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Abstract 
This study explores the developmental potential of mathematics 
education in supporting the Sustainable Development Goals 
(SDGs) in the digital era through an enhanced narrative review 
approach. To strengthen methodological rigor, the review 
adopted a structured four-phase procedure inspired by narrative 
synthesis and qualitative evidence integration. The Identification 
phase involved a comprehensive search across Scopus, ERIC, 
SpringerLink, and Taylor & Francis Online focusing on recent 
developments from 2024–2025 a period marked by rapid global 
expansion of SDG-oriented and technology-enhanced 
mathematics education research. The Screening and Eligibility 
phase applied explicit inclusion criteria to refine the corpus to 33 
high-quality, thematically relevant studies. The Thematic Analysis 
phase employed qualitative coding to derive recurring concepts 
related to curriculum, digital transformation, and teacher 
competencies. Finally, the Synthesis phase integrated these 
themes into a conceptual framework describing emerging 
potentials of mathematics education to advance SDGs. Three 
central potentials were identified: (1) Curricular Innovation and 
Localization, emphasizing sustainability based contextualization; 
(2) Digital Empowerment and Technological Integration, 
highlighting AI-supported learning and data-driven modelling; 
and (3) Capacity Building and Collaborative Policy Action, 
stressing the importance of teacher development and cross-
sector partnerships. The findings demonstrate that mathematics 
education, when aligned with sustainability and digital 
transformation, functions as a transformative driver that nurtures 
sustainable mindsets, digital literacy, and ethical awareness 
essential for SDG achievement. 
 
Keywords: 
Potential Development; Mathematics Education; Sustainable 
Development Goals (SDGs); Digital Era; Narrative Review. 

A. INTRODUCTION 
Mathematics education plays a crucial role in achieving quality education and sustainable 

development in the 21st century. The Sustainable Development Goals (SDGs), established in 2015, 
consist of 17 global objectives that integrate social, economic, and environmental dimensions of 
development. Among them, SDG 4 (Quality Education), SDG 9 (Industry, Innovation, and 
Infrastructure), and SDG 17 (Partnerships for the Goals) are directly linked to educational 
innovation, where mathematics serves as both a foundational skill and a cognitive framework for 
rational and ethical decision-making (Purwanti et al., 2024; Rachmadi et al., 2025; Ratnasari et 
al., 2024). In this regard, mathematics extends beyond numerical proficiency it nurtures critical 
reasoning, problem-solving, and data-based interpretation that underpin sustainability 
awareness (Purwanti et al., 2024; Sari et al., 2024). 

The rapid digital transformation of education presents an opportunity to integrate 
mathematics learning with technology and sustainability values, creating educational 
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environments that are not only intellectually rigorous but also socially responsible 
(Ghafur & Alviansyah, 2025; Yuan & Yu, 2024). Nevertheless, several studies reveal that 
mathematics instruction remains largely traditional dominated by procedural and 
algorithmic drills with limited connection to real-world social, economic, and 
environmental issues (Annur et al., 2022; Bulut & Borromeo Ferri, 2025; Ghafur & 
Alviansyah, 2025; Kolawole & Temilade, 2025). This disjunction highlights a persistent 
gap between conventional mathematical pedagogy and the sustainability-oriented 
paradigm envisioned in the SDGs. 

A growing body of research emphasizes that mathematics education can serve as a 
transformative medium for embedding sustainability principles through contextualized 
and inquiry-based learning (Prakoso et al., 2024; Velichová, 2024). For example, project-
based learning (PBL) frameworks aligned with SDG-related contexts have been shown to 
enhance learners’ critical thinking, creativity, and ecological awareness (Annur et al., 
2022; Kolawole & Temilade, 2025; Purwanti et al., 2024) Likewise, Realistic Mathematics 
Education (RME) approaches and socio-constructivist methods help students connect 
mathematical modelling with global development challenges such as energy efficiency, 
poverty reduction, and resource management (Bulut & Borromeo Ferri, 2025; Said et al., 
2024). 

