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Abstract — Despite numerous studies on sustainable development
and education, many remain general and declarative. Integrating
sustainable development into educational curricula poses
challenges for educators due to its complexity. This paper adopts
a multidimensional approach, considering social, psychological,
and educational aspects, to explore the role of mathematics in
attaining  sustainable  development goals. It  highlights
mathematics' practical applications across various sectors such as
economy, industry, and social spheres. Moreover, the research
underscores mathematics' humanitarian potential, serving
ideological, moral, educational, and aesthetic purposes. Through
mathematics education, individuals not only contribute to global
culture but also foster a sense of community. Ultimately, the goal
of teaching mathematics in the context of sustainable development
is to cultivate students' mathematical literacy and cultural
awareness
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L. INTRODUCTION

Sustainability is the quality of being able to keep
something going over time. Sustainable development
serves as an all-encompassing framework for realising
human development, while ensuring that natural systems
remain capable of meeting human needs. Education for
Sustainable ESD is needed throughout all levels of formal
education as well as training and also in non-formal and
informal learning environments for a sustainable society.
Introducing ESD means a significant change in current
education practices. It requires active teaching methods that
inspire and empower learners to change their behaviour and
advocate for sustainable development. ESD thus equips
young people with essential skills including the ability to
think critically, look ahead and make decisions collectively.

In addition, it also includes integrating key
sustainable development issues into the educational
curriculum such as climate change, disaster risk reduction,
biodiversity, poverty reduction and  sustainable
consumption. Through Education for Sustainable
Development, some might gain the requisite knowledge,
skills, attitudes, and values to develop what kind of future
is sustainable. [1]

II. IMPORTANCE OF MATHEMATICS

Mathematics is an essential discipline that significantly
influences several facets of life and academic fields. Its
significance may be comprehended from several
viewpoints, including practical applications, cognitive
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advancement, and basic information for other disciplines.
The literal definition of mathematics is "that which can be
counted." Counting significantly influences our everyday
lives. Envision a scenario devoid of Mathematics; how
would we quantify family members? The quantity of kids in
the school, the count of players in cricket, the days in a
week, month, or year. One must possess the ability to do
fundamental arithmetic operations, including addition,
subtraction, and division. Mathematical comprehension
fosters critical thinking and enhances the synthesis of
concepts and ideas at a psychological level. The
significance of mathematics for the general populace is
evident beyond complex mathematical ideas. An average
individual is significantly dependent on science and
technology for daily activities, and the function of
mathematics has been predetermined.

Mathematics permeates our environment, manifesting in
many ways. From the onset of morning, one must respond
to alarm notifications, check the time, mark dates on a
calendar, answer phone calls, arrange recipes in the kitchen,
await the signals of a pressure cooker, and handle finances,
such as exchanging currency while using public transport—
an unceasing array of tasks. Identifying instances when we
use mathematics in our environment.

III. MATHEMATICS TO MAKE SCIENCE AND
TECH HAPPEN

The M in STEM stands for mathematics a subject which is
vital to the progress of science and technology.
Mathematics is everywhere, as you might have heard, and
while a basic knowledge of mathematics is a must for every
field, there are a few fields where mathematical acumen is
necessary. More students need to be led into educational
directions that prepare them for work as mathematicians,
engineers, and scientists. Mathematics is essential for
many fields which are driving the future and the current
people that would do well need to possess a modern science-
technology-math background (Ellenberg, 2014).
Mathematics is the ticket to a desirable and meaningful
future; the opposite is true for math deficiency.

Nevertheless, a common misunderstanding about math asa
subject, is that it is for the elite few. However, math ought
to be for everybody. All students should be provided with
the opportunity and the educational environment to explore
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mathematics in depth and understand it. The pursuit of
equality in education should not clash with the pursuit of
excellence. Even educational doctrine dictates a curriculum
that covers a wide variety of math topics. However, that
does not mean all students are the same. Individual students
must be allowed to shine, to shine with their own talents,
abilities, accomplishments, and interests in maths. Here are
some examples of how Mathematics relates to real life (Su,
2020):

3.1 Practical Applications

Everyday Life: Through Mathematics in day-to-day life,
such as calculating and maintaining a budget, cooking
ingredients, shopping, and time management. It helps
people to makes the best decisions and to solve the real life
issues.

Technology and Engineering — Mathematics is the
foundation of engineering and technology. This is a pre-
requisite to plan structures, develop software, create new
technologies.

Medicine and Biology: Mathematics is employed in
medical research and medical practice — in imaging
technologies and modeling the spread of diseases — as
well as uniqueness of biology and nature.

