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Implementing the Constructivist Vision of Education  

Educational Goals vs. Pedagogical Means  
The National Curriculum Framework (NCF 2005) of NCERT outlines a vision of school 
education that most of us would like to strive for. Yet, ten years since the creation of the 
document, we have to agree that that vision has not begun to translate into student learning. What 
has stood as an obstacle between vision and reality? 

NCF 2005 has two important strands: of ethical and administrative considerations such as access 
to education, inequity, and social justice; and of the quality of education. In what follows, I will 
explore the second strand.  

The quality of an educational program has two components. One is the value of its educational 
goals, the outcomes of learning that the educational intervention aims at. The other is the 
effectiveness and efficiency of the pedagogical means it employs to achieve these goals: the 
materials (textbooks, learning and teaching resources), classroom activities, and assessment tasks.  

At the heart of the NCF 2005 position on quality is the idea of constructivist education. The term 
‘constructivism’ may denote a specific set of educational goals, the pedagogical means to achieve 
them, or a combination. Hence, to answer the question of what stands in the way of our achieving 
the quality of education that ‘constructivism’ points to, it is important that we understand these 
different components.    

Constructivist Education 

The term ‘constructivism’ in the literature has been used to denote three different concepts: 
 I.  a theory of learning; 
 II.  a commitment to the educational goal of helping students construct knowledge;    
 III. a theory of the means to achieve one’s educational goals (pedagogy/methodology, …) 

As a theory of learning (I) relevant in the educational context, we need to be aware that the 
different strands of learning that the human species exibit include: 
• information absorption  
• trial and error  
• imitation  
• transmission through language  
• instruction 
• social interaction  
• inquiry (through observation, generalization, explanation, abstraction, conceptual 

clarification, representation, critical thinking, and so on.) 

In most cases, learning involves a combination of the above modes of learning, not just social 
interaction. Now, we are concerned here not with the theory of learning per se, but those aspects 
of the theory that have practical applications in the design and implementation of educational 
programs. As a theory of learning to be applied in education, constructivism would need to pay 
attention to all these channels of human learning.    

During the early part of the twentieth century, scholars like Dewey, Skinner, Piaget, and 
Vygotsky explored various aspects of learning theory. More recently, our understanding of human 
learning has been enriched by educational neuroscience. (See, for instance, the Mind-Brain and 
Education program at Harvard  https://www.gse.harvard.edu/masters/mbe). I will not say anything 
about this aspect of constructivism except that most of our teacher educational programs appear to 
be oblivious to developments in the study of mind and brain during the last fifty years.  
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I won’t dwell on constructivist pedagogy (III) either, except to point out that it involves the 
combination of a wide variety of strategies of learner-centered education: experiential learning, 
task-based learning, activity-based learning, exposition-based learning, interactive learning, 
collaborative learning, peer learning, and so on.   

I will therefore proceed to the concept of constructivism as educational goals (II). This calls for 
clearly distinguishing between two distinct though related strands: 

1. Epistemic constructivism, whose goal is to help students develop the capacity to construct 
and evaluate knowledge (claims) based on experience as well as on axioms and definitions. 
This is the same as Inquiry-Oriented Education.  

2. Linguistic constructivism, whose goal is to help students develop the capacity to construct 
concepts and propositions from the words and sentences in a text (meaning-making). 

Epistemic constructivism 

Epistemic constructivism seeks to help students to  
A) find and articulate interesting and worthwhile questions to investigate;  
B) identify and implement methodological strategies to look for answers to these questions;  
C) unearth and articulate the conclusions arising from the answers; 
D) construct and articulate rational justification for these conclusions;  
E) subject one’s own and other people’s conclusions and justification to critical thinking;   
F) read/listen to and understand texts that present conclusions, and rational justification for 

the conclusions; and 
G) express one’s questions, conclusions, and justification with clarity and precision, in 

writing and speech.     
A pre-requisite to doing all this is that students understand: 

H) the evidence and/or arguments to support/refute the conclusions that are presented as 
‘knowledge’. This, we may call critical understanding.  

We may think of A-H as the foundations for research: students would engage in the core 
processes of research without any expectation that they would make a contribution to the 
collective pool of knowledge. We may therefore call it trans-disciplinary simulated research: 
trans-disciplinary because it cuts across disciplinary boundaries, and simulated because its 
outcome is not expected to add to the existing body of knowledge.  

