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    Abstract: Integration of Information and Communication Technology (ICT) in education and development of its competencies are crucial for quality learning and sustainable development in this digital age. This quantitative study investigated the factors influencing ICT skills acquisition among trainee teachers, using the TOEK (Technological infrastructure, Organisational support, Environmental influences, and Knowledge development) framework.  Data were collected using validated scales from 202 randomly selected trainee teachers, from different institutions in Jharkhand state, India. Confirmatory Factor Analysis (CFA) and Structural Equation Modelling (SEM) were applied to analyse the relationships between latent variables. The  results indicated poor model fit, leading to refinement of the measurement items. The revised model demonstrated improved fit (Chi-square, CFI, TLI, and RMSEA) indices. The findings also revealed that all four factors significantly influence ICT skills acquisition, with knowledge development emerging as the strongest predictor. The model explained 79.8% of the variance in ICT skill acquisition, highlighting the need for institutional and pedagogical support to enhance digital competencies among the future teachers.
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    Introduction

  
  In the digital era, integrating information and communication technology (ICT) in every facet of education has become increasingly important. With the ever-evolving landscape of technology, educators are responsible for preparing the next generation to thrive in a digitally connected world. Tech-savvy aspiring teachers are leading this educational revolution, with developing ICT competencies amongst the students playing a pivotal role. Digitalised learning and advanced technologies have empowered learners with digital tools helping students in their self-directed learning, while teachers use these tools to improve their pedagogical skills and stay updated on new teaching methods (Elstad & Christophersen, 2017; Mondal & Das, 2024). The Commonwealth of Learning (COL) has been developing and supporting education and training institutions for sustainable policy-technology-capacity building to implement technology-enabled management and learning (Mishra & Panda, 2020). In India (the context of this study), the National Council of Educational Research and Training (NCERT) platforms, such as Digital Infrastructure for Knowledge Sharing (DIKSHA) and Study Webs of Active-learning for Young Aspiring Minds (SWAYAM), provide structured and interactive ICT training to enhance teachers’ digital skills. 


The Technology-Organisation-Environment (TOE) framework has been extensively employed to examine the adoption of web 2.0 technologies in organisational settings (Oliveira et al., 2019; Tarofder et al., 2019; Tornatzky & Fleischer, 1990). Extending this framework by incorporating a knowledge factor enhances its exploratory scope. Accordingly, the present study adopts the Technology-Organisation-Environment-Knowledge (TOEK) framework to analyse the connections amongst the four variables, and their influence in developing ICT skills among trainee teachers. Trainee teachers are those training to be student-teachers or teacher-educators. Investing in their perception regarding the determinants of ICT skills acquisition seems necessary as their competencies shall affect those of their students in the near future.  


By investigating the relationships between the TOEK factors and ICT competency, this study aimed to inform policy makers and teacher educators in designing targeted interventions to facilitate effective ICT integration in teaching and learning.


Literature Review

Several theoretical models have been widely used to explain the acquisition of ICT skills and adoption of technology among teachers. At the individual level, the Technology Acceptance Model (TAM) (Davis, 1989) identifies perceived usefulness and perceived ease of use as key determinants of technology adoption. Empirical evidence has consistently demonstrated that teachers who perceive ICT tools as useful and easy to use exhibit higher levels of engagement and ICT skills (Lubuva et al., 2022; Mukherjee & Singh, 2026; Zhang et al., 2022). Similarly, the Unified Theory of Acceptance and Use of Technology (UTAUT), proposed by Venkatesh et al. (2003), incorporates performance expectancy, effort expectancy, social influence, and facilitating conditions, thereby offering a comprehensive explanation of technology adoption within institutional settings. Complementing these models, the Technological Pedagogical Content Knowledge (TPACK) framework (Koehler & Mishra, 2009) emphasises the integration of technological, pedagogical, and content knowledge for effective ICT use, highlighting the need for teacher competency in meaningful technological integration (Deb, 2026; Petko et al., 2025; Tømte et al., 2015). 


