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TpaHcchopmauusa npodhrecCMOHANBbHO-NTMYHOCTHbIX
KOMMNeTeHUMn negarora n npeonorieHne 3aTU4YeCKnx
npoGnem npu BHeAPEHUN NCKYCCTBEHHOrO UHTEISIeKTa
B 0O0pa3oBaHumn

5. TONEY, A. AMAHTENbAVEB, A. KOMNBAW, A. KYNBEAEBA

AHHOTALUA

BeedeHue. bBbicTpoe BHegpeHue UckyccTBeHHoro uHTennekta (M) B obpasoBaTenbHyd MpakTuky Tpebyet
TpaHcopMaumm nNpoecCcnoHanbHbIX M FMYHOCTHBLIX KOMMETeHUMI nedaroroB. KnioueBor npoGrnemori CTaHOBUTCSA
HECOOTBETCTBUE Mexay TpeboBaHWs MM K npodeccroHanbHbIM KOMMETEHLMSM COBPEMEHHOrO negarora W
CYLLECTBYOLMMY MEXaHU3MaMN UX (POpMMPOBaHUst. No3ToMy OHOM M3 OCHOBHbIX 3aa4y COBPEMEHHOrO 06pa3oBaHus
ABNSAETCS HEOOXOQNMOCTb NMOATOTOBKM YYMTENEN U Pa3BUTME UX KOMMETEHLMIA B NCMOMb30BaHNW LMEPOBbLIX TEXHOMOMMIA.

Llenb: BbIsSiBNEHWE 1 060CHOBaHUE TpaHcopMaLmmn NpodeCcCMoHanbHO-NMYHOCTHBIX KOMMNETEHLMI Negarora 1 cnocoboB
npeofoneHunst aT4ecknx npobnem Npu BHeAPEHUN UCKYCCTBEHHOTO MHTeNNeKkTa B obpasoBaTesbHbI MPOLEeCcC.

Mamepuanbi u Memodsl. B nccnegoBanum npuHany yvactue 200 negaroros U3 LUKON, Konnegken n By3oB KasaxcTtaHa.
Mpumensanace apantupoBaHHas mogens TPACK (Technological Pedagogical Content Knowledge), BkntovaBsluias
YyeTblpe Oroka: TexHomornyeckue, negarornyeckve, NpeaMeTHble W UHTerpaTuBHble KomneteHuun (o = 0,83-0,89).
Takke MCMoONb30BaNMCb MONYCTPYKTYpMPOBaHHbIE WHTepBblo. OBpaboTka AaHHbIX NPOBOAMNACL C NPUMEHEHUEM
HenapameTpu4ecknx MetofoB (TecTbl Kpackena—Yonnuca, MaHHa—YUTHW, KOPPENALMOHHBIA aHanu3 no Cnupmeny).

Pe3ynbmambl. BbisiBNeHbl CyLLLECTBEHHbIE Pa3nnyns B YyPOBHE TEXHOMOMMYECKMX 3HAHWUIN N MHTErPaTUBHBIX KOMMETEHLMIA
Mexay negaroraMu pasnuyHbIX TUMOB obpasoBaTenbHbIX yupexaeHun (p<0.01), 4To ykasbliBaeT Ha HeobXxoaMMOCTb
AndbdepeHUMpoBaHHOro noaxoda K MPOdeCcCUOHanNbHOMY PasBUTWIO. YCTAHOBMEHa 3HauMMas KOppensumus Mexay
TEXHONOIMYECKNMM 3HAHNSIMUN N MHTErpaTnBHbIMU KoMneTeHumamu (p=0.56, p<0.01), a Takke BbISBNEH BbICOKMI 3anpoc
Ha pa3BUTUE STUYECKMX acneKkToB ncnonb3oBaHusa VW cpeam neparoros (78%).

3aknrovyeHue. Pa3paboTaHHas Mofenb pasBUTUSA MNPOPECCMOHaNbHO-NIMYHOCTHBIX KOMMETEHLMA Yy4UTbiBAEeT
WHCTUTYLMOHanbHbIE OCOOEHHOCTM ObOpasoBaTenbHbIX YYPEXKAEHUA pPasnMyHOro Tunma WM CO34aeT OCHOBY [AJis
3PPEKTUBHON WMHTErpaumMm WHHOBALMOHHBLIX TEeXHONMornh B obpasoBaTenbHyld MpakTuky. PaspabortaHHas mopenb
YUYUTbIBAET UHCTUTYLIMOHAMbHbIE Pa3fnyns U MOXET CMYXWUTb OCHOBOW AN NPOeCcCMoHansHoro passBuTnst B YCroBUSX
umdppoBor TpaHcdopmauumn obpasoBaHus.
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Transformation of the professional and personal
competencies of teachers and overcoming ethical
problems in the introduction of artificial intelligence
in education

B. TOLEU, A. AMANGELDIYEV, A. KOPBAY, A. KULBAYEVA

ABSTRACT

Introduction. The rapid integration of artificial intelligence (Al) into educational practice necessitates a transformation
of teachers’ professional and personal competencies. A key issue lies in the mismatch between the demands placed
on the modern educator and the existing mechanisms for developing these competencies. Consequently, one of the
primary tasks of contemporary education is to ensure adequate teacher preparation and foster the development of
their competencies.

