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Abstract. The role of education, in particular mathematics education, needs to
be reinterpreted in light of complicated global challenges like social inequality,
climate change, and environmental degradation in order to promote sustain-able
futures. This paper explores the ways in which curriculum, pedagogy, teacher
preparation, language, modelling, and technology can be practiced and imagined
more holistically. It promotes a paradigm change in mathematics education from
abstract, decontextualized instruction to a problem-oriented, context-sensitive,
and sustainability-based approach. We suggest practical adjustments to mathe-
matics curricula and pedagogy based on inter-national research and Indian case
studies, emphasizing how interdisciplinary learning, real-world applications, and
critical thinking can empower students as agents of change.
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1 Introduction

Humanity faces several interrelated and complicated problems in the twenty-first cen-
tury, from growing socioeconomic disparities and unsustainable consumption patterns
to climate change and biodiversity loss. These global challenges highlight how ur-
gently educational systems must be reoriented to promote the growth of fair, equitable
and sustainable societies. When it comes to the skills students needed for critical think-
ing, data interpretation, and systems analysis, mathematics education stands out
among the other disciplines. However, mathematics education needs to significantly
change in terms of its objectives, content, pedagogy, and contextual relevance in order
to effectively address the demands of a sustainable future.

Traditionally, mathematics has always been taught in a very abstract and decontextu-
alized way, prioritizing procedural proficiency above conceptual knowledge and practi-
cal application [8]. Mathematical instruction has historically been very abstract
and decontextualized, prioritizing procedural fluency above conceptual knowledge and
practical application. This has made it more difficult for pupils to use mathematics to
connect with urgent social and environmental issues.

Scholars have highlighted the socio-political and ethical aspects of mathematics
education and questioned its objectivity [16]. According to Skovsmose, mathemat-
ics education needs to be revised as an arena where students get a critical under-
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standing of how mathematical knowledge affects social decision-making, whether
it be in the areas of economic planning, environmental policy, or technological ad-
vancement. Concurrent with this discussion, multidisciplinary, transformative, and
action-oriented learning that equips students to tackle sustainability issues is pro-
moted by the United Nations’ Education for Sustainable Development Goals:
Learning Objectives [22]. Education for Sustainable Development (ESD) empha-
sizes how modeling, data analysis, and systems thinking may help make well in-
formed decisions. While ESD has often been associated with science, geography,
and social studies, mathematics is increasingly viewed as a critical domain due to
its capacity for abstraction, modelling, and quantitative reasoning.

Researchers such as Barwell [1] argue that sustainability challenges whether cli-
mate change, food security, or urban development are inherently mathematical. For
instance, understanding patterns in climate data requires statistical literacy; assessing
energy efficiency involves proportional reasoning; and modelling population
growth relies on exponential functions. By engaging with such contexts, mathematics
learning becomes both relevant and transformative. This approach is aligned with criti-
cal mathematics education [18], which seeks to empower learners to question, inter-
pret, and act upon mathematical representations of social and environmental realities.

The challenge, however, lies in reimagining the curriculum, pedagogy, teacher edu-
cation, language of instruction, technological integration, and research methodologies
so that mathematics education genuinely supports sustainable futures. This requires
going beyond tokenistic inclusion of “green” examples to developing systemic ap-
proaches that transform the purpose and practice of mathematics education. Global
perspectives are essential here, as sustainability challenges manifest differently across
regions, cultures, and socio-economic contexts. Practices that prove effective in one
setting such as project-based learning in Finland or community driven statistical in-
quiries in rural India can inspire adaptation and innovation in others.

2 Theoretical Framework

The foundation for reimagining mathematics education for sustainable futures rests on
an integration of three interrelated perspectives: Education for Sustainable Develop-
ment (ESD), critical mathematics education, and systems thinking supported by
technological mediation. Together, these frameworks position mathematics as a disci-
pline that is not only about abstract reasoning but also about engaging with real-
world complexity and fostering informed, ethical action.