Linguistic constructivism 

While Dewey’s preoccupation with experience and inquiry may be viewed as the forerunner of 
epistemic constructivism, Vygotsky’s preoccupation with “meaning making” was the forerunner 
of linguistic constructivism. The meaning-making enterprise may be pursued either at a technical 
level, addressing questions like:  

• What does the sentence, “The earth rotates around a tilted axis,” mean? What do we mean 
by ‘axis’ in a spherical body? What is a ‘tilted axis’? What is it tilted with reference to? 
What is the distinction between ‘rotation’ and ‘revolution’?   

• What is ‘circumscription’ such that we can have examples of circles circumscribing 
triangles as well as triangles circumscribing circles?  

• What do we mean by “Acquired characteristics cannot be inherited”? by ‘acquired 
characteristics’? and by ‘inherit’?  

• What is a species?  
• What is ‘economy’ such that market economy, non-monetary economy, gift economy, barter 

economy, knowledge economy, and time economy are all instances of economy?  
• What is democracy?  
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If these are examples of linguistic constructivism, it is the same as conceptual inquiry at the 
individual and collective levels.  If so, the enterprise calls for helping students to develop the 
following habits:  

1. asking questions of the form, “What is X?” where X is the concept we seek to understand; 
2. constructing definitions of X, and where a definition is not possible, clarifying X with a set 

of necessary conditions and a set of sufficient conditions; 
3. evaluating the definitions (or clarification) on the basis of examples;  
4. choosing between competing definitions (and clarifications); 
5. using different words to denote different concepts; and  
6. choosing between competing concepts for a given purpose.  

Infusing Constructivism into the Curriculum  
What steps can we take to ensure that, at the end of Class 10 or Class 12, our students have 
acquired the desired learning outcomes of A-H and 1-6? What needs to be done is:  
• to specify these elements of critical thinking and inquiry in the syllabus, such that textbook 

writers see what must go into textbooks; 
• to produce learning materials (textbooks and supplementary learning resources) to help 

students acquire the different abilities that go into critical thinking and inquiry, and 
teaching resources for teachers to help them to help their students acquire these abilities; 

• to design assessment tasks, especially in board examinations (e.g., CBSE), entrance 
examinations (e.g., IIT-JEE), and aptitude tests (e.g., NTS talent search exams), that probe 
into students’ abilities of critical thinking and inquiry;  

and once these elements are in place, 
• to empower teachers to become inquirers and critical thinkers, and apprentice their students 

to critical thinking and inquiry.  

There seems to be an impression, including among the relevant decision makers, that influencing 
what teachers do in their classrooms is sufficient to improve the quality of education in India. So, 
to find out if constructivist education has been implemented in India, we do field studies of the 
practices of the teacher, without asking if our syllabi, textbooks, and assessment tasks (questions 
in board exams, entrance tests, and aptitude tests) actually facilitate and assess the stated learning 
outcomes outlined in A-H and 1-6 above.  

While NCF 2005 asks teachers to adopt pedagogies that are appropriate to constructivist goals, 
the questions in NCERT’s National Talent Search are not designed to test any of the mental 
abilities in A-H and 1-6. Many NCERT textbooks for primary education pay attention to the 
observational component of inquiry, but not to any of the other components. This is true of the 
NCERT syllabi as well.  

Below, I outline a constructivist syllabus, spelling out a sample of specifications, and some 
characteristics of constructivist textbooks aligned to such syllabi. 

Constructivist Syllabi   
The first step, as I said, is to design constructivist syllabi for each year of education. To do this, 
we need to specify the terminal syllabus: the understanding, abilities, habits of thought, and 
mindset that we expect of successful graduates of Class 10 and Class 12. As an illustration, 
consider the following specifications for scientific inquiry:  
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Scientific Inquiry The ability to 
1. Data points systematically, attentively observe entities and events as accurately as 

possible, using sense perception; supplement sense perception with 
counting, estimating, and measuring, with an awareness of the degrees 
of inexactness in our observation 

2 Observational report 
and description 

report observations as data points (e.g., height of an individual); 
describe configurations of data points (e.g., description of a leaf) 

3. Experiment design design and conduct experiments to supplement the non-experimental 
observations in (1) 

4. Pattern finding  notice and state patterns in a sample on the basis of (1)-(3) (parallel to 
noticing and formulating plausible conjectures in mathematics). (For 
numerically coded ���data, this would be descriptive statistics.) 

