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Abstract

The main objective of this study was to investigate the challenges, barriers, opportunities, and capacities associated with the use of modern
information technologies, artificial intelligence, and expert systems in the professional and effective training of teachers during the era of
digital transformation. This study was conducted using a qualitative approach based on descriptive phenomenology. Data were collected
through semi-structured interviews with eight educational experts, university professors, teachers, and information technology specialists.
Participants were selected using purposive and snowball sampling methods until theoretical saturation was achieved. Data analysis was
performed using the Attride-Stirling thematic analysis approach, through which basic, organizing, and global themes were identified and
extracted. The findings revealed that the most influential components in technology-based professional teacher training included
infrastructure, professional competencies, artificial intelligence in education, expert systems, and implementation challenges. Inferential
results indicated that inadequate educational infrastructure, insufficient financial resources, shortage of skilled human resources, lack of
teacher training in technology, and absence of coherent policymaking were among the major barriers to the development of smart schools.
Furthermore, the use of modern technologies contributed to improving educational quality, time management, active learning,
educational interactions, and teachers’ professional competencies. The results demonstrated that modern information technologies possess
significant potential for enhancing professional teacher training and improving educational systems. However, achieving these goals
requires infrastructural development, specialized teacher training, financial support, and strategic policymaking. Effective integration of
educational technologies can facilitate fundamental transformation in education and reduce the gap between the national educational
system and global standards.

Keywords: Modern information technology, Smart schools, Artificial intelligence, Expert systems, Professional teacher training, Digital education
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Extended Abstract

Introduction

The rapid expansion of digital technologies has fundamentally transformed educational systems across the
world and has altered the traditional understanding of teaching and learning. In contemporary educational
environments, technology is no longer considered merely a supplementary instructional tool; rather, it has
become an essential component of educational effectiveness, professional development, and pedagogical
innovation. The emergence of smart schools, artificial intelligence, virtual learning environments, and
information and communication technologies has created new opportunities for improving the quality of
education and enhancing the professional competencies of teachers. Educational systems are increasingly
expected to prepare learners for participation in a knowledge-based and technology-driven society, and this
objective cannot be achieved without professionally competent and technologically literate teachers
(Nowkarizi & Narmenji, 2020).

Teachers play a pivotal role in educational transformation because they directly influence students’ learning
experiences, academic achievement, creativity, and social development. Effective teachers are expected to
possess not only subject-matter expertise but also communication skills, technological competencies,
classroom management abilities, and the capacity to create interactive learning environments (Razi et al.,
2019). In recent years, the concept of teacher professionalism has evolved significantly due to technological
developments. Teachers are now required to integrate digital tools into instructional practices, design online
educational content, facilitate collaborative learning, and use data-driven approaches for assessment and
feedback. Consequently, professional teacher training has become one of the central priorities of educational
policymakers and researchers worldwide (Javid Mogaddam, 2020).

Research has demonstrated that technology-based instruction can positively influence students’ motivation,
engagement, critical thinking, and academic performance. Computer-assisted instruction and digital learning
environments provide opportunities for personalized learning, interactive participation, and flexible access to
educational resources (Sercon, 2019). Furthermore, collaborative learning environments supported by digital
technologies encourage communication, peer interaction, and shared knowledge construction among learners

(Darko & Wang, 2021). Modern educational technologies also facilitate the development of higher-order



cognitive skills such as problem solving and critical thinking, which are essential for learners in the twenty-
first century (Ennis, 2019).

Despite these opportunities, many educational systems continue to face substantial barriers to the effective
integration of technology into teaching and learning. Lack of infrastructure, insufficient financial support,
limited access to technological resources, and inadequate teacher training are among the most significant
obstacles to implementing digital education programs (Kazemi-Flordi et al., 2022). In many schools,
especially in rural and underdeveloped areas, internet access and digital equipment remain inadequate, thereby
limiting teachers’ ability to integrate technology into classroom instruction. Moreover, some teachers
experience resistance toward technological innovation due to lack of confidence, insufficient digital literacy,
or concerns regarding the complexity of technological tools (Kaveh, 2018).

The COVID-19 pandemic highlighted the urgent need for digital transformation in education and accelerated
the adoption of virtual learning systems worldwide. School closures forced educational institutions to shift
rapidly toward online learning platforms, thereby exposing both the strengths and weaknesses of existing
educational infrastructures (Mohammadi Poya, 2020). During this period, teachers’ information literacy and
attitudes toward e-learning emerged as critical determinants of educational continuity and effectiveness
(Kadkhoda & Nastiezaie, 2021). This global experience demonstrated that teacher preparedness for
technology-based instruction is no longer optional but rather a necessity for educational sustainability and
resilience.

Recent studies have emphasized the importance of continuous professional development programs for
improving teachers’ technological competencies and instructional effectiveness. Effective in-service teacher
training programs should focus not only on theoretical knowledge but also on practical digital skills,
collaborative learning, and reflective teaching practices (Fattah Ali Begi et al., 2025). Sustainable professional
development models that include mentorship, peer learning, and blended instructional approaches have shown
promising outcomes in enhancing teachers’ adaptability to educational innovations (Mwakabenga, 2025).
Furthermore, multicultural and technology-supported teacher training programs can contribute to the
development of inclusive and learner-centered educational environments (Baldan Babayigit et al., 2025).
Another emerging issue in modern education is the use of artificial intelligence and expert systems in teaching
and learning processes. Al-based educational tools have the potential to improve instructional quality,
automate assessment procedures, personalize learning experiences, and support students with special
educational needs (Rostami & Longo, 2024). However, successful implementation of such technologies
requires teachers who are professionally prepared to integrate these tools into their pedagogical practices.
Therefore, identifying the challenges and opportunities associated with the use of modern information
technologies in teacher professional development is of critical importance. Based on these considerations, the
present study aimed to investigate the challenges and opportunities of employing modern information

technologies in the professional training of teachers during the era of digital transformation.



