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Abstract: Amid education's digital transformation, programming has emerged as vital for cultivating K-12 students’ core
competencies. This systematic review of 78 empirical studies (2015-2025) reveals its positive impacts on cognitive,
psychological, social, and cross-disciplinary learning, with distinct stage-specific focuses: interest and foundational
thinking in primary, structured application in junior secondary, and higher-order innovation in senior secondary. Tool
type, pedagogy, and intervention duration are key moderators. Future work should expand sample diversity, improve
assessments, and deepen mechanistic research to advance programming education quality.
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