5. Classification come up with and evaluate categories and classificatory systems 
6. Prediction deduce the predictions (logical consequences) of a theory 
7. Hypothesis testing 

and prediction 
testing 

design and implement methodologically appropriate strategies to test 
and establish (or reject) observational and causal hypotheses, as well as 
predictions based on (3) and (4). (For numerically coded data, this 
���would involve inferential statistics.) 

8. Guessing 
explanations 

explain the generalizations in (4) either within an existing theory, or by 
creating novel concepts, laws, and/or models modify an existing or 
create a novel ���theory 

9. Concepts and 
definitions 

think through concepts and ideas, clarify and define them, and evaluate 
the definitions 

10. Hidden assumptions 
and biases 

unearth, explicitly articulate, and critically evaluate hidden assumptions 
and biases 

11. Contradictions detect logical contradictions, if any 
12. Justification give evidence and arguments to support (or refute) observational 

generalizations (including correlations and causal relations); 
interpretations within a theory; and theoretical concepts, laws, and 
models 

13. Debate engage in rational debates 
14. Reasoning use modes of reasoning (probabilistic, non-probabilistic and defeasible 

deduction; sample-to-population reasoning; abduction; speculative-
deduction; and analogical reasoning) appropriate for deducing 
predictions, as well as for the different forms of justification. 

Similar specifications need to be made for mathematical inquiry, conceptual-philosophical 
inquiry, historical inquiry, moral inquiry, and aesthetic inquiry. Fleshing out and sequencing the 
details of these specifications into a yearwise syllabus is a challenge that I will not address here.  

Constructivist Textbooks   
I assume that all of us subscribe to the value of experiential learning, a commitment that I 
articulate explicitly as follows:     

Experiential Learning  
Wherever possible, children’s learning must be grounded in their experience, either prior 
experience outside the classroom, or teacher-guided experience in the classroom.  

This means that the discussion of a textbook chapter on the parts of a flower should be grounded 
in the children’s experience of bringing a set of actual flowers into the classroom and observing 
their parts; and the discussion of the solar system should be grounded in the children’s personal 
experience of observing the earth, the sun, the moon, and the stars.   

The commitment to constructivism can be articulated as follows: 



 

 5 

Constructivist Education  
It is important to help children acquire the capacity for critical thinking and inquiry.   
One of the components of this capacity is the ability to arrive at conclusions about the world 
on the basis of their own personal experience and other people’s reports of their experience.  

Using the theme of the earth, the sun, the moon, and the stars, let me illustrate the challenge of 
designing constructivist textbooks that promote experiential learning. When we look at the night 
sky, our visual experience includes bright dots that we call stars and planets, and a set of bright 
shapes (circle, half-circle, crescent, etc.) that we call the moon. Such sensory perception lends 
itself to either of the following interpretations, or some combination:  

Interpretation 1: The sky is a dark spherical screen.  The bright shapes are shining objects 
stuck on the screen. 

Interpretation 2: The sky is a dark spherical screen, with a bright light behind it. The bright 
shapes are holes in the screen that the light from behind streams through. 
(Analogy: Umbrella with holes held against the sun) 

Subjecting these two interpretations to critical thinking, and either choosing between them or 
coming up with an interpretation that is better than both, is the first step in a textbook that 
combines constructivism with experiential learning.  

Next, any child’s visual experience of the moon and the stars results in the conclusion that the 
stars and planets are shining dots in the sky, and that the moon is a flat object, much bigger than 
the stars. A teacher or textbook with the least commitment to experiential learning must begin 
with this pre-existing ‘knowledge’ that the child has, and seek ways to help the child revise that 
‘knowledge’ to what current science tells us, namely:  

“The moon and the stars are both spherical objects;” and  
“Many stars are much, much bigger than the moon.” 