Education for
Sustainable
Development

Critical
Mathematics

Systems Education

Technology

Fig. 1. Conceptual framework integrating Education for Sustainable Development
(ESD), Critical Mathematics Educa-tion, Systems Thinking, and Technology
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2.1  Education for Sustainable Development

The ESD framework, as articulated by UNESCO [22] [21], calls for education sys-
tems to equip learners with the knowledge, skills, values, and attitudes required to
address pressing global challenges such as climate change, inequality, and biodiver-
sity loss. ESD emphasizes interdisciplinarity, problem solving, and a future ori-
ented mindset, which aligns naturally with the goals of mathematics education.
Mathematics, with its ability to model phenomena, analyze trends, and quantify
change, offers a critical toolkit for engaging with the United Nations Sustainable
Development Goals (SDGs). For instance, analyzing carbon emissions data (SDG
13), modelling water usage (SDG 6), or studying population dynamics (SDG 11)
directly links mathematical competencies to sustainability literacy.

In this sense, mathematics education becomes more than a vehicle for procedural
skill; it transforms into a means of cultivating the capacity to evaluate, design, and
act upon solutions for sustainable living. The ESD perspective highlights the necessity
of embedding sustainability into the core curriculum, rather than treating it as a sup-
plementary or optional theme.

2.2 Critical Mathematics Education

Building on ESD, critical mathematics education [17] [6] emphasizes the socially sit-
uated nature of mathematics and its role in shaping perceptions of reality. Math-
ematics is often perceived as neutral and value-free, yet the ways in which it is applied
through models, statistics, and algorithms can reinforce or challenge inequities. Criti-
cal mathematics education seeks to make these dynamics visible to learners.

By applying a critical lens, students are encouraged to question the sources, assump-
tions, and implications of mathematical information. For example, when studying eco-
nomic growth models, they might ask: Whose growth is being measured? What envi-
ronmental costs are excluded? How do such models influence policy decisions? This
kind of inquiry helps learners see mathematics as a cultural and political tool that
can either contribute to or resist unsustainable practices.

In practice, integrating a critical stance means designing classroom activities
where students engage with real datasets, identify limitations or biases, and explore
alternative approaches. Such experiences develop both mathematical proficiency
and civic agency.

2.3  Systems Thinking and Technological Mediation

Sustainability issues are inherently complex, involving interactions between environ-
mental, social, and economic systems. Systems thinking provides a conceptual ap-
proach to understanding these interconnections. In mathematics education, this per-
spective aligns with topics such as functions, probability, statistics, and net-



Mathematics Education for Sustainable Futures: Global ... 95

works, which can represent interdependent variables and feedback loops. For instance,
a lesson on exponential growth can be connected to modelling the spread of invasive
species or predicting the impact of deforestation on local rainfall patterns. Technology
plays a key role in enabling students to work with authentic sustainability prob-
lems. Tools such as spreadsheets, dynamic geometry software, and geographic
information systems (GIS) allow learners to analyze large datasets, run simulations, and
visualize patterns. When combined with systems thinking, technology facilitates deep
engagement with sustainability contexts that might otherwise be inaccessible in
the classroom. However, frameworks like Technological Pedagogical Content
Knowledge (TPACK) Mishra and Koehler [11] remind educators that technol-
ogy must be meaningfully integrated with pedagogy and content, rather than used for
its own sake.

In summary, the theoretical foundations for mathematics education for sus-
tainable futures integrate ESD’s vision of transformative, interdisciplinary learning
with the critical perspective that mathematics is a socially situated practice, and
the systems thinking approach that addresses complexity through modelling and tech-
nology. Together, these perspectives position mathematics as both a cognitive and
civic tool enabling learners to analyze sustainability challenges, question the assump-
tions embedded in quantitative representations, and co-create informed, equitable solu-
tions for a rapidly changing world.

3 Curriculum Innovations for Sustainability

Reimagining mathematics curricula to address sustainability involves more than insert-
ing isolated real-world examples; it requires systematic integration of sustainabil-
ity themes into the structure, content, and assessment of the subject. Such integration
transforms mathematics from a purely academic pursuit into a means of engaging
with complex, authentic problems that have local relevance and global significance.

