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    Abstract: This paper presents a review on the use of technology in promoting teacher professional development in relation to its utilisation, benefits, challenges, and best practices. Lack of systematic analysis on these aspects within the literature prompted the need for this review. A systematic review technique was applied, and 47 studies published between 2010 and 2025 from various countries were selected from different databases for detailed analysis. These studies focused on in-service school professional development and higher education teachers. The findings highlight that teachers use digital tools, platforms and materials, such as smartphones, computers, laptops, Artificial Intelligence tools (like ChatGPT), Learning Management Systems, webinars, social media communities, Open Educational Resources, and multimedia for professional development. They found several benefits to the use of technology for their professional development, such as its flexibility, eliminating geographical boundaries, easy resource availability, time saving, extending professional networks, and improving digital skills. However, lack of digital devices, limited digital skills, poor internet connections, insufficient interaction, inadequate institutional support, concerns about AI accuracy, and plagiarism were found to be challenges. Best practices include receiving governmental and institutional support, designing user-friendly platforms, encouraging effective collaboration, considering participants' psychological factors, and conducting follow-up studies to gauge its effectiveness. The results of this systematic review should assist stakeholders in addressing these limitations and using technology more effectively.
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    Introduction

  
  Professional development (PD) is the process to improve teachers’ content knowledge and pedagogical expertise, both of which are critical in contributing to improving students' learning outcomes (Goldenberg et al., 2014). It is a strategy used by educational institutions to enhance teacher performance and the quality of education (Ventista & Brown, 2023). Integrating technology into teacher PD has become increasingly crucial due to the advancements of digital technologies and the developments in technology-enabled learning. The rapid advancements in technology provide a variety of digital teaching materials, resources, information and platforms for teachers that were previously challenging to achieve. Online courses, webinars, and workshops support teachers to engage in PD flexibly, accommodating their schedules and learning preferences (Darling-Hammond et al., 2017). The use of technologies, such as smartphones, computers, Artificial Intelligence (AI), Massive Open Online Courses (MOOCs), Open Educational Resources (OER), and social media play a vital role in teachers’ PD. Therefore, technology-enabled PD has emerged as a relevant approach for addressing teachers’ diverse personalised needs in developing specific areas of professional knowledge (Koehler & Mishra, 2009). It enables global collaboration, provides real-time feedback, and enhances teachers’ professional growth by improving teaching practices and, eventually, student achievement (Hennessy et al., 2022; Karunanayaka & Naidu, 2017). Some barriers, such as poor internet connectivity, the digital divide, lack of self-confidence, ethical concerns and overreliance on AI tools, can limit the effectiveness and opportunities of technology enabled-PD (Knapp, 2020; Mushayikwa, 2013; Resta et al., 2018). Despite its challenges, the use of technology plays a vital role in teacher PD due to its innovative strategies and techniques.


Background of the Study

UNESCO’s ICT Competency Framework for Teachers (2011) indicates that ICT can enhance teacher PD, emphasising the need for teachers to become familiar with new challenges through ICT training. The Organisation for Economic Co-operation and Development (OECD) highlights that digital technologies transform teacher learning and development, which was demonstrated during the Covid-19 pandemic, when online learning alternatives increased their significance (Kalman et al., 2022; Lockee, 2021; Minea-Pic, 2020). The Commonwealth of Learning (COL) advocates for integrating various technologies, such as MOOCs, multimedia, social media, mobile, and AI tools to support flexible, personalised learning and sustainable teacher development in low-income countries (Traxler & Ogange, 2024). While these organisations’ reports highlight the importance of integrating technology into teacher PD, research also supports its significance in enabling personalised learning, remote access, and peer collaboration (Akayuure & Apawu, 2015; Major & Francis, 2020).


These global initiatives, framework and recommendations of UNESCO, OECD and COL encouraged national initiatives in technology for PD in India. Therefore, the Ministry of Education (2020) of the Government of India emphasised the need for technology in teacher PD in its National Education Policy of 2020. Accordingly, the National Council of Educational Research and Training (NCERT) recommended 50 hours of PD per year, by using the national online education portal SWAYAM (Study Webs of Active Learning for Young Aspiring Minds), and the online platform DIKSHA (Digital Infrastructure for Knowledge Sharing) for pervasive, standardised training. The policy also recommended different delivery methods, including workshops at various levels, suggested MOOCs for wider access and sharing experience among teachers. Considering the importance of technology-enabled PD, IGNOU (Indira Gandhi National Open University), India has been continuously trying to promote various steps including, “skilling and employability” and “technology-enabled blended learning” (Lakshmi et al., 2022, p. 10). The ground-level scenario shows that teachers in low-income countries and rural areas face several challenges, such as the high cost of ICT tools, the digital divide, low-speed internet, and lack of PD opportunities (Hennessy et al., 2022; Maher & Prescott, 2017; Traxler & Ogange, 2021).