There are two ways of doing this. One is to invite the child’s attention to the relevant evidence 
and arguments to support what received knowledge tells us, and let the child decide what to 
believe. This would be the path of epistemic constructivism. The alternative is to assert the above 
propositions, teaching science as dogma, and expect the child to accept them on blind faith in the 
teacher/textbook, without appealing to the child’s rational capacity. What actually happens in 
most science textbooks is the latter, which goes against the very spirit of scientific inquiry.  
The shape of the earth is another example. A child’s experience tells her that the earth is flat. The 
idea that it is spherical (let alone egg-shaped) is completely contrary to her experience. If it is 
spherical, won’t we fall off the earth when we reach the opposite side of the earth? Aristotle had 
some excellent arguments against the flat earth theory at a time when the technology for air travel 
and space travel was not available. These arguments are sketched in “Adventures of Teen Rebels” 
at https://wiki.nus.edu.sg/display/aki/Adventures+of+Teen+Rebels (watchable through Safari or 
Internet Explorer, not Firefox or Chrome). (They also appear as part of the chapter under 
Appendix 2.) This is another example where we must make a choice between evidence and 
argumentation to enhance the child’s rational temper on the one hand, and dogmatic assertion to 
promote blind faith on the other. 
Let me proceed to a slightly more advanced problem.  Our experience tells us that the earth is 
completely stationary and that the sun moves from one location in the sky to another in the course 
of the day. Given this experiential knowledge, why should a child accept the following 
propositions that are in conflict with her experience?  
 The earth: revolves around the sun in a near circular orbit. 
  rotates on a tilted axis.  
  completes one revolution in a little more than 365 rotations.  

If ‘the earth and the sky’ is a topic in the school syllabus, and if the program is committed to 
experiential learning and constructivist education, it is important to develop a set of textbook 
chapters across years to help students engage with the following questions: 
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• The bright dots that we call stars: Are they bright objects (like Christmas lights), or are 

they holes in a screen in front of a bright light (like holes in an umbrella under the sun)? 
• The different phases of the moon: Do we interpret them as changing shapes of an object 

(like a balloon getting inflated and deflated), or as an optical illusion where the object has 
the same shape (like a cylinder seen as a circle from top but as a rectangle from the side)? 

• The shape of the moon: Is it flat or spherical? 
• The shape of the earth: Is it flat or spherical? 
• The earth: Is it stationary, or does it revolve around the sun, and rotate?  
• The earth’s axis of rotation: Is it perpendicular to the plane of revolution, or is it tilted?  
• Length of shadows: Why do they become shorter till noon and longer afterwards? 
• Direction of shadows: Does it change over days through a year? If it does, is there a pattern 

in the change? How do we explain the pattern?  
• Daily cycle of temperature: Why does the temperature rise during the day and start falling 

later in the day?  
• Yearly cycle of temperature: Why does the average temperature of a day complete a yearly 

cycle of rise and fall?  
• The two hemispheres: Why is it summer in Canada while it is winter in Australia and vice 

versa? 
• Temperature at the equator and the poles: How would we explain the fact that the average 

temperature of the day decreases as we move from the equator to a pole? 
• Length of days: How would we explain the fact that days become longer in summer and 

shorter in winter? 
• Length of days at the equator and the poles: How would we explain the fact that as we get 

closer to the poles, the days are longer than at the equator in summer, and shorter than at 
the equator in winter?  

• Does the moon revolve around the earth, or does the earth revolve around the moon? 
Argue for your position. 

• If you have concluded that the moon revolves around the earth, is its plane of revolution 
the same as the plane of revolution of the earth, or different? Argue for this position. 

• Does the moon rotate? Argue for your position. 
• What is the ‘retrograde motion’ of the planets? Find out for yourself. How would we 

explain the phenomenon?  
• What is the ‘Foucault’s pendulum’ experiment? Find out for yourself. In this experiment, 

what is it that calls for an explanation? How would we explain it? 

Not all these questions can be addressed in a single textbook. I assume that the tasks would be 
distributed over different years, depending on the students’ intellectual maturity. For instance, 
retrograde motion and Foucault’s pendulum are the most difficult, reserved for Class 9 or 10. 

As far as I know, none of the NCERT textbooks or private textbooks used in schools in India 
discuss any of these problems of experiential learning that call for critical understanding (item H). 
How we can move from dogma and blind faith to critical understanding and rational temper is 
discussed at length in: 

“Simulated Research”: http://www.iiserpune.ac.in/~mohanan/inquiry/SimulatedResearch.pdf  
“Introduction to Trans-Disciplinary Courses on Rational Inquiry” 
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnxzY2llZGl
pc2VycHxneDo1ZjM4YTA4NmNlOTA5ODYx 



 

 7 

What goes into Compulsory Education? Making Rational Thoughtful Decisions  
If we agree on the need for the syllabus and textbooks to incorporate elements of critical 
understanding, critical thinking, and inquiry along the lines suggested above, the current overload 
of information content and mechanical skills in textbooks needs to be significantly reduced.  

