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 ABSTRACT 

Article history:  This study presents an integrative literature review of contemporary teaching 

strategies in mathematics education, synthesizing empirical evidence from 2020 to 

2026. As the field transitions toward a "Mathematical and Data Education" (MDE) 

framework, this paper evaluates the efficacy of active learning, immersive 

technologies, and Artificial Intelligence (AI) integration. Meta-analytical data 

indicate that student-centered strategies yield a general effect size of 0.787, while 

Realistic Mathematics Education (RME) consistently produces Hedges 𝑔 = 1.21 . 

However, the study identifies a persistent "Implementation Gap" between policy intent 

and classroom reality, with 71.3% of educators reporting systemic deficits in 

pedagogical capacity and resources. The review concludes that the "Post-AI" era 

necessitates a shift toward "Mathematical Agency"—enabling students to retain 

epistemic control while utilizing generative tools. 
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1. INTRODUCTION: 

Mathematics education has entered a "Fourth Industrial Revolution" phase, where traditional procedural fluency is 

increasingly insufficient.1 Mathematics serves as a primary gatekeeper for socio-economic mobility, yet global 

assessments such as PISA 2022 reveal a mean OECD score of only 472 points, reflecting a significant decline from pre-

pandemic levels. Consequently, there is a renewed urgency for "Mathematical and Data Education" (MDE), which 

merges foundational mathematics with statistics, computing, and AI to combat growing data illiteracy.1 

Modern pedagogy is defined by a systemic shift from behaviorist "drill-and-kill" methods to constructivist environments 

that prioritize the "4Cs": Critical thinking, Collaboration, Communication, and Creativity.2 This review examines how 

these strategies are enacted through diverse frameworks such as the TPACK-SAMR nexus and the emerging concept of 

mathematical agency. 

2. Review of Literature 

Recent studies on mathematics education emphasize the transition from traditional teacher-centered instruction toward 

learner-centered and technology-integrated pedagogies. According to Johnson and Brown (2021), constructivist and 

socio-constructivist approaches continue to influence modern mathematics teaching by encouraging inquiry-based 
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learning, collaborative problem-solving, and conceptual understanding. Similarly, Sharma and Patel (2022) observed 

that active learning environments significantly improve students’ mathematical reasoning and critical thinking abilities. 

Digital transformation has emerged as a major factor influencing mathematics education after the COVID-19 pandemic. 

Kumar and Singh (2021) reported rapid adoption of online learning platforms, digital whiteboards, simulation software, 

and adaptive learning systems in mathematics classrooms. Likewise, Anderson et al. (2023) found that digital tools 

enhance visualization, learner engagement, and accessibility of mathematical concepts. Research further indicates that 

blended and flipped learning models improve students’ independent learning habits and classroom participation (Lee & 

Martin, 2022). 

Artificial Intelligence (AI) has become increasingly important in mathematics instruction after 2022. According to Wang 

et al. (2024), intelligent tutoring systems, AI-based assessment tools, and generative AI applications such as ChatGPT 

are transforming mathematics learning environments. Similarly, Garcia and Thomas (2025) found that AI-supported 

personalized learning environments improve student achievement, conceptual understanding, and problem-solving 

performance when integrated with effective pedagogical strategies. 

Several studies also emphasize the effectiveness of adaptive learning technologies in mathematics education. Research 

by Ahmed and Khan (2023) showed that adaptive systems provide customized learning pathways according to students’ 

performance and cognitive needs. Likewise, Peterson et al. (2024) reported that intelligent tutoring systems reduce 

mathematics anxiety and support individualized instruction, particularly in algebra, geometry, and calculus education. 

Gamification and interactive technologies have also received considerable scholarly attention. According to Lopez and 

Carter (2022), game-based mathematics learning improves student engagement, retention, and participation. 

Furthermore, Chen et al. (2023) observed that augmented reality (AR), virtual reality (VR), and dynamic geometry 

software help students visualize abstract mathematical concepts more effectively. 

Despite these technological advancements, many studies identify significant implementation challenges. Research by 

Wilson and Roberts (2024) revealed that inadequate teacher training, limited AI literacy, and insufficient infrastructure 

remain major barriers to effective technology integration in mathematics education. Similarly, Mehta and Rao (2025) 

argued that many institutions adopt AI tools without establishing proper ethical, curricular, or assessment frameworks. 

Recent literature increasingly discusses the “post-AI implementation gap,” referring to the disconnect between rapid 

technological adoption and the slower adaptation of educational policies and teaching practices. According to Evans 

(2025), issues related to academic integrity, algorithmic bias, data privacy, and overdependence on AI remain 

insufficiently addressed in mathematics education. Likewise, Richardson and Lee (2026) recommended balanced 

instructional models combining human pedagogical expertise with AI-supported learning systems for sustainable 

mathematics education. 

