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1. INTRODUCTION

The Trends in International Mathematics and Science Study (TIMSS) has become a cornerstone in the
evaluation of educational systems worldwide [1]-[3]. Since its establishment, TIMSS has consistently provided a
comprehensive overview of student achievement in mathematics and science, reflecting diverse educational
practices and policies [4]-[6]. This study aims to explore these trends further, focusing on how TIMSS results have
been utilized to inform educational reforms in different countries.

Globalization and technological advancement have intensified the demand for high-quality education
systems capable of preparing students for an increasingly competitive world [7]-[9]. Mathematics, as a
fundamental discipline, plays a critical role in fostering logical reasoning and problem-solving skills essential for
various professions [10]-[12]. TIMSS data offers a unique opportunity to assess how educational systems are
adapting to these global demands [13], [14].

Despite its broad scope, TIMSS highlights significant disparities in student performance, particularly
between high-income and low-income countries [15], [16]. These disparities are often linked to differences in
resource allocation, teacher quality, and curriculum standards [17]-[19]. Addressing these issues requires a
nuanced understanding of the factors contributing to educational outcomes [20]-[22].

One of the critical insights from TIMSS is the role of teacher training and professional development in
shaping student achievement [23]-[25]. Countries that invest heavily in teacher education often report higher
student performance levels [26]-[28]. This finding underscores the need for robust teacher training programs that
align with global best practices.
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Socioeconomic factors also play a pivotal role in determining educational outcomes [29]-[31]. TIMSS
data consistently shows that students from wealthier households tend to perform better in mathematics than their
peers from less privileged backgrounds [32]. These findings call for targeted policies that address educational
inequalities at their root.

Furthermore, TIMSS reveals the importance of curricular alignment with international benchmarks [33]-
[35]. Countries with well-structured and clearly defined curricula often achieve higher scores in TIMSS
assessments [36], [37]. This observation highlights the need for continuous curriculum evaluation and reform to
ensure that students are well-prepared for global challenges.

Finally, the use of TIMSS data for policy formulation and educational planning has proven to be
invaluable [38], [39]. Policymakers and educators can leverage these insights to design interventions that address
specific weaknesses in their educational systems. This study seeks to contribute to this ongoing dialogue by
providing a detailed analysis of TIMSS results and their implications for global mathematics education.

Previous studies, namely by Siregar et al. [40] and by Hamzah [41], both focused on the use of TIMSS
in the context of mathematics education, but had different focuses and approaches. Siregar et al. emphasized
students' mathematical literacy skills, especially in algebraic concepts based on TIMSS questions, with a more
micro and contextual approach to student understanding. In contrast, Hamzah highlighted TIMSS as a measuring
tool for the development of students' mathematics assessment in general, with a macro perspective on policies and
assessment systems. The gap that emerged from both studies was the absence of a direct comparative analysis of
students' mathematics achievement based on TIMSS data between countries or regions in a global context.
Therefore, the current study is here to fill this gap by analyzing the comparison of mathematics achievement based
on TIMSS data across countries, in order to provide a comprehensive picture of the position and challenges of
each country in global mathematics achievement.

The current study has a novelty in its approach that highlights the comparative analysis of mathematics
achievement between countries based on TIMSS data, which has not been studied in depth in previous studies.
Unlike studies that focus on the implementation of TIMSS questions at the local level or assessment development,
this study offers a broader global perspective by comparing empirical data from various countries. The urgency of
this study lies in the importance of mapping the relative position of students’ mathematics achievement
internationally to evaluate the effectiveness of national education policies, identify successful learning practices
in leading countries, and formulate strategies to improve the quality of mathematics education that are data-based
and measurable amidst the demands of global competition in science and technology.

2. RESEARCH METHOD
2.1. Data Collection

This study uses secondary data from the TIMSS 2019 cycle and previous editions. The data were obtained
through the International Association for the Evaluation of Educational Achievement (IEA) database. The dataset
includes information on student performance, teacher qualifications, curriculum standards, and socioeconomic
indicators [42]-[44]. Additional information such as regional average scores and systemic factors were also
integrated to support a more comprehensive analysis.

2.2. Analytical Tools

The analysis was conducted using SPSS and R statistical software. SPSS was used for descriptive
statistical analysis and trend analysis, while R was used for advanced statistical modeling, including regression
analysis, correlation tests, and grouping data based on specific characteristics such as country income levels [45],
[46]. Data visualizations such as graphs and tables were also created using both tools to support the interpretation
of the results [47].

