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Abstract: Sedentary lifestyles, insufficient sleep and academic pressure are increasingly threatening the health and
development of adolescents. This study constructed and validated a cross-modal evidence-based model integrating
physical activity, sleep quality and academic performance, leveraging digital technologies such as wearable devices and

machine learning algorithms. Based on the ecological system theory, the model explored the interactive relationships
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among these three factors and considered the moderating effects of environmental factors such as family support
and school policies. Data were collected from 1,200 primary and secondary school students through questionnaires,
wearable device records and school archival materials. The structural equation model (SEM) revealed significant positive
relationships: physical activity improved sleep quality (8=0.35, p<0.001), sleep quality further enhanced academic
performance ($=0.29, p<0.001), and physical activity had a direct positive impact on academic performance (=0.18,
p<0.01). Family support (3=0.22, p<0.01) and school policies (3=0.19, p<0.05) significantly moderated these relationships,
highlighting the importance of contextual factors. The model demonstrated strong predictive accuracy in cross-validation
(CF1=0.90, TLI=0.89, RMSEA=0.07, SRMR=0.07). Qualitative analysis of student interviews emphasized the difficulty
in balancing health behaviors and academic burdens, as well as the positive feelings brought by physical activity and
adequate sleep. Theoretically, the study advanced the application of ecological system theory and digital technologies
in adolescent health research. Practically, it provided actionable suggestions for policymakers, educators and parents,
aligning with the development directions of “Healthy China 2030 and the “Double Reduction Policy”. Limitations of
the study include reliance on self-reported data and a cross-sectional research design, which should be supplemented
by longitudinal studies and objective measurements in the future. This study offers a comprehensive framework for
improving adolescent health and academic outcomes, contributing to their all-round development and well-being.
Keywords: Physical Activity; Sleep Quality; Academic Performance; Ecological System Theory; Digital Technology;
Adolescent Health
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