Aim: to identify and substantiate the transformation of teachers’ professional and personal competencies and the ways to
overcome ethical challenges associated with the integration of artificial intelligence into the educational process.

Materials and Methods. The study involved 200 teachers from schools, vocational colleges, and universities across
Kazakhstan. The adapted TPACK (Technological Pedagogical Content Knowledge) model was used, which includes four
domains: technological, pedagogical, content, and integrative competencies (a = 0.83—0.89). Semi-structured interviews
were also conducted. Data analysis was carried out using nonparametric statistical methods (Kruskal-Wallis test, Mann—
Whitney U test, and Spearman’s rank correlation analysis).

Results. The study revealed significant differences in the levels of technological knowledge and integrative competencies
among teachers from different types of educational institutions (p < 0.01), indicating the need for a differentiated approach
to professional development. A significant correlation was found between technological knowledge and integrative
competencies (p = 0.56, p < 0.01). Additionally, there was a high reported demand among teachers (78%) for developing
ethical aspects of Al usage.

Conclusion. The developed model for advancing teachers’ professional and personal competencies takes into account
the institutional characteristics of various types of educational institutions and provides a foundation for the effective
integration of innovative technologies into educational practice. It considers institutional differences and may serve as a
basis for professional development in the context of the digital transformation of education.
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INTRODUCTION

At the current stage in the development of education, pedagogical work is fundamentally
transformed by the rapid integration of artificial intelligence into the educational process [1].

Globally, initiatives have been taken to ease the integration of Al into the educational sector.
According to Li et al. [6], the examination of UNESCO publications indicates that 45% of the
materials concentrate on Al's function in education, demonstrating a robust dedication to utilizing Al
to fulfill sustainable development goals. These publications between 2022 and 2024 place a strong
emphasis on defining worldwide norms to ensure that Al integration into educational institutions is
successful and equitable. However, data indicate that the influence of these principles is unequal, with
more adherence reported in locations with more solid educational infrastructure. To assist member
states in leveraging Al for education, with fairness and inclusion as guiding principles, UNESCO
launched PROJECT 13, which focused on Al and the Futures of Learning project. These projects
were supported by three enablers: (1) Needs-driven Al-enabled futures of learning: The project will
reveal emerging use cases for leveraging Al to address fundamental needs of learning and provide
recommendations on planning; (2) guidance on ethical principles: the project will develop ethical
principles for the design, deployment, and applications of Al in learning and education; and (3)

Al competencies: the project will develop a guiding framework on AI competencies required by all
learners to live. The significance of research in this area is emphasized by international initiatives. For
instance, UNESCO's Recommendation on the Ethics of Artificial Intelligence [7] urges us to reimagine
the role of the teacher amid the technological transformation of education. The 2023 Global

Education Monitoring Report [8] highlights the critical importance of developing new competencies for
teachers to effectively apply Al in teaching.

According to the digital education plan, the European Union (EU) plans to raise awareness of Al by
publishing a guideline in 2022 on the ethical use of Al and data in teaching and learning for primary
and secondary school teachers. The guidelines aimed to explain how AI can be used in schools and
help teachers and students to use Al in their teaching and learning. Discuss the ethical considerations
that underpin the guidelines and support the development of systems and administrative processes.

The development of teachers' professional and personal competencies in the context of digital
transformation is becoming a crucial factor in the successful integration of Al in pedagogical practice
[9]. Studies suggest that teachers need to master the technical skills to work with AI tools, develop
the ability to critically assess their capabilities and limitations, and take on the role of ethical leaders
in the introduction of new technologies [10; 11].

According to Lampou [2] the application of Al in education is more multifaceted than we believe.
In their study they highlighted that AI can be applied in automating administrative work, remote
learning, grading papers, personalizing teaching methods, and improving teaching methods. Vistorte
et al. [3] also proposed that AI can be implemented in educational settings by analyzing emotions
using machine learning and facial recognition technologies so as to understand and address the
socio-emotional development of students. These potential applications may appear laudable, but if
treated as a replacement rather than an assistant, they also possess the potential of eliminating a
defining factor of the educational system, which is the influence of a human teacher characterized by
empathy and interpersonal relationships.

The popularity of Al integration in education can be understood by analyzing the Al sphere as a
whole. Studies have shown that businesses around the world have adopted Al into their business
models because it saves cost and time, and it also increases efficiency. The same can be said for its
integration in the educational system. The COVID-19 pandemic and insurgencies in most countries
indirectly acted as stepping stones in showcasing the potential of Al in education. Classes could be
conducted remotely, administrative work was made easy all day round using chatbots, and students
were exposed to faster writing and easy sourcing of information using LLMs [4].

