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Abstract

Purpose — The purpose of this paper is to explore innovative strategies for textbook utilization, addressing the
limitations of traditional models in fostering core 21st-century skills such as scientific inquiry, interdisciplinary
application, and ethical awareness.

Design/Methodology/Approach — Combining constructivism, STEM education philosophy, and deep learning
theory, this mixed-methods research employs a two-year quasi-experimental study at Xiguang Middle School. It
introduces a "Four-Dimensional Synergy Model" (inquiry-based teaching, interdisciplinary integration, digital
empowerment, and ethical-legal frameworks) and evaluates its effectiveness through comparative analysis of
experimental classes (innovative strategies) and control classes (traditional methods).

Findings — Key challenges include outdated content, rigid pedagogy, disciplinary fragmentation, and weak
ethical integration. The proposed model significantly enhanced student outcomes:Experimental classes using
innovative strategies significantly outperformed control classes. experimental classes.

Research Implications — This study provides actionable strategies for transitioning from knowledge-centric
to competency-oriented science education. It guides curriculum designers in updating pedagogical content,
fostering interdisciplinary collaboration, and embedding ethical values. The frameworks support policymakers
and educators in driving high-quality educational reform.
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