
Secondary education systems globally face increasing pressure to cultivate advanced competencies in Science, Technology, Engineering, Arts, and Mathematics (STEAM), alongside crucial 21st-
century skills like integrative thinking, creativity, and complex problem-solving. These capabilities are deemed essential for learners navigating an increasingly complex world marked by rapid 
technological advancements and global challenges. However, traditional models of teacher professional development (PD) often fall short. Research indicates that conventional PD frequently yields 
variable outcomes, with inconsistent uptake of reform-based practices among teachers. Such fragmentation struggles to adequately prepare educators for the specific, complex demands of 
encouraging, deep, integrated STEAM learning, which demands cross-disciplinary perspectives and advanced pedagogical strategies. The documented variability in PD effectiveness points not only 
to design flaws, but potentially to a fundamental mismatch between generic training and the specialized needs of STEAM educators. 
The aim of research is to investigate the potential of AI-driven approaches to enhance professional development for secondary STEAM teachers, integrate findings from relevant high-impact 
literature, and propose an innovative framework for AI-driven STEAM teacher training.
Objectives
1. To analyze impactful literature from 2018-2025 on AI applications in teacher professional development, focusing on STEAM contexts.
2. To consolidate key findings from the literature into thematic strands highlighting affordances and challenges.
3. To propose a conceptual framework (the A²SPDC Cycle) for adaptive, AI-driven professional development tailored to STEAM educators.
The methods of the research
● Systematic review and integration of high-impact, peer-reviewed literature (focusing on 2018-2025) concerning AI, teacher PD, and STEAM education.
● Thematic analysis and conceptual framework development based on the literature review.
● Proposal of a Design-Based Research (DBR) methodology for future empirical investigation.
● Logical deduction and synthesis to derive implications for practice and research.
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AI-Driven Teacher Training for STEAM Innovation 

The findings suggest a need to shift PD practices away from generic technology training 
towards targeted development of integrated knowledge domains, specifically AI-related 
TPACK components (CK, TK, TPK, TCK) crucial for modern STEAM education. The 
A²SPDC offers an adaptable model for designing such AI-enhanced PD, emphasizing 
personalization, adaptive feedback, and situated practice. Practitioners should consider 
leveraging AI tools not just as content delivery mechanisms, but as integral components for 
diagnosis, practice simulation, feedback generation, and reflective analysis. Crucially, 
successful implementation requires embedding these tools within educationally sound 
frameworks that prioritize self-directed professional growth, collaboration, and deep 
reflection on practice. School leaders play a vital role in creating supportive environments 
where teachers have the time, resources, and encouragement to engage in such intensive, 
technology-mediated PD. There is a clear need for more systematic, context-sensitive 
research on AI in teacher PD, particularly employing DBR and extended-duration designs to 
understand long-term impacts. Future studies should prioritize co-design methodologies, 
ensuring educators are active partners in the research and development process.

INTRODUCTION

MAIN RESULTS AND CONCLUSIONS

Main findings
The proposed A²SPDC framework outlines an iterative, AI-driven professional development (PD) 
model designed to enhance teachers’ STEAM pedagogical competencies, particularly within the 
TPACK framework. It comprises six interconnected components that operate in a continuous loop, 
leveraging AI for personalization, feedback, and reflection:
1.Diagnostic AI Assessment
AI tools initiate the cycle by assessing teachers’ STEAM TPACK levels, AI literacy, pedagogical 
beliefs, and learning goals. Techniques include NLP analysis of lesson plans, performance in 
simulations, and adaptive questionnaires.
2. Personalized Pathway Generation
Based on diagnostic outputs, AI constructs individualized PD pathways with targeted resources, 
modules, collaborative tasks, and practice activities, directly addressing identified gaps.
3. AI-Powered Practice Environments
Teachers engage in virtual simulations, including AI student personas and computational modeling 
platforms, offering safe environments for experimentation with STEAM pedagogies.
4. Multi-Modal AI Feedback
AI systems analyse behavioral data and language patterns during practice to provide real-time, 
diagnostic feedback linked to specific TPACK elements, guiding further development.
5. Collaborative AI Partnering
Teachers collaborate with AI tools (e.g., LLMs) for co-creating STEAM projects, resource 
curation, and peer coaching support, enhancing creativity and engagement.
6. Reflective Analytics Dashboard
A central dashboard visualizes progress, tracks development in TPACK domains, aggregates AI-
generated feedback, and supports deep reflection. Ethical connections to student learning 
outcomes may also be explored.

The A²SPDC cycle, grounded in Design-Based Research (DBR), supports continuous refinement 
through iterative implementation. Mixed-methods data collection (surveys, observations, log data) 
across DBR phases will address usability, impact on TPACK, perceived AI utility, and contextual 
mediators. 

Theoretical background
This overview presented here draws upon recent (2018-2025), high-impact systematic 
reviews and empirical studies examining AI applications in education, focusing specifically 
on implications for teacher development within primary and secondary STEAM contexts. 
Four key patterns are identified:
Figure 1:
Thematic map illustrating key application areas and challenges of AI in teacher professional 
development collated from high-impact literature (2018-2025).

Theme 1: AI for Personalised & Adaptive PD
AI can tailor professional development (PD) by analysing teacher data to create 
individualized learning pathways. Techniques like learner profiling and dynamic content 
adjustment make PD more relevant and efficient. Generative AI tools further support lesson 
planning and content adaptation, addressing diverse teacher needs.

Theme 2: AI to Build STEAM Pedagogical Skills (TPACK)
Effective AI use in STEAM teaching requires strengthening teachers’ Technological, 
Pedagogical, and Content Knowledge (TPACK), especially in AI-specific areas. AI tools like 
simulations and intelligent tutoring systems can provide personalized practice and feedback, 
helping teachers integrate AI concepts into lessons while closing TPACK gaps.

Theme 3: AI for Collaboration, Reflection, and Feedback
AI supports teacher collaboration by facilitating brainstorming, analyzing classroom 
interactions, and offering automated feedback. While helpful for surface-level insights, 
thoughtful design is needed to ensure AI fosters deep reflection and meaningful practice 
change.

Theme 4: Challenges: Ethics, Equity, and Readiness
Ethical concerns—privacy, bias, surveillance—and weak pedagogical grounding in AI tools 
remain major challenges. Limited teacher involvement and readiness slow adoption. Without 
careful design, AI risks widening educational inequalities rather than bridging them.
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