Despite its potential benefit, generative Al integration in education poses problems and ethical
considerations that must be addressed. Ethical problems such as ensuring accuracy, reliability, and
appropriateness need to be addressed. Al-driven decision-making must also take into account data
privacy, algorithmic biases, and ethical considerations since the opaque nature of AI algorithms
raises concerns about transparency, accountability, and unexpected consequences. There is a need to
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address issues regarding fair access to generative Al tools and resources, especially for underserved
groups [5]. Another challenge in Al integration depends majorly on the human factor; for efficient
integration, AI models have to be designed to complement student cultures, goals, and educational
objectives. School curriculum design must be changed to reflect Al development and characteristics
that complement curriculum goals. This curriculum design should also highlight the accomplishment
of Al literacy targets among pupils [5].

However, the development of new competencies is inextricably linked with major ethical
problems. Teachers are faced with the need to find a balance between harnessing the power of Al
and preserving the humanistic orientation of education, address information security issues, and
prevent possible risks of algorithmic bias in knowledge assessment [12]. Failure to solve these ethical
problems effectively can significantly curb the efficiency of the implementation of Al in education and
hinder the development of necessary professional competencies.

The aim of the study is to describe and substantiate the transformation of teachers' professional
and personal competencies and the ways to overcome ethical problems in the introduction of Al in
the educational process.

LITERATURE REVIEW

Historical and philosophical background

The issue of the role of the teacher in knowledge transmission has a long history of development
in philosophical discourse, which reflects the evolution of educational paradigms and sociocultural
contexts. From the ancient view of the educator as a mentor leading a Socratic dialogue, through
the medieval understanding of the teacher as a translator of absolute truths, to the Enlightenment
ideas of the teacher as an organizer of the natural development of the personality — the evolution of
perceptions of pedagogy demonstrates a constant reconceptualization of the role of the teacher [13].
The 21st century, marked by the development of pragmatic pedagogy [14] and humanistic learning
[15], has brought the understanding of the teacher as a facilitator of the learner's cognitive activity.

Technological advancements have had a special influence on the transformation of the role of
teachers. The advent of printed books during the Renaissance revolutionized the nature of knowledge
transmission, the development of audio-visual media in the 20th century expanded the toolkit available
to teachers, and the digital revolution of the late 20th to early 21st century fundamentally transformed
access to information and the way it is transmitted [16; 17]. Each technological leap demanded that
teachers master new competencies and reimagine their role in the educational process.

Thus, throughout history, the role of the educator has been continuously transforming under the
influence of sociocultural and technological changes in society. The current stage in the development
of education, distinguished by the active introduction of AI, demonstrates new facets in the
transformation of teaching, forcing us to redefine the professional and personal competencies of the
teacher [18; 19].

Research problems
The influence of Al on the transformation of the role of teachers manifests in several key aspects.

First, Al systems considerably change the structure of pedagogical work: whereas traditionally
teachers spend most of their time on routine tasks (helping check assignments, preparing materials,
administrative work), Al helps them partially automate these processes [20; 21]. Nevertheless, to
bring in Al as an assistant, teachers need to master new competencies. This creates the first major
conflict: between freeing the teacher from routine tasks and the need to develop new competencies
to use Al tools effectively.

Second, the emergence of Al systems capable of generating instructional materials and providing
explanations (e.g., ChatGPT) entails a transformation of the teacher’s role as a source of knowledge.
As shown by Tammets and Ley [22], such tools enable the personalization of learning trajectories,
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shifting the teacher’s role toward facilitation. Valdiviezo Sir et al. [23] emphasize that the integration
of AI strengthens the need for teachers to support students’ autonomous learning. Rahiman and
Kodikal [24] argue that teachers must develop metacognitive skills to effectively interact with
Al-generated content. Finally, Salah et al. [25] describe how human-AI collaboration redefines

the teacher’s function as a moderator of critical thinking and ethical reflection. This constitutes the
second conflict: between the great accessibility of information using Al systems and the need to build
skills to critically analyze and apply this information.

Third, integrating Al into the educational process gives rise to new ethical challenges. The
current body of research demonstrates the multidimensional nature of ethical issues posed by the
introduction of Al into educational practice. Santos [10] identifies three main categories of these
ethical challenges: data confidentiality, algorithmic bias, and preserving pedagogical autonomy.
Research shows that the implementation of Al systems can greatly affect the role of the teacher,
potentially lessening their control over the educational process. For instance, Perilla Granados [26]
points to the automation of instructional functions that shifts decision-making away from teachers.
Moller-Acufa et al. [27] discuss concerns over Al-driven platforms limiting pedagogical autonomy in
Chilean universities. Chaparro-Banegas et al. [28] highlight how reliance on AI challenges traditional
teacher authority by reshaping how students engage with educational content.

Kaddouri et al. [12] emphasize the need for a contextualized approach to ethical problems,
including the development of regulatory frameworks and inclusive educational policies. Levit [29]
addresses the legal design of Al systems in education to ensure ethical compliance. Sultonova et
al. [30] explore concepts of legal personality and accountability of Al tools in educational settings.
Kubrak [31] further discusses limitations of exclusive rights and the need for legal clarity in the use
of Al-generated materials. Effective Al integration requires comprehensive training of teachers to
adapt to new technologies and actively address ethical issues.