3.2 Cognitive Development

Analytical approach: Mathematics is an important
subject to develop analytical and problem-solving
approach. It needs logical sense and systematic steps of
operation of huge issues.

Abstract thought: it improves the abstract thought process
by requiring an understanding of ideas that are not
physically experiences. It has a wider footing that holds
importance in other frontiers apart from mathematics.

Analytical skills: Mathematics study assists in developing
analytical skills as individuals learn to break down complex
information and recognize patterns and structures buried
underneath.

3.3 Foundation for Other Disciplines

Mathematics is the language of science, including science
and physics. It is crucial for the understanding and the
explanation of scientific phenomena. Mathematical
principles are used everywhere like in physics, chemistry,
etc.

Economics and finance: Mathematics is used in
economics and finance to model economic theories, to
analyze data, and to make financial predictions.

Computer Science: all algorithms, data structures, and
software development (yes, all of that) is behind math.

3.4 Cultural and Historical Significance

One of the oldest sciences: Mathematics is one of the
oldest sciences, with contributions from many cultures
throughout history. Its development exemplifies human
history and evolution of thought.

Language of the Universe: Mathematics is considered a
universal language. It  enables collaboration  and
communication between multiple disciplines and countries.

3.5 Personal Development and Confidence

Confidence  Enhancer:  Gaining mastery  over
mathematical concepts is bound to instil confidence and
leaves you feeling accomplished. It encourages persistence
and resilience.

Deductive thought process: Mathematics has a very
systematic structure that allow people to make successful
reasoning decisions based on logic in their normal life and
their professional life.

No kid needs to be denied access to high-quality math
education programs. Those with a natural bent for a career
in mathematics and science need to be allowed to cultivate
their capabilities and interests. All students, with diverse
educational needs, should be offered the guidance and
encouragement to build an informed understanding of
mathematics. Ensuring justice is impossible in a society
without people with basic mathematical skills needed to
perform economic, political and scientific tasks.

IV.  ROLE OF MATHEMATICS EDUCATION IN
SUSTAINABLE DEVELOPMENT

Development encompasses a series of endeavors
undertaken by individual societies with the objective of
alleviating perceived obstacles to a better standard of living,
ultimately enhancing the quality of life for their inhabitants.
Genuine development is envisioned to be both objective and
enduring, ensuring sustained benefits for society over time.
In the absence of sustainability, self-proclaimed
development becomes deceptive and consequential.
Sustainable development, on the other hand, refers to a form
of development that satisfies the needs of the current
generation without compromising the ability of future
generations to fulfill their own needs. This places Math at
the center of the story of how a nation develops, writes
Journal. Abstract Mathematics is at the heart of sustainable
development by offering tools and methodologies needed
for tackling complicated environment-society-economy
problems. Below are some examples of how mathematics
is involved in sustainable development:

e Modelling and Simulation: The ability to build
models and simulations to be able predict and assess
what is happening in the environment is another thing
we get from Mathematics. Mathematical models enable
them to study global climate change, the weather, and
the outbreak of diseases, for example. All these types
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of models have one thing in common: they can be used
to model the effects of different variables on
ecosystems and plan style patterns.

Optimization: Mathematical  techniques of
optimization are used for optimal utilization of
resources. It is involved in optimizing energy usage,
minimizing waste, and enhancing transportation
system efficiency. Mathematical Optimization for
Sustainable Industrial Processes Mathematically
optimized industrial processes can aid industries and
governments in establishing processes that produce the
highest output with the least environmental impact.

Data analysis and statistics: Sustainable growth is all
about data-driven decisions. Mathematics, by means of
statistical analysis and data mining, aids in creating
meaning from large datasets through trends,
correlations, and causations. Which is crucial for
biodiversity monitoring, resource management, and
sustainability evaluation.

Mathematical tools are used to assess and manage
risks arising from environmental hazards, financial
crises, and social issues. Tools of probability and
stochastic processes have also assisted in predicting,
and managing disasters, be it the natural kind as well
as the economic kind.

Resource Management: Mathematics helps in
managing the natural resources by developing models
for sustainable harvesting, conservation and allocation
etc. It utilizes game-theoretic and operations research
techniques to mediate disputes about resource
allocation and divide the resource equitably.

Renewable Energy: Renewable energy sources are
being studied, and developed a lot mathematically.
Mathematics is similarly applied in the design and
functioning of wind turbines, solar panels and other
renewable energy technology to improve efficiency
and effectiveness.

Cities & Communities: Mathematical modeling aids
in design of sustainable cities & communities. Urban
planners employ mathematical instruments to improve
land use, transportation design, waste management,
and accessibility of basic services. This paper
contributes to the production of habitable, resilient,
and sustainable cities.

Economic Modelling: Mathematics is fundamental in
developing economic models that incorporate
sustainability. Such models are useful to assist in the
assessment of relationships between economic
activities and environmental impacts, so as to help
formulate policies for sustainable economic growth
and development.

e Environmental monitoring: Mathematical methods
are applied to monitor and process environmental data
including pollution levels, deforestation rates, and
water quality. These analyses have told us what we
need to do in order to reverse these trends and start
conserving our planet.

e One contributes to educate and raise awareness:
Education in mathematics cultivates skills in reasoning
and problem-solving, necessary to comprehend and
deal with sustainability issues. Preparing the next
generation with mathematical skills guarantees a future
workforce that can address sustainability challenges.
The role of mathematics in sustainable development is
not limited but significant as it serves as the
underpinning analytical framework needed to address
complex systems, optimize processes, and make
decisions that weigh environmental, economic, and
social dimensions.

V. CONCEPT OF MATHEMATICAL
COMPETENCES

Niss and Hojgaard (2011) define mathematical
competencies in the sense of Danish Komb. Mathematical
Thinking: This is knowing what math questions are and
what it can and cannot tell you the status of. It also includes
the ability to ask such questions, to know mathematical
ideas and their limits, to broaden these limits via abstraction
and generalization, and to understand the certainty that
accompanies mathematical considerations. Employing
Mathematical Reasoning: This entails the capacity to
comprehend and evaluate existing mathematical arguments
and proofs, recognizing key ideas within proofs,
distinguishing between various types of mathematical
statements, constructing chains of logical reasoning, and
translating heuristic reasoning into personal proofs.

e Problem posing and problem solving: This includes
locating and scoping mathematical problems, solve
them if an algorithm is computable, and addressing
situational problems based on self-determined criteria
on what constitutes a problematic question.

e Ability to develop and work with mathematical
models: This includes the understanding and
application of pre-existing mathematical models as
well as the creation of new mathematical models used
to solve mathematical problems.

e Representation Modeling mathematical objects:
knowing representations including ways of expressing
them; connections between them; advantages and
disadvantages of a representation; being able to choose
the required subject; to switch from a base to another
face.
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e Proficient with Mathematical Symbols and
Formalism: being able to read symbolic and formalist
mathematical language and relate it to natural
language, and translate from one to the other. It also
includes a knowledge of the rules of formal
mathematical systems and ability to work formally
manipulating statements and expressions according to
these rules.

e Communication (of mathematics): This
encompasses the ability to understand mathematical
utterances of others, plus the (spoken, written, or other)
utterance of mathematics by oneself.

o Using Mathematical Aids and Tools: This involves
understanding the mathematical aids and tools that are
at your disposal and knowing when you can employ
them to your advantage properly and effectively to help
with mathematical work.

VI. MODES OF TRANSACTION FOR
INSTRUCTING SUSTAINABILITY

6.1 As articulated by Vintere and Briede (2016)

e  Problem-solving,  critical  thinking,  action
competence, and systems thinking (Jone et al., 2010)

e Imagination, critical thinking, introspection, a
systematic approach to thinking, collaboration,
cooperative learning, and involvement in decision-
making (Ashlock and Herman, 1970; Stibbe, 2009)

e  Proficiency in systems thinking to recognise the
interrelations among many aspects and the
intricacies of systems and circumstances (Renert
Mosche, 2011; Tilbury and Wortman, 2004).

6.2 Cebrian and Junyent (2015) developed a theoretical
framework for professional skills in Sustainable
Development, including eight fundamental
characteristics.

e  Envisioning Futures: Investigating many types of
futures and alternate scenarios, interrogating rigid
notions of possibility, including both distant and
proximate possibilities.

e  Contextualization: Consider the many dimensions
related to an issue or ourselves, both spatially
(local/global) and chronologically
(past/current/future).

e Navigating complexity: Recognising and
integrating the ecological, economic, and social
dimensions of issues, hence facilitating systems
thinking in educational settings.

e  Establishing Criticality: Deconstructing situations
that facilitate and enhance critical thinking, enabling
people to interrogate prejudices and see diverse
viewpoints within these contexts.

