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Intervention effect analysis of Al-based academic early warning and

personalized support on the academic performance of at-risk students
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Abstract: To address the lagging nature of traditional academic early-warning systems and the
homogenization of support interventions, this study innovatively integrates ensemble learning with
causal inference algorithms. An AdaBoost model, validated on data from 2 003 students, was
employed to achieve precise stratification and real-time monitoring of academic risk. A causal forest
model was then used to quantify the net effects of interventions, enabling the development of
multidimensional personalized support strategies. Three types of higher education institutions at
different tiers were selected, with each type including 50 students in the experimental group (Al-based
early warning and personalized support) and 50 students in the control group (traditional early warning
and conventional support). Following two academic years of intervention and longitudinal tracking,

the results showed that the experimental group achieved an average GPA increase of 35.70%,
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significantly higher than the 19.40% observed in the control group. Improvements in learning behavior
compliance rates and academic adaptability scale scores were also significantly greater in the
experimental group (P < 0.05).The findings demonstrate that Al-based early-warning models validated
on large-scale datasets can accurately identify underlying academic risk factors, while personalized
support enables targeted interventions. The synergistic effect of these two approaches produces a
significant positive impact on the academic performance of at-risk students, providing a replicable
framework for the development of academic support systems across higher education institutions of
varying tiers.

Key words: Al-based academic early warning; personalized support; at-risk student; intervention

effect; causal inference
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Table 1 Summary of research variables
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Table 2 Model performance evaluation indicators

TR 44 TR HEHGR (Accuracy) R (Recall) F1 /7341 AUC SRERREY
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LightGBM 0.803 4 0.778 9 0.765 8 0.846 0 0.2180
REALARAR 0.8389 0.774 3 0.7432 0.8205 0.1346
XGBoost 0.8152 0.7382 0.717 4 0.8230 0.2275
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Table 4 Intervention effects of causal forest for students with different risk levels
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Fig. 4 Comparison of GPA improvement between Al and traditional assistance under core feature groups
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Table 5 Improvement magnitudes of various learning indicators
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Fig.5 Comparison on score distribution of academic achievement and academic adaptability
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Fig.6 Relative improvement multiples of multi-dimensional intervention effects
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Fig.7 Two-year GPA dynamics of students under Al and traditional academic assistance
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