OarmapiaaMachlHIa OKHTHIH YITIHIIN KypC CTYACHTTePiHIH KaThICyBIMEH XYpri3inai (n = 48). 3eprrey
YKYMBICHI TeK IMPaKTHKAIBIK cabakrap (pOpMaThIHIA OTKI3UITeH « XIUMHUSHBI OKBITY/1a JKaCaHIbl HHTEIUICKTiHI KOJIIaHYy»
KyPCHI asiCBIH/A )KY3€T'e aChIPBUIIbL.

3epTreyne Oip TOmKa HETi3eNnTeH Oapiay CUIAaTEIHIAFEI 3ePTTCY JU3AMHEL, cayaTHaMa, CTYJCHTTePIiH OKY dpeKeTi
OHIMIIEPIH TAJAAY XKOHE CAllANIBIK 9IiCTep KOMIaHbUIAB. HoTmkenep cTyieHTTepaiH udpIIbIK, 91iCTEMEIiK XKoHe Kocion
JaFIBUIApPBIH O©3iHIIK Oaralaybl HETi3IHEH OH JcHreine OonraHbiH kepceTTi. CaHIBIK HOTHKEIEP KOPCETKIIITEPIiH
0aceIM OeJliriHAe «KaKChD» KOHE «OTe XKaKChD» JECHIeHJIEpiHIH OaCBIMABIFBIH aHBIKTACA, CalajblK Tanlay XUMUSHEI
OKBITY/Ia >KacaHAbl MHTEJUICKTIHI KOJIIaHyFa pe(IeKCHBTI XXQHE II€JarorMKalIbIK TYPFBIJAH HETI3AEIreH TaCIIIiH
KaJIbINTaCKAHBIH KOPCETTI.

AnblHFaH HoTwXeniep OuriM OepydiH LUQPIBIK TpaHCHOpMAUMICH JKarAalblHAA JKacaHIbl HHTEIUICKTIre
OarmapiaHFaH KypcTapAbl Oonamak XUMHS MyFalTiMIepiH KociOum maspiay KyieciHe KipiKTipymiH BIKTHMaN OiTiMIIK
KYHJBUIBIFB MEH OPBIHIBUTBIFBIH KOPCETEII.

Tyuinoi ce30ep: *acaHIbl HHTEIUICKT, XUMILUTBIK OLTiM Oepy, Ooamrak XiuMUs MYFalliMAepi, ’KacaHIbl HHTEIICKT
CayaTTBUIBIFBL, I(PIBIK KY3BIPETTLTIK, TEXHOIOTHSIIBIK-TIeAarorukanblk moHmik O0iiM (TPACK), kocibu masprnay.

Bekx6enosa A.!, * Amanrenau O.2, Erembepauena C.J3, BaiinylicenoBa T4
! Kasaxcruii nayuonanvnwiii nedazoauseckuii ynusepcumem umenu Abas
2Anmamuncruti 2yManumapHo-sKoHOMUYeCKuUll yHusepcument
34 IOocno-Kazaxcmanckuii nedazozuueckuti ynueepcumem um. O. JKanubexosa
12 Kasaxcman, Anmamot
34 Kasaxcman, Hlvivmxenm

HNEJATOTHYECKHN AHAJIA3 TPEIIOJABAHUS KYPCA “UCKYCCTBEHHBIN
UHTEJVUIEKT B XUMHUHN” BY1YIIUM YUUTEJIAM XUMUHU

AHnnomayus

B crathe paccMaTpuBarOTCA MPOLECC BHEAPEHUS U BOCIIPUHUMAEMBIE Pe3yJIbTaThl IPAaKTUKO-OPHEHTHPOBAHHOTO
Kypca, HalpaBJICHHOTO Ha NPHMEHEHHE HCKYCCTBEHHOTO HMHTEIUIEKTa B MPO(ECCHOHANIBHOH ITOATOTOBKE OyIyIIHX
yunreneit xumun. VcciegoBanue mpoBoamioch B 2025-2026 yuyeOHOM roay ¢ ygactueM 48 CTyIEHTOB TPEThETO Kypca
(n = 48), obyuaromuxcst 1o 00pa3oBaTENbHOM INPOrpaMMe HOATOTOBKM YUYHTENEH XHMHH B II€Jarorn4eckoM
yHuBepcuteTe. Pabora ocymecTBisiack B paMkax Kypca «lcnonb3oBaHHEe HCKYCCTBEHHOTO MHTEIIEKTA B O0yUeHHH
XMMHUW», PEATN30BAHHOTO UCKIIIOUUTEIBHO B JOpMaTe MPaKTUIECKUX 3aHATHH.