Previous studies also explored the role of teacher-related characteristics in ICT integration. Factors such as attitude, self-efficacy and perceived competence have been identified as strong predictors of ICT use (Hatlevik & Hatlevik, 2018; Røkenes & Krumsvik, 2014; Sang et al., 2011). Additionally, Pozas and Letzel (2023) found that pre-service teachers’ attitudes and teaching competence strongly influence their ICT usage. Further, positive attitude toward using advanced digital models of learning increases the likelihood of ICT in providing meaningful learning (Mukherjee, 2024; Yusuf & Balogun, 2011). Collectively, professional development, subject-specific factors, and perceived usefulness were emphasised as important factors influencing ICT integration and skills acquisition among trainee teachers (Li et al., 2019; Nunes et al., 2022). At a broader level, the Technology, Organisation, Environment (TOE) framework, proposed by Tornatzky and Fleischer (1990), provides a multi-dimensional perspective incorporating technological, organisational, and environmental factors influencing technology adoption (Bhattacharya & Wamba, 2015; Di & Xia, 2017). Building on this foundation, the present study adopts an extended Technology-Organisation-Environment-Knowledge (TOEK) framework, providing a comprehensive theoretical foundation for examining ICT skills development among trainee teachers. It was evident that a significant gap remains in understanding the combined and interactive influence of the four TOEK factors on acquisition of ICT skills among trainee teachers. Existing studies have largely relied on the traditional TOE framework without incorporating the Knowledge dimension therefore, it seemed necessary to adopt a holistic approach for understanding how these dimensions shape the digital competencies of pre-service educators. Furthermore, while the UNESCO ICT Competency Framework for Teachers (2018) establishes internationally benchmarked standards for digital competencies, organisational support, and professional learning, empirical validation with integrated, context specific models remain limited.


To address this gap, the present study extends the TOE framework by incorporating knowledge development as a crucial dimension and empirically aims to examine the structural relationships among these factors using CFA and SEM techniques. By focusing on trainee teachers within the Indian context and aligning with the priorities of the National Education Policy 2020, this study contributes a comprehensive data driven model that bridges the gap between global competency standards and their practical implementation in teacher education.


Research Objectives

The study was conducted with the following research objectives in view:


RO1: To validate the measurement model of the TOEK framework constructs using Confirmatory Factor Analysis (CFA).

RO2: To assess the structural model fit and examine the relationships among the latent variables using Structural Equation Modeling (SEM).

RO3: To study the effect of technological infrastructure, organisational support,  environmental influences, and knowledge development on the acquisition of ICT skills among trainee teachers.

Conceptual Model and Hypotheses Development

Based on the study objectives and the TOE framework proposed by Tornatzky and Fleischer (1990), an extended conceptual model (TOEK) was developed to examine the effects of contextual factors on ICT skills acquisition among trainee teachers. Conceptual frameworks are designed to represent the relationship among variables derived from research objectives and theoretical foundation (Maxwell, 2013; Creswell & Plano Clark, 2018). In the present study, the conceptual model served not only as a theoretical foundation but also as an analytical framework that guided the identification of latent construct and formulation of their hypothesised relationships. Accordingly, four hypotheses corresponding to each of the TOEK dimensions were formulated and empirically tested.


Technological infrastructure: Tech-infused infrastructure, like access to high-speed internet, software tools, and electronic devices, significantly enhances ICT abilities. Jo and Bang (2023), identified network quality, accessibility and responsiveness as primary determinants of technology adoption. Real-time internet access further facilitates interactive and personalised learning amongst learners. Hence the hypothesis was stated as: 


H1: Technological infrastructure influences ICT skills acquisition among trainee teachers.

Organisational support: Culture, organisation, and institutional strategy are crucial factors when utilising technology in teaching and learning. An environment full of creativity, cooperation, and continuous learning efficiently promotes utilisation of technological innovations. This factor was advanced by Westerman et al. (2014), according to whom organisational agility and leadership play a crucial role in promoting digital transformation and developing ICT skills. Therefore, to examine its effect in the study’s context the hypothesis formulated was: 


H2: Organisational support influences ICT skills acquisition among trainee teachers.

Environmental influences: The external environment, including regulatory frameworks, policy support, and socio-economic conditions, plays a crucial role in shaping the use of ICT in teaching and learning. Effective ICT integration depends on how organisations adapt to global changes and emerging opportunities. Research by Permadi and Fathussyaadah (2021) highlights that environmental support significantly affects online learning amongst students. Support from government, community, and organisations creates a favourable influence on digital learning. Considering this it was proposed that:


H3: Environmental influences affect ICT skills acquisition among trainee teachers.

Knowledge development: ICT facilitates knowledge creation, access, sharing, and dissemination. Teachers need continuous exposure to the latest technologies and best practices to strengthen their professional knowledge. Nonaka and Takeuchi (1995) highlighted the importance of knowledge production, sharing, and utilisation in promoting organisational innovation and competitiveness. Considering this, the present study included knowledge development and proposed:


H4: Knowledge development influences ICT skills acquisition among trainee teachers.

