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Abstract
Background and Aims: Science education in the 21°" century faces challenges from rapid
technological, social, and economic transformations. This article analyzes global approaches to
science education and proposes a conceptual framework for reform in Thailand by studying
experiences from countries achieving outstanding results in PISA and TIMSS assessments, including
Singapore, Finland, and East Asian nations.
Methodology: This study employs comparative analysis through examination of international
research and policy reports from 2018-2024, analyzing experiences from Singapore (ranked 1st
globally), Finland (experiencing continuous decline), and ASEAN countries, and synthesizing
appropriate approaches for the Thai context.
Results: Sustainable transformation requires multi-dimensional integration consisting of: 1)
curriculum reform emphasizing inquiry-based learning with structured frameworks, 2) continuous
teacher development focused on pedagogical content knowledge, 3) appropriate technology
integration including Al-enhanced virtual reality environments, and 4) assessment system
improvement focusing on thinking processes rather than content memorization. PISA 2022 results
show Singapore achieved the highest scores globally (Science: 561, Mathematics: 575, Reading:
543), while Finland experienced continuous decline across all subjects, with mathematics scores
dropping 79 points from 2003-2022, and Thailand's scores decreased by 4.36%, indicating an
urgent need for systematic reform.
Conclusion: This research proposes systematic policy recommendations for developing
Thailand's science education to align with international standards while maintaining local
contexts. Reform should focus on developing an integrated curriculum incorporating 21st-century
skills (4Cs: Critical thinking, Creativity, Communication, and Collaboration) through three
frameworks: 1) Local Environmental Science Curriculum, 2) Thai Food Science and Technology
Curriculum, and 3) STEAM-based Community Problem-Solving approach. Key policy
recommendations include establishing teacher development centers, creating technology-
enhanced learning environments, and developing assessment systems measuring scientific
thinking processes rather than factual recall.
Keywords: Science Education; Inquiry-based Learning; Scientific Thinking Skills; Thai Education;
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