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A statement on

Science Curriculum

1 Goals of science education

Science is a way of looking at the world. Children have a natural curiosity
in them, a need to make sense of phenomena, and an ability to observe pat-
terns and generalize from them. The overarching goal of science education
is to nurture this need and ability, and channelise it towards not only coher-
ent materialistic explanations of phenomena but also towards an ability to
predict and realise such phenomena in controlled environments.

What distinguishes science from other ways of looking at the world ?
Humanity has always sought explanation of natural phenomena and has at-
tempted to utilise such knowledge for technological purposes. Agriculture
is the grandest scientific and technological experiment taken up by human-
ity. However, since the last four centuries, a single characteristic emerges
as the distinguishing characteristic of science as a realm of knowledge: that
of experimentation. It is the insistence on rigorous and repeated experi-
mentation under varied conditions as a basis for knowledge that has led to
the tremendous growth of science and technology in the last few centuries.

Therefore, the central goal of science education is to provide not only
a factual and conceptual understanding of natural phenomena, but also a
fluency in working with the material world in a way that builds on experi-
mentation, observation, prediction and critical inquiry ([NFG]). This needs
the active and simultaneous engagement of the mind, the heart and the
hands.

Articulating the goals of science education to include active hands-on
engagement with the material world implies according primacy to wood and
metal, to leaves and stones, to life forms and crystals – not by seeing them
as pictures (or worse, reading their descriptions) in books but touching and
feeling them, working with them, and manipulating them. This is essential
for not only understanding science but also for developing an integrated feel
for technology.

In the Indian context, such a goal, with its emphasis on developing sci-
entific attitude and engagement with the material world, is all the more
important. The agenda of science education in India includes the critical
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examination of social practices and superstition, and the science classroom
is the best place for nurturing critical thinking. Indeed, this is mandated by
Article 51-A of the Indian constitution: It shall be the duty of every citi-
zen of India – to develop the scientific temper, humanism and the spirit of
inquiry and reform. It is worthwhile quoting Pandit Jawaharlal Nehru,
one of the architects of modern independent India ([Nehru]), on this:

[What is needed] is the scientific approach, the adventurous and
yet critical temper of science, the search for truth and new knowl-
edge, the refusal to accept anything without testing and trial, the
capacity to change previous conclusions in the face of new ev-
idence, the reliance on observed fact and not on pre-conceived
theory, the hard discipline of the mind – all this is necessary,
not merely for the application of science but for life itself and
the solution of its many problems.

On the other hand, a substantial proportion of the population, living in
rural India, have a closer relationship to the natural world than those in
urban milieux, and for them, the emphasis on hands-on work with material
in school becomes a means of relating knowledge to experienced life. In-
deed a central goal of science education is to enable an appreciation of the
importance of biodiversity, food and agriculture, of how soil and food are
interrelated, and the indispensable role of farmers in society.

Coupled with experimentation, an emphasis on quantification is a char-
acteristic of science. Measuring, estimating, approximating, calculating and
model building are everyday processes for any form of science, and these
again are habits to be inculcated in the learning child, not only for sharpen-
ing her own abilities but also in building a society that can critically engage
with issues of technology use and impact on environment.

The content areas of school science are clear: it is the study of the physics
and chemistry of the material world, of living organisms, and of the physical
and natural environment. However, it is the methodology of science that
unifies all these realms of study and ensuring that all children learn this
methodology becomes the central goal of school science education.

It is worth noting here that C. V. Raman, a towering figure of Indian
science, is a product of Tamil society, and his practice of science was char-
acterised by the central principle mentioned above: raising questions from
everyday life (like, “Why is the sky blue?”), experimental investigation and
quantification.
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2 The central problems

Any recommendation for curricular action needs to be based on what it
perceives to be the central problems of the extant system. Since there are
many potential problem areas in all education, identifying the ones of central
concern is important. In this sense, we point to the following areas of concern
in school science:

1. Little experimentation and critical thinking: Children learn sci-
ence only as a collection of (disjointed) facts, and experiments as
demonstrations of already established facts. This robs them of the
ability to engage critically with the world around.