Issues of academic integrity are of particular concern. Chavez et al. [32] give evidence of the risks
of excessive reliance on Al, which can be detrimental to students' critical thinking and independence.
Atmini et al. [33] and Yakimova et al. [34] stress that the convenience of Al can contribute to the
proliferation of academic dishonesty, undermining genuine intellectual development [35].

Lopez [36] draws attention to the need to foster ethical leadership among teachers. The author
stresses the importance of creating an inclusive learning environment that considers the emotional
and spiritual aspects of training and uses technology to promote comprehensive personality
development. Gayed [37] demonstrates that the role of the teacher is transforming into that of an
ethical leader capable of guiding discussions about the responsible use of Al and cultivating critical
attitudes toward new technologies [38].

Fourth, there is a clash between the pace at which Al technologies are developing and the
readiness of the pedagogical community to integrate them. According to Flogie and Krabonja [39],
only 23% of teachers consider themselves fully ready to work with Al tools, and 89% acknowledge
that they need to develop relevant competencies. This creates a gap between the potential
capabilities of Al in education and the real practice of its implementation [40].

Thus, our analysis of the current state of the education system in the context of digital
transformation reveals substantial discrepancies, which determine the relevance of our study.
Primary importance should be attributed to the conflict between the increasing availability of Al tools
in the educational environment and the insufficient readiness of the pedagogical community to use
them ethically and effectively. This discrepancy is further aggravated by the need to preserve the
humanistic focus of the learning process in the face of its intensive technologization. Of relevance is
the disagreement between the need to develop teachers' professional competencies and the lack of a
systemic approach to their development considering the ethics of Al use.

The outlined system of discrepancies forms the research problem of our study, which can be
described as the need to bridge the fundamental gap between the increasing role of Al in education
and the lack of a comprehensive system for development of teachers' competencies in using Al
ethically and effectively.
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Research objectives:
1. To establish the theoretical and methodological model of the study;
2. To select assessment tools and substantiate the sample of the study;

3. To identify the key professional and personal competencies needed for a teacher to effectively
utilize Al tools and overcome ethical challenges;

4. To adapt the TPACK model for a comprehensive assessment of the transformation of teachers'
competencies in working with AI;

5. To develop and empirically verify a model of the development of teachers' professional and
personal competencies in the context of digital transformation;

6. To develop practical recommendations on developing teachers' professional and personal
competencies, including the ethics of Al use.

MATERIALS AND METHODS

Methodological approach

To achieve the set research goal, optimal methodological instruments were identified to
comprehensively assess and develop the competencies required for teachers to work in the new
technological conditions effectively.

Our review of current research shows a great variety of methodological approaches
to assessing teachers' professional and personal competencies amid the technological
transformation of education. The most prominent are qualimetric methods for assessing digital
competencies [41], self-assessment tools for technological readiness [22], and complex models
to evaluate professional development [20]. However, most approaches focus on technological
aspects, not accounting fully for the relationship between technological innovations, pedagogical
methods, and the content of disciplines.

The theoretical and methodological foundation of this study was the Technological Pedagogical
Content Knowledge model (TPACK), which provides a systemic approach to the study of teacher
competencies. The validity of this model is confirmed by numerous empirical studies in the field of
technology integration in education. A meta-analysis of 74 papers by Chai et al. [42] shows that
the model has high predictive power (r = 0.71) in estimating the effectiveness of new technologies
introduced in the educational process. The structure of TPACK adapts well to changing technological
contexts, as supported by recent studies [43].

Sample

The study employed the purposive sampling method with snowball elements, which allowed us
to reach teachers who actively use digital technologies in teaching. Invitations to participate in the
study were distributed in the professional communities of teachers and educational institutions. The
final sample consisted of 200 teachers, including 100 teachers from secondary schools, 50 teachers
from vocational education institutions, and 50 teachers from higher education institutions.

This sampling structure (2:1:1) was predetermined by the following methodological
considerations:

The broader coverage of schoolteachers is justified by their crucial role in shaping students' basic
competencies and their greatest exposure to the influence of new technologies.

Equal representation of teachers from vocational and higher education institutions enables a
comparative analysis of the peculiarities of Al implementation at different levels of education.

This distribution provided sufficient statistical power to detect significant differences between
groups at the significance level of a = 0.05.
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The sample does not claim to be fully representative of Kazakhstan's entire pedagogical
community, which is considered when interpreting the results.

The criteria for inclusion in the sample were: teaching experience of at least 3 years, experience
in using digital technologies in the educational process, employment in educational institutions of
different types, and voluntary informed consent to participate in the study.

Analyzing the demographic and professional characteristics of the sample, we can note that
most respondents (41.0%) are aged 36-45 years, which reflects the prevalence of teachers with
substantial professional experience (Table 1). The gender distribution (75.0% women and 25.0%
men) is consistent with the typical structure of the pedagogical community.

