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Keywords The rapid proliferation of intelligent educational environments is profoundly reshaping




adolescents' learning approaches and cognitive processes; however, there remains a lack
of sufficient empirical evidence regarding the dynamic mechanisms through which
adaptive learning systems influence the development of adolescents' metacognitive
adaptive learning abilities. This study recruited 312 seventh-grade students from three middle schools in a
system; metacognitive certaip city anq conducted a one-year longi.tudinal investiggtion us.ipg a math.emati.cs
adaptive learning platform. By integrating metacognitive ability questionnaire
measurements with system log behavior data analysis, and employing latent growth
longitudinal study curve modeling and epistemic network analysis, this study explored the developmental
trajectories and influencing mechanisms of adolescents' metacognitive abilities within
the adaptive learning system environment. The findings reveal that: (1) adolescents'
metacognitive abilities exhibit a nonlinear growth trend during the use of the adaptive
learning system, with metacognitive monitoring skills improving at a significantly faster
rate than metacognitive knowledge; (2) the adaptive assessment function demonstrates a
stronger facilitative effect on the accuracy of metacognitive monitoring compared to the
adaptive content recommendation function; (3) behavioral indicators in system logs, such
as "dwelling time after incorrect answers" and "help-seeking behavior patterns," are
significantly correlated with the development of metacognitive abilities; and (4) prior
academic level plays a moderating role between the use of the adaptive learning system
and the development of metacognitive abilities. This study provides empirical evidence
and design implications for fostering metacognition in intelligent educational
environments.
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