Related Studies

Studies have reported some significant opportunities for enhancing teacher PD through the integration of technology, including global access to needs-based learning, flexible self-paced modes, professional collaboration, and access to updated teaching materials (Feldacker et al., 2017; Gallegos et al., 2021; Hennessy et al., 2022; Jurnal et al., 2023; Perkasa, 2023; Puripunyavanich, 2025; Traxler & Ogange, 2024). Studies also demonstrate that technology-enabled PD contributes to enhanced teachers’ engagement, professional competencies, teaching practices, and students’ learning outcomes (Jamal, 2023; Kavoshian et al., 2022; Lee et al., 2024; Nyaaba & Zhai, 2024; Puripunyavanich, 2025; Ventista & Brown, 2023). 


Regardless of these stated benefits, some highlighted challenges affect the usefulness of technology-enabled PD, such as the digital divide, poor internet connectivity, inadequate digital literacy, lack of informal peer interaction, and its lengthy session duration (Alqarni, 2022; Knapp, 2020; Lander et al., 2020; Maher & Prescott, 2017; Marc et al., 2023; Mushayikwa, 2013; Resta et al., 2018; Sukarno & Sumarwati, 2020). Several best practices, including support from the concerned institution and the government, promoting peer interaction, and using user friendly platforms were reported in enhancing the effectiveness of technology-enabled PD (Alqarni, 2022; Meyer et al., 2023; Qian et al., 2018; Traxler & Ogange, 2024; Uzorka et al., 2023; Wenger, 1998). 


However, the available studies are fragmented, focusing on these areas separately rather than collectively. Studies on the benefits and challenges of technology-enabled PD lack clarity in articulating best practices indicated in the empirical evidence. There is a scarcity of integrated synthesis covering all these aspects of technology enabled PD for a comprehensive insight. Therefore, a systematic review was essential to critically synthesise existing studies, identify consistent patterns and gaps, and consolidate empirically highlighted best practices for effective technology-enabled PD. Considering the significance of technology-enabled PD in relation to its policy and research background, this paper aims to synthesise existing studies on technology-enabled PD among in-service school and higher education teachers, with a focus on the use of  technological tools, associated benefits, challenges and best practices. 


Research Questions

The following research questions were formulated for this review study:


	How are different technological tools and online platforms utilised in teacher professional development?

	How do teachers experience benefits from integrating technologies into their professional development?

	What challenges and problems do teachers face when participating in technology-enabled professional development?

	What are the best practices for designing and implementing the effective technology-enabled professional development programme?



Methods

The study employed a systematic literature review (SLR) method in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) framework, encompassing the "search strategy, eligibility of the studies, data collection, and extraction" (Page et al., 2021, p. 4). A comprehensive literature search was conducted using various databases, including Google Scholar, Scopus, and Web of Science, to ensure widespread coverage of high-quality peer reviewed studies. The grey literature, including national and international policy documents, was selected for its systematic analysis.


Search Strategy

The search for this review was conducted from February 2025 to April 2025 and covered the publication years from 2010 to 2025.  Some keywords were used with appropriate Boolean operators (e.g., AND, OR, NOT) for a thorough retrieval of the studies with a refining search. The search was done by the primary author, and the articles were collaboratively reviewed by the co-author. The following keywords were used to search the studies: 
“Technology-enabled professional development" OR "Technology-integrated professional development” OR "Online professional development " OR "Virtual professional development "OR “Web-based professional development” OR  “ICT integrated professional development” OR “Teacher training” AND “Usage” OR “Utilisation”  OR “Adoption” OR “Application” AND “Advantages” OR “Benefits” OR “Merits” OR “Opportunities” OR  "Positive impact” AND “Challenges” OR “Barriers” OR “limitations” OR “Issues” OR “Obstacles” OR “Problems” AND “Best practices” OR “Suggestions” OR “Recommendations” OR “Enhancements”  AND “Teacher” OR “In-service school teacher” OR “Higher education teacher". Table 1 presents a complete summary of search strategies across the databases.