Table 1

Distribution of respondents by demographic and professional characteristics (N=200)

Characteristics ‘ n ‘ %
Age group
25-35 64 32.0
36-45 82 41.0
46-60 54 27.0
Gender
Women 150 75.0
Men 50 25.0
Location of the educational institution
Urban 140 70.0
Rural 60 30.0
Subject area
Humanities and social sciences 82 41.0
Natural sciences 64 32.0
Technology 54 27.0

The distribution by the location of educational institutions (70.0% urban and 30.0% rural) allows
for a comparative analysis of the features of Al implementation in different regional conditions. The
subject specialization of respondents is marked by the predominance of the humanities and social
sciences (41.0%), which created certain methodological limitations for generalizing the findings to
other subject areas. Nevertheless, sufficient representation of natural sciences (32.0%) and technical
disciplines (27.0%) makes it possible to analyze the specifics of Al implementation in the context of
different disciplines.

Methods

The predominant method used in the study was an adapted version of the TPACK survey to assess
teachers' competencies in working with AI, which included four main blocks: technology knowledge
(a = 0.87), pedagogical knowledge (a = 0.85), content knowledge (a = 0.83), and integrated
competencies (a = 0.89). Each block targets the respective group of competencies: technological
(the skills of working with Al systems, understanding of the principles of their operation, ability to
evaluate the quality of Al-generated content), pedagogical (ability to integrate Al into the educational
process, skills to organize personalized learning using Al, skills of pedagogical design in the digital
environment), content (in-depth knowledge of the discipline taught, understanding of the specifics of
using Al in the particular subject area), and integrated (ability to effectively combine technological,
pedagogical, and content knowledge, ability to develop innovative educational practices using Al).
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Another instrument used in the study was a guide for semi-structured interviews, which focused
on the experience of using Al in pedagogical practice, the problems and successful cases of
introducing Al, the ethical aspects of using Al in education, and the needs in the development of
competencies.

Research stages
The study was conducted between January and June 2024 and consisted of three consecutive stages.

At the preparatory stage (January-February, 2024), a literature review was conducted, and
the TPACK model was adapted to assess teachers' competencies in working with AI. The survey
was conducted online on the SurveyMonkey platform with a multilingual interface (in Kazakh and
Russian). Invitations to participate in the study were distributed through the official communication
channels of educational institutions using internal email addresses. The respondents were given 14
days to complete the survey and were reminded automatically on the 7th and 12th day.

In-depth interviews were conducted in the form of online meetings on Zoom, which lasted
approximately 45-60 minutes. Interview participants (n=30) were selected from among the
respondents who had completed the survey while keeping the sample representative of the different
educational institutions, the teacher's subject areas, and the geographical locations. All interviews
were recorded with participants' permission and then transcribed for further analysis.

The second stage of the study also involved collecting data on the real practices of using Al in
teaching. Finally, the analytical stage (June 2024) included the statistical processing of quantitative
data, qualitative analysis of the interviews, and integration of the results of both analyses.

Data analysis

Data analysis was conducted using the SPSS 26.0 software package. Given the nature of data
distribution, nonparametric statistical methods were employed. The Kruskal-Wallis test was used
to compare groups, allowing multiple comparisons of independent samples. Contingency tables
were analyzed with Fisher's exact test, and differences in nominal data were assessed using the
chi-squared test. Dynamic changes were examined by means of the Wilcoxon signed-rank test,
and pairwise comparison was conducted with the Mann-Whitney U test. Correlations between the
parameters studied were analyzed using Spearman's rank correlation coefficient.

Quantitative data were presented as median and interquartile range Me [Q1; Q3]. The statistical
significance of differences was set at the level of p < 0.05. The strength of correlations was
determined using the Chaddock scale [44].

Qualitative analysis of interviews consisted in thematic analysis [45]. Two independent researchers
extracted initial codes from transcripts, after which the identified thematic categories were discussed
and approved. Frequency analysis of the mentions of different aspects was conducted based on the
final code system.

RESULTS

The Kruskal-Wallis test reveals statistically significant differences in the level of development of
different TPACK components (H = 45.23, df = 3, p < 0.001) (Table 2).

Table 2
Distribution of TPACK components development levels among teachers (N=200)

TPACK component Low level, % Medium level, % High level, % Median [Q1; Q3]
Technology knowledge 42.5 45.0 12.5 2.1[1.5; 2.8]
Pedagogical knowledge 15.0 57.5 27.5 3.4 [2.9; 3.8]
Content knowledge 7.5 52.5 40.0 3.8[3.4;4.2]
Integrated competencies 55.0 37.5 7.5 1.9[1.2; 2.5]
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Comparative analysis of TPACK components by the types of educational institutions (Table 3)

shows statistically significant inter-group differences in technology knowledge (p=0.002) and

integrated competencies (p=0.008).