The interconnection between mathematics and SDGs can be analyzed across three 
essential dimensions. First, the conceptual dimension, where mathematics provides 
quantitative tools and analytical reasoning for interpreting sustainability indicators such 
as carbon emissions, income inequality, and resource efficiency (Meylani, 2025a; 
Ratnasari et al., 2024). Second, the pedagogical dimension, which focuses on digital-based 
instructional innovation that promotes collaboration and problem-solving in 
sustainability-oriented contexts (Hsieh et al., 2024; Surahman, 2024) 
Third, the ethical and social dimension, where mathematics learning fosters reflective 
awareness, social justice, and global responsibility toward sustainable living (Ghafur & 
Alviansyah, 2025; Surahman, 2024). 

Despite these advances, many studies highlight that the integration of SDGs into 
mathematics curricula remains limited to cognitive outcomes, rarely addressing affective 
and behavioral domains crucial to sustainability education (Gaanya et al., 2025; Yuan & 
Yu, 2024). Common barriers include insufficient teacher literacy on sustainability, lack of 
context-based teaching resources, and minimal technological integration in classroom 
practice (Bulut & Borromeo Ferri, 2025; Purwanti et al., 2024). These challenges 
underscore the need for comprehensive reform in mathematics education that aligns 
curriculum design, digital innovation, and professional development toward achieving 
sustainability-oriented learning. 

The digital era provides a fertile ground for this transformation. Emerging 
technologies such as artificial intelligence, learning analytics, GeoGebra, and digital 
simulation tools enable adaptive, interactive, and context-aware mathematics learning 
environments (Bin Amiruddin et al., 2024; Meylani, 2025a; Sutama et al., 2024). Digital 
platforms also facilitate the connection between abstract mathematical theory and its 
application to real-world sustainability challenges. Through such integration, 
mathematics education can play an active role in realizing the SDGs by fostering a 
generation that is not only mathematically literate but also ethically aware, innovative, 
and committed to global sustainability. To strengthen the conceptual coherence leading 
into this review, this study frames mathematics education not only as a cognitive 
discipline but as a transformative medium that integrates sustainability values, digital 
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literacy, and ethical awareness thus reinforcing the urgency and relevance of examining 
its developmental potential in the SDG context. 

Hence, the present study aims to systematically explore the potential development 
of mathematics education to support the achievement of SDGs in the digital era. This 
narrative review synthesizes findings to identify emerging directions across three major 
areas: (1) integration of sustainability values into mathematics curricula, (2) pedagogical 
innovations driven by digital technologies, and (3) empowerment of teachers’ 
competencies and students’ sustainability literacy. The study aspires to contribute a 
conceptual framework for reimagining mathematics education as a catalyst for both 
intellectual advancement and sustainable human development. 

 
B. METHODS  

This study employs a narrative review method to synthesize, analyze, and interpret 
the findings from a wide range of academic literature related to the integration of 
mathematics education and the Sustainable Development Goals (SDGs) in the digital era. 
The narrative review approach is chosen because it allows for an in-depth exploration 
and conceptual understanding of diverse theoretical perspectives, empirical findings, and 
pedagogical frameworks within this emerging field. Unlike systematic reviews, which 
rely on quantitative synthesis, the narrative review emphasizes qualitative interpretation 
and theoretical integration to build a comprehensive understanding of the topic 
(Ghamrawi et al., 2025). To enhance the rigor commonly questioned in narrative review 
designs, this study explicitly adopts structured search, screening, and synthesis 
procedures aligned with established qualitative evidence synthesis standards. 

The review process began with a comprehensive literature search conducted across 
several academic databases, including Scopus, SpringerLink, ERIC, Taylor & Francis 
Online, and ScienceDirect, covering publications from 2024 to 2025 to ensure relevance 
and currency. The inclusion criteria were: (1) peer-reviewed journal articles and book 
chapters focusing on mathematics education and sustainability; (2) studies that explicitly 
connect mathematics teaching, digital transformation, and SDGs; and (3) works written 
in English and published in reputable journals. Excluded were editorials, conference 
abstracts, and non-academic materials. 