Table 1: Summary of Search Strategies Across the Databases
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Selection of the Studies

A total of 223 research papers were identified from an extensive search across the above mentioned databases according to their alignment with the research questions. From these studies, 47 in total (see Figure 1), which rigorously met the dimension of the research questions, were selected for analysis. Studies focusing on in-service school teachers and higher education teachers were included due to the common technological and pedagogical characteristics of technology-enabled PD across these educational levels. Table 2 records the inclusion and exclusion criteria for the studies.


Table 2:  Inclusion and Exclusion Criteria for the Collected Studies
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Data Collection, Extraction and Analysis

The data, including usage, benefits, challenges and best practices of technology-enabled PD were extracted from the selected studies. The overall process of this systematic review has been depicted in Figure 1. Thematic analysis was employed to analyse the extracted data (Hennessy et al., 2022). Through manual coding, themes related to the usage, benefits, challenges and best practices were identified. The findings have been interpreted in terms of the following themes and sub-themes.
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Figure 1: PRISMA Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses flowchart  (Page et al., 2021)
Results

Utilisation of Different Technological Tools and Online Platforms for PD

Utilisation of Digital Devices


The most commonly used devices were smartphones, laptops, tablets, and desktops. Teachers employed these devices for various purposes, such as accessing, storing, and retrieving information, facilitating communication, professional collaboration, and content creation (Dahri et al., 2023; Jurnal et al., 2023; Puripunyavanich, 2025). Further, it was found that teachers had positive views on mobile-based learning, which were more engaging than traditional learning as it fulfilled their individual learning needs (Dahri et al., 2023; Peng, 2019). Teachers used mobile devices for browsing and utilising various applications that offer digital modules, quizzes, and puzzles related to the content and pedagogical knowledge in their field (Ahmed & Mohammad 2019).


Utilisation of Digital Resources and Platforms


Teachers engaged in various PD activities, including attending webinars, participating in online communities of practice, and utilising Web 2.0 platforms and social media for resource sharing, discussion, and community building (Adjapong et al., 2018; Bissessar, 2014; Fishman et al., 2013; Maher & Prescott, 2017; Prestridge, 2019). Hennessy et al. (2022) report that teachers frequently use videos, audios, OER, and digital presentations, with video resources being the most commonly used. Teachers create and upload new OER and apply these in their teaching practice, which further supported students’ engagement and learning outcomes (Hennessy et al., 2022; Karunanayaka & Naidu, 2017; Lee et al., 2024). MOOCs provide access to PD programmes from universities and organisations all over the world (Atapattu et al., 2019; Rodes et al., 2021).


Social Media and Professional Development


Social networking sites (SNSs) provided valuable platforms for teacher PD (Manca & Ranieri, 2015). Teachers use Facebook for PD, offering a collaborative and accessible opportunity at any time for sharing teaching experiences (Rutherford, 2010). Similarly, Telegram provides a supportive environment with active engagement and opportunities to explore new ideas and learning resources during the PD programme (Kavoshian et al., 2022).


Utilisation of Hardware, Software and Multimedia


Teachers used various software, hardware and multimedia tools, such as e-learning techniques, learning management systems (LMSs), Google Forms for assessment, audio-visual podcasts, blogs, e-books, research articles, reports and social networking platforms (Jena & Barad, 2023). Additionally, utilisation of educational television programmes as well as smart phones provides continuous updates related to content and pedagogical knowledge of teachers (Ahmed & Mohammad, 2019). Teachers also use AI for various purposes, including “fostering teaching skills, making learning personalised, generating quality resources, identifying knowledge gaps, and recognising their learning styles”, to grow professionally (Jamal, 2023, p. 140). They have positive attitudes towards integrating AI into their teaching practice (Lee et al., 2024). Most of the teachers opined that ChatGPT can be employed in language teaching (Kostikova et al., 2024).


Benefits of Integrating Technologies in Teacher PD

Anytime, Anywhere Learning


Technology-enabled PD provides learning at any time and from any location, permitting participants to utilise self-paced learning experiences (Oddone, 2022; Powell & Bodur, 2019), and flexibility in receiving learning exposure from around the globe (Knapp, 2020). Participants benefit from global access to knowledge, resources, networking opportunities with professional groups and experts (Knapp, 2020). Therefore, this remote access provides personalised education, improving skills without being hindered by geographical location (Hennessy et al., 2022; Hu et al., 2021; Perkasa, 2023). The asynchronous mode of PD enables teachers to access materials, engage in discussion forums and complete assignments according to their available time (McNamara, 2010; Powell & Bodur, 2019). 


