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Abstract

This study investigates the effects of generative artificial intelligence (GenAI) tools on the professional com-
petency development of higher education teachers. A mixed-methods design was employed, combining
a quasi-experimental approach with semi-structured interviews. A total of 186 university teachers from
Uzbekistan participated in the study. Results indicated that GenAlI integration significantly enhanced teach-
ers’ Technological Pedagogical Content Knowledge (TPACK) scores (p < .001), with notable improvements
in digital competencies and self-efficacy levels. Qualitative data revealed that GenAlI tools facilitated lesson
planning, personalized instruction, and assessment optimization. However, concerns regarding ethical is-
sues, academic integrity, and over-reliance on Al were also identified. The study proposes a GenAI-TPACK
pedagogical model and provides practical recommendations for teacher preparation programs in higher ed-
ucation contexts.

Key words: generative artificial intelligence, ChatGPT, teacher professional competencies, TPACK, digital
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Introduction the field of education. The launch of ChatGPT in
November 2022 sparked widespread discussion and
research in educational systems worldwide (Lim

In recent years, artificial intelligence technologies ) o
et al., 2023; Chan Hu, 2023). Generative artificial

have been bringing revolutionary changes to
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intelligence (GenAl) tools have the potential to
support teachers in creating instructional materials,
organizing personalized learning, and developing
assessment mechanisms (Qadir, 2023; Chiu, 2024).
However, the impact of these technologies on
teachers’ professional development has not
yet been fully explored.Teachers’ professional
competencies constitute a complex system that
includes subject knowledge, pedagogical skills,
and intercultural competencies (Smolikevych,
2019). As Al and GenAl capabilities expand, some
competencies evolve while others emerge anew
(Wang et al., 2023). The Technological Pedagogical
Content Knowledge (TPACK) framework developed
by Mishra and Koehler (2006) serves as an
essential theoretical foundation for integrating
technology into education. Nevertheless, the unique
characteristics of GenAl—autonomous content
generation, real-time adaptability, and ethical
challenges—necessitate a re-examination of the
traditional TPACK framework (Celik, 2023; Chiu
Rospigliosi, 2025).Currently, numerous studies are
being conducted on integrating GenAl tools into
education. Mai et al. (2024) examined the strengths
and weaknesses of using ChatGPT through a
systematic review. Moorhouse and Kohnke (2024)
analyzed language teachers’ experiences of using
GenAl tools for professional development. However,
empirical studies investigating the complex impact
of GenAI on higher education teachers’ professional
competencies remain scarce. Such research is
particularly absent in the Central Asian context.The
purpose of this study is to comprehensively examine
the effects of GenAlI tools on the professional
competency development of higher education
teachers. The research addresses the following
questions: (1) How does GenAl integration affect
teachers’ TPACK levels? (2) How does the use
of GenAl tools influence teachers’ self-efficacy
and digital competencies? (3) How do teachers
perceive GenAl tools and what challenges do they
encounter in professional practice? By answering
these questions, the study contributes to developing
GenAl-based teacher preparation programs.

Theoretical Framework and Literature Review

The TPACK framework explains the
interrelationship of teachers’ technological,
pedagogical, and content knowledge. The AI-
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TPACK framework developed by Ning et al. (2024) is
specifically designed for integrating GenAl tools into
education. This framework encompasses five core
components: AlI-Technological Knowledge (AI-TK),
Al-Technological Pedagogical Content Knowledge
(AI-TCK), AI-Technological Pedagogical Knowledge
(AI-TPK), and Ethics (Celik, 2023; Hava Babayigit,
2024). Teachers’ Al literacy—understanding the
technical and ethical aspects of Al systems—and
Al competency—the ability to apply AI practically
and ethically—serve as fundamental pillars of
this framework.Digital competence remains a
21st-century requirement for teachers. Tondeur
et al. (2023) developed the HeDiCom framework
for higher education teachers, encompassing
four dimensions: teaching practice, empowering
students for a digital society, professional
development, and organizational aspects. Basilotta-
Gomez-Pablos et al. (2022) analyzed research on
higher education teachers’ digital competencies
through a systematic literature review and found
that most teachers rate their digital competencies
at low or medium levels.Teachers’ self-efficacy
plays a crucial role in technology adoption and
integration. According to Bandura’s social cognitive
theory, self-efficacy levels influence a teacher’s
willingness to experiment with and apply new
technologies in education. Mante et al. (2025), in
a study conducted in Ghana, examined the impact
of GenAl on teachers’ professional competencies
and found that while moderate GenAlI use enhances
professional learning, excessive reliance negatively
affects self-regulated engagement and professional
values.