2.3. Variables and Measures

This study focuses on independent variables such as socioeconomic status, teacher qualifications, and
curriculum suitability. The dependent variable is students' mathematics performance as measured by TIMSS
results. Additional variables, such as per capita educational investment and school infrastructure, are also used as
controls to clarify the relationships between the main variables. All variables are coded and normalized to ensure
consistency across datasets.

2.4. Comparative Analysis

Comparative analysis is conducted by grouping countries by income level, geographic region, and
education system characteristics. In addition, multivariate regression is used to identify the relative influence of
independent variables on students’ mathematics achievement. This analysis is complemented by a hierarchical
clustering approach to group countries based on similar achievement patterns, which are then compared with
systemic factors such as national education and investment policies.

Intv. Ind. J. of. Math. Ed,Vol. 3, No. 1, June 2025; 109 - 115



Intv. Ind. J. of. Math. Ed ISSN: 3021-7857 a 111

3. RESULTS AND DISCUSSION
3.1. Global Trends in Mathematics Achievement

The analysis of TIMSS data revealed stark disparities in mathematics performance across countries. East
Asian countries such as Singapore, Japan, and South Korea consistently outperformed others, achieving scores
significantly above the global average. These countries share common characteristics, including rigorous curricula,
highly trained teachers, and strong parental involvement in education.

In contrast, many low-income countries struggled to achieve average performance levels. Limited access
to educational resources, poorly trained teachers, and inadequate infrastructure were common challenges. These
findings highlight the need for targeted interventions to address systemic inequities in education.

Table 1. Comparison of Mathematics Achievement by Region

Region Average TIMSS Score Key Factors
East Asia 600+ Rigorous curriculum, trained teachers, parental involvement
Western Europe 520-580 Good educational infrastructure, teacher development
North America 500-550 Educational technology, curriculum standards
Sub-Saharan Africa <450 Limited resources, weak infrastructure
South Asia 450-500 Variation in teacher quality and curriculum

Analysis of TIMSS data shows stark disparities in mathematics achievement across countries. East Asian
countries such as Singapore, Japan, and South Korea consistently score well above the global average. Common
factors found in these countries include rigorous curricula, highly trained teachers, and strong parental involvement
in education.

In contrast, many low-income countries face significant challenges in achieving average scores. Limited
access to educational resources, poorly trained teachers, and inadequate infrastructure are major barriers. These
findings highlight the need for targeted interventions to address systemic inequalities in education.

Table 1 provides a quantitative overview of average TIMSS scores by region, as well as key factors that
influence outcomes. The table shows the strengths of East Asian countries in mathematics achievement, as well as
the challenges faced by regions such as Sub-Saharan Africa. These results strengthen the argument for the
importance of investing in educational infrastructure and teacher training to improve learning outcomes.

3.2. Socioeconomic and Educational Correlates

Regression analysis showed a strong positive correlation between socioeconomic status and mathematics
achievement. Students from wealthier households had greater access to learning materials, private tutoring, and
supportive home environments. Teacher qualifications also emerged as a critical factor, with higher levels of
training and experience associated with better student outcomes.

Curricular alignment was another significant determinant of performance. Countries with curricula
closely aligned to TIMSS frameworks tended to achieve higher scores. These results underscore the importance
of adopting internationally benchmarked curricula to enhance student learning outcomes.

Table 2. Correlation Analysis of Education Factors with TIMSS Scores

Factors Correlation Coefficient (r) Significance (p-value)
Socioeconomic Status 0.68 <0.001
Teacher Qualifications 0.74 <0.001
Curriculum Suitability 0.62 <0.001

The results of the regression analysis show a strong positive relationship between socioeconomic status
and mathematics achievement. Students from wealthier families have better access to learning materials, private
tutoring, and a supportive home environment. In addition, teacher qualifications are shown to be an important
factor, with higher levels of training and experience associated with better student learning outcomes.

Table 2 contains statistical analysis showing the correlations between key educational variables and
TIMSS scores. The data in this table support the assertion that socioeconomic status, teacher qualifications, and
curriculum appropriateness are significant predictors of student achievement. These results provide an empirical
basis for policymakers to allocate resources more strategically.