Collaboration


Teachers effectively collaborate by sharing ideas, viewpoints, and feedback on their content, including those from different disciplines (Powell & Bodur, 2019). The literature highlights that teachers communicated effectively in technology-enabled PD programmes (Yıldırım et al., 2021). They used discussion forums, e-mail, Google Docs, Google Classroom, and Google Drive to collaborate with colleagues (Knapp, 2020; Puripunyavanich, 2025). Collaboration with experienced colleagues enhances teacher efficiency in applying technology to their teaching practice. After PD sessions, teachers continue collaboration outside the platform (Knapp, 2020; McNamara, 2010). Social networking sites support peer interactions, build communities of practice, and facilitate communication and collaboration, which are crucial for PD (Kavoshian et al., 2022).


Easy and Continuous Access to Resources


Teachers opined that, it was easy to access and benefit from the continuous availability of learning resources in technology-enabled PD (McNamara, 2010). It facilitated access to a diverse range of materials, such as video lectures and text-based resources, thereby encouraging participation in discussion forums (Lichy & Merle, 2020; Omondi et al., 2020). These materials support improving and updating their understanding on emerging content and pedagogical knowledge (Jena & Barad, 2023).


Quality of Materials in Technology-Enabled PD


Participants favoured online delivery of PD rather than face-to-face delivery, stating that their satisfaction with the courses and resources was helpful for their grade level (Yoon et al., 2020). The materials and instruction were found to be valuable, and teachers applied them in their classrooms (Powell & Bodur, 2019). Teachers observed changes in their methods after completing online PD (Jena & Barad, 2023). AI also helped teachers in generating materials according to their individual needs, which enhanced their engagement and proficiency (Jamal, 2023; Nyaaba & Zhai, 2024).


Saving Time


Technology-enabled PD allows teachers to access courses at a convenient time, unlike offline PD, and eliminates the need for travel and academic hindrances (Knapp, 2020; McNamara, 2010; Perkasa, 2023; Powell & Bodur, 2019). Teachers also save time by accessing ChatGPT to generate useful resources and materials (Kostikova et al., 2024). 


Cultivating Cognitive Abilities and Digital Skills 


The utilisation of digital platforms in technology-enabled PD, such as MOOC forums, webinars, and online workshops nurtured critical thinking and reflection among teachers. These platforms enhanced higher-order thinking and improved digital skills, empowering teachers to efficiently use digital devices and resources in their teaching practice. AI tools like ChatGPT assisted teachers to conduct research, improve their language skills and lesson planning, and generate educational resources, thereby supporting their PD (Lee et al., 2024; Nyaaba & Zhai, 2024).


Personalised Learning Experience


Personalised access to professional learning resources and tools are more effective than a one-size-fits-all PD programmes, because it addresses the individual needs of teachers (Nishimura, 2014; Oddone, 2022). This personalised learning experience helps teachers to effectively meet the diverse needs of their students (Jamal, 2023; Lee et al., 2024). English language teachers generated required textual materials, images and questions using ChatGPT, which made their learning more personalised (Kostikova et al., 2024). It analysed teachers’ performance data, which helped teachers identify areas of PD need (Jamal, 2023).


Challenges and Problems for Teachers’ Participation in Technology-Enabled PD

Lack of Technological Devices


Previous studies highlighted that a small percentage of teachers lacked the technological devices to access and participate in technology-enabled PD (Alqarni, 2022; Knapp, 2020; Mushayikwa, 2013; Resta et al., 2018). This created challenges in utilising the same opportunities that exist for technology-enabled PD. Therefore, a digital divide occurred in access between technology-enabled PD and non-technology enabled PD. 


Internet Connectivity/Access


Inconsistent and low-bandwidth internet connectivity in rural areas created problems for teachers trying to access PD programmes. It affects downloading resources and attending synchronous sessions, which leads to frustration and disengagement among teachers (Alqarni, 2022; Knapp, 2020; Mushayikwa, 2013; Puripunyavanich, 2025; Resta et al., 2018; Sukarno & Sumarwati, 2020).


Lack of Social Interaction


Teachers faced challenges due to inadequate communication between instructors and limited social interaction among the participants in a PD platform. Such inadequate communication with instructors prevents teachers from receiving individualised feedback and clarification related to their learning. Additionally, the absence of social peer interaction, restrains participants’ opportunities to share their experiences, views, and ideas, which are important components of effective technology-enabled PD programmes (Alqarni, 2022; Knapp, 2020; Lander et al., 2020).


Recognition and Support of the PD Programme


A significant challenge reported by the teachers was the negation of administrative support and recognition for technology-enabled programmes for teacher service promotion. Such lack of acknowledgement was seen as a major obstacle by teachers, which subsequently affected the interest of teachers for technology-enabled PD (Alqarni, 2022; Knapp, 2020; Widodo & Riandi, 2013). Moreover, utilising advanced AI features poses important challenges for teachers’ PD because of its high cost.


Insufficiency of Expert Educators


The shortage of skilled educators contributed to dissatisfaction and disengagement among teachers who attended programmes. As a result, some teachers felt that webinars and other sessions were ineffective and uninteresting (Knapp, 2020). They stated the methods and presentation strategies of technology-enabled PD were not simple to understand. They lose interest and disengage with this methodology in the PD programme (Alqarni, 2022).


Self-Confidence


The lack of digital skills and experience in using the internet, digital devices and PD platforms, affected teachers’ self-confidence. These skills are prerequisite for effective participation in technology-enabled PD. Therefore, these factors lead to low self-confidence and motivation in teachers accessing technology-enabled PD (Alqarni, 2022; Knapp, 2020; Mushayikwa, 2013; Oddone, 2022; Widodo & Riandi, 2013). Further, teachers encounter difficulties in giving effective prompts to AI tools like ChatGPT to generate accurate and anticipated results (Kaplan-Rakowski et al., 2023; Marc et al., 2023; Nyaaba & Zhai, 2024). 


Uncomfortable with Long Duration


Teachers faced several concerns related to the long duration of screen time, such as eye and neck pain (Alqarni, 2022). They felt discouraged while attending lengthy online webinars (Knapp, 2020). The frequent usage of PowerPoint to present large amounts of content can lead to disengagement among teachers. 


Lack of Adequate Time


Teachers found academic workload as the most challenging factor in attending technology-enabled PD. They faced difficulties in maintaining their focus and understanding the session by the end of its scheduled time. Therefore, they lack dedicated time to invest in their PD (Alqarni, 2022; Knapp, 2020). Teachers opined that engaging in asynchronous technology-enabled PD during institutional working hours was insufficient, and they required additional time to completely comprehend the content (Oddone, 2022).


Ethical Challenges


AI helped teachers in generating learning content and pedagogical materials. Directly using these generated materials might create issues like inaccuracy, unreliability, plagiarism and bias in professional practice, which could also impact teachers’ professional ethics and autonomy (Goh & Mansor, 2023; Jamal, 2023; Kaplan-Rakowski et al., 2023; Marc et al., 2023; Nyaaba & Zhai, 2024). Overreliance on AI could make users overly dependent (Kaplan, 2024). Despite its ethical challenges, it can be used to generate ideas and make learning enjoyable for students (Dilzhan, 2024; Kaplan, 2024).


Best Practices for Effective Technology-Enabled PD Programmes

Government and Institution Initiatives


Awareness programmes and technical support should be started by the government to enhance teachers’ competencies in using technology for PD (Alqarni, 2022). Infrastructural resources, such as the availability of computers, a consistent electricity supply, high speed internet access and regulations for ICT use to support teacher PD should be provided by the government (Dharma et al., 2020; Traxler & Ogange, 2024). Specific courses on “ICT for teachers’ PD” should be provided to improve the aptitudes of teachers in using ICT for their PD. Dahri et al. (2023) proposed a mobile-based training programme to improve teachers’ PD and bridge the gap between traditional and technology-enabled PD. Keeping in mind the importance of AI in PD, Nyaaba & Zhai (2024) recommended that it would be very beneficial to introduce a course on “usage of various prompts to operate AI tools like ChatGPT” (p. 8). They also suggested that the cost of utilising the premium features of AI should be provided by higher education institutions to enhance the competencies of teacher educators. The ethical challenges could be reduced by verifying the generated responses of AI (Dilzhan, 2024).