3.1 Embedding Sustainability in Core Content

Curriculum innovation begins by aligning mathematics topics with sustainability chal-
lenges that can be explored through quantitative reasoning. For example, algebraic
functions can be applied to model population growth or renewable energy output; ge-
ometry can support urban design projects that minimize environmental impact; and
statistics can be used to analyze biodiversity data or track patterns in resource
consumption. This approach helps students see mathematics as a living discipline;
one that has immediate application to understanding and solving pressing environmen-
tal and social problems.

In Finland, the National Core Curriculum incorporates sustainability as a cross-cur-
ricular theme, requiring mathematics lessons to integrate data from authentic environ-
mental contexts. Students might calculate the carbon footprint of their school’s food
supply chain, analyze public transportation efficiency, or compare energy usage across
seasons. In South Africa, mathematics curricula encourage community-based projects
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where learners collect and analyze data related to local sustainability issues, such as
water scarcity, waste management, or soil degradation.

3.2  Interdisciplinary and Project-Based Approaches

Sustainability is inherently interdisciplinary, and curriculum innovation must reflect
this reality. Mathematics can be positioned alongside science, geography, economics,
and social studies to address complex problems holistically. Project-based learning
(PBL) offers a particularly effective framework: students work over extended periods
on real-world challenges, using mathematics as one of several tools to develop solu-
tions.

In Japan, the “Lesson Study” model has been adapted to design sustainability-
themed mathematics units. For example, students investigate patterns of household en-
ergy use, collect data from their own homes, model consumption patterns, and pro-
pose conservation strategies. In Canada, interdisciplinary units combine mathemat-
ics, Indigenous knowledge systems, and environmental science to study local
ecosystems, integrating traditional ecological indicators with statistical analysis.

33 Local Contexts and Cultural Relevance

Curriculum innovation must also be culturally responsive, connecting mathemati-
cal content to the lived realities of students. In rural India, for instance, curriculum
modules link ratio and proportion to sustainable agricultural practices, enabling stu-
dents to calculate optimal water usage or fertilizer distribution based on crop type
and soil quality. In Indigenous Australian contexts, mathematics curricula incorpo-
rate seasonal calendars, navigation techniques, and land management practices, fos-
tering both cultural knowledge preservation and mathematical competence.

These locally grounded approaches not only enhance engagement but also promote
equity by valuing the knowledge systems of communities often marginalized in main-
stream education. This aligns with Education for Sustainable Development’s emphasis
on inclusivity and respect for cultural diversity.

3.4  Assessment Practices for Sustainability-Oriented Mathematics

Assessment practices must evolve alongside curriculum changes. Traditional tests
focused on procedural accuracy may not capture the full range of competencies required
for sustainability-oriented mathematics, such as systems thinking, collaborative prob-
lem-solving, and critical interpretation of data. Alternative assessment approaches
like portfolios, project reports, and presentations allow students to demonstrate
how they apply mathematics to authentic problems.

For example, in Brazil, high school students are assessed on their ability to
model and present solutions to urban heat island effects in their city, integrating
climate data, population density, and green infrastructure planning. Such assess-
ments encourage learners to view mathematics not as an isolated academic exercise, but
as a practical tool for civic participation and sustainable action.
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3.5 Summary of Curriculum Innovations

Globally, innovative curricula demonstrate that mathematics can be deeply con-
nected to sustainability when it is designed with intention, cultural awareness, and
interdisciplinarity in mind. Whether through analyzing local environmental data,
participating in cross-disciplinary projects, or rethinking assessment to value ap-
plied problem-solving, curriculum reform offers powerful opportunities to align
mathematics education with the competencies required for sustainable futures.

4 Pedagogical Approaches and Teacher Education

While curriculum innovations define what students learn, pedagogy shapes how
they learn it. For mathematics education to contribute meaningfully to sustainable
futures, teaching practices must actively engage learners in authentic, context-rich
problem solving. Simultaneously, teacher education and professional development
must prepare educators to facilitate such learning environments with confidence and
creativity.

4.1 Inquiry-Based and Problem-Posing Pedagogy

Inquiry-based learning encourages students to ask questions, explore data, and de-
velop solutions through iterative investigation. This aligns well with sustainability
contexts, where problems are often open-ended and require multiple perspectives. In
mathematics classrooms, inquiry might involve analyzing climate change datasets to
identify trends or modelling renewable energy scenarios to determine feasibility.