B wmccnenoBaHMM NMPHUMEHSUIMCH OJHO-TPYHIIOBOM Pa3BEOYHBIN [HM3aliH, aHKETUPOBAHHE, AHAIN3 IPOIYKTOB
y4eOHOM JeATeNIbHOCTH CTYIACHTOB M KadeCTBEHHbIE METOABL. Pe3ynbpTaThl IMOKa3alM INPEHMYIIECTBEHHO
MOJIOXKUTEJIbHBIE YPOBHH CAaMOOLIGHKH IHM(DPOBBIX, METOAMYECKHX U NPO(ECCHOHAIBHBIX YMEHUH CTYIEHTOB.
KonnuecTBeHHbIE TaHHBIE BBIABMIM MpeoOiaJaHWE ypPOBHEH «XOPOIIMH» M «OYEeHb XOPOIIWiD» MO OOIBUIIMHCTBY
IoKa3artesield, a KaueCTBEHHBIN aHaMM3 yKa3zal Ha (OpMHpOBaHHE Pe(IEKCHBHOTO W IEJaroruuyeckd 000CHOBAHHOTO
IT0JIX0/1a K MCTIOJIb30BAaHHIO HCKYCCTBEHHOTO HHTEIUIEKTa B 00yUEeHUH XUMUH.

[TosryueHHbIe Pe3yIBTATHI CBUACTENHCTBYIOT O MOTEHIMAILHON 00pa30BaTeIbHON IEHHOCTH U IIeJIECO00pa3HOCTH
MHTETpaluy KypcoB, OPUEHTHPOBAHHBIX HA MCKYCCTBEHHBIH MHTEIJIEKT, B CHCTEMY IPO(ECCHOHAIBHOM MOIrOTOBKH
OyIynMx yuuTesneil XUMUH B YCJIOBHSIX IIM(poBOH TpaHcopmannyu oO6pa3oBaHusl.

Kniouegvie cnosa: NCKycCTBEHHBIN MHTEIUIEKT, XUMUYECKOe 00pa3oBaHue, Oyayle yInTeast XMAMAH, TPaMOTHOCTh
B 00J1aCTH UCKYCCTBEHHOT'O MHTEIUIEKTa, IU(POBAsT KOMIIETEHTHOCTh, TEXHOJIIOIMYECKOE TIeJ[arornieckoe IMpeIMeTHOe
3nanue (TPACK), npodeccnonanbuas moaAroToBka.

Appendix
Al. Closed questions (10 questions)
The answers were evaluated on a scale from 0 to 100 points and interpreted as follows:
0-49 — low level,
50-64 — average level,
65-84 is a good level;
85-100 is a very good level.
When analyzing the results, the indicators «good» and «very good» were considered as a positive result (100%).
Closed questions of the questionnaire
1. Evaluate your proficiency with Al tools (ChatGPT, Gemini) to prepare training materials.
2. How much has Al helped you better understand chemical processes and concepts?
3. Evaluate your chemical material visualization skills after completing the course.
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4. How capable are you to create digital educational products (videos, visualizations, scripts) on your own?
5. How consciously do you choose Al tools depending on the learning task?

6. To what extent did the course help you understand the pedagogical possibilities of using Al in chemistry?
7. Evaluate your willingness to use Al when preparing school chemistry lessons.

8. To what extent has the use of Al contributed to the development of your critical thinking?

9. To what extent do you take into account the didactic purpose when using digital tools?

10. To what extent did the course affect your professional confidence as a future chemistry teacher?

A2. Open questions (5 questions)

1. Which Al tool has proved to be the most useful for you and why?

2. Describe how using Al has changed your understanding of chemistry teaching.

3. What difficulties have you encountered when working with Al tools?

4. To what extent do you think the materials you have created are applicable in school practice?
5. What professional and digital skills did you develop during the course?
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