Following the initial identification of sources, a screening and selection process was 
conducted based on title, abstract, and keywords. The full texts of 33 selected articles 
were then analyzed to extract key themes and conceptual linkages. Each article was coded 
and categorized into thematic areas such as: (1) mathematics education for sustainability, 
(2) digital innovation in mathematics pedagogy, (3) teacher competencies and 
technological integration, and (4) challenges and policy implications for achieving SDGs 
through education. 

The data analysis was performed through qualitative content analysis, emphasizing 
conceptual synthesis rather than statistical aggregation. The selected literature was 
examined for recurring concepts, patterns, and theoretical models that contribute to the 
discourse on mathematics education and SDGs. To ensure credibility and 
trustworthiness, triangulation of sources and peer-reviewed validation of the included 
studies were employed. Additionally, the methodological structure was designed to 
ensure transparency and replicability, thereby strengthening the reliability of 
conclusions derived from this narrative review. The findings were then organized to 
illustrate the evolving relationship between mathematics education, sustainability 
literacy, and digital transformation within contemporary educational settings.  
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This narrative review thus provides a holistic and integrative perspective, aligning 
mathematics education with the broader global agenda for sustainable development 
while emphasizing pedagogical innovation and digital readiness. Through this 
methodological approach, the study contributes to conceptual advancement and future 
research directions in fostering sustainability-oriented mathematical literacy in the 21st 
century. 

 
C. RESULT & DISCUSSION  

This narrative review aimed to synthesize existing studies on the potential development 

of mathematics education to support the achievement of the Sustainable Development Goals 

(SDGs) in the digital era. The review process followed four key stages: identification, 

selection, thematic analysis, and synthesis. The table below summarizes the major findings 

obtained from 33 selected articles published between 2024 and 2025. 

 

Table 1. Summary of Narrative Review Results 

Stage Process Conducted Main Findings Number of 
Articles 

1. Identification Articles were searched across 
Scopus, Springer, ERIC, and 
Taylor & Francis databases 
using keywords such as 
“Mathematics Education, SDGs, 
Digital Learning, and 
Innovation”. 

A total of 87 relevant studies 
were identified, published 
between 2024–2025. 

87 

2. Screening and 
Eligibility 

Duplicates and studies not 
focused on SDGs or digital 
contexts were excluded based 
on title and abstract screening. 

45 studies met the inclusion 
criteria and were retained for 
full-text review. 

45 

3. Thematic Analysis Articles were coded and 
grouped into thematic 
categories. 

Four dominant themes 
emerged:  
1. Integration of SDGs into 

mathematics curriculum.  
2. Digital and technological 

innovation in teaching. 
3. Teacher competence and 

professional development. 
4. Institutional policy and 

collaboration. 

33 used 

4. Synthesis and 
Conceptualization 

The themes were synthesized 
into a conceptual framework of 
development potential. 

Three key potentials were 
identified:  
1. Pedagogical Innovation 

(SDG-oriented contextual 
learning) 

2. Digital Transformation 
(AI, digital literacy, 
interactive tools) 

3. Institutional 
Collaboration (teacher–
university–policy synergy). 

33 

From a total of 87 initial studies, 45 articles were screened as relevant, and 33 were finally 

included in the thematic synthesis. 12 articles were excluded because they did not explicitly 

address mathematics education in the context of SDGs or digital transformation. 

Overall, the results indicate that mathematics education plays a strategic role in supporting 
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sustainability through curriculum innovation, digital integration, teacher empowerment, and 

institutional collaboration. 

 

Discussion 

The review of 33 peer-reviewed studies published between 2024 and 2025 reveals a 

dynamic transformation of mathematics education within the framework of the Sustainable 

Development Goals (SDGs). These studies collectively emphasize that mathematics, as a 

foundational discipline for logical reasoning, problem solving, and data literacy, plays a central 

role in fostering sustainability-oriented thinking and practices. The reviewed literature was 

categorized into four interrelated themes: (1) curriculum integration and contextualization of 

SDGs in mathematics education, (2) digital innovation and technological transformation, (3) 

teacher competence and pedagogical development, and (4) institutional collaboration and 

policy frameworks. Together, these themes demonstrate how mathematics education is 

evolving from a purely cognitive discipline to an interdisciplinary and socially transformative 

field that supports SDG implementation. 