Methods

Research design

A mixed-methods design was employed in this
study. Based on the convergent parallel design
recommended by Creswell and Clark (2017),
quantitative and qualitative data were collected
in parallel, analyzed separately, and the results were
integrated. The quantitative component included
a quasi-experimental pretest-posttest design,
while the qualitative component consisted of semi-
structured interviews and document analysis. This
approach enabled comprehensive understanding of
the phenomenon and cross-validation of findings
(Ivankova Stick, 2007).



Participants

Atotal of 186 teachers from four higher education
institutions in Uzbekistan participated in this study.
Participants were recruited through convenience
sampling. The sample consisted of 58% females and
£42% males. Age distribution was as follows: 25-35
years (34%), 36-45 years (41%), and over 46 years
(25%). Teaching experience: less than 5 years (28%),
5-15 years (47%), and more than 15 years (25%).
Teachers represented various disciplines: natural
sciences (32%), social sciences and humanities
(38%), and technical sciences (30%). For interviews,
24 teachers were purposively selected.

Table 1

Demographic Characteristics of Participants (N =156

Characteriztic n %o

(Gender

Femala 108 381

Mdale T8 415
Age group

25-35 years 63 358

36-45 years T8 405

46+ years 47 252
Teaching experience

Leass than § years 52 28.0

3-15 years 37 468

More than 15 years 47 252
Dizciplins

MNatural sciences 60 323

Social sciences & humanitie 70 i3

Tachnical sciencez 36 301

Intervention Program

A 12-week professional development program
on GenAl integration was designed for teachers.
The program was structured based on the
TPACK framework and consisted of three main
phases: (1) introduction to GenAl technologies
and development of basic skills (weeks 1-4), (2)
integration of GenAl tools into pedagogical practice
(weeks 5-8), and (3) practical projects and reflection
(weeks 9-12). Each phase combined theoretical
sessions, practical workshops, and independent
work. Teachers learned to use ChatGPT, Claude,
and other GenAI tools.Throughout the program,
teachers practiced using GenAl tools for creating
lesson plans, preparing assessment materials,
organizing personalized instruction, and enhancing
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student interactions. Each session lasted 3 hours,
totaling 36 hours of instruction. The program
was delivered in a blended learning format—
combining face-to-face and online sessions. This
approach aligns with recommendations by Dille and
Rgkenes (2021), who emphasized the importance of
intrinsic motivation and teacher attitudes in online
professional development.

Data collection instruments

Three instruments were used for quantitative
data collection. First, the TPACK Survey (Schmidt et
al., 2009)—this instrument consists of 7 subscales
measuring teachers’ technological, pedagogical,
and content knowledge as well as their integration.
Cronbach’s alpha coefficients in previous studies
ranged from .82 to .92. Second, the Digital
Competence Scale based on DigCompEdu (Cabero-
Almenara et al., 2020) was employed, comprising
22 items across 6 areas. Third, an adapted version of
the Teachers’ Sense of Efficacy Scale (Tschannen-
Moran Hoy, 2001) was utilized.For qualitative
data, a semi-structured interview protocol was
developed. Interview questions covered experiences
with GenAI tools, perceived benefits and challenges,
ethical considerations, and future plans. Each
interview lasted 45-60 minutes and was audio-
recorded with participants’ consent. Additionally,
teachers’ GenAl interaction histories (chat logs)
were collected for analysis. This approach aligns
with the methodology used in studies by Atlas
(2023) and Moorhouse (2024).

Data analysis

Quantitative data were analyzed using SPSS
28.0. Paired samples t-tests were conducted to
determine differences between pretest and posttest
scores. Effect sizes were calculated using Cohen’s
d. One-way ANOVA was employed to analyze
differences among groups. Internal consistency was
verified through Cronbach’s alpha. Qualitative
data were analyzed using thematic analysis
following Braun and Clarke’s (2006) guidelines.
The coding process was conducted using NVivo 14.
Triangulation enabled verification of consistency
between quantitative and qualitative findings.

Results

Quantitative findings
Changes in TPACK levels were statistically
significant. Paired samples t-test results indicated
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that teachers’ overall TPACK scores increased
significantly following the intervention (t(185) =
8.47, p < .001, d = 0.78). The largest improvement
was observed in the Technological Knowledge (TK)
subscale (t(185) = 11.23, p < .001, d = 0.92), followed
by Technological Pedagogical Knowledge (TPK)
(t(185) = 9.86, p < .001, d = 0.84). These findings are
consistent with studies by Kim (2024) and Kim and
Kwon (2023), which demonstrated the effectiveness
of AI-convergent TPACK educational programs.

