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Abstract

This investigation evaluates the empirical outcomes of deploying an adaptive generative AI mentoring platform across

primary and secondary school science departments. Findings demonstrate measurable gains in pedagogical content

knowledge (PCK) and prompt design competency, with significant reductions in curriculum planning friction.
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1. Introduction

Contemporary science education faces escalating challenges in preparing secondary teachers to integrate emerging

digital technologies into laboratory pedagogy. Generative artificial intelligence offers unprecedented capabilities for

differentiated instructional design, automated formative assessment, and multi-tier scaffolding. This study formulates an

empirical inquiry into adaptive AI-mediated mentoring frameworks, testing teacher uptake across multi-site instructional

cohorts.

2. Method

A longitudinal quasi-experimental design was conducted across 32 participating secondary schools (N=184 science

educators). Teachers engaged with an adaptive LLM-orchestrated pedagogical workbench providing real-time feedback

on inquiry prompts, laboratory safety simulations, and assessment rubrics over a 16-week intervention period. Pre- and

post-intervention PCK inventories were analyzed alongside automated log metrics.

3. Results and Discussion

Quantitative outcome measures indicated statistically significant increases in teacher prompt design efficacy (t(183) =

8.42, p < 0.001, Cohen’s d = 0.86) and rubric alignment. Qualitative thematic coding of classroom observations

revealed that teachers transitioned from basic informational querying to recursive, high-order pedagogical reasoning

within four weeks of deployment.

4. Conclusion

Adaptive AI scaffolds effectively enhance teacher self-efficacy and curricular differentiation in secondary STEM

disciplines. Institutional programs should incorporate structured prompt literacy within continuous professional

development frameworks.
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