Predictive Analytics for Saudi Student Performance in TIMSS Exam
Problem Statement
Saudi Arabia has participated in multiple cycles of the Trends in Mathematics and Science Study (TIMSS), yet national performance in mathematics and science continues to fall below international benchmarks. Results from TIMSS 2019 reveal persistent challenges such as gender performance gaps, disparities between schools, and the influence of socioeconomic and instructional factors on student achievement (EEC & IEA, 2021; Mullis et al., 2020). Although several Saudi-focused studies have examined these issues, most rely on traditional statistical techniques—such as regression analysis and hierarchical linear modelling—which offer interpretability but lack strong predictive capabilities (Elsayed et al., 2022; Darandari & Al-Junaidel, 2024).
While these studies highlight influential factors such as classroom climate, teaching practices, student motivation, and socioeconomic status, they mainly provide explanatory insights rather than predictive ones. At the same time, recent international research has demonstrated the value of machine learning (ML) approaches—such as Random Forest, Gradient Boosting, and explainable AI—to uncover complex, nonlinear relationships in educational data (Song & Cutumisu, 2024; Gul et al., 2025). However, within the Saudi context, the application of predictive analytics to TIMSS data remains limited, representing a significant research gap.
Given Saudi Arabia’s national educational priorities, particularly in STEM development, there is a critical need to apply predictive analytics to identify at-risk students, anticipate performance outcomes, and support data-driven decision-making. Existing solutions do not fully leverage advanced predictive modelling, nor do they provide actionable insights for policymakers and educators. Therefore, research is needed to design and evaluate machine learning models capable of predicting Saudi students’ performance in TIMSS and identifying the factors that most strongly influence achievement.
Research Objectives
Primary Goal
To develop and evaluate predictive analytics models that identify key factors influencing Saudi students’ performance in the TIMSS mathematics and science assessments.
Specific Objectives
1. To analyze the TIMSS 2019 dataset for Saudi Arabia and extract relevant demographic, instructional, and contextual variables.
2. To design and implement machine learning models for predicting student performance in mathematics and science.
3. To compare and evaluate predictive performance across multiple models, including both traditional statistical techniques and modern machine learning approaches.
4. To identify the most influential predictors using explainable AI methods such as feature importance and SHAP values.
5. To provide data-driven recommendations for improving teaching practices, learning environments, and educational policy decisions in Saudi Arabia.
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