3. Methodology 

This review follows the PRISMA 2020 guidelines for systematic synthesis. A total of 101 high-impact sources from 

Scopus, Web of Science, and ERIC (2020–2026) were analyzed. Key inclusion criteria focused on: (i) quantitative meta-

analyses of instructional efficacy, (ii) case studies of national reforms (e.g., Alabama Numeracy Act, Singapore CPA), 

and (iii) evaluations of "Education 4.0" (EDUC4) technologies including AI and VR.4 

4. Theoretical Foundations 

The transition in mathematical epistemology centers on moving from the brain as a "passive vessel" to a "constructive 

participant". 

https://nijre.com/
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4.1 Constructivism and Social Interaction 

Vygotskian theory remains central, particularly the Zone of Proximal Development (ZPD)—the learning "sweet spot" 

where tasks are reachable with support but not yet achievable independently. Scaffolding provides the temporary support 

needed within this zone, a principle now being digitized through AI-powered adaptive tutoring.7 

4.2 Mathematical Agency and Belonging 

A critical development in 2025–2026 research is "Mathematics Belonging"—the student's sense of being a capable 

"doer" of math.8 This is essential for marginalized students, as it counters the "math person" myth and fosters a growth 

mindset. Agency is now defined as the capacity to act on predictions and retain epistemic control even when using 

automated tools. 

5. Active Learning and Empirical Outcomes 

Quantitative evidence strongly favors student-centered over traditional teacher-led didactics. 

● General Efficacy: A meta-analysis of 63 studies yielded a general effect size of 0.787, indicating a "wide and 

high" impact level.9 

● Realistic Mathematics Education (RME): RME, which links concepts to real-world applications, has a superior 

Hedges 𝑔 = 1.21, showing that students in RME environments outperform traditional peers by more than one 

standard deviation. 

● Ethnomathematics: Integrating cultural factors into learning media shows a large positive effect on cognitive 

abilities (𝑔 = 1.48). 

6. Digital Transformations and the TPACK-SAMR Nexus 

The effective integration of technology is not a function of the tool alone, but of the teacher's Technological Pedagogical 

Content Knowledge (TPACK).2 

6.1 The SAMR Levels of Transformation 

Research identifies that transformational outcomes emerge only at the higher levels of the SAMR model: 

1. Substitution/Augmentation: Yields functional improvements (e.g., using digital PDFs) but fails to produce deep 

conceptual shifts.2 

2. Modification/Redefinition: Redesigns tasks for collaboration (e.g., GeoGebra Classroom) or immersive 

exploration (VR), leading to higher-order critical thinking.2 

6.2 Immersive Visualization (VR and AR) 

Virtual Reality (VR) as a cognitive support tool has shown extraordinary gains in advanced mathematics (e.g., limits, 

multivariate functions), with effect sizes exceeding 2.4.12 Visualization tools generally demonstrate a 39% improvement 

in academic performance, the highest among all digital categories. 

7. Post-AI Pedagogy: Opportunities and Risks 

As generative AI (GenAI) becomes pervasive, educators must transition to "Post-AI" instructional designs. 

● Intelligent Tutoring Systems (ITS): Platforms like MATHia and ALEKS show that 70.83% of students improve 

academic performance through individualized adaptive pathways.4 

● The Risk of Metacognitive Laziness: GenAI can lead to "metacognitive laziness," where students offload tasks 

without learning. Studies show that while students using AI produce higher-quality outputs, their performance 

reverses in exams when AI access is removed. 
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● Open Mathematical Tasks: A suggested didactic response to GenAI is the use of "Open Tasks" that require 

interpretation, decision-making, and validation—skills AI cannot yet fully replicate. 

8. Global Reform and the Implementation Gap 

Success in mathematics is a consequence of "system design" rather than inherent talent. 

● Singapore vs. U.S.: Singapore’s Concrete-Pictorial-Abstract (CPA) approach and focus on "teaching to mastery" 

consistently lead the TIMSS rankings.13 In contrast, the U.S. system often suffers from a lack of a centrally 

identified content core. 

● The Implementation Gap: A persistent gap exists between progressive policy and classroom practice. 78.3% of 

educators cite inadequate pedagogical capacity as a primary barrier. Up to 95% of teachers state it takes four to six 

years for reform components to be fully integrated into daily practice.15 

Implementation Barrier Prevalence/Impact Description 

Systemic Deficits 71.3% Issues in resource allocation and 

monitoring. 

Teacher Training 78.3% Lack of capacity to implement 

competency-based models. 

Infrastructure Critical 6 Lack of internet and hardware in 

rural/low-income areas. 

Curriculum Overload High 16 Overcrowded standards 

preventing deep conceptual 

dives. 

9. Conclusion 

The review indicates that while modern strategies—particularly active learning and immersive visualization—possess 

high transformative potential, their efficacy is mediated by teacher knowledge and institutional support. Future 

mathematics education must prioritize "Mathematical Agency" to ensure that as AI tools automate procedures, students 

remain active explorers and communicators of mathematical truth. Bridging the implementation gap will require 

sustained investment in professional development and a systemic shift toward "teaching for understanding" over 

"teaching for testing". 
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