Problem-posing pedagogy, as advocated by Freirean approaches, invites learners
to generate the mathematical questions themselves based on real-world observa-
tions. For example, in a coastal community experiencing erosion, students might
pose and investigate questions about rates of shoreline retreat, potential protective
measures, and cost-benefit analyses. This approach positions learners as active
participants in shaping the mathematics they study, fostering both ownership and
relevance.

4.2  Modelling and Simulation-Based Learning

Mathematical modelling is a powerful pedagogical tool for connecting abstract con-
cepts to real-world sustainability issues. Stillman et al. [20] note that modelling
tasks allow students to move between reality and mathematical representation, re-fining
both their models and their understanding of the problem.

For example, in Brazil, high school students model the relationship between
urban tree cover and local temperature regulation, using real temperature data and
GIS mapping tools. In Finland, learners use simulation software to test the environ-
mental and economic impacts of various transportation policies, integrating mathe-
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matics with civic decision-making. These experiences help students see mathemat-
ics as a decision-support tool in sustainability contexts.

4.3  Collaborative and Interdisciplinary Learning

Sustainability challenges often demand collaboration across disciplines and sectors,
and mathematics classrooms can mirror this reality. Group projects encourage the
pooling of skills, perspectives, and cultural knowledge, fostering communication and
teamwork. In South Africa, interdisciplinary teams of students from mathematics,
geography, and economics classes collaborate on community waste management
projects, combining statistical analysis, spatial mapping, and cost modelling.
Interdisciplinary teaching teams also offer valuable models for educators. Joint
planning between mathematics and science teachers, for example, can lead to inte-
grated units on renewable energy, water conservation, or ecosystem dynamics.

4.4  Teacher Education for Sustainability-Oriented Mathematics

Innovative pedagogy requires equally innovative teacher preparation. Many teach-
ers feel underprepared to integrate sustainability into mathematics lessons, citing lim-
ited content knowledge, lack of suitable resources, and uncertainty about inter-disci-
plinary teaching. Effective teacher education programs address these barriers through:

Content integration workshops where mathematics concepts are linked to sustain-
ability contexts.

Field-based learning involving collaboration with local communities to identify
and investigate sustainability issues.

Mentoring and peer-learning networks that allow teachers to share experiences and
resources.

In Indonesia, for example, professional development programs train teachers to use
local environmental issues—such as deforestation rates or flooding patterns—as con-
texts for teaching mathematical topics. In Canada, partnerships between Indigenous
communities and teacher educators have resulted in co-developed resources that blend
traditional ecological knowledge with mathematical analysis.

4.5 Role of Digital Tools in Pedagogy and Teacher Development

Digital tools not only enhance student learning but also support teacher preparation.
Online repositories of open datasets, interactive visualization platforms, and model-
ling software can be integrated into pre-service and in-service training. Teachers can
learn to design lessons where students simulate climate scenarios, map water usage, or
calculate carbon footprints.

Professional learning communities (PLCs) facilitated through digital platforms
enable geographically dispersed teachers to collaborate, share lesson plans, and
discuss classroom challenges related to sustainability integration.
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Fig. 2. Flow model illustrating the transformation of mathematics education towards sustainabil-
ity competencies

5 Language, Equity and Technology in Sustainability
Mathematics

Advancing mathematics education for sustainable futures demands attention to two
intertwined priorities—linguistic and equity considerations and technology-enabled
modelling to ensure that all learners can engage meaningfully with real-world sustain-
ability challenges. Language is central to how students interpret mathematical ideas,
whether through symbols, diagrams, or classroom discussion. In multilingual settings,
teaching often occurs in a language different from students’ home language, creating
participation barriers. Sustainability contexts add complexity, introducing specialized
terms such as “carbon footprint” or “renewable yield.”

When instruction incorporates learners’ first languages, connections between mathe-
matical concepts and local realities become stronger [2]. Kenyan teachers, for
example, integrate local languages with English when analyzing water consumption
patterns, while Filipino educators use bilingual lessons to model rainfall data in
typhoon prone areas. These approaches make mathematical engagement both accessi-
ble and relevant.