2. Little relation to technology: Children do not perceive the rooted-
ness of technology in science, and get no training in converting material
and energy into different forms by work. This implies that they grow
up merely as consumers of technology and rarely imagine themselves
participating in its creation.

3. Reliance on rote learning: Excessive emphasis on performance on
examinations has led to all scientific knowledge reduced to memorisa-
tion of answers to specific questions, sustained by the practice of asking
only those questions verbatim in exams. This leads to rote learning,
entirely contrary to the spirit of scientific exploration.

4. Inadequate teacher preparation: The content knowledge of sci-
ence gets little coverage in teacher education curricula. Teachers them-
selves often have little facility with active experimentation, and hence
rely only on book-knowledge.

It is worth emphasizing that these concerns are listed in a formulaic
manner and need substantial elaboration.

Taken together, these characteristics result in school classrooms that
miss the central goal of Indian science education, namely that of developing
the scientific temper in children, a value cherished by our Constitution.

There are other systemic problems as well, relating to axes of social
discrimination like caste, class and gender in science education as well. For
now, we merely note that they exist, leaving it for discussion elsewhere.
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3 The main recommendations

We recommend the following steps for action, as a means not only for ad-
dressing the problems articulated above, but also for progress towards real-
ising the vision we seek. These are broadly in line with those of the NCF
2005.

1. Shifting the focus of the science classroom from content knowledge
towards critical scientific inquiry,

2. Active engagement of all children in experimentation and working with
physical material, using material to make / build things,

3. Making connections between the areas of science as well as with other
areas of study,

4. Changing assessment models to reflect the methodology of science, and

5. Enriching teachers with a variety of scientific resources.

These do not require great curricular change but do demand a significant
shift in delivery of curricular content. They privilege not factual knowledge
but understanding of how we arrive at such knowledge, critical inquiry into
potential explanations of phenomena and dialogues in science. We also em-
phasize the integrated nature of scientific understanding that often gets lost
in compartmentalised sections.

Most critically, the shift advocated emphasises the use of physical mate-
rial and hands-on experiments that every child engages in. This requires a
significant and substantial commitment of resources for science education.
This should be regarded as sound investment for the long term benefits for
our society in this century, from two standpoints: one, for developing criti-
cal thinking in society, and the other, for developing extensive science and
technology capability. Indeed, the Rocard report of the European Commis-
sion ([Roc07]) identifies such a shift as the central requirement for science
education in the 21st century, as also the New Zealand vision for science
education ([NZ11]).

An important curricular implication of such recommendations is the re-
duction of factual load in syllabus to make room for creative and experi-
mental exploration. In the words of Carl Sagan, Knowing a great deal is
not the same as being smart; intelligence is not information alone but also
judgement, the manner in which information is collected and used ([Sag]).
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Realising these changes requires empowering teachers by providing them
with a range of educational resources. It also requires a commitment to de-
liberately move towards process assessment rather than assessment of factual
knowledge.

4 The role of technology

As observed above, children need to perceive the rootedness of technology
in science, as also the technological potential embedded in science. That
technology is the conversion of material and energy in different forms by
work, and that this is based on sound scientific principles, is a realisation
that every child learning science must internalise. Prioritising this in science
education is important not only for addressing a lacuna in the system but
also for giving an important direction for the future of our children.

It is to be noted that such an understanding will not result from syllabus
units that merely describe technology, whether it be metallurgy, genetic mod-
ification of crops or nanotechnology. These then simply become additional
facts to be learnt. Technology is best learnt by doing, by active engagement
with material and energy conversion.

Apart from hands-on experience, science pedagogy itself needs to actively
make connections with technology. For instance, rarely is the teaching of
Pascal’s law accompanied by pointing out that this is indeed the princi-
ple that literally enables huge trucks to be held up on mere rubber tyres
pumped with air. On one hand, the sheer wonder of air holding up a heavy
truck is important for the learning child, and on the other, the tremendous
opening up of possibilities in the child’s mind is critical for planting the
seeds of technological innovation. Biodegradation is a phenomenon to be
understood, but it is also important to see the possibilities of composting
in technological terms. This is a connection mostly missing in our science
curriculum, and a careful reworking of curriculum can make science learning
not only immensely enjoyable to children, but also useful to them and to
society in later life.

