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Abstract
Student performance in international large-scale assessments such as the Trends in Mathematics and Science Study (TIMSS) is a critical indicator of educational quality and national competitiveness. Despite Saudi Arabia’s continued participation in TIMSS, student achievement in mathematics and science remains below international benchmarks. Existing Saudi-focused studies largely rely on traditional statistical methods, which provide explanatory insights but lack strong predictive power. With the advancement of artificial intelligence (AI) and machine learning (ML), predictive analytics offers a promising avenue to identify at-risk students, uncover complex relationships among learning factors, and support data-driven educational decision-making.
This research proposes a comprehensive predictive analytics framework using machine learning models to analyze Saudi students’ performance in the TIMSS exam. By integrating demographic, instructional, and contextual variables, the study aims to design, evaluate, and interpret predictive models capable of forecasting student achievement. Explainable AI techniques will be employed to ensure transparency and interpretability of results, thereby enhancing trust among educators and policymakers. The expected outcome is a robust, interpretable, and policy-relevant predictive framework that contributes to improving STEM education outcomes in Saudi Arabia.
Chapter 1: Introduction
1.1 Introduction
International assessments such as TIMSS play a vital role in benchmarking educational systems and informing policy reforms. TIMSS evaluates students’ mathematics and science achievement while collecting extensive background data on students, teachers, and schools. For Saudi Arabia, TIMSS results have consistently revealed performance gaps compared to high-performing countries, raising concerns regarding teaching practices, curriculum design, and learning environments.
Recent advancements in artificial intelligence, particularly machine learning, have transformed data analysis across multiple domains, including education. Predictive analytics enables the analysis of large, complex datasets to forecast outcomes and identify key influencing factors. In educational contexts, machine learning models can uncover nonlinear relationships among variables that traditional statistical approaches may fail to detect. This research leverages these capabilities to enhance understanding and prediction of Saudi students’ TIMSS performance.
1.2 Background
Saudi Arabia has made substantial investments in education as part of its national development strategies, including Vision 2030, which emphasizes improving STEM education quality. Despite these efforts, TIMSS reports indicate persistent challenges such as gender gaps, school-level disparities, and the influence of socioeconomic and instructional factors on student achievement.
Previous Saudi-focused research has predominantly employed regression analysis and hierarchical linear modeling to examine these factors. While such methods provide valuable explanatory insights, they are limited in handling high-dimensional data and complex interactions. International studies increasingly demonstrate that machine learning techniques—such as Random Forests, Gradient Boosting, and Neural Networks—offer superior predictive performance and richer analytical insights. However, the application of these techniques to Saudi TIMSS data remains limited, highlighting a clear research opportunity.
1.3 Problem Statement
Although several studies have analyzed Saudi students’ performance in TIMSS, most rely on traditional statistical techniques that emphasize explanation rather than prediction. These approaches often fail to capture complex, nonlinear relationships among demographic, instructional, and contextual variables. As a result, existing research provides limited support for early identification of low-performing or at-risk students.
Furthermore, the limited adoption of machine learning and explainable AI methods in the Saudi educational context represents a significant research gap. Without predictive and interpretable models, policymakers and educators lack actionable, data-driven tools to guide interventions and reforms. Therefore, there is a critical need to develop and evaluate predictive analytics models that can accurately forecast Saudi students’ TIMSS performance while providing transparent insights into the most influential factors.


1.4 Research Objectives
The primary objective of this research is to develop and evaluate predictive analytics models for Saudi students’ performance in the TIMSS mathematics and science assessments.
Specific objectives include: 1. To analyze Saudi TIMSS datasets and identify 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 the predictive performance of traditional statistical methods and modern machine learning algorithms. 4. To apply explainable AI techniques to identify the most influential predictors of student achievement. 5. To provide data-driven recommendations for educators and policymakers to improve educational outcomes.
1.5 Research Scope
This study focuses on Saudi Arabia’s TIMSS data, particularly the most recent assessment cycles available. The scope is limited to quantitative analysis using secondary data provided by TIMSS. The research concentrates on supervised learning techniques for performance prediction and does not include real-time data collection or experimental interventions in schools.
Chapter 2: Literature Review
2.1 Large-Scale International Assessments and TIMSS
Large-scale international assessments such as the Trends in Mathematics and Science Study (TIMSS) play a central role in evaluating educational systems and informing evidence-based policy decisions. TIMSS not only measures students’ achievement in mathematics and science but also collects extensive contextual data related to students, teachers, schools, and home environments. According to Mullis et al. (2020), these contextual variables are critical for understanding cross-national differences in performance and identifying systemic strengths and weaknesses. Within the Saudi context, the TIMSS 2019 international results revealed that student performance remains below international averages, particularly in higher-order cognitive domains, highlighting the need for targeted and data-driven interventions.
The official TIMSS 2019 Saudi Arabia report published by the Education & Training Evaluation Commission (EEC) and the International Association for the Evaluation of Educational Achievement (IEA) (2021) provides detailed national-level insights into achievement gaps. The report emphasizes persistent challenges such as gender disparities, variations between public and private schools, and the influence of socioeconomic background. While these descriptive findings are valuable, they primarily serve diagnostic and reporting purposes rather than predictive or decision-support functions.
2.2 Saudi-Focused Studies on Student Achievement
Several empirical studies have examined factors influencing Saudi students’ performance in mathematics and science using TIMSS and national assessment data. Elsayed et al. (2022) investigated boys’ underachievement in mathematics and science, identifying gender-related disparities linked to instructional practices, student motivation, and classroom climate. Their findings highlight structural and pedagogical challenges but rely predominantly on regression-based statistical analysis, which limits the ability to forecast future performance or identify at-risk students early.
Similarly, Darandari and Al-Junaidel (2024) analyzed TIMSS 2019 mathematics data to examine school-level and instructional factors affecting achievement. Their study confirmed the significance of teacher qualifications, instructional time, and school resources. However, like other Saudi-focused research, the methodology emphasized explanatory relationships rather than predictive accuracy, underscoring a methodological gap in the literature.
Longitudinal perspectives have also been explored. Alzahrani (2025) conducted a comprehensive analysis of Saudi students’ science achievement across multiple TIMSS cycles (2011–2019), identifying consistent patterns related to curriculum alignment and instructional quality. While this work provides valuable trend-based insights, it does not leverage advanced predictive analytics to model future performance or simulate intervention outcomes.