Effective Collaboration and Easy Navigation


Meyer et al., (2023) highlighted the significance of collaboration in web-based PD to enhance teachers’ competencies. Group discussions, interaction with experts and collaboration should be strengthened. Additionally, organising collaborative work in smaller groups, sharing experiences and providing feedback could further support participants’ professional networks. Qian et al., (2018) noted the significance of user-friendly navigation on the PD platform, including online discussion forums, assessment features and the availability of materials. MOOC platforms should be redesigned for their smooth functioning at lower bandwidths to address the low internet speed in rural areas (Traxler & Ogange, 2021).


Strengthening Psychological Factors


The cultural, linguistic, and curricular background should be considered for the effectiveness of technology-enabled PD. Motivational techniques, such as interactive content and gamification, should be assimilated into PD programmes. The effectiveness of PD should be enhanced by making the content more practical and applicable to real teaching practice (Qian et al., 2018). PD courses on relevant topics like “critical digital literacy”, “e-content creation”, and “flipped learning pedagogy” should be provided on MOOC platforms (Traxler & Ogange, 2024, p. 49).


Follow-up Study for Evaluation of Technology-Enabled PD


Hennessy et al. (2022) suggested that there is a need to measure teachers’ professional need and motivation to better integrate technology into teacher PD. A follow-up study should be conducted by the PD provider or institution to find out the effect of technology-enabled PD on teachers’ professional practice (Dahri et al., 2023; Powell & Bodur, 2019). 


Discussion and Implications

The findings of this systematic review suggest that the effectiveness of technology-enabled PD was shaped by the interaction among institutional conditions, technological competencies and pedagogical design. Supporting the design of technology-enhanced learning (Koehler & Mishra, 2009), the review highlights that mere access to digital technologies does not ensure meaningful professional learning, rather, learning outcomes depend on how technologies are coordinated to support collaboration, reflection, and contextual relevance. The extensive use of digital devices, LMS, social media, MOOCs, OER and AI reflects self-paced, flexible, and community-based learning. These findings align with prior studies that emphasised these factors as key advantages of technology-enabled PD (Feldacker et al., 2017; Gallegos et al., 2021). While flexibility increases access and engagement, research on pedagogical design cautions that inadequate structure, limited facilitation, and weak social presence can affect learning depth and motivation (Lander et al., 2020; Wenger, 1998). The present review emphasises this context by showing that unstructured flexibility, and unskilled experts, particularly in long-duration PD, might lead to declining engagement. The review shows that the benefits of technology-enabled PD were significantly enhanced by teachers’ digital competencies, access to consistent infrastructure, and institutional support mechanisms. These findings align with research on the digital divide, where professional inequities arise in low resource or rural contexts (Lander et al., 2020; Maher & Prescott, 2017). The identified best practices, such as user-friendly platforms, needs-based technical training, interactive content, collaborative activities, institutional and governmental support, were consistent with prior studies on usability, organisational support, and communities of practice (Uzorka et al., 2023; Wenger,1998). The findings suggest that the effectiveness of technology-enabled PD depends on the dynamic interaction between pedagogical design, technological infrastructure, and institutional support. 


The study highlights shared and level-specific implications for school and higher education teachers due to common technological characteristics and divergent professional needs.  Across both levels policymakers and funding agencies should address infrastructural inequities by ensuring access to digital devices, a reliable electricity supply, and high-speed internet connectivity, particularly for resource-limited institutions. At the school level, technology-enabled PD should emphasise structured, curriculum-aligned programmes supported by skilled experts and collaborative learning activities, whereas in higher education settings, greater flexibility and discipline-specific design may be more applicable. Across both levels, PD designers should strengthen pedagogical foundations by integrating interactive tasks, peer collaboration, and content directly applicable to teaching practice, while maintaining a user-friendly platform to support teacher engagement. Institutional leaders play a critical role in establishing supportive regulatory frameworks, offering recognition, incentives, and promoting continuous digital-competency development across both levels. Finally, follow-up studies and systematic evaluations are necessary for continuous improvement and scalability of technology-enabled PD.


Further Research

Longitudinal studies should be conducted to examine the continual impact of technology-enabled PD on teachers’ teaching practices and student outcomes. To address psychological challenges of teachers, further studies are desirable to explore teachers’ learning styles and local needs for effective PD. Comparative studies of synchronous and asynchronous PD modes are necessary to better understand participants’ accessibility, preference, applicability and associated challenges. Studies examining the impact of AI in teachers’ PD could provide significant insight into its effectiveness.
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