 

Curriculum Integration and Contextualization of SDGs 

A significant body of contemporary literature underscores the transformative potential of 

mathematics education in advancing the Sustainable Development Goals (SDGs), particularly 

within the digital era. Mathematics is increasingly recognized not merely as a cognitive 

discipline but as a crucial medium for fostering sustainable thinking, problem-solving, and 

social responsibility. The reviewed studies collectively reveal that mathematics education, 

when reoriented toward sustainability competencies, can bridge the gap between theoretical 

knowledge and real-world applications aligned with global development priorities. 

A central theme across the reviewed literature is the integration of sustainability-oriented 

competencies into mathematics curricula. López-Serentill et al. (2024) and (Lestari et al. (2024) 

emphasize that embedding sustainability dimensions such as environmental awareness, equity, 

and resilience into mathematical instruction promotes systems thinking and critical reflection. 

These competencies enable learners to analyze interrelated global issues, ranging from climate 

change to economic inequality, through mathematical reasoning. Similarly, Ariza & Olatunde-

Aiyedun (2024) highlight that STEAM-based pedagogical frameworks empower pre-service 

teachers to integrate sustainability into their teaching by linking mathematics to social and 

ecological contexts. Their findings show that teacher preparation programs that merge 

mathematical reasoning with sustainability issues cultivate the capacity to implement SDG-

aligned educational practices effectively. 

Equally important are the efforts to contextualize mathematics education within local and 

cultural realities. Gula & Jojo (2024) demonstrate that incorporating indigenous knowledge 

systems can deepen students’ mathematical understanding while addressing sustainable local 

practices. This culturally responsive approach directly supports SDG 4 (Quality Education) 

and SDG 15 (Life on Land), as it not only enhances inclusivity but also connects abstract 

mathematical ideas to lived experiences. Similarly, Sari et al. (2024) present an innovative 

integration of numeracy learning with public health and nutrition data, linking mathematics to 

SDG 2 (Zero Hunger) and SDG 3 (Good Health and Well-being). Their study shows that such 

interdisciplinary integration increases student engagement and strengthens the relevance of 

mathematics in addressing community health and sustainability challenges. 

From a methodological standpoint, mathematical modelling emerges as a pivotal strategy 

for cultivating sustainability problem-solving skills. Ratnasari et al. (2024) and Vázquez-

Méndez et al. (2024) illustrate how recursive and optimization models enable learners to 

simulate sustainable urban development, environmental resource allocation, and climate 

adaptation scenarios. These modelling practices allow students to connect mathematical 



Impactful Education: Integrating Technology, and Ecotheological Values For a Sustainable 
Future 

1543 

abstractions with decision-making processes in real-world sustainability contexts. Bulut & 

Borromeo Ferri (2025) further argue that mathematical modelling, when embedded in pre-

service teacher education, enhances future educators’ competence in translating sustainability 

challenges into quantifiable, analyzable, and solvable mathematical frameworks. Such 

pedagogical designs align directly with SDG 4 (Quality Education) by advancing critical 

reasoning, creativity, and data-driven decision-making skills among both teachers and students. 

In addition, several studies address the role of digitalization in enhancing mathematics 

education for sustainability. Bin Amiruddin et al. (2024) and Rahmania et al. (2024) reveal that 

integrating digital platforms, simulations, and data analytics tools supports the visualization of 

sustainability problems and fosters higher-order thinking skills. Through digital learning 

environments, students can interact with authentic datasets, conduct real-time analyses, and 

develop mathematical literacy oriented toward global citizenship and digital competency. This 

aligns with SDG 9 (Industry, Innovation, and Infrastructure) and SDG 17 (Partnerships for 

the Goals), demonstrating the synergistic potential between digital transformation and 

sustainable education reform. 

Collectively, these findings demonstrate that the potential development of mathematics 

education to support SDGs lies in three interrelated dimensions: (1) embedding sustainability-

oriented competencies in mathematics curricula; (2) contextualizing mathematics learning 

through cultural and interdisciplinary integration; and (3) leveraging digital technologies to 

enhance modelling, data literacy, and systems-based problem-solving. This convergence 

represents a paradigm shift from mathematics as a purely academic pursuit toward mathematics 

as a transformative vehicle for sustainable and equitable development. Once the curriculum is 

reoriented toward sustainability, the next natural progression is the integration of digital 

technologies to enrich and operationalize these learning goals. 

