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Summary of Research Papers
1. Education & Training Evaluation Commission (EEC), & International Association for the Evaluation of Educational Achievement (IEA). (2021). TIMSS 2019 report — Saudi Arabia (English): First insights into mathematics and science achievements of Saudi Arabia students in Grades 4 and 8 in an international context. IEA.
This national report provides comprehensive results for Saudi students in TIMSS 2019, detailing methodology, contextual variables, and national performance trends. It identifies areas of improvement, highlights gender differences, and offers essential baseline data for predictive modelling of student performance.
2. Mullis, I. V. S., Martin, M. O., Foy, P., & Hooper, M. (2020). TIMSS 2019 International Results in Mathematics and Science. TIMSS & PIRLS International Study Center. https://timss2019.org
A foundational international reference presenting the full technical design of TIMSS 2019 and comparative outcomes across sixty-four countries. Useful for defining dependent variables (achievement scores) and providing benchmarks for Saudi data in cross-national predictive analyses.
3. Elsayed, M. A. A., Clerkin, A., Pitsia, V., Al-Jabri, N., & Al-Harbi, K. (2022). Boys’ underachievement in mathematics and science: An analysis of national and international assessment data from the Kingdom of Saudi Arabia. Large-scale Assessments in Education, 10, 23. https://doi.org/10.1186/s40536-022-00141-9
This empirical study analyses gender-based achievement gaps in Saudi TIMSS 2019 data, revealing persistent male underperformance. It uses multilevel modelling and is valuable for identifying demographic predictors in student-performance prediction.
4. Darandari, Z. Z., & Al-Junaidel, R. I. (2024). Analysis of the factors affecting student achievement in mathematics using TIMSS 2019: Evidence from Saudi Arabia. Journal of Educational & Health Studies. https://jehs.journals.ekb.eg
Applies hierarchical linear modelling on Saudi TIMSS 2019 data to identify key predictors such as classroom climate, teaching practices, and student attitudes. Serves as a strong foundation for feature selection in predictive analytics.
5.  Alzahrani, R. (2025). Trends in and factors associated with science achievement: A TIMSS 2011–2019 analysis for Saudi Arabia (master’s thesis). Florida Institute of Technology. https://repository.fit.edu
A longitudinal analysis of TIMSS cycles (2011–2019) for Saudi students. Identifies long-term predictors such as socioeconomic status, teacher support, and ICT usage, highlighting evolving learning factors across cycles.
6. Song, Y., & Cutumisu, M. (2024). Using machine learning to predict student science achievement based on science curriculum type in TIMSS 2019. International Journal of Science Education, 47(9), 1105–1149. https://doi.org/10.1080/09500693.2024.2359099
Employs random-forest and gradient-boosting models on TIMSS 2019 data to predict science achievement, showing that curriculum type, teacher confidence, and inquiry-based learning significantly influence outcomes.

Critical Analysis
The reviewed papers collectively show TIMSS data's suitability for predictive analytics due to large, standardized samples and multilevel structure. Saudi studies mostly apply classical statistical models (HLM, regression), which offer interpretability. International and methodological papers apply machine learning (Random Forest, XGBoost, LightGBM, GMM) to improve predictive accuracy. Strengths: large sample sizes, standardized instruments, and hierarchical contextual variables. Weaknesses: limited use of process data in many studies, some ML papers face interpretability challenges, potential overfitting, and limited external validation across TIMSS cycles. For Saudi TIMSS predictive analytics, combining HLM insights (for feature engineering) with ML pipelines (for prediction and explainability) is recommended.

Connections between Findings
· Shared focus: TIMSS achievement as a function of student, teacher, and school contextual factors.
· Consistent predictors: Socioeconomic status (SES), teacher quality/confidence, and curriculum/instructional approach are repeatedly significant.
· Methodological trend: Movement from regression-based analyses to ML and explainable AI approaches.
· Regional comparability: UAE and Saudi analyses show similar contextual drivers allowing cross-regional model adaptation.

Conflicts between Findings
· Classical vs ML approaches: Trade-off between interpretability and predictive power.
· Data availability: National reports sometimes limit access to detailed contextual items used in ML studies.
· Validation practices vary: Not all studies perform rigorous external validation across cycles or countries.
· Scope differences: Some studies focus on cognitive scores only, others include affective/behavioral variables.



Synthesis Matrix for Literature Review
	Study
	Year
	Country
	Methodology
	Key Findings
	Limitations

	EEC & IEA (TIMSS Saudi Report)
	2021
	Saudi Arabia
	National report / descriptive
	Baseline achievement, contextual data for Grades 4 & 8
	No predictive modelling

	Mullis et al. (TIMSS 2019 Results) Mullis et al. (TIMSS 2019 Results)
	2020
	International
	Comparative statistical
	International benchmarks, methodology
	Not country-specific predictors

	Elsayed et al.
	2022
	Saudi Arabia
	Multilevel modelling
	Gender gaps; school climate impact
	Cross-sectional; limited variables

	Darandari & Al-Junaidel
	2024
	Saudi Arabia
	HLM
	Teaching practices affect math achievement
	Cross-sectional

	Alzahrani
	2025
	Saudi Arabia
	Longitudinal analysis
	Trends 2011-2019; SES and ICT effects
	Thesis level; limited peer review

	Song & Cutumisu
	2024
	Multi-country
	Machine learning (RF, GBM)
	ML predicts achievement; curriculum type matters
	Interpretability
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