The ‘knowledge’ that an educational program expects children to learn has several layers: 

• Technical vocabulary (e.g., the biological name for the Indian crow is corvus splendens.)   
• Fragments of information (e.g., a molecule of common salt has one atom of chlorine.)  
• Observational generalizations (e.g., the asymmetry in the duration of night and day during 

summer and winter increases as we move from the equator to a pole.)  
• Explanations for the observational generalizations (e.g., the explanation for the 

asymmetry in the duration of night and day in summer and winter lies in the tilt of the 
earth’s rotation.)  

• Critical understanding (e.g., evidence and arguments in support of the claim that the 
earth’s rotation has a tilted axis.)  

• Integrated understanding (e.g., the terms symmetry (mathematics), homology (biology), 
unity in diversity (history), and the ground of a metaphor (literary criticism) denote the 
same core concept.)  

If we wish to raise the quality of education, we need to cut down the technical vocabulary and 
information fragments to leave space for integrated and critical understanding.  

Similar remarks apply to the abilities component:  
• mastery of mechanical skills acquired through guided and repeated practice, such that 

they can be applied at high speed without thinking (e.g., multiplication of 3-digit 
numbers; calculation of the distance traveled by a cannon ball given its initial velocity; 
most multiple choice questions to be answered in less than two minutes…)  

• thinking and reasoning abilities that call for slow reflection, making connections, and 
insight (e.g., diagnosis of a complex medical case; thinking through the relation between 
GDP and exploitation of natural resources; designing a scientific research project to test 
the efficacy of a treatment in alternative medicine) 

Guiding the young towards thinking and reasoning abilities would mean that the time they spend 
on acquisition of information and routinized mechanical skills has to be drastically reduced.  

In a talk on education at a Rotary Club in Pune last year, I asked the audience how many of them 
had learned quadratic equations and calculus. All of them (about 70) raised their hands. “How 
many of you have had occasion to use quadratic equations after you graduated?” I asked. Only 
one hand went up. “Didn’t you waste your time learning what is irrelevant for you? Do you want 
your children to waste their time in high school learning what is irrelevant in their future lives?” 
Most of them saw the point I was making. 

“How many of you have heard about clinical depression?” I asked. Two hands went up. Clinical 
depression is an illness of the brain that makes the victim incapable of experiencing joy, I told 
them. A number of victims of clinical depression end up committing suicide. About one in sixteen 
humans suffer from clinical depression. And the young in high stress educational institutions 
(IITs, IIMs, IISERs) are more prone to it than others.  

“And what that means,” I said, “is that at least some of you are in the danger of your son or 
daughter committing suicide because of clinical depression. Shouldn’t your high school education 
have prepared you to at least detect the symptoms of clinical depression, instead of making you 
learn about quadratic equations, simple and compound interest, finding the lowest common factor, 
AC and DC, the molecular formula for methane, and so on?”  
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As a community of educators, it is high time that we started thinking about what should be 
deleted from syllabi and textbooks, and what should be included. The general principle governing 
decisions on what goes into syllabi and textbooks can be stated as follows:  

If a concept, proposition, or ability is of value to future professional, public, and personal lives 
regardless of individual career paths or specializations, or is necessary as the basis for 
such understanding or ability, we must include it in the compulsory part of the curriculum;  

all other concepts, propositions, and abilities must be relegated to the electives for the 
specialized higher studies.  

If we accept this general principle, and if there is some consensus that such things as an 
understanding of clinical depression, parenting, reproduction and sex, lab tests for medical 
diagnosis, common infectious diseases, and so on are of value to all, then it follows that these 
should be included in the curriculum.  

Furthermore, those aspects of knowledge content that lend themselves to the development of 
rational inquiry (e.g., the heliocentric model of the solar system, theory of evolution, brain and 
mind modularity, ...) should also be included. These are also necessary as the foundations for an 
educated person to participate in public discourse. 

A Teacher’s Role in Learner-Centered Constructivist Education   
What is the relation between learning materials (including textbooks) and the teacher’s activities 
in the classroom? What is the teacher’s role in a system of education in which textbooks and 
supplementary learning resources are designed to develop critical understanding and the capacity 
for critical thinking and inquiry? 

At the risk of preaching to the converted, let me begin by distinguishing between teacher-centered 
and learner-centered education in textbook design. In teacher-centered education,  

• textbooks are the mediators between teachers on the one hand, and researchers (those who 
construct knowledge) on the other; and 

• teachers are the mediators between textbooks on the one hand and learners on the other.  