Based on the study objectives and the TOE framework proposed by Tornatzky and Fleischer (1990), an extended conceptual model (TOEK) was developed to examine the effects of contextual factors on ICT skills acquisition among trainee teachers. Conceptual frameworks are designed to represent the relationship among variables derived from research objectives and theoretical foundation (Maxwell, 2013; Creswell & Plano Clark, 2018). In the present study, the conceptual model served not only as a theoretical foundation but also as an analytical framework that guided the identification of latent construct and formulation of their hypothesised relationships. Accordingly, four hypotheses corresponding to each of the TOEK dimensions were formulated and empirically tested.


Based on the proposed hypotheses, a conceptual model was developed to examine how contextual factors collectively influence digital skill development (Figure 1). The model informs the research design, instrument development, and CFA- and SEM-based empirical analysis. The conceptual model served as the central framework guiding the entire study. In the methodology section, the four TOEK dimensions are treated as independent latent constructs and ICT skills acquisition as the dependent construct, measured through a structured Likert-scale instrument. In the results section, the model is empirically tested using CFA to validate the measurement structure, followed by SEM to examine the hypothesised relationships among the constructs. The discussion further interprets how each of the TOEK dimensions contributed to ICT skills acquisition, deriving practical implications for teacher education.
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Figure 1: Hypothesised Model of Factors influencing ICT skills acquisition
Methods

Research Design

The study adopted a quantitative research approach to assess the factors influencing trainee teachers’ acquisition of ICT skills. Structural Equation Modelling (SEM) supported by Confirmatory Factor Analysis (CFA) was employed to investigate the relationship between the latent variables: technological infrastructure, organisational support, environmental influences, knowledge development, and ICT Skills while accounting for measurement error. This approach enabled a comprehensive understanding of the direct effects of the proposed factors influencing the ICT Skills development. 


Participants

A sample of 202 trainee teachers (124 males and 78 females) were selected using simple random sampling from three government-aided teacher training colleges in the East Singhbhum district of the Kolhan Division, Jharkhand, India. The study was delimited to government-aided colleges within this region only. Participation was voluntary and informed consent was obtained from all respondents. In terms of pedagogical specialisation, 110 participants were from the social sciences, 29 from science, 36 from language studies, and 27 were from the humanities.


Data Collection and Analysis

Data were collected through a self-constructed five-point Likert scale questionnaire, designed to measure the latent variables of technological infrastructure, organisational support, environmental influences, knowledge development, and ICT skills acquisition amongst the participants. At the preliminary stage, a 42-item measurement scale was prepared with responses ranging from Strongly Agree to Strongly Disagree. The measurement tool demonstrated excellent internal consistency, with a Cronbach’s alpha coefficient of 0.974. CFA and SEM were employed to validate the measurement and structural models, and to examine the relationships among the constructs. SPSS Version 22 and JAMOVI software for the social sciences were used for statistical analysis of the data. Further, multiple regression was performed on SPSS 22 software for hypotheses testing.


Results

RO1: Measurement Model Validation

To address the first research objective, CFA was conducted to examine the reliability and validity of the TOEK framework constructs. Initially, 42 items were analysed, and items with factor loadings below 0.50 were removed to improve construct validity (Morse, 2022). The final model retained 24 items across five factors: technological infrastructure, organisational support, environmental influences, knowledge development and ICT skills acquisition.


As presented in Table 1, all retained items demonstrated satisfactory factor loadings (> 0.50), with the Average Variance Extracted (AVE) values exceeding the recommended threshold of 0.50, confirming construct validity. Further, construct reliability values ranged from 0.757 to 0.903, indicating adequate internal consistency (Hair et al., 2010). 


Table 1: Construct Report Summary of Confirmatory Factor Analysis





 
  	
   

   

   

   

   

   

  Factor 1

  
  	
  Sl. No.