Countries with curricula that are closely aligned with the TIMSS framework tend to achieve higher scores.
This finding underscores the importance of continuous curriculum evaluation and renewal to ensure students are
prepared for global challenges.
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3.3. Implications for Policy and Practice

The findings of this study have several implications for policymakers and educators. First, investing in
teacher education and professional development can substantially improve student performance. Second,
addressing socioeconomic disparities through targeted support programs can help bridge the achievement gap.
Finally, continuous curriculum evaluation and alignment with international standards are essential for preparing
students for global challenges.

Table 3. Recommended Interventions for Performance Improvement

Intervention Expected Effects Target Countries
Continuous Teacher Training Improved student learning outcomes Low-income countries
Education Subsidy Reduced socio-economic disparities Developing countries
Curriculum Evaluation Compliance with international standards All regions

The findings of this study have several important implications for policy makers and education
practitioners: investment in teacher education and professional training can significantly improve student
performance; targeted support programs to address socioeconomic disparities can help bridge the achievement
gap; and ongoing curriculum evaluation and adjustment to international standards are essential to creating globally
competitive education.

Table 3 summarizes the research findings-based intervention recommendations. These recommendations,
such as ongoing teacher training and education subsidies, are expected to have positive effects on education
performance in low-income countries. This discussion reinforces the importance of a data-driven approach to
improving learning outcomes globally. By considering these three strategies, stakeholders can design more
effective interventions to improve overall education quality.

High achievement in mathematics education does not happen by chance, but is the result of consistent
long-term policies [17]. The countries with the best results demonstrate seriousness in building strong education
systems. This includes careful curriculum planning, investment in teacher training, and ongoing monitoring. This
proves that a well-managed education system will create a supportive learning environment. Therefore, the quality
of education must be seen as the result of systemic governance, not just the responsibility of individuals [48].

The achievement gap between countries highlights the issue of global inequality in education. Developing
countries face complex structural challenges in providing quality education. If left unchecked, this inequality can
strengthen the development gap between regions. Therefore, there needs to be a global intervention that is not only
based on financial assistance, but also sharing best practices. The results of this study can be used as a basis for
affirmative policies that fight for access and quality in a balanced way.

The correlation between socioeconomic status and learning outcomes shows that education cannot be
separated from the social context. Children from wealthy families have more opportunities to learn effectively
[49]. This shows that academic success is often determined by factors outside of school. Therefore, education
policy needs to be integrated with social and economic policies. A cross-sectoral approach is important so that
education is not only enjoyed by certain groups.

The role of teachers is very important in the success of mathematics learning. Well-trained teachers are
able to manage classes and materials effectively [50]. Therefore, teacher training must be a top priority in education
reform. It is not enough to just have a good curriculum without competent human resources. Teachers are the
bridge between education policy and student achievement in the field [51].

A curriculum that is aligned with international standards provides a competitive advantage for students.
However, this adjustment must not sacrifice local context and needs. An adaptive curriculum must be able to
answer global challenges while maintaining national identity. Periodic curriculum evaluation is important to
maintain its relevance and effectiveness. In this context, TIMSS can function as a tool in measuring and improving
the curriculum.

Policy recommendations from this study emphasize the importance of an integrated and data-based
approach. Education improvement cannot be done partially or sectorally. Coordination is needed between
educational institutions, policy makers, and other stakeholders. Budget allocation must be directed to areas that
have a direct impact on the quality of learning. Thus, education policy becomes more strategic and sustainable.
TIMSS comparative analysis can be a means for knowledge exchange between countries. Through this study,
countries can learn from each other's strengths and weaknesses. This opens up opportunities for collaboration in
developing educational policies and practices. By utilizing international data, educational reforms can be directed
in a more measurable and effective manner. This approach encourages the creation of an inclusive and adaptive
global education system.

This study has a significant impact in strengthening the understanding of factors that influence students'
mathematics achievement globally and provides an empirical basis for data-based policy making. Cross-country
comparative analysis allows the identification of effective educational practices that can be adapted to local
contexts. However, this study has limitations, especially in terms of reliance on secondary quantitative data from
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TIMSS which does not fully reflect the social and cultural conditions of each country. In addition, qualitative
variables such as learning motivation, teaching style, and classroom climate have not been accommodated in depth.
Therefore, further studies with qualitative or mixed approaches are needed to provide a more holistic picture.

4. CONCLUSION

The study underscores the critical role of socioeconomic and educational factors in shaping mathematics
achievement. Insights from TIMSS data can guide evidence-based policies aimed at bridging performance gaps
globally. Future research should explore longitudinal impacts of educational reforms inspired by TIMSS findings.
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