This model views learners as the passive receivers of the knowledge created by the researchers, 
handed down through textbooks and teachers:  

 researchers  textbooks  teachers  learners  

In contrast, in learner-centered education, agency shifts to the learners. Here, learners actively 
construct, evaluate, and justify knowledge claims, employing the strategies of research, at a 
basic non-specialist level that does not call for in-depth knowledge. In this model, textbooks and 
teachers together are triggers and facilitators of the process of learning through inquiry: 

 researchers  textbook triggers    
     learners  knowledge construction 
   teachers    (learning process)  
 

If we replace the teacher-centered model with the learner-centered model, it follows that 
textbooks must be designed for learners to learn directly on their own from the materials, without 
the mediation of the teachers (thereby nurturing and developing their potential for independent 
learning). Motivated and capable teachers, where available, would help their students develop that 
nucleus of learning further, and take it to the next level. The teacher’s responsibility would then 
be not exposition, but addressing students’ questions, setting additional tasks to help them think 
through the learning that results from the textbook trigger, and guiding these activities.    
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By not standing in the way of independent learning, but intervening only when help is needed, 
teachers in the learner-centered model serve not as knowledge transmitters but as guides and 
facilitators.                   

In the learner-centered model, textbooks need to be designed such that students can learn from 
them even if motivated and capable teachers are not available, as is the case for a majority of 
learners in India, especially in rural areas and in disadvantaged socio-economic communities. For 
these students, the only hope of learning is the availability of learner-friendly textbooks.  

Sample videos of constructivist classrooms with appropriate pedagogies are available at the 
Youtube channel IISER Pune Sci-Ed 
(https://www.youtube.com/channel/UCApqaCflm3mVTnfh9VBfAPg). These videos are meant 
for students to learn from, and get a sense of what critical thinking and inquiry mean, and for 
teachers to model their classroom practices on.  

The videos are listed in Appendix 1, with an indication of what they illustrate. These videos, all of 
which have the strands of critical thinking woven into them, could perhaps serve as a reasonable 
nucleus for teachers who are inspired to pursue constructivist education in their classrooms, while 
simultaneously helping students to acquire an understanding of and abilities for critical thinking 
and inquiry. The ThinQ website (http://www.schoolofthinq.com/) offers articles and 
teaching/learning resources for syllabus designers, textbook writers, assessment designers, 
teachers, and students who are interested in inquiry and critical thinking. We need to pursue this 
kind of work if we wish to work seriously towards the implementation of the vision of 
constructivism in NCF 2005.  

Teacher Education for Constructivist Education  
Our teacher education programs are neither grounded in the practical realities that teachers have 
to function within, nor based on clearly articulated ideals of teaching and learning. To break free 
of this situation, teacher education programs need to derive their goals from a coherent value 
system of teaching and learning, bearing in mind the practicality of contexts and constraints, and 
look for means to achieve those goals.  

Let us think about this challenge in a systematic way. I assume that we all agree that B.Ed. 
programs are professional programs. A professional program is one that seeks to develop the 
students’ potential to function successfully in a particular profession (engineering, law, medicine, 
nursing, or dentistry). For instance, a program in dentistry, whose graduates are well read and 
theoretically sophisticated, is nevertheless a poor program if it does not ensure that they have 
acquired the ability to diagnose and treat dental illnesses.  

Furthermore, a B.Ed. degree is the basic qualification for employment as a schoolteacher. It 
follows that a B.Ed. program has to help teachers (current or future) to develop their potential to 
function successfully in a classroom. The quality of a B.Ed. program then has to be judged on the 
basis of how well its graduates teach: if they are excellent teachers, the program is excellent; if 
they are poor quality teachers, the program is mediocre.  

This raises the question: Who is an excellent or poor teacher? Let us take another uncontroversial 
premise: that teaching is facilitating learning. This involves providing the environment, resources, 
and help that students need to learn what we expect them to learn. If so, high quality teaching is 
the kind of teaching that effectively and efficiently facilitates high quality learning.  