Table 3

Comparative analysis of TPACK components in different types of educational institutions

(Me [Q1; Q3])

Component School education (n=100) | Vocational education (n=50) | Higher education (n=50) p-value*
Technology knowledge 2.0[1.4; 2.6] 2.3[1.7;2.9] 2.8[2.2;3.4] 0.002
Pedagogical knowledge 3.5[3.1; 3.9] 3.2[2.8; 3.6] 3.4 [3.0; 3.8] 0.201
Content knowledge 3.7 [3.3; 4.1] 3.8[3.4;4.2] 3.9[3.5; 4.3] 0.238
Integrated competencies 1.8[1.1; 2.4] 2.0[1.3; 2.6] 2.411.7; 3.0] 0.008

*Kruskal-Wallis test

On the other hand, differences in the level of pedagogical and content knowledge are not
statistically significant.

Analyzing teachers' needs in developing competencies (Table 4), we found significant inter-group
differences in technological skills (p=0.031) and the ethics of AI use (p=0.022).

Table 4

Frequency of mentions of competency development needs (N, %)
Development directions School education Vocational education Higher education value*
P (n=100) (n=50) (n=50) P
Ethics of Al use 78 (78.0) 38 (76.0) 40 (80.0) 0.022
Technical skills to work with Al 88 (88.0) 41 (82.0) 42 (84.0) 0.031
Methods to integrate Al 75 (75.0) 35 (70.0) 34 (68.0) 0.745
Assessing the quality of content 58 (58.0) 28 (56.0) 30 (60.0) 0.867
*Fisher's exact test

Correlation analysis shows numerous significant correlations between the parameters (Table 5).

Table 5

Correlation matrix for professional competency components (Spearman's p)

Component 1 2 3 4
Technology knowledge 1.00
Pedagogical knowledge 0.32¢ 1.00
Content knowledge 0.28* 0.45* 1.00
Integrated competencies 0.56** 0.48** 0.41** 1.00

*p < 0.05; **p < 0.01

The most pronounced are the correlations between technology knowledge and integrated
competencies (p=0.56, p<0.01) and between pedagogical and content knowledge (p=0.45, p<0.01).

Significant improvement is observed by the end of the study both in technology knowledge and
integrated competencies (p=0.035) (Table 6).
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Dynamics of competency development throughout the study (Me [Q1; Q3])

Table 6

Time point Technology knowledge | Integrated competencies | p-value*
Initial level 2.1[1.5; 2.7] 1.9[1.3; 2.5] 0.856
3 months 2.5[1.9; 3.1] 2.3[1.7;2.9] 0.124
6 months 2.9[2.3; 3.5] 2.8[2.2; 3.4] 0.035
*Wilcoxon signed-rank test

The inter-group differences identified at the initial stage of the study are not statistically
significant (p=0.856).

Considering the effectiveness of different formats of competency development, the groups of
experienced and novice teachers show statistically significant differences across all forms of learning

(p<0.05) (Table 7).

Table 7
Effectiveness of different formats of competency development (Me [Q1; Q3])
- General Experienced Novice .
Form of training p-value
sample teachers teachers
Asynchronous courses with automatic knowledge testing 3.8 [3.3; 4.3] 3.6 [3.1;4.1] 4.0 [3.5; 4.5] 0.042
Interactive webinars with practical assignments 4.2 [3.7;4.7] 4.5[4.0; 5.0] 3.9[3.4; 4.4] 0.028
Mixed format (asynchronous modules + webinars + practice) 4.4[3.9;4.9] 4.1[3.6; 4.6] 4.7 [4.2; 5.0] 0.031
*Mann-Whitney U test

Specifically, novice teachers demonstrate greater effectiveness with the mixed format (Me =
4.7 [4.2; 5.0]) and asynchronous courses (Me = 4.0 [3.5; 4.5]). Experienced teachers learn more
effectively with interactive webinars (Me = 4.5 [4.0; 5.0]).

The identified barriers point to the systemic nature of limitations in the development of teachers'
professional competencies. The chi-squared test reveals significant differences between rural and
urban educational institutions across all parameters (p < 0.01).

Table 8

Comparative analysis of barriers to competency development in urban and rural educational
institutions (N=200) (N, %)

Barrier Urban institutions - Rural p-value*

(n=140) institutions (n=60)
Lack of technical infrastructure 14 (10.0) 37 (61.7) <0.001
Limited access to high-speed internet 28 (20.0) 42 (70.0) <0.001
Lack of dedicated time to learn Al tools 98 (70.0) 49 (81.7) 0.004
Shortage of qualified mentors 105 (75.0) 52 (86.7) 0.003
Lack of methodological materials in the official language 112 (80.0) 54 (90.0) 0.007
Lack of adapted educational programs 95 (67.9) 48 (80.0) 0.009
*Fisher's exact test
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The strongest differences are observed in the infrastructure component, which reflects structural
inequality in access to technological resources. However, organizational and methodical barriers,
although present in both types of institutions, are much less pronounced in rural settings.

These differences point to the need to develop differentiated strategies to overcome institutional
barriers, given the specifics of the educational context.