. Decision-Making, Participation, and Advocacy:
Advancing from awareness to action, promoting
collective responsibility, and enabling cooperative
initiatives to drive change.

e  Clarifying Values: Facilitating the elucidation of
values and reinforcing behaviours consistent with
sustainable thinking, promoting mutual respect and
comprehension of varied beliefs.

e  Fostering Interdisciplinary Dialogue: Creating
creative pedagogical methods that transcend
academic borders and promote collaborative efforts
across disciplines.

e Emotion and Concern Management: Promoting
introspection of human emotions to enhance
comprehension of issues and circumstances.

6.3 McKeown, Rosalyn (2002) delineated five fucets of
Education for Sustainable Development (ESD):

Sustainable  development integrates environmental,
economic, and societal dimensions. Consequently,
individuals need fundamental knowledge in natural
sciences, social sciences, and humanities to comprehend the
principles of sustainable development, their application, the
associated values, and the consequences of such execution.
Knowledge derived from conventional fields underpins
Sustainable Development.

Skills/actions:  Achieving success in  sustainable
development requires transcending mere education on
major global concerns. Education for Sustainable
Development (ESD) must equip individuals with practical
skills that facilitate lifelong learning, ensure sustainable
livelihoods, and promote sustainable living practices. These
talents will vary according on neighbourhood
circumstances.

6.4 Values are a fundamental component of Education for
Sustainable Development (ESD).

In some societies, values are explicitly imparted inside
educational institutions. In some cultures, values may not
be explicitly taught, but they are shown, elucidated,
examined, or deliberated about. In both scenarios,
comprehending values is crucial for grasping your
worldview and the perspectives of others.
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Perspective: ESD encompasses viewpoints that are crucial
for comprehending both global and local challenges within
a global framework. Each problem both a historical context
and a prospective trajectory. Examining the origins of a
problem and predicting potential outcomes based on various
scenarios are key components of ESD, as is recognising the
interconnectedness of several global crises. For instance,
over use of consumer products like paper results in
deforestation, which is believed to be associated with global
climate change.

Concerns: ESD primarily addresses significant social,
economic, and environmental challenges that jeopardise
planetary sustainability. Numerous critical challenges were
recognised during the Earth Summit in Rio de Janeiro and
are articulated in Agenda 21. Comprehending and tackling
these difficulties is essential to Education for Sustainable
Development (ESD), and locally relevant matters must be
included into every sustainability education program.

All aspects of Education for Sustainable Development are
progressing  significantly.  Sustainable = mathematics
education entails the reorientation of mathematics
instruction towards environmentally sensitive ideation and
sustainable methodologies. This is a reform initiative that
we cannot afford to overlook. Sustainable mathematics
education involves seeing the world anew via revitalised
mathematical concepts. It pertains not just to seeing vast
quantities but also to comprehending the global context.

The subjects addressed in SD include resources, culture,
tourism,  social institutions, pollution,  physical
environment, adolescent pregnancy, child abuse, population
growth and change, values and attitudes, and industrial
activity. Subsequently, fifteen guidelines for developing
mathematics curriculum resources that promote sustainable
development include: real contexts, contemporary issues,
complexity, value, data accessibility, human activity,
contextual  emphasis, interdisciplinary  approaches,
awareness of marginalization, fostering dialogue, courage,
trust, accessibility, and technology utilization (UNESCO,
2014).

6.5 This correlation between mathematical abilities and
competences in Education for Sustainable Development
(ESD) (Vintere, 2017):

The literature review indicates that Education for
Sustainable Development in mathematics is founded on a
paradigm whereby mathematical thinking extends beyond
only solving mathematical problems. Students engage in
mathematical operations and may also participate in an
ongoing learning process after formal education has
concluded. This indicates that the learning process is
enduring, since it is anticipated to facilitate the achievement

of Sustainable Development Goals. This technique is
anticipated to facilitate the development of student
character. Education for Sustainable Development in
mathematics aims to provide students with mathematical
reasoning and an awareness of issues in their surroundings,
particularly in social, economic, and environmental
domains.

VII. CONCLUSION

Mathematics is fundamental to the economic and technical
advancement of any country. Mathematics permeates every
level of our educational system. This presentation
emphasised the relevance of mathematics in achieving the
vision for India. Mathematics is an essential prerequisite for
the study of science and technology; it has significantly
contributed to human advancement. Various high-quality
mathematics equation programs foster confidence in an
individual's capacity to make rational decisions based on
intrinsic worth, as well as enhance logical reasoning and
critical thinking skills. The mathematics for ESD involves
ongoing education and alignment between mathematical
learning applications and character values. When
examining a mathematical issue, students should not only
focus on finding a solution but also appreciate the
fundamental qualities it embodies, so fostering their future
personal growth.
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