Equity also involves ensuring fair access to technology and learning resources. The
digital divide—differences in internet connectivity, device availability, and teacher
training—limits the reach of technology-enhanced mathematics education. While stu-
dents in well-equipped schools may use simulation software for urban planning models,
those in resource-poor settings may lack even a reliable calculator.

Bridging this gap requires investment in infrastructure, professional develop-
ment for teachers, and the adaptation of open educational resources (OERs) for
offline or low-bandwidth environments. India’s ‘“Mathematics for Sustainability”
initiative demonstrates this by using offline apps for rural groundwater monitoring
projects, directly linking mathematical skills to local needs.

Digital tools make it possible to model complex sustainability problems, from
cli-mate projections to energy system simulations. Platforms like GIS, spread-
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sheets, and simulation software allow students to test variables and visualize out-
comes. In Germany, students map the ecological effects of renewable energy in-
stallations, while in Singapore, spreadsheet models help explore trade-offs between
GDP growth and carbon emissions.

Interactive modelling builds both technical and conceptual understanding, enabling
students to see mathematics as a decision-making tool. Technology also enables global
collaboration. In a Canada—Kenya partnership, Kenyan students provided climate and
soil data, while Canadian students applied regression analysis to project agricultural
yields. Such exchanges strengthen both mathematical competence and global citizen-
ship.

For technology-enhanced modelling to be inclusive, linguistic responsiveness is
essential. Strategies include multilingual software interfaces, bilingual glossaries for
mathematical terms, and allowing results to be presented in multiple languages. Boli-
vian students, for example, study glacier retreat using satellite imagery soft-ware
in Spanish and Quechua, sharing findings in both languages.

Language inclusivity, equitable access, and technology-enhanced modelling are
mutually reinforcing. Without linguistic accessibility, many learners are excluded from
sustainability discourse; without equitable access, technology benefits only a few; with-
out authentic modelling, mathematics risks losing relevance. Thoughtfully combined—
through bilingual digital tools, affordable modelling technologies, and collaborative
projects—these priorities transform mathematics into a platform for equitable and in-
formed action toward sustainable futures.

6 Methodology and Research Practice

This study is positioned as a qualitative and interpretive investigation that com-
bines comparative viewpoints from global cases with conceptual analysis. In order to
contribute to sustainable futures, the main goal is to investigate how mathematics edu-
cation may be reimagined to include curriculum, pedagogy, teacher education, lan-
guage, technology, and evaluation. The study intends to synthesize and evaluate differ-
ent approaches, stressing the benefits and drawbacks of incorporating sustain-ability
into mathematics training, rather than developing prescriptive models.

6.1 Research Design and Sources

The qualitative, interpretative approach used in this study is influenced by critical
interpretivism, which views mathematics instruction as an activity that is socially
and culturally situated [6]. In line with the Sustainable Development Goals, this
method makes it possible to investigate how mathematics might address sustainability
issues in many contexts [21]. This approach, which acknowledges mathematics’ ca-
pacity to both illuminate and shape societal pathways toward sustainable futures,
places more emphasis on the subject’s civic and ethical aspects than on its neutral-
ity. The study emphasizes the importance of mathematics education in promoting
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sustainability literacy, critical thinking, and global citizenship by framing it as more
than just the acquisition of abstract skills [19] [13].

To capture this complexity, the study draws on three primary sources of evi-
dence: scholarly literature, policy frameworks, and case studies. Foundational works
in critical mathematics education and education for sustainable development are in-
cluded in the literature base [17] [2] [20]. Policy frameworks were examined to identify
curriculum-level commitments, such as Finland’s emphasis on sustainability as a
transversal theme (Finnish National Agency for Education, 2016), South Africa’s pro-
motion of community engagement (DBE, 2011), and UNESCO’s ESD Roadmap
(2020). Case studies from diverse cultural settings provided concrete illustrations of
classroom practice, including project-based approaches in Japan [15], integration of
Indigenous ecological knowledge in Canada [12], and Brazilian students’ model-
ling of urban climate data [14]. When combined, these resources made it possible to
conduct a thorough comparative study of the ways in which mathematics education is
being mobilized for sustainability in various international contexts.