Tahble 2

Pretest and Posttsst Resules by TPACE Subzcalss

Subzcale Pre M{5D} Post M{5D)) t P d
TE 312(0.34) 4.18 (0.72) 1123 <001 092
I8 3.TE(0.68) 421 (0.38) 387 <001 034
CE 4.02(0.61) 415 (0.3 114 034 018
[TPE 324 (0.78) 4.02 (0.64) 0.86 <001 [ED)
TCE 34500.81) 4.02 (0.68) T34 <001 0.67
[PEE 3E0 0TI 411 (0.61) 331 ooz 018
TRACE 3.18(0.86) 4.06 (0.71) 547 <001 078

Note: TK = Technological Knowledge; PK =
Pedagogical Knowledge; CK = Content Knowledge;
TPK = Technological Pedagogical Knowledge; TCK =
Technological Content Knowledge; PCK = Pedagogical
Content Knowledge; TPACK = Technological
Pedagogical Content Knowledge. M = mean; SD =
standard deviation.

Digital competence scores also showed
statistically significant improvement (t(185) =
7.92, p < .001, d = 0.71). The highest growth was
observed in ”"Creating Digital Resources”(d =

0.89) and "Engaging Students”(d = 0.82) areas.

Teachers’ self-efficacy also increased significantly
(t(185) = 6.34, p < .001, d = 0.58). These findings
align with Lu et al. (2024), who demonstrated the
potential of GenAl to develop teachers’ higher-order
thinking and self-efficacy. ANOVA results revealed

statistically significant differences by age groups.

Younger teachers (25-35 years) demonstrated
higher outcomes in GenAl integration compared
to their older colleagues (46+ years) (F(2, 183) =
4.87, p = .009). This finding is consistent with
Harris et al. (2024), who examined the relationship
between generational differences and GenAl
adoption. However, no significant difference was
found by teaching experience (F(2, 183) = 1.23, p
= .295), suggesting that technological openness
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may be more important than experience in GenAl
integration.

Qualitative findings

Thematic analysis of interviews identified
four major themes: (1) Pedagogical -efficiency,
(2) Time savings and workload reduction, (3)
Ethical concerns, and (4) Technological adaptation
challenges. Below is a detailed analysis of each
theme.Pedagogical efficiency emerged as the
most frequently mentioned theme. The majority
of teachers highlighted how GenAI tools helped
them create lesson plans, adapt materials, and
develop assessment rubrics. One respondent stated:
”ChatGPT enables me to quickly generate various
lesson plans. What used to take a week now takes
just one day. But I always review the results and
customize them based on my experience” (Teacher
7, 38 years, social sciences). This finding aligns with
Kohnke et al. (2023).Time savings and workload
reduction was emphasized by many teachers.
87% of respondents discussed how GenAl tools
helped with everyday tasks such as writing emails,
preparing reports, and creating presentation
materials. ”’I now spend less time on administrative
work and can focus more on students. This has
really improved my work-life balance”(Teacher
15, 42 years, natural sciences). However, some
teachers also warned about the risks of over-
reliance on GenAl.Ethical concerns emerged as a
significant theme in the study. Teachers expressed
concerns about academic integrity, students’
misuse of GenAl, and difficulties in verifying the
authenticity of Al-generated content. "I still don’t
know exactly how to teach my students to use
GenAl. Whether they use it for learning or just to
get answers—finding the answer to this question
is difficult”(Teacher 3, 51 years, humanities). This
aligns with the paradoxical situations identified
by Lim et al. (2023).Technological adaptation
challenges were particularly observed among
older teachers. Some respondents described
feelings of stress and insecurity in mastering
new technologies. At first, I was afraid of these
technologies. But thanks to the training and my
colleagues’ support, I gradually learned. Now I use
ChatGPT in my daily work”(Teacher 21, 56 years,
technical sciences). This finding demonstrates the
importance of professional development programs
and the effectiveness of peer-coaching approaches.



The GenAI-TPACK pedagogical model

Based on the research findings, the GenAI-TPACK
pedagogical model was developed. This model
adapts the traditional TPACK framework to GenAlI’s
unique characteristics and provides practical
guidance for teachers in higher education contexts.
The model includes the following components:

Table 3

Core Components af the GenAI-TPACE Model

Component| Dezcription

(GenAI-TK  [Understandms GenAl teckmologies, kmowing their capakilities and limutations, prompt
|enginesring skills, ability to compare diffsrent GenAT tools

(GenAI-PK  [Strategies for integrating GenAT mto pedzzogical processes, teachimg studsnts to use GenAl
[effectively, arzanizing personalized metruction with GenAl assistance

(GenAT-CK  |Creating and pressnting subject content using GenAT discipline-specific GenAl
[applications, verifying and validating content accuracy

(GenAl- [Aczdemuc mtegrity and plagiarism 1ssues, datz privacy, algorithmic emors and bizs,
Ethics [principles of responzible Al use

HAIC-K  [Human-AT Collaboration Enowledge: evaluating AT outputs, creative collzboration with AL

feritical thinkmg and validating Al-generated content

The model has a cyclical nature, with all
components developing as teachers gain more
experience with GenAl. Importantly, ”Reflective
Practice”is positioned at the center of the model —
meaning teachers should continuously analyze and
improve their GenAl usage. This approach aligns
with the I-TPACK framework proposed by Chiu and
Rospigliosi (2025), but accounts for local context
and higher education-specific characteristics.

Discussion

The study findings confirmed that GenAl
integration has a positive impact on higher
education teachers’ professional competencies. The
significant increase in TPACK scores, particularly in
the TK and TPK subscales, indicates development in
teachers’ technological knowledge and their ability
to apply it in pedagogical practice. These results
are consistent with studies by Celik (2023) and
Hava and Babayigit (2024), confirming the practical
significance of the AI-TPACK framework.Qualitative
findings revealed the multifaceted benefits of GenAl
tools for teachers. Creating lesson materials,
optimizing assessment processes, and organizing
personalized instruction were identified as the most
common applications of GenAl. Such results are
consistent with GenAlI usage patterns identified
by Moorhouse (2024) and Kohnke et al. (2023).
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However, the scope of teachers’ GenAl use remains
limited, with ChatGPT dominating in most
cases.Ethical concerns emerged as a significant
theme in the study. Teachers expressed concerns
about academic integrity, reliability of GenAl
outputs, and the risk of students becoming overly
dependent on AI. These findings are consistent
with studies by Lim et al. (2023) and Chan and
Hu (2023), highlighting the need for ethical
frameworks and guidelines when integrating
GenAl into education. Additionally, the negative
impact of excessive GenAl reliance on professional
values, as identified by Mante et al. (2025), was
also reflected in our findings.Findings regarding
age differences deserve special attention. The
higher outcomes of younger teachers in GenAl
integration are consistent with Harris et al.’s (2024)
research on generational differences and technology
adoption. However, the lack of significant effect
from teaching experience suggests that appropriate
professional development programs can develop
GenAl competencies among teachers of all age
groups. This finding has important implications
for education policy and professional development
program design.The proposed GenAI-TPACK
model adapts existing frameworks to local context
and higher education characteristics. Unlike Celik’s
(2023) Intelligent-TPACK and Chiu and Rospigliosi’s
(2025) I-TPACK frameworks, the model highlights
the ethical component as a separate element and
incorporates Human-AI Collaboration Knowledge
(HAIC-K). These innovations account for GenAI’s
evolutionary characteristics and the importance of
teacher-student relationships in higher education.

Limitations

The study has several limitations. First, the
sample was drawn from a limited geographical
area of Uzbekistan, and generalizing results to
other contexts requires caution. Second, due to the
quasi-experimental design, isolating the pure effect
of the intervention is difficult. Third, self-report
instruments may introduce subjective bias. Future
research should conduct longitudinal studies with
randomized control groups.

Practical implications

Based on the study findings, the following
practical recommendations are offered: (1) Higher
education institutions should implement systematic
GenAl professional development programs for
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teachers; (2) These programs should cover not only
technical skills but also ethical considerations and
critical thinking; (3) Peer-coaching and mentoring
approaches may be particularly effective for older
teachers; (4) GenAl usage policies and guidelines
should be developed at the institutional level; (5)
Teaching students to use GenAlI responsibly should
be incorporated into curricula.

Conclusion

This study empirically confirmed that GenAl
integration has a positive impact on higher
education teachers’ professional competencies.
The significant improvement in TPACK,
digital competencies, and self-efficacy scores
demonstrates the effectiveness of GenAl-based
professional development programs. At the same
time, ethical concerns and technological adaptation
challenges were identified, emphasizing the need
for a comprehensive approach.The proposed GenAlI-
TPACK model provides both a theoretical and
practical framework for preparing teachers
to work with GenAl in higher education. The
model integrates international standards and best
practices while accounting for local context. Future
research may focus on testing this model in other
contexts, examining longitudinal effects, and
assessing the impact on student outcomes.
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