 

Digital Transformation and the Reimagining of Mathematics Education for 

Sustainability 

The integration of digital technologies has profoundly expanded the transformative 

potential of mathematics education in supporting sustainable development. Within the context 

of the Fourth Industrial Revolution, digital innovation not only reshapes pedagogical practices 

but also redefines the competencies required for learners to meaningfully contribute to the 

Sustainable Development Goals (SDGs). Meylani, (2025b, 2025a) underscore that the 

incorporation of gamification, virtual learning environments, and technology-enhanced 

instructional platforms stimulates student motivation, creativity, and engagement key pillars of 

SDG 4, which advocates for inclusive and equitable quality education. Their studies 

demonstrate that digital platforms can contextualize mathematical problems within 

sustainability scenarios, thus enabling learners to develop both computational fluency and 

environmental consciousness simultaneously. 

Building on this perspective, Uchima-Marin (2024) and Meylani, (2025a) highlight the 

increasing role of data-driven and statistical learning environments in advancing sustainability 

literacy. Through the use of interactive technologies, learners can analyze real-world datasets 

related to gender equality, climate change, and resource allocation issues central to SDGs 5 

(Gender Equality), 13 (Climate Action), and 12 (Responsible Consumption and Production). 

The IMETS (Integration of Mathematics, Environment, Technology, and Sustainability) 

framework proposed by Meylanİ (2025) provides a structured model for linking digital 

mathematics learning to sustainable problem-solving. This framework operationalizes digital 

literacy as a pathway to cultivate future-ready mathematical competencies that align with 

sustainability priorities in the digital era. 

Meanwhile, Saimon et al. (2025) expand the conversation by demonstrating how 

transdisciplinary outdoor STEAM education particularly when contextualized through crisis-
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related and environmental themes can enhance students’ mathematical reasoning while 

promoting ecological awareness. Such approaches situate mathematics as an experiential and 

inquiry-based discipline, reinforcing the cognitive and affective dimensions of learning 

necessary for sustainability-oriented education. Similarly, Rachmadi et al. (2025) and 

Darmayanti et al. (2025) illustrate that game-based and ethnomathematics-based gamification 

fosters meaningful engagement by blending cultural context with digital pedagogy. These 

studies show that students not only gain conceptual understanding but also develop socio-

environmental empathy through interactive and culturally relevant mathematical tasks. 

However, the transformative potential of digital mathematics education is not without 

barriers. Baluyot et al. (2025) emphasize that while e-learning platforms significantly enhance 

accessibility and scalability, the success of such innovations is constrained by infrastructural 

inequalities and teacher readiness. In many low-resource contexts, insufficient digital 

infrastructure, limited access to devices, and a lack of professional development impede the 

effective integration of sustainability-focused mathematics instruction. This concern is echoed 

by Kanandjebo (2024), who underscores that teachers’ perceptions, digital confidence, and 

sustainability awareness vary widely, leading to uneven implementation across educational 

settings. 

Collectively, these studies affirm that digital transformation represents both an 

opportunity and a challenge in reimagining the role of mathematics education within the SDGs 

framework. When coupled with equitable access, strong institutional support, and sustained 

investment in digital literacy, technology can serve as a powerful catalyst for reorienting 

mathematics toward sustainable change. In this sense, mathematics education transcends its 

traditional boundaries, evolving into a digitally mediated, socially conscious, and globally 

relevant discipline that empowers learners to participate actively in shaping a sustainable 

future. However, the success of digital innovation ultimately depends on teacher competence, 

as technology can only be effective when educators are able to integrate it meaningfully into 

their instructional practices. 