6.2  Research Practice, Reflexivity and Contribution

This study recognizes that both mathematics and sustainability are shaped by cul-
tural, political, and epistemological contexts. Accordingly, reflexivity forms a cen-
tral component of the research practice. Critical mathematics education scholars argue
that mathematical knowledge is never value-neutral but embedded within systems of
power and decision-making [17]. In examining global cases, particular care was taken
to avoid imposing a single normative framework of sustainability or privileging West-
ern models of curriculum reform. Instead, the analysis acknowledges plural knowledge
systems, including Indigenous and community-based perspectives that broaden under-
standings of mathematical reasoning in relation to ecological stewardship [12]. Reflex-
ivity also involves recognizing the limits of secondary research: policy documents may
represent aspirational goals rather than classroom realities, and published case
studies often highlight exemplary innovations. Nevertheless, through systematic
thematic analysis [3], recurring patterns were identified across contexts, allowing for
meaningful comparison while respecting contextual diversity.

The study contributes to scholarship and practice in three key ways. First,
it articulates a conceptual linkage between mathematical competencies such as
modelling, statistical reasoning, systems thinking, and quantitative literacy and the
analytical demands of sustainability challenges [13] [21]. Second, it synthesizes
global curricular and pedagogical innovations, demonstrating how mathematics
classrooms can incorporate interdisciplinary projects, community-based inquiry, and
digital tools to address real-world problems. Third, it foregrounds issues of equity,
language, and access as integral to sustainability-oriented mathematics education,
arguing that transformative practice must ensure participation for all learners. By
bringing together theoretical insights and comparative examples, this research posi-
tions mathematics education not merely as preparation for economic productivity
but as a transformative civic practice capable of fostering critical engagement, ethi-
cal reasoning, and collective responsibility for sustainable futures.
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7 Proposals and Recommendations

To advance mathematics education for sustainable futures, systemic alignment is essen-
tial across curriculum, pedagogy, teacher education, technology, and assessment. Sus-
tainability themes should be meaningfully embedded within core mathematical topics
such as modelling, statistics, and systems analysis so that students engage with
authentic environmental and social challenges [21] [13]. Pedagogical approaches must
prioritize inquiry, critical reasoning, and community-based problem solving [17] [20],
while teacher education programs should equip educators with interdisciplinary and
sustainability competencies. Assessment practices should move beyond procedural
accuracy to evaluate applied understanding and ethical interpretation. Collectively,
these reforms position mathematics not merely as a technical discipline but as a trans-
formative civic practice capable of contributing to equitable and sustainable futures.

8 Conclusion and Future Directions

This study has examined how mathematics education can be re-envisioned to respond
meaningfully to the demands of sustainable futures. Drawing from theoretical perspec-
tives, global curriculum reforms, and documented classroom innovations, it argues that
mathematics is not merely a technical discipline but a powerful civic and analytical
tool. When sustainability themes are embedded within modelling, statistical reasoning,
systems thinking, and critical inquiry, learners develop the capacity to interpret com-
plex environmental and social data responsibly. Such an approach aligns with global
frameworks that emphasize transformative competencies for sustainable develop-
ment [21] [13]. Mathematics education, therefore, can function as a vehicle for sus-
tainability literacy fostering not only quantitative proficiency but also ethical aware-
ness, critical judgement, and active participation in shaping equitable futures.

Despite promising innovations, important questions remain regarding implementa-
tion and impact. Further empirical research is needed to examine the long-term effects
of sustainability-integrated mathematics education on students’ engagement, career
pathways, and civic participation. Longitudinal and cross-national studies could help
determine whether current reforms lead to sustained transformation or remain isolated
initiatives. Additionally, issues of scalability, teacher preparedness, and assessment
alignment require systematic investigation to ensure that innovative practices can be
implemented equitably across diverse educational systems. By advancing rigorous,
practice-based research, the field can move beyond conceptual advocacy toward sus-
tainable, evidence-informed transformation of mathematics education.
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