  
  	
  Construct

  
  	
  Items

  
  	
  Factor Loading

  
  	
  Reliability

  
  	
  AVE[bookmark: _Hlk176006983] > = 0.5

  
 

 
  	
  1

  
  	
   

   

   

  [bookmark: _Hlk173416915]Technological
  infrastructure

  
  	
  My institution provides sufficient technological resources to
  support remote work effectively. (T1)

  
  	
  .633

  
  	
   

   

   

   

   

  0.799

   

   

  
  	
   

   

   

  0.510

  
 

 
  	
  2

  
  	
  Technological infrastructure including hardware, software and
  networking resources in my organisation are up-to-date. (T4)

  
  	
  .657

  
 

 
  	
  3

  
  	
  My organisation’s tech-infrastructure facilitates the
  implementation of ICT initiatives. (T5)

  
  	
  .665

  
 

 
  	
  4

  
  	
  Tech-infrastructure empowers me to reveal innovative approaches
  to work. (T6)

  
  	
  .516

  
 

 
  	
  5

  
  	
  Tech-infrastructure empowers the scalability to adopt adequately
  in rapid institutional expansion. (T8)

  
  	
  .541

  
 

 
  	
   

   

   

   

  Factor 2

  
  	
  1

  
  	
   

   

   

  [bookmark: _Hlk173416784]Organisational
  support

  
  	
  There are separate ICT departments to provide guidance on
  technology related problems and doubts. (O2)

  
  	
  .507

  
  	
   

   

   

   

   

  0.833

   

   

  
  	
   

   

   

  0.561

  
 

 
  	
  2

  
  	
  My organisation provides sufficient access to resources for ICT
  projects and initiatives. (O3)

  
  	
  .714

  
 

 
  	
  3

  
  	
  My organisation’s learning culture promotes for continuous
  learning in ICT-related competencies. (O4)

  
  	
  .620

  
 

 
  	
  4

  
  	
  My organisation invests in training programmes to help students
  develop requisite skills for utilising technology in learning. (O5)

  
  	
  .614

  
 

 
  	
  5

  
  	
  My institution promotes ICT-related practices through continuous
  learning. (O8)

  
  	
  .557

  
 

 
  	
   

   

   

  Factor 3

  
  	
  1

  
  	
   

   

   

  [bookmark: _Hlk173416652]Environmental
  influences

  
  	
  Changes such as transition from one technological process to
  another are an obvious key factor for innovation. (E1)

  
  	
  .506

  
  	
   

   

   

   

   

   

  0.848

  
  	
   

   

   

   

   

   

  0.581

  
 

 
  	
  2

  
  	
  Societal side of technological progress forms a crucial part of
  keeping pace with the changing needs. (E2)

  
  	
  .527

  
 

 
  	
  3

  
  	
  An optimistic environmental support of the institution fosters
  adoption of innovation in technological field. (E5)

  
  	
  .532

  
 

 
  	
  4

  
  	
  Institution actively adapts only changes that pertain to
  regulatory requirements and management decisions. (E6)

  
  	
  .625

  
 

 
  	
  5

  
  	
  Institution upholds social norms regarding accessibility drive
  to ensure equal opportunity to ICT resources within the institution. (E7)

  
  	
  .630

  
 

 
  	
   

   

   

  Factor 4

  
  	
  1

  
  	
   

   

   

  [bookmark: _Hlk173416468]Knowledge development

  
  	
  Organisation offers learning programmes that give learners with
  tools to increase their ICT skills. (K1)

  
  	
  .605

  
  	
   

   

   

   

  0.757

  
  	
   

   

   

   

  0.544

  
 

 
  	
  2

  
  	
  Participating in communities related to ICT Improves my
  knowledge in the field. (K3)

  
  	
  .631

  
 

 
  	
  3

  
  	
  Trainee teachers demonstrate high levels of digital literacy,
  showcasing their ability to effectively assess the online resources. (K8)

  
  	
  .518

  
 

 
  	
   

   

   

   

  Factor 5

  
  	
  1

  
  	
   

   

   

   

  ICT skills

  
  	
  I seek out different ICT applications because I wish to enhance
  my proficiency in them. (I2)

  
  	
  .598

  
  	
   

   

   

   

   

   

  0.903

  
  	
   

   

   

   

   

   

  0.672

  
 

 
  	
  2

  
  	
  I trust that taking advanced computer classes is a good idea for
  my future career opportunities. (I4)

  
  	
  .511

  
 

 
  	
  3

  
  	
  Group work on ICT projects with peers has laid foundation for my
  general skills and competency. (I7)

  
  	
  .605

  
 

 
  	
  4

  
  	
  Instructors give me positive feedbacks on my ICT assignments. (I8)

  
  	
  .609

  
 

 
  	
  5

  
  	
  My creativity in preparing lesson plans has increased multiple
  folds with the use of ICT. (I9)

  
  	
  .717

  
 

 
  	
  6

  
  	
  My critical thinking skills and leaning proficiency have
  increased with the use of ICT. (I10)

  
  	
  .743

  
 




These findings confirm that the observed variables adequately represent the latent constructs of the TOEK framework and that the measurement model is suitable for further analysis.


RO2: Structural Model Assessment

To address the second research objective, SEM was employed to assess the model fit and examine the relationships among the latent constructs of the TOEK framework. With a sample size of 202, the prerequisite of performing SEM was satisfied (as per Hair et al., 2010, the sample to item ratio should be 5:1). Model fit was determined using indices such as normative Chi-square (χ²/df), Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation (RMSEA). The initial model showed moderate fit (χ²/df = 2.159, and RMSEA = 0 .075, CFI = 0.841, TLI = 0.831), indicating the requirement for model refinement. After removing the poorly performing items, the revised structural model demonstrated improved fit indices (χ²/df = 1.855, CFI = 0.925, TLI = 0.915, and RMSEA = 0.065), all within acceptable limits (Hair et al., 2010). These values (Table 2), imply that the model fits the data well and can be reliably used to examine the interrelationships among the variables being studied.


Table 2: Goodness-of-fit of the Structural Model


[image: Table_02]


Note: Goodness of fit indices as per Hair et al. (2010)


The revised CFA model, depicted in a path diagram (Figure 2), indicates satisfactory relationships between latent constructs, and observed variables, with all standardised factor loadings above acceptable limits and reduced error terms. The latent variables — technological infrastructure (T), organisational support (O), environmental influences (E), knowledge development (K), and ICT skills acquisition (I) are depicted in circles on the left side, while their observed indicators are depicted in rectangular boxes on the right. This validated model was subsequently used for hypotheses testing.
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Figure 2: Final CFA Measurement Model
RO3: Influence of TOEK Factors on ICT Skills Acquisition

To address the third research objective, the validated structural model was used to examine the influence of the TOEK factors on ICT skills acquisition among trainee teachers. Multiple regression was performed, where findings showed that the overall model was statistically significant (F = 194.45, p < 0.001), with the set of predictors explaining 79.8% of variance in ICT skills acquisition (R2 = 0.798), thus showing adequate explanatory power of the independent variables towards the dependent constructs. The result of the regression analysis is presented in Figure 3.




[image: Mondal_Fig_03]


Figure 3: Regression analysis presenting the effect of TOEK on ICT skills acquisition
Note: *P = 0.000. significant at 95% level

All hypothesised relationships were found to be significant, where technological infrastructure positively influenced ICT skills acquisition (β = 0.784, p < 0.001), supporting H1. Organisational support also demonstrated a significant positive influence (β = 0.752, p < 0.001), supporting H2. Similarly, environmental influences significantly predicted ICT skills acquisition (β = 0.824, p < 0.001), supporting H3, while knowledge development emerged as the strongest predictor influence (β = 0.876, p < 0.001), thereby supporting H4.


Therefore, the findings confirm that the TOEK framework is a valid and reliable model for understanding ICT skills acquisition among trainee teachers. The CFA results showed that the retained items adequately represented the five constructs, namely technological infrastructure, organisational support, environmental influences, knowledge development, and ICT skills acquisition, with satisfactory reliability and validity values. The structural model assessment further demonstrated acceptable model fit indices, indicating that the proposed framework fits the data well and can effectively explain the relationships between the variables. This means that the framework is scientifically suitable for examining how different institutional and learning related factors contribute towards development of ICT skills among teachers. The regression findings further revealed that all four factors significantly influenced ICT skills acquisition, explaining nearly 80% of the variance in trainee teachers’ ICT competency. This indicates that effective ICT integration in teacher education requires not only technological resources but also supportive learning environments and opportunities for practical digital engagement.


Discussion and Implications

The findings of this study document that ICT skills acquisition among trainee teachers is influenced by a combination of technological, organisational, environmental, and knowledge-related factors rather than by access to technology alone. The validated TOEK framework was consistent with prior SEM-based educational technology research (Davis, 1989; Tornatzky &  Fleischer, 1990), indicating that ICT competency development in teacher education is a multidimensional process where institutional support, digital learning opportunities, and practical exposure to technology collectively shape trainee teachers’ readiness to integrate ICT into teaching and learning practices.