 

Teacher Competence and Professional Development for SDG-Oriented Mathematics 

Education 

Teacher competence and continuous professional development emerge as pivotal 

determinants in the successful integration of sustainability principles within mathematics 

education. Across multiple studies, teacher preparedness is consistently identified as both a 

driving force and a limiting factor in realizing the transformative potential of mathematics for 

sustainable development. Hsieh et al. (2024) and Olawale et al. (2025) demonstrate that 

preservice teachers’ perceptions of the relevance of SDGs directly influence their pedagogical 

innovation, self-efficacy, and commitment to sustainability-oriented instruction. Teachers who 

internalize the values embedded in the SDGs are more likely to implement inquiry-based, 

interdisciplinary, and socially relevant mathematics lessons that cultivate critical thinking and 

global awareness among learners. 

Sutama et al. (2024) advance this argument by introducing a computational thinking–

based pedagogical model designed to foster discipline, autonomy, and reflective learning 

values that correspond to SDG 4 (Quality Education) and SDG 9 (Industry, Innovation, and 

Infrastructure). Their study highlights how computational thinking can serve as a bridge 

between abstract mathematical reasoning and real-world innovation, enabling students to 

develop both cognitive rigor and ethical responsibility. Complementarily, Purwanti et al. 

(2024) employ a STEAM–SDGs approach analyzed through Rasch modelling to assess the 

enhancement of students’ creative and analytical skills. Their findings underscore the 

importance of interdisciplinary teacher competencies that integrate science, technology, and 
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sustainability perspectives into mathematical instruction, positioning teachers as agents of 

innovation in achieving education for sustainable development (ESD). 

From a broader perspective, research by Kabul & Kaleci (2024) and Prakoso et al. (2024) 

provides bibliometric evidence of a growing global interest in the intersection between 

mathematics education and sustainability. However, their analyses also reveal a persistent gap: 

while the volume of research is expanding, there remains a lack of coherent theoretical and 

practical frameworks for teacher training and evaluation aligned with the SDGs. This gap 

signals the need for structured professional learning systems that equip teachers with the 

pedagogical, technological, and ethical competencies required to implement sustainability-

driven curricula effectively. 

Further reinforcing this concern, Jeong & González-Gómez (2024) and Tesfamicael & 

Enge (2024) report that many national and institutional curricula now reference sustainability 

goals explicitly, yet teachers frequently struggle to operationalize these concepts in daily 

classroom practice. This difficulty often stems from insufficient institutional support, limited 

access to teaching resources, and the absence of professional development opportunities 

tailored to sustainability education. Consequently, the integration of sustainability into 

mathematics instruction remains fragmented and inconsistently implemented across 

educational contexts. 

Taken together, these studies indicate that one of the most promising developmental 

pathways for mathematics education lies in empowering teachers as facilitators of 

sustainability learning. Such teachers are envisioned not only as transmitters of mathematical 

knowledge but also as designers of transformative learning environments that integrate digital 

technologies, socio-scientific issues, and ethical reasoning. By cultivating these multifaceted 

competencies, mathematics educators can nurture a generation of learners equipped with the 

analytical precision, digital fluency, and moral insight necessary to address the complex 

challenges of sustainable development in the digital age. Although teachers play a central role, 

their competence cannot develop optimally without structural support from institutions and 

educational policies. 

 

Institutional Collaboration and Cross-Sectoral Synergy in Advancing SDG-Oriented 

Mathematics Education 

Institutional collaboration emerges as a critical structural foundation for advancing and 

scaling sustainability-oriented mathematics education. The achievement of the Sustainable 

Development Goals (SDGs) within educational systems requires not only curricular reform at 

the classroom level but also systemic alignment across institutions, governance bodies, and 

communities. Studies by Said et al. (2024) and Yuan & Yu (2024) emphasize that curriculum 

alignment with SDGs must be supported by coherent policy frameworks and cross-sectoral 

coordination involving schools, universities, and ministries of education. Their findings 

highlight that fragmented educational policies often hinder the consistent implementation of 

sustainability principles in mathematics curricula, underscoring the need for integrative 

planning that bridges educational institutions and governmental priorities. 

At the pedagogical level, Tribello et al. (2024) advocate for community-engaged and 

participatory pedagogies, positioning mathematics as a tool for social transformation. They 

demonstrate that when lecturers and students collaborate with local communities on SDG-

focused projects such as sustainable urban planning, resource management, or environmental 

monitoring mathematical inquiry becomes directly relevant to real-world problem-solving. 