Methods and Materials

The present study employed a qualitative research design using descriptive phenomenology to investigate the
challenges and opportunities associated with the use of modern information technologies in teacher
professional development. Semi-structured interviews were used as the primary data collection method
because this approach enabled an in-depth exploration of participants’ experiences, perceptions, and
professional insights regarding technology-based education and teacher training.

The participants consisted of eight educational experts and professionals selected through purposive and
snowball sampling methods. The sample included school teachers, university professors, educational
administrators, and specialists in information technology and digital education. Participants possessed
substantial experience and expertise in teaching, educational planning, and technology integration in schools
and universities. Data collection continued until theoretical saturation was achieved.

The interviews were conducted individually and focused on issues such as educational infrastructure, teachers’
technological competencies, the use of artificial intelligence in education, barriers to digital transformation,
and opportunities for improving professional teacher training through technology. All interviews were
transcribed and analyzed using the Attride-Stirling thematic analysis framework. The analytical process
involved coding meaningful units, identifying basic themes, organizing themes into broader conceptual
categories, and extracting overarching themes related to technology integration in teacher professional
development.

To ensure the credibility and trustworthiness of the findings, member checking, peer review, and repeated
examination of interview transcripts were employed. The researchers also attempted to maintain analytical
rigor through systematic coding procedures and careful interpretation of participants’ statements.

Findings

The findings revealed that the participants considered educational infrastructure to be the most influential
factor in the successful integration of modern information technologies into teacher professional development.
Participants emphasized that insufficient internet access, lack of digital equipment, inadequate funding, and
limited technological support systems represented major barriers to the development of smart schools and
technology-based instruction. These infrastructural limitations were identified as critical obstacles preventing
effective implementation of digital learning strategies in schools.

Another major finding concerned teachers’ professional competencies in digital education. Participants
reported that many teachers lacked sufficient technological literacy and practical skills for integrating digital
tools into classroom instruction. According to the participants, effective teachers in the digital era should
possess competencies related to educational software, online classroom management, digital content
production, and interactive learning methods. The findings also indicated that teachers’ attitudes toward

technology significantly influenced their willingness to adopt innovative teaching practices.



The study further demonstrated that artificial intelligence and expert systems were perceived as valuable tools
for improving instructional quality, assessment procedures, and educational decision-making. Participants
believed that Al-based technologies could facilitate personalized learning, provide immediate feedback,
improve classroom management, and enhance educational efficiency. However, they also emphasized that
successful use of Al technologies requires specialized teacher training and institutional support.

Thematic analysis identified several categories of challenges associated with technology integration in
education. These challenges included infrastructural limitations, insufficient professional development
programs, lack of coherent educational policies, financial constraints, and resistance to technological change
among some teachers. Participants also referred to the shortage of qualified human resources and the absence
of long-term strategic planning for educational technology development.

The findings additionally highlighted the importance of collaborative learning communities and professional
interaction among teachers. Participants stated that sharing experiences, collaborative problem-solving, and
peer learning could improve teachers’ confidence and competence in using educational technologies.
Moreover, the participants emphasized that technology-supported professional development programs could
enhance teachers’ motivation, creativity, and instructional effectiveness.

Discussion and Conclusion

The findings of the present study demonstrated that modern information technologies possess substantial
potential for improving professional teacher training and enhancing educational quality. However, the
effectiveness of technology integration depends heavily on the existence of adequate infrastructural,
professional, and organizational conditions. Educational systems cannot achieve meaningful digital
transformation solely through technological equipment; rather, successful implementation requires
comprehensive teacher preparation, supportive policies, and sustainable professional development programs.
The results further indicated that teachers are central agents of educational transformation in the digital era.
Teachers who possess technological competencies, innovative instructional skills, and positive attitudes
toward digital learning are more capable of creating engaging and effective learning environments.
Consequently, educational systems should prioritize the continuous development of teachers’ digital literacy
and pedagogical competencies.

The study also demonstrated that artificial intelligence and expert systems can significantly improve
educational processes by supporting personalized instruction, efficient assessment, and adaptive learning.
Nevertheless, these technologies should be implemented in ways that preserve the human dimensions of
teaching and learning. Technology should serve as a supportive tool for enhancing educational interaction
rather than replacing the pedagogical role of teachers.

Another important implication of the study concerns the necessity of reducing educational inequalities related
to technology access. Schools in disadvantaged and rural areas require greater institutional support,

infrastructural investment, and specialized teacher training opportunities. Without addressing these disparities,



digital transformation may increase educational inequality rather than promote inclusive learning
opportunities.

Overall, the findings suggest that effective use of modern information technologies in teacher professional
development requires integrated planning, investment in educational infrastructure, continuous teacher
training, and supportive educational leadership. Educational policymakers should design strategic programs
aimed at strengthening teachers’ professional competencies, promoting collaborative learning communities,
and facilitating equitable access to educational technologies. Through such efforts, educational systems can

better prepare teachers and students for the demands and opportunities of the digital age.
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