This calls for a commitment to the extensive use of physical material
in science pedagogy, and developing the ablity to handle material, use it
in multiple ways and transform it through work. We are not talking of
“high technology” here, but appreciation of technology in everyday life. For
instance, taking apart a bicycle, and putting it together again, can teach
a child a great deal about technology. Processes in the kitchen such as
grinding, pulverizing, boiling, pressure cooking and fermentation contain
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great lessons for understanding the nature of technology.
Such an emphasis on working with material and nature goes way back to

Gandhian principles of Nai Talim that asked for an education that engaged
the head, the heart and the hands together for child development ([Talim]).

ICT (information and communication technology) can play a major role
in science education today, one that was perhaps not available to any ear-
lier generation. The potential of technology for visualisation and critical
exploration is immense. Life sciences are perhaps the most immediate in
this regard. Foldscopes that children can carry in pockets offer magnifica-
tion that lets them see the microscopic world in all its glory, even blood
coursing through an insect. Handheld mobiles with gravity sensors can give
a physical feel of terrain and changes in equations in mechanics. Computer
navigations can help integrate knowledge: a module on light can combine
art and photography with optics in physics. Simulations can help us imagine
alternate worlds, for instance one where the acceleration due to gravity is
just a little less.

While there are many substantial issues of access and equity when we
consider providing all children with such technology, not to forget its ad-
dictive nature as well, what we are emphasizing here is the tremendous
expansion of resources that it provides to teachers, in terms of their own
enrichment and ability to flexibly and dynamically generate content as re-
quired. For children, shared classroom access to technology is sufficient for
overcoming many of the central problems discussed above. Moreover, ICT
can play a major role in teacher empowerment, by providing a manifold
expansion of educational resources in science.

However, a serious re-orientation of curriculum, pedagogy and assess-
ment is required to realise such a vision.

5 Stage-wise curricula

An important decision of the national policy on education is that science be
taught as an integrated discipline in the ten-year school. That is, until class
X, it is a composite subject and not as a set of separate disciplines such as
physics, chemistry and biology. This was intended to emphasize that the
process skills of science, such as obervation, experimental validation and
quantification are more central for school education than the disciplinary
content of science. It is at the higher secondary stage that disciplinary
considerations gain centrality in science.

At the primary stage, the main objective of science education is to arouse
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curiosity in the child, to keenly observe pheonomena, the physical and nat-
ural world around, and perceive regularity and pattern in nature as well
as society. The practice of studying science at this stage as Environmental
Studies, combining the study of nature and society, is sound. An important
component to be consciously strengthened is that of health and hygiene, as
well as the nature of man-made things (as preparation for understanding
technology).

At the upper primary stage, the emphasis has to be on what constitutes
the process of science, its distinct way of building knowledge. This means a
fundamental commitment to experimentation and verification. This is also
an opportunity for gathering data and information systematically from a
variety of sources and learning to interpret data. Accompanied by model
building and exploration of how things work, the dual track of activities and
models can well introduce the child to the processes by which science and
technology develop. The structure of science is also introduced at this stage.

It is at the secondary stage, school science emerges as a discipline, with
emphasis on concepts, principles and techniques arranged with systematic
rigour, building layers of meaning and explanation. Inference, interpreta-
tion and quantitative analysis mark the nature of scientific learning at this
stage. Model building and hands-on construction can be richly productive
at this stage of learning. Unfortunately, these are rarely pursued due to the
preoccupation with Board Examination performance.

At the higher secondary stage, since students opt to study specific areas
of science, the disciplinary focus is much sharper, and content as well as
technique depend on which area of science is being studied. Given the vast
knowledge available in each subject, it is foolhardy to even attempt a broad
range of topics. On the other hand, depth does not imply mastery but
a facility with the specific methodology that each area of science brings
to its study. Problem solving, critical interrogation of subject matter and
foundations of discipline specific domain knowledge are the central tenets of
at this stage.