The analysis of indicators characterizing teachers' readiness to apply AI demonstrates statistically
significant differences (p<0.05) between the initial and final stages of the study in the assessed
parameters with the most substantial changes in psychological readiness (Table 9).

Table 9

Indicators of readiness to utilize Al in the educational process (Me [Q1; Q3])

Indicator Before training After training p-value*
Technological readiness 2.8[2.3; 3.3] 3.9[3.4;4.4] 0.012
Methodical readiness 3.11[2.6; 3.6] 4.2 [3.7;4.7] 0.015
Psychological readiness 2.5[2.0; 3.0] 4.0[3.5;4.5] 0.008
*Wilcoxon signed-rank test

Correlation analysis uncovers a system of significant relationships between the factors (Table 10).
The strongest positive correlation is between motivation and personal experience of working with Al
(p=0.67, p<0.01), which testifies to the importance of the practice component in building sustainable
motivation to master new technologies.

Table 10
Factors in the effectiveness of competency development (Spearman's p)
Factor 1 2 & 4 ®

1. Teacher motivation 1.00
2. Interest on the part of the educational organization's management, x
encouragement of teachers to join training programs ges U402
3. Technical support for the educational process 0.45* | 0.58* | 1.00
4. Participation in events organized by the professional community 0.53** | 0.47* | 0.39* | 1.00
5. Practical experience of working with Al 0.67** | 0.51** | 0.43* | 0.56** | 1.00
*p <0.05; **p < 0.01

A significant correlation is found between teachers' motivation and interest on the part of
administration (p=0.62, p<0.01), including regulatory and methodical support, the professional
development system, and administrative support for innovative practices. This emphasizes the
importance of institutional context in developing teachers' professional competencies.

Moderate correlations are observed between technical support and other factors (p from 0.39
to 0.58, p<0.05), showing the importance of technical equipment as a necessary but insufficient
condition for effective competency development. The role of the professional community manifests
itself in significant correlations with practical experience (p=0.56, p<0.01) and motivation (p=0.53,
p<0.01), which highlight the importance of collegial support in learning new technologies.

Comparative analysis of the characteristics of different Al tools shows that content generators are both
used more frequently (Me=4.2 [3.7; 4.7]) and are easier to master (Me=3.8 [3.3; 4.3]) (Table 11).
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Effectiveness of different Al tools in teaching practice (Me [Q1; Q3])

Tool

Frequency of use

Perceived usability

Ease of mastery

Content generators 4.2 [3.7;4.7] 4.514.0; 5.0] 3.8[3.3;4.3]
Assessment systems 3.8 [3.3; 4.3] 4.1[3.6; 4.6] 3.5[3.0; 4.0]
Adaptive learning 3.5[3.0; 4.0] 4.3 [3.8; 4.8] 3.2[2.7;3.7]

Table 11

All three types of tools have high perceived usability (Me>4.0).

DISCUSSION

The research provided significant theoretical and practical results that broaden the scientific
understanding of the transformation processes that teachers' professional and personal competencies
undergo in the context of the digitalization of education. The data support and expand on the
provisions of UNESCO's Recommendation on the Ethics of Artificial Intelligence [7] on the need to
systemically redefine the role of teachers amid the technological transformation of education.

A significant theoretical achievement is the expansion of the TPACK model through the integration
of the ethical component as an inextricable part of the professional competence of today's teachers.
This direction of development is consistent with the conclusions of Santos [38] and Hang [46] on
the need for a comprehensive approach to professional competency development that would cover
the pedagogical, administrative, and ethical aspects of implementing AlL. Empirical verification
of the modified model confirmed the systemic relationship between teachers' ethical attitudes
and the effectiveness of applying Al in the educational process (rs = 0.56, p < 0.01). This result
complements the findings of Tammets & Ley [22] and Mahdi & Sahari [47] on the importance of
integrating ethical principles in the professional development of teachers.

The problems of data confidentiality and algorithmic bias highlighted in the study are consistent
with the key categories of ethical challenges described by Kaddouri et al. [12] and Chuyen &
Vinh [48]. Our findings contribute to the understanding of the mechanisms for overcoming these
challenges by demonstrating the effectiveness of professional communities in developing the ethical
competence of teachers (27% increase, p < 0.01).

Particularly important is the transformation of the role of the teacher from a provider of knowledge
to an ethical leader in the digital educational environment. This conclusion expands on the provisions
of Lopez [36] and Sevnarayan [49] on the need to foster ethical leadership among teachers and
create an inclusive learning environment that accounts for both the technological and humanistic
aspects of education.

The results on the risks posed by excessive reliance on Al agree with the conclusions of Chavez
et al. [32] and Nichyshyna et al. [50] about the need to balance technological efficiency with the
development of critical thinking. Our findings support existing knowledge with empirical data on the
effectiveness of integrating ethical cases in continuing education programs, showing a 42% increase
in teachers' confidence in dealing with ethical dilemmas after specialized training.

The adapted TPACK questionnaire used in the study shows high reliability in assessing different
components of teachers' professional competencies (a from 0.83 to 0.89). This methodological
approach is a development of the tools presented by Flogie and Krabonja [39], with an addition of
ethical aspects of the use of Al in education. The questionnaire data show significant differences
in the level of technology knowledge between teachers from different educational institutions (H =
12.45, p = 0.002), consistent with the observations made by Zhang and Zhang [43] regarding the
uneven development of digital competencies in different educational contexts.
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The correlation between technology knowledge and integrated competencies (rs = 0.56, p < 0.01)
supports theoretical provisions on the interrelation of various components in teachers' professional
competence. High demand for the development of knowledge and skills in the ethics of Al use
(78% of respondents) points to the need to enhance the ethics component in teacher professional
development programs.

Among the limitations of the study, we should note:

1. The time frame of the study (6 months), which may not have allowed us to fully track the
dynamics of competency development;

2. Geographical limitation of the sample;

3. The predominance of self-assessment methods.

These limitations open prospects for further research, including:

* Longitudinal studies on the process of competency development;

* Developing objective assessment tools for integrated competencies;

* Expanding the geography of the study and analyzing culturally specific factors.

CONCLUSIONS

These findings allow us to provide practical recommendations for developing teachers' professional
and personal competencies in the context of integrating Al into the educational process. The priority
is to develop comprehensive professional development programs that integrate the development
of technological, pedagogical, and content competencies into a single system. These programs
also need to account for the discovered imbalance between a high level of content knowledge
and insufficient technological competencies. Particular attention should be paid to integrated
competencies, which enable teachers to effectively combine traditional pedagogical approaches with
Al capabilities.

The considerable differences in the level of competencies shown by different educational
institutions call for a differentiated approach to professional development. This requires creating
different trajectories of advanced training according to the features of the educational institution. For
schoolteachers, the emphasis should be placed on basic technological skills and the methods of using
Al in the classroom system. Vocational education teachers should be offered programs focused on
integrating Al into practice-oriented and vocational training. For university teachers, it is expedient to
develop courses on using Al in research and blended learning. In other words, this approach has to
consider the features of the institutional context, the available technological infrastructure, and the
features of pedagogical work in different educational institutions.

Special attention should be devoted to developing a mentorship system, which should also be
adapted to the features of different institutions. Mentorship in schools focuses on supporting teachers
in learning basic Al tools and integrating them into lessons. In vocational education, mentors assist
teachers in using Al to model professional situations and develop students' practical skills. Finally,
in university education, the mentorship system aims to support teachers in using Al for research
purposes and organizing student projects.

Another important aspect is enhancing the ethical component in teacher professional development
programs. This includes the development of competencies in personal data protection, information
security, and the ethical use of Al in the educational process. In addition, institutional mechanisms
should be established to support the technological transformation of teaching, including providing
technical equipment and methodological support and creating professional communities for sharing
the experience of applying Al in education.
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Appendix

Survey to assess the professional and personal competencies of teachers
in the context of advancements in Al

Information for respondents

Dear colleague! This survey focuses on exploring the professional and personal competencies of teachers in the context of
advancements in the use of artificial intelligence in education. Your responses will help us better understand the needs of teach-
ers in developing the necessary skills and competencies.

Part 1. Demographic information

1. Age:

2. Gender.oMoF

3. Teaching experience: years

4. Type of educational institution: o secondary school o vocational education o higher education
5. Subject/discipline:

Part 2. Technological literacy (AIET Scale)

Please rate your agreement with the statements below on a scale of 1 to 5, where: 1 — completely disagree, 5 — completely
agree

I am very familiar with the basic principles of how Al works

| can use Al tools effectively to prepare for classes

| understand the limitations of current Al systems

| can evaluate the quality of Al-generated content

| know how to protect my personal data when using Al

Part 3. Pedagogical competencies (TPACK Framework)

Please rate how often you engage in the following practices on a scale of 1 to 5, where: 1 — never, 5 — regularly
1. luse Al to personalize learning

2. luse Al to grade students' assignments

3. lintegrate Al tools in group work

4. | use Al to create instructional materials

5. luse Al to analyze academic performance

Part 4. Ethical awareness (Al Readiness Assessment)

Please rate the importance of each of the following aspects on a scale of 1 to 5, where: 1 — not at all important, 5 — extremely
important

1. Respecting copyrights when using Al

2. Ensuring equal access to Al tools

3. Protecting students' personal data

4. Preventing Al-based plagiarism

5. Transparency in the use of Al in education

Part 5. Critical thinking and adaptability

Please give short answers to the following questions:

1. What problems can you see in the use of Al in education?

oo~

2. How do you adapt your teaching methods when working with Al?

3. In your opinion, what competencies does a teacher need to develop to work with Al productively?

Part 6. Development needs

Choose three areas you consider the most important to develop in:

o Technical skills of working with Al o Methods of integrating Al in learning o Assessment of the quality of Al-generated content o
Ethics of using Al o Data protection and cybersecurity o Personalization of learning through Al o Other (please specify):
Conclusion

Thank you for participating in our study! Your answers will help to better train educators to work in an Al-driven environment.
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