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Abstract

This study develops machine-learning early-warning models to
identify Moroccan students at risk of low achievement in PISA
2022 [1]. Low achievement is defined as the bottom quartile of
plausible-value-based performance distributions in mathematics
and science. Using a merged student-school dataset (N = 6,867)
and 26 predictors capturing socioeconomic background, school
climate, ICT resources, and school constraints, we compare
Random Forest [2], XGBoost [3], radial-basis SVM [4], and a
multilayer perceptron under an 80/20 stratified train-test split
with training-only median/mode imputation. Performance is
assessed using AUC and complementary threshold-based metrics
used in educational data mining [5]. XGBoost performs best (AUC =
0.841 in mathematics; 0.796 in science), followed by Random
Forest (0.824; 0.792). Risk stratification is strong: the top decile of
predicted risk contains about two-thirds of observed low achievers
(»66.7% in mathematics; *68.1% in science) versus ~20% in the
remaining students, implying enrichment ratios above 3.
Importance and standardized mean-difference profiles consistently
point to bullying exposure, student-teacher ratio, teacher
qualification, ICT learning resources, school belonging, and early
childhood education exposure as key correlates. These results
support ML-based screening tools to guide targeted interventions
addressing both learning support and school-climate/resource
constraints.
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