This approach not only enhances student engagement but also strengthens the social function 

of mathematics education as a contributor to local development initiatives. In a similar vein, 

Prakoso et al. (2024) conceptualize students as agents of change, arguing that empowering 

learners with mathematical and data literacy enables them to engage actively in climate action 
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and sustainable community development. Their research demonstrates that mathematical 

competencies, when linked to civic engagement, can catalyze both environmental awareness 

and participatory problem-solving in alignment with SDG 13 (Climate Action) and SDG 11 

(Sustainable Cities and Communities). 

From an economic and policy perspective, Andreas (2025) and Kolawole & Temilade 

(2025) underscore the pivotal role of mathematical modelling, systems analysis, and statistical 

literacy in addressing global economic and environmental challenges. They argue that 

mathematics education serves not merely as a disciplinary pursuit but as a strategic foundation 

for evidence-based policymaking and sustainability planning. Through the lens of applied 

mathematics, learners and educators can analyze data related to energy consumption, economic 

equity, and ecological resilience providing quantitative insights essential for the design of 

sustainable policies. 

Complementing these perspectives, Gaanya et al. (2025) present a scoping review that 

synthesizes evidence from multiple educational contexts, revealing that collaborative school-

level initiatives, particularly at the secondary level, are crucial in embedding sustainability 

values into mathematical learning activities. Their findings indicate that schools operating 

within networks of shared practice where collaboration occurs among teachers, administrators, 

and community stakeholders are more successful in integrating sustainability principles than 

those functioning in isolation. 

Collectively, these studies illuminate that the institutional and cross-sectoral 

collaboration dimension represents one of the most strategic levers for the development of 

mathematics education aligned with the SDGs. Sustainable transformation in education cannot 

be achieved through isolated classroom innovations alone; it requires a multi-level ecosystem 

that connects academia, government, and civil society in a continuous dialogue of knowledge 

exchange, resource sharing, and policy coherence. By situating mathematics education within 

this collaborative framework, institutions can ensure that mathematical learning contributes 

tangibly to solving societal, environmental, and economic challenges thus positioning 

mathematics as both an intellectual discipline and a practical instrument for sustainable 

development in the digital era. This multi-level collaboration concludes the thematic findings 

and sets the stage for a conceptual synthesis outlining the emerging potentials of mathematics 

education in the digital era. 

 

Emerging Potentials of Mathematics Education for SDGs in the Digital Era 

Synthesizing across all themes, the narrative review identifies three major potentials for 

developing mathematics education in support of the Sustainable Development Goals (SDGs). 

These potentials represent the evolving paradigm in mathematics education moving from 

traditional cognitive development toward transformative, sustainability-oriented learning. 

1. Curricular Innovation and Localization 

Curricular innovation and localization constitute the first major potential in aligning 

mathematics education with sustainability goals. According to Gula & Jojo (2024) and López-

Serentill et al. (2024), mathematics curricula must extend beyond abstract content mastery by 

embedding local realities, indigenous knowledge systems, and interdisciplinary contexts. 

Localizing mathematical problems through real data such as environmental measurements, 

agricultural yields, or public health statistics enables students to connect mathematical 

reasoning with sustainable living practices. 

This contextualization transforms mathematics into a tool for civic engagement and 

environmental stewardship. By connecting global SDG themes with community-based 

challenges, learners develop systems thinking and problem-solving competencies that are 

essential for addressing sustainability issues. Furthermore, localized curriculum design fosters 

cultural relevance and inclusivity, supporting SDG 4 (Quality Education) and SDG 10 
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(Reduced Inequalities). Mathematics education thus becomes not only a discipline of logic but 

also a platform for nurturing global citizenship and ecological literacy. 

2. Digital Empowerment and Technological Integration 

The second potential lies in the empowerment of mathematics learning through digital 

technologies. Meylani, (2025a), Meylanİ, (2025), Saimon et al. (2025) and Uchima-Marin, 

(2024) emphasize that the integration of artificial intelligence, gamification, and data 

visualization enriches students’ engagement and enhances their capacity to analyze 

sustainability data. Through digital simulations, learners can model environmental phenomena, 

evaluate resource distributions, and visualize statistical relationships, thereby bridging the gap 

between mathematical theory and sustainable application. 