What is clear is that assessment at all stages should focus on conceptual
understanding and process skills rather than information nuggets. This is
perhaps the central challenge of science education at each stage.

In addition, as the UK Report on science learning at the secondary level
([UK10]) points out, the science curricula at secondary and higher secondary
levels should enable the student to make autonomous and informed choices
for higher education and career. Towards this, they suggest structuring
schools and examination systems in such a way that a student may explore
one scientific theme in depth, should (s)he choose to do so.
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6 A vision for science education

In our vision, school is a place where:

• Children learn to enjoy doing science; they engage in data collection,
tabulation and discuss their interpreation.

• Children design and perform simple experiments of their own, and
argue the outcomes.

• Children understand the basic structure of science, in particular the
integrated nature of all scientific knowledge.

• Children learn to work with material and attempt to make / build
things.

• Teachers expect to engage every child in class, and to inculcate the
spirit of scientific inquiry in each child.

7 Road map to implementation

Realising this vision requires action on several fronts:

• Board and school examinations, classroom assessment.

• Science laboratories, science kits, educational resources.

• Links with workplaces, technology.

• Teacher preparation and support.

Among these, the first and last item are perhaps central but generic, in
the sense that they apply to all aspects of school education, and not espe-
cially to science. But some points specific to science are worth noting. As-
sessment should address the student’s approach to phenomena: observation,
recording of data, and seeking explanation; the student’s ability to formulate
hypotheses, perform experiments and interpret results; the student’s facility
in working with material; the student’s capability in quantification. All this
calls for changing our assessment modes and extensive teacher preparation.
Towards this purpose, we recommend the following steps, for classes 6 and
above:
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1. Within the next year, ensure that all written school examinations have
roughly a quarter of questions that test understanding of phenomena.

2. At least one school assessment each year is based on experiments,
measurement and woking with material.

3. Over the next three years, we reduce the factual component in exam-
inations and increase the conceptual / experimental component.

This cannot be done without extensive teacher preparation and sup-
port: providing teachers’ guides for each textbook, building teachers’ portals
for knowledge sharing, training teachers in technology use, especially ICT
enhanced pedagogy, and teacher professional development that encourages
continuing science learning by teachers.

In terms of the other avenues for action listed above, we have a long way
to go as yet. We need to create and mass produce science kits, making
them available to schools in sufficient numbers so that children can share
and use them. This is needed at primary and upper primary stage. At
the secondary stage, children need access to good quality science labs. It
is feasible to build high quality laboratories shared by school clusters, with
schools taking turn to visit and make use of them. Every district can have
a science centre with advanced (or expensive) science equipment, that can
serve a range of schools in the district. With the tremendous advances taking
place in science, even setting up model laboratories in the state that depict
current science for children is worthwhile. One such world class physics lab
in Tiruchi (say), one chemistry lab in Coimbatore and one biology lab in
Madurai, would do wonders for science education in the state within a mere
decade. The resource investment needed is small relative to the potential
advancement in science.

The other dimension, of providing linkages for schools with technology
institutions, requires more re-orientation on our part than resource invest-
ment. A visit to a bicycle shop or a motor garage has immense educational
value. Agriculture and animal husbandry are practised all around, but they
are not seen as opportunities for “science tours”. Indeed, within a few kilo-
metres of every school, some manufacturing or industrial processing activity
does take place, but active linkages for school and science curriculum with
these institutions are almost entirely absent. In scandiavian countries, every
high school includes, as a matter of structure by law, a foundry, a carpentry,
a workshop etc, so that science laboratories are integrated with technologi-
cal practice. Even while we wait for such a possibility to become a reality
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for our children, we need to begin by opening windows and doors to sim-
ply make use of opportunities for technological education that are present
around schools. This only calls for an enabling mechanism to be set up
in terms of curriculum, syllabus, school functioning and new practices in
teaching and learning.

We conclude with the observation that science education is the central
arena in which the potentialities for the future of our children may be re-
alised, and every investment, financial and intellectual, in science education
is worthwhile.
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