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From Scientific Inquiry to Sustainable Innovation

By Dr. Dinesh Kumar

Science for a Sustainable Future

Science has never been merely a collection of
facts, formulas and theories to be
remembered for an examination. At its heart,
science is a disciplined way of asking
questions, testing ideas and using evidence to
understand the world. In the twenty-first
century, this way of thinking has acquired
even greater significance as humanity
confronts challenges that are interconnected,

complex and global in scale.

Climate change, water scarcity, food security,
public health, biodiversity loss, energy
transition and technological inequality
cannot be addressed through isolated
interventions. They require knowledge,
evidence, innovation and collective action.
This is where science becomes a pathway to

sustainable development.

The United
Development Goals (SDGs) provide an

Nations Sustainable
important global framework for this
endeavour. SDG 4: Quality Education, SDG
9: Industry, Innovation and Infrastructure,
SDG 10: Reduced Inequalities, and SDG 13:
Climate Action are particularly relevant to
the relationship between science, education
and sustainable development. The wider
SDG framework also connects education and
innovation  with  poverty  reduction,
sustainable resource use, climate action and
global partnership (United Nations, n.d.).

(Sustainable Development Goals)

For India, therefore, strengthening science is
not simply a question of producing more
laboratories, researchers or examination
achievers. The larger task is to develop a
society in which scientific thinking informs
decisions, innovation addresses real
problems and the benefits of scientific
progress reach people across geographical,

social and economic boundaries.

This calls for a movement from science
education to science for sustainable

development.

Scientific Temper: Where the Journey
Begins

The foundation of such a transformation is
scientific temper. The idea, strongly
associated with India’s post-independence
vision of modernity and development, is
rooted in rational enquiry, evidence,
openness to questioning and willingness to
revise one’s understanding when evidence
changes.

This disposition is particularly important in
an age of misinformation, pseudoscience and
rapidly circulating unverified claims. A
scientifically informed citizen does not accept
a claim merely because it is popular; nor does
one reject a new idea simply because it is
unfamiliar. Instead, the individual asks:
What is the evidence? How was it obtained?

Can it be tested? What are its implications?
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Scientific temper consequently has a direct
connection with sustainable living. Decisions
concerning water consumption, energy use,
nutrition, public health, waste management
and environmental protection increasingly
require people to understand evidence and
distinguish reliable information from

misinformation.

The sustainable future we seek will therefore
depend not only on sophisticated
technologies but also on citizens capable of

using reason responsibly.

Reimagining Science Education

The school is one of the most important
places where this culture can be cultivated.
Yet science can lose its vitality when learning
becomes dominated by memorisation of
definitions, diagrams and examination

answers.

The real question is not whether students can
reproduce a scientific fact, but whether they
can use scientific thinking when confronted

with a problem.

A lesson on energy, for instance, can move
beyond definitions of kinetic and potential
energy to an investigation of household
energy consumption and the possibilities of
conservation or renewable sources. A lesson
on water can lead students to examine local
water quality, wastage and conservation.
Biology can become an entry point for
understanding biodiversity, nutrition and
public health. Physics can help students
investigate energy efficiency, transport and

climate-related technologies.

Such approaches make learning experiential
and purposeful. They also correspond closely
with the educational direction articulated in

National Education Policy 2020 (NEP 2020),
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which emphasizes experiential learning,
critical thinking, multidisciplinary education
and deeper conceptual understanding
(Ministry of Education, Government of India,
2020). (Education Government of India)

Science education should therefore help

students move through a continuum:

Curiosity — Investigation — Understanding

— Problem-solving — Innovation — Impact

This is a more meaningful measure of
scientific learning than the ability to
reproduce information under examination

conditions.

The Teacher as a Catalyst

No transformation in science education can
succeed without empowering teachers. The
teacher is not simply the person who delivers
scientific information; the teacher creates the
intellectual environment in which curiosity

either flourishes or fades.

In my view, one of the most important
responsibilities of a science teacher is to
create a classroom where a student is not
afraid to ask an apparently simple question.
A question such as “Why does this happen?”
or “Can we do this differently?” may be the
beginning of scientific thinking.

Teachers can make this possible by
connecting  textbook  concepts  with
observations from everyday life, encouraging
experimentation, allowing students to learn
from failure and giving them opportunities to

investigate local problems.

A school science laboratory should therefore
not be viewed merely as a room containing
apparatus. It should become a space for
questioning, testing, collaboration and

creation.
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Even where resources are limited, a culture of
experimentation can be developed through
locally available materials, low-cost models,
digital simulations, field observations and
community-based investigations. = What
matters most is not always the sophistication
of the equipment, but the quality of the
question being investigated.

Inclusive Science: Ensuring No One Is Left
Behind

Scientific progress cannot be called
sustainable if access to scientific opportunity

remains unequal.

The innovation ecosystem must include girls,
rural learners, students from economically
disadvantaged families and young people
studying in schools where sophisticated
facilities may not be readily available.
Otherwise, talent may remain invisible
simply because opportunity is unevenly
distributed.

This is not merely an educational concern. It

is a development concern.

A talented student in a remote village may
have the same curiosity as a student in a well-
equipped urban school but may not have the
same access to laboratories, mentors,
competitions or digital resources. Mobile
science laboratories, virtual laboratories,
low-cost experimental kits, online learning
resources, mentorship programmes and
partnerships between institutions can help

narrow this gap.

Gender inclusion is equally important.
Encouraging girls to participate confidently
in science, technology, engineering and
mathematics is not simply about increasing

representation; it expands the country’s pool
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of scientific talent and strengthens the

diversity of perspectives within innovation.

The objective should be simple: no child’s
scientific potential should be limited by
geography, gender or economic

circumstance.

From Curiosity to Indian Innovation

India’s scientific achievements provide
powerful evidence that scientific knowledge
can be translated into solutions of immense

social value.

The work of the Indian Space Research
Organisation (ISRO) offers a particularly
compelling  example. India’s Earth-
observation capabilities support applications
in agriculture, water resources, forestry,
biodiversity, weather and climate, rural and
urban development, and disaster

management (ISRO, n.d.-a). (ISRO)

ISRO’s  agricultural applications, for
example, use satellite remote sensing for
crop-area and crop-yield estimation, crop-
condition assessment, soil information and
other applications relevant to agricultural
planning and food security (ISRO, n.d.-b).
(ISRO)

satellite-based information

contributes to the assessment and

Similarly,

management of water resources. ISRO notes
applications  involving  surface  and
groundwater, hydrological modelling and
water-resource monitoring (ISRO, n.d.-c).

(ISRO)

These examples offer an important lesson for
young learners: advanced science becomes
most meaningful when it addresses real

human and environmental needs.

The same principle applies to research and

innovation in areas such as renewable
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energy, sustainable agriculture,
biotechnology, water management, waste
reduction and climate resilience. The Council
of Scientific and Industrial Research (CSIR),
for instance, maintains technology resources
covering areas including water technologies
and waste-to-wealth technologies (CSIR,

2026). (CSIR)

The next challenge is to create stronger
pathways connecting school-level curiosity
with higher education, research institutions,

entrepreneurship and industry.

A student who begins by identifying a local
problem should be able to progress from
observation to  investigation, from
investigation to prototype and eventually

from prototype to a viable solution.

This is where start-ups, green technologies
and social innovation become important.
Innovation should not be presented to
students simply as a means of winning
competitions; it should be presented as a
means of creating solutions that are useful,

responsible and sustainable.

Science for Inclusive Development

Science acquires its deepest social meaning
when it moves beyond institutions and
becomes part of community problem-
solving.

A village facing water-quality concerns, for
example, can become a setting for students to
investigate water sources, analyse possible
causes and discuss conservation measures.
Communities dealing with waste can explore
segregation, recycling and resource recovery.
Local biodiversity can become the focus of
citizen-science projects in which students
and residents document species and

environmental changes.
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Such activities transform people from passive
recipients of scientific information into

participants in scientific enquiry.

This is the significance of citizen science and
participatory science. Local knowledge,
community observations and scientific
methods can complement one another.
Schools can act as bridges connecting
communities with scientific institutions,
local administration and environmental

organisations.

The result is a more democratic model of
science, one in which people do not merely
hear about scientific solutions but participate
in identifying problems and developing

responses.

Science, Policy and the Sustainability
Imperative

A sustainable science ecosystem requires
supportive public policy. India’s NEP 2020
provides an  important  educational
foundation by encouraging experiential
learning, critical thinking, multidisciplinary
education and greater flexibility in learning
(Ministry of Education, Government of India,

2020). (Education Government of India)

This educational vision needs to be
connected with the country’s wider

sustainability priorities.

Climate education, green skills, responsible
technology use and environmental awareness
should increasingly become part of the
learning experience rather than isolated
themes. Young people entering the workforce
will encounter expanding opportunities in
renewable energy, environmental science,
climate technology, sustainable agriculture,
data-driven

biotechnology, resource

management and other emerging fields.

vigyansetufoundation.in ISSN 3107-9822 (Online)



Vigyan Setu g-magazing

India’s Mission LiFE (Lifestyle for
Environment) offers another useful example
of linking sustainability with everyday
choices. The initiative promotes
environmentally responsible lifestyles and
emphasizes the role of individuals and
communities in creating a sustainable future
(Ministry of Environment, Forest and
Climate Change, Government of India).

(MoEFCC)

Such initiatives demonstrate an important
principle: technological solutions and
behavioural change must work together.
Scientific innovation can provide better
solutions, but society must also develop the
knowledge and habits required to use

resources responsibly.

The Challenges We Must Confront

The pathway is promising, but it is not
without obstacles. Examination pressure can
discourage exploration; unequal access can
restrict participation; gender disparities can
narrow the talent pool; and inadequate
mentorship can prevent promising students
from seeing pathways into research and

innovation.

There is also a need to strengthen the
connection between education, research and
employment so that talented young people
see meaningful opportunities within India’s

scientific ecosystem.

These challenges cannot be solved by schools
alone. Families, educational institutions,
universities, research organisations,
industry, policymakers and communities all

have a role to play.
The measure of a successful science

ecosystem should therefore include not only

the number of researchers or patents
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produced, but also who gets to participate,
which problems are being solved and who

benefits from the solutions.

Inspiring the Next Generation

Young people need scientific role models who
demonstrate not only achievement but also
curiosity, perseverance and service to society.
Dr. A. P. J. Abdul Kalam remains a powerful
example of how scientific aspiration can
relate to national development and the

dreams of young people.

But inspiration should not come only from
celebrated scientists. A local teacher who
develops a low-cost experiment, a student
who solves a community problem, a farmer
who adopts a scientific innovation or a young
entrepreneur developing a sustainable

technology can also become a role model.

Stories of unsuccessful experiments and
persistent efforts are equally valuable. They
teach students that innovation rarely
emerges fully formed. It develops through
observation, questioning, failure, refinement

and perseverance.

The ultimate educational goal should
therefore be to nurture young people who are
not afraid to ask questions, test possibilities

and take responsible action.

Conclusion:

Three Pillars, One Sustainable Future

The future of science should be imagined not
as a race for technological advancement
alone, but as a journey towards a future that
is  scientifically informed, innovative,

inclusive and sustainable.

e At the centre of this journey are three

interconnected pillars.
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e Science gives us the evidence and
knowledge to understand the challenges
before us.

e Innovation transforms knowledge into
practical, scalable and responsible
solutions.

e Inclusion ensures that opportunities to
participate in and benefit from scientific
progress are not restricted to a privileged

few.

When these three forces converge, they
create  pathways towards sustainable

development.

The challenges of climate change, water and
food security, public health, biodiversity loss,
energy transition and inequality demand
precisely such convergence. No single
discipline, institution or technology can

address them alone.

The responsibility of education is therefore
much larger than preparing students for
examinations. It is to prepare them to
understand their world, question
responsibly, collaborate across disciplines,
develop solutions and contribute

meaningfully to society.

The science classroom can become the

starting point of that transformation.

A question asked by a child today may
become an investigation tomorrow, an
innovation in the future and, ultimately, a

solution that improves lives.

That is why the pathway matters:

Science — Innovation — Inclusion —

Sustainability
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The real measure of scientific progress will
not be only how much humanity discovers,
but how wisely that knowledge is used and

how widely its benefits are shared.

A sustainable future will be built when
scientific curiosity becomes innovation,
innovation becomes inclusive opportunity,
becomes

and inclusive  opportunity

meaningful change for people and the planet.
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