Digital transformation also democratizes access to mathematical education. Online 

learning platforms, virtual labs, and open-access datasets allow students from diverse 

geographical and socio-economic backgrounds to participate in sustainability-oriented 

projects. Moreover, technology-based pedagogies encourage collaboration, creativity, and self-

directed learning competencies crucial for sustainable societies. However, as several studies 

caution, this potential can only be realized through equitable digital access and the 

enhancement of teachers’ technological literacy to prevent widening the digital divide 

3. Capacity Building and Collaborative Policy Action 

The third potential emphasizes the importance of teacher empowerment, institutional 

collaboration, and coherent policy frameworks. Research by Kanandjebo (2024), Said et al. 

(2024), and Tribello et al. (2024) underscores that mathematics teachers play a central role in 

translating sustainability frameworks into classroom practices. Continuous professional 

development and interdisciplinary training are essential to equip educators with both 

pedagogical and ethical competencies to integrate SDG principles meaningfully. 

Beyond the individual teacher level, institutional partnerships among schools, 

universities, and local communities foster collective action toward sustainable development. 

Collaborative initiatives such as project-based learning linked to real community issues bridge 

the gap between academic mathematics and practical sustainability challenges. At the policy 

level, the alignment of national curricula with SDG indicators ensures that mathematics 

education contributes consistently to long-term societal transformation. Thus, capacity 

building and policy collaboration form the structural backbone of sustainable mathematics 

education reform. 

These three potentials collectively illustrate a paradigm shift: mathematics education in 

the digital era is no longer confined to abstract reasoning but has evolved into a transformative 

practice that cultivates sustainable mindsets, technological competence, and ethical 

responsibility. By leveraging technology, contextual pedagogy, and policy collaboration, 

mathematics education can become a driving force in achieving the SDGs bridging the gap 

between quantitative reasoning and qualitative human progress. 

 
D. CONCLUSION 

This review concludes that mathematics education has strong potential to advance the 
Sustainable Development Goals (SDGs) in the digital era. It can serve as a transformative medium 
that connects quantitative reasoning with sustainability awareness through three main 
pathways: curricular innovation, digital integration, and collaborative policy action. By 
contextualizing mathematics with real-world sustainability issues, integrating technology such as 
AI and gamification, and strengthening teacher competence, mathematics education can cultivate 
critical thinking, digital literacy, and ethical responsibility. However, challenges remain, including 
limited technological access, uneven teacher readiness, and weak institutional coordination This 
review demonstrates that sustainability-oriented curriculum design, digital innovation, teacher 
competence, and institutional collaboration function as four interdependent dimensions that 
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collectively shape the development of SDG-aligned mathematics education in the digital era. 
Beyond synthesizing empirical findings from 33 recent studies, the review provides a theoretical 
contribution by articulating an integrative conceptual framework that positions mathematics 
education as a cognitive, ethical, and socio-environmental instrument. This framework highlights 
how mathematics learning can meaningfully contribute to addressing global challenges while 
strengthening students’ capacity for critical, data-driven, and sustainability-focused reasoning. 

Therefore, it is recommended that curriculum designers embed SDG-oriented 
competencies into mathematics education, teacher training programs emphasize sustainability-
based pedagogy, and policymakers foster multi-sector collaboration to ensure mathematics 
contributes effectively to sustainable development. Future research is needed to empirically test, 
refine, and extend this conceptual framework across diverse contexts and methodologies. 
Longitudinal studies, design-based interventions, and cross-national comparisons can help 
illuminate how the four dimensions interact in real educational settings. Further investigations 
should also explore the role of emerging technologies, such as AI-assisted learning, mathematical 
modeling platforms, and data-intensive simulations in shaping students’ sustainability reasoning. 
Additional conceptual and empirical studies are recommended to develop new pedagogical 
models, evaluate their impact on sustainability-oriented mathematical literacy, and examine the 
extent to which the proposed framework is context-specific or globally applicable. 
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