Technological infrastructure was found to significantly influence ICT skills acquisition, indicating that trainee teachers develop better technological competencies when institutions provide reliable internet connectivity, updated digital devices, and access to ICT resources during classroom activities (Guerreo, 2023; Mukherjee & Singh, 2026). However, infrastructure alone does not ensure competency development unless accompanied by pedagogically relevant learning opportunities and institutional support mechanisms (Mondal & Das, 2025; Mirzajani et al., 2016; Pozas & Letzel, 2023; Sang et al., 2010). Organisational support also contributed significantly, highlighting the importance of institutional encouragement, mentoring, and collaborative learning environments. The findings suggest that trainee teachers become more confident in using ICT when teacher educators provide guidance, technical support, and opportunities to practise technology-integrated teaching strategies (Mtebe, 2020). This indicates that institutional leaders should create supportive professional learning environments where trainee teachers can continuously develop and practise ICT-related pedagogical skills (Day et al., 2012; Zhang et al., 2022). 


Environmental influences were also found to positively affect ICT skills acquisition, indicating that technology-oriented academic environments and supportive digital ecosystems foster greater ICT readiness and technology adoption (Chan et al., 2025; Chen et al., 2024). Among all the predictors, knowledge development exerted the strongest influence, suggesting that trainee teachers develop ICT competency more effectively when they actively engage in hands-on learning such as preparing multimedia lesson plans, conducting online assessments, participating in collaborative digital activities, and using technology during teaching practice sessions (Kumar & Sri, 2023). This implies that teacher education institutions should integrate practical ICT training across pedagogy courses rather than limiting ICT learning to theoretical instruction or isolated workshops (Jo & Bang, 2023; Kumar, 2026; Luik & Taimalu, 2021). These experiences may help trainee teachers promote the 21st century skills like critical thinking, and collaboration and active learner engagement in technology-enabled classrooms (Bitegeko et al. 2024; Deb, 2026). 


The study contributes theoretically by empirically validating the extended TOE framework through the inclusion of knowledge development as an additional dimension, strengthening its explanatory power in teacher education contexts. Practically, the findings suggest that teacher education institutions should adopt integrated ICT strategies that  strengthen infrastructure, organisational support, digital learning culture, and professional training opportunities. Embedding  ICT oriented learning within teacher education curricula, while strengthening administrative support through adequate  resources, and continuous encouragement, might significantly improve trainee teachers’ digital preparedness and confidence (Falloon, 2020; Hamilton et al., 2020; Oliveira et al., 2019). Aligning with established frameworks such as UNESCO’s ICT Competency Framework for teachers and India’s National Education Policy 2020 (para 24.3), such initiatives may further emphasise equitable and meaningful integration of technology in education (Mishra et al., 2025). 


Despite increasing ICT availability, challenges related to poor internet connectivity, limited confidence, inadequate digital preparedness, uneven institutional support, and digital illiteracy continue to restrict effective classroom integration of technology, particularly in rural and resource-constrained areas (Esfijani & Zamani, 2020; Mukherjee, 2024; Niyibizi, 2026; Vandegrift, 2022). Additionally, the limited pedagogical integration of emerging AI tools, such as Chatbots and Gemini may constrain the development of advanced digital competencies in teacher education (Sigurjonsson & Wendt, 2025). Therefore, strengthening inclusive digital infrastructure, institutional collaboration, continuous professional development, and ICT competency frameworks remain essential for achieving equitable and sustainable technology-enabled education aligned with Sustainable Development Goal 4.


Conclusion

This study indicates that ICT competency is shaped by the combined influence of technological, institutional, environmental, and knowledge related factors, rather than by isolated variables alone. By incorporating knowledge development into the traditional TOE framework, the findings of the study provide a more comprehensive perspective on ICT skill formation, among training teachers. The strong explanatory power of the model further supports the applicability of the TOEK framework in understanding ICT skills acquisition in contemporary educational settings. The findings suggest that teacher education programmes should prioritise structured ICT training and continuous knowledge development. Institutions need to strengthen technological infrastructure and provide sustained organisational support. The TOEK framework also offers a useful model for researchers and policy makers to design and evaluate ICT integration strategies.


Suggestions for Future Research

While the study provides important insights, further research might adopt longitudinal designs to examine how ICT skills evolve over time with continuous exposure and practise. Researchers need to examine additional factors such as self-efficacy, motivation and attitudes towards technology to better understand how and why ICT skills are developed among different types of learners. Further, testing the effectiveness of teaching interventions like AI-based tools, animation, or digital storytelling would be a good approach towards assessing the improvement of ICT skills among teachers. Lastly, research could investigate the role of policies and institutional leadership in strengthening ICT integration in teacher education.
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