2.3 Predictive Analytics and Machine Learning in Education
In recent years, predictive analytics and machine learning have emerged as powerful tools for analyzing complex educational data. Unlike traditional statistical approaches, machine learning models can capture nonlinear relationships and interactions among a large number of variables. Alsulaimani (2023) demonstrated the effectiveness of machine learning classification models in predicting student performance, showing improvements in predictive accuracy compared to conventional techniques.
International research further supports the application of machine learning to TIMSS data. Song and Cutumisu (2024) applied machine learning models to predict science achievement using TIMSS 2019 data and reported superior performance over traditional methods, particularly in capturing curriculum-related effects. Their study highlights the potential of ML-based approaches to support targeted curriculum reforms and instructional improvements.
Within the Gulf region, Nadaf et al. (2023) utilized machine learning techniques to analyze TIMSS mathematics performance in the United Arab Emirates. Their findings demonstrate that ML models can effectively identify key learning factors, such as instructional strategies and student attitudes, providing actionable insights for policymakers. These regional findings suggest strong applicability to the Saudi educational context.
2.4 Comprehensive Machine Learning Frameworks and Explainability
Beyond predictive accuracy, recent studies emphasize the importance of interpretability and explainability in educational machine learning applications. Gul et al. (2025) proposed a comprehensive machine learning framework for student performance prediction, integrating feature importance analysis to enhance transparency and stakeholder trust. Their work underscores that predictive models must not only be accurate but also interpretable to inform policy and practice effectively.
Explainable AI techniques, such as feature importance measures and SHAP values, are increasingly recognized as essential for responsible AI adoption in education. These methods allow researchers and decision-makers to understand which factors most strongly influence predictions, bridging the gap between complex algorithms and practical educational insights.
2.5 Research Gap and Contribution
The reviewed literature reveals several critical gaps. Saudi-focused studies predominantly rely on traditional statistical techniques that offer explanatory insights but limited predictive power. International and regional research demonstrates the effectiveness of machine learning and explainable AI for student performance prediction, yet these approaches remain underutilized in the Saudi TIMSS context.
This research addresses these gaps by integrating predictive analytics, machine learning, and explainable AI to analyze Saudi students’ TIMSS performance. By leveraging established datasets and building upon prior Saudi and international studies, the proposed research aims to deliver a robust, interpretable, and policy-relevant predictive framework that advances both academic research and practical decision-making.
Chapter 3: Research Methodology
3.1 Research Methodology
This study adopts a quantitative research design based on predictive analytics and machine learning.
Phase 1: Data Acquisition and Preprocessing
Saudi TIMSS datasets will be obtained from official TIMSS repositories. Data preprocessing includes handling missing values, encoding categorical variables, normalization, and feature selection.
Phase 2: Model Development
Multiple predictive models will be implemented, including Logistic Regression, Random Forest, Gradient Boosting, and Support Vector Machines.
Phase 3: Model Evaluation
Models will be evaluated using accuracy, precision, recall, F1-score, and ROC-AUC metrics. Comparative analysis will be conducted to identify the best performing models.
Phase 4: Explainability and Interpretation
Explainable AI techniques, such as feature importance and SHAP values, will be applied to interpret model outputs and identify key predictors of student performance.
3.2 Expected Outcomes
· Accurate predictive models for Saudi students’ TIMSS performance.
· Identification of key demographic, instructional, and contextual factors influencing achievement.
· Enhanced transparency and trust through explainable AI methods.
· Practical recommendations for educational policy and instructional improvement.
3.3 Gantt Chart
The research timeline is presented in a tabular Gantt Chart format, consistent with the structure and academic style used in Enhancing Trust in Artificial Intelligence: A Comprehensive Analysis and Framework. This format ensures clarity, professional planning, and alignment with research methodology assessment criteria.
Project Timeline (September 2025 – May 2026)
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Start Dates and Estimated Durations
	Task
	Start Date
	Duration (Days)

	Literature Review
	01/09/2025
	30

	Research Questions
	01/10/2025
	15

	Methodology Design
	15/10/2025
	20

	Data Preparation
	01/11/2025
	30

	Model Development
	01/12/2025
	45

	Evaluation & Explainable AI
	15/01/2026
	30

	Writing & Drafting
	01/03/2026
	30

	Revision & Submission
	01/04/2026
	15

	Presentation
	01/05/2026
	10
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