This leads to the question: What do we mean by high quality learning? Naturally, we cannot 
afford to be unrealistic. The definition of the quality of learning must be consistent with what is 
built into the evaluation of students at their exit point after twelve years of schooling: the norms, 
criteria, and standards that the general public as well as administrations of education (school as 
well as higher) use to judge a student’s merit.  
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School graduates who are selected for admission to higher education programs — whether at 
IITs; at medical, engineering, or law colleges; or at general degree colleges — are those who get 
high scores in board exams, entrance tests (e.g., IIT-JEE), and aptitude tests (e.g., NTS test of 
NCERT). It follows that the criteria set by administrations of higher education are those of the 
students’ performance in these exams and tests. This coincides with the perception of students, 
their parents, and school administrations as well: an excellent student, within this view, is one 
who scores high in board exams, entrance tests, and aptitude tests.  

Given this criterion for judging students’ quality of learning, it follows that teaching quality ought 
to be judged by how well teachers help their students to do well in the exams and tests. To 
pretend otherwise, to expect schoolteachers to defy the norms, standards, and criteria set by the 
administration would be not just unrealistic, it would be irrational.  

Paradoxically, not many reflective educators would accept high scores in existing exams and tests 
as a criterion for high quality learning. Nor would they accept as high quality teaching the 
activities geared towards helping students get those high scores. Their reservation is based on the 
recognition of the nature of these exams: what they largely test is information recall and 
mechanical application; and as each question has to be completed in less than two minutes, they 
test speed, leaving no room for thinking and reflection. This means that high quality students, 
who are thoughtful and reflective, but not good at high speed mechanical tasks, would fare badly 
in these exams. 

I share this objection. But unfortunately, student performance in these exams and tests is taken by 
the administration and society as a measure of the quality of learning, and therefore, in our 
institutional setting, high quality teaching gets equated with ‘high quality coaching’ for exams 
and tests.  

I can see only two ways out of this dilemma.  

•  We reform the design of assessment tasks in board exams, entrance tests, and aptitude tests 
such that they probe into what we agree on as highly valued outcomes of learning, such as 
deep understanding, thoughtful and innovative application, independent learning ability, 
understanding of the evidence and arguments for the conclusions taken as knowledge, 
critical thinking ability, inquiry ability, and so on.    

•  Alternatively, while acknowledging that high student scores do not necessarily signal high 
quality learning, we accept high scores in existing exams and tests as a non-negotiable 
condition for good teaching. To improve the situation at least minimally, it might be 
possible to build in a parallel component to help those capable teachers (no matter how 
small in number) who are motivated to go beyond this base line to help their students 
acquire the highly valued learning outcomes without sacrificing high exam scores.  

The first solution would require a thorough overhauling of the system, demanding a deep 
transformation in the mindset and capabilities of not only those who design exam questions, but 
also those who design syllabi and textbooks. While this is not impossible to do, it would be useful 
to pursue the second option as an interim measure in the design of B.Ed. programs, with the hope 
that some day, exams and tests would assess what is educationally valuable.  

To pursue the second option, we crucially need support from school administration. To see what 
this means, consider a small group of motivated and committed teachers helping students develop 
the ability to construct and evaluate definitions, or to understand the evidence and arguments in 
support of or against what is asserted in textbooks as ‘knowledge’.  They would need to spend a 
significant amount of class time on these outcomes, say, using the kinds of activities illustrated in 
the videos in Appendix 1, and the bulleted questions listed in a box on page 6.  

Such activities are essential for the vision of “Constructivist Education” of NCF 2005. But 
pursuing them would take up at least a third of the total available class time that is usually 
devoted to giving students information needed for current exams and tests. Unless the school 
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administration is willing to provide for such time, teachers who are inspired by the high ideals of 
constructivist education would end up being penalized. Not many teachers would be willing to 
take such a risk.  

There do exist a few school administrations willing to make this shift, and a few teachers with the 
motivation and capability for constructivist education. The special optional component of B.Ed. 
programs in our second option can therefore be designed keeping in view teachers who are likely 
to be part of such schools. These teachers would need adequate training as well as considerable 
teaching and learning resources in critical thinking and inquiry. The small subset of teachers who 
are likely to become board members or may be assigned the responsibility for syllabi and 
textbooks would also need training in designing syllabi, constructing textbooks, and designing 
assessment tasks geared towards critical thinking and inquiry.  

This would obviously mean removing from the B.Ed. syllabi, topics that do not help teachers 
develop their capacity for classroom teaching, and the design of syllabi, materials, and assessment 
tasks. (Examples of topics/readings that can be dispensed with would include the history of Indian 
Education, behaviourist learning theories, Chomsky’s ideas on language acquisition, and so on.) 

A Possible Plan of Action  
As a collective of teachers, