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Abstract: Based on the bio-psycho-social model, this study constructed the first theoretical framework for the synergistic
development of physical activity, sleep and academic performance, aiming to reveal the dynamic interaction mechanism
among the three elements and their impact on adolescent development. Through a mixed research method (cross-
sectional survey N=1,872; intervention experiment n=300; qualitative interviews n=30), the study found that: (1)
There is a significant synergistic effect - when daily moderate-to-vigorous physical activity (MVPA) is maintained at
55-65 minutes and sleep duration is 7.5-8 hours, academic performance improves by 0.82 standard deviations (95%
CI: 0.76-0.88), and this effect is jointly mediated by three pathways: energy metabolism optimization ($=0.28),
enhanced neural plasticity (f=0.35), and cognitive resource reallocation (f=0.19); (2) The constructed dynamic synergy
model (BPS-DSM) shows that the promotion of sleep by physical activity has a 48-hour lag period, while academic
pressure immediately weakens the willingness to exercise (=-0.37); (3) The intervention experiment confirmed
that personalized physical activity-sleep programs can improve the PSQI of “dual-low” students by 2.3 points and

increase their academic Z-score by 0.41 (d=0.73). The study innovatively proposed a “time-energy-cognition” synergy
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framework, providing a theoretical basis and practical path for the precise implementation of educational health policies.

Keywords: Synergistic Development of Physical Activity; Sleep and Academic Performance; Theoretical Model

Construction; Mechanism; Adolescent Development; Bio-Psycho-Social Model
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(HEFERRAE, KA R0s sl e N H>60% %
R S ARIES) (MVPA) , it =ik i
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(2) Fpgrt & PFHuAL (SES) )21/
R

B AR N 208 B I (A) 3 R A A1 2-
18%- HEHRZAZE>R5%M], 2RI I W [F] 3 25
W7 GINE=0.63) .

5 SEIEMEIELER
5.1 fERERT SRR

T LB 2 1,872 44 k1) B 28 4l b 47 A2 T
i«

(1) Bafahr: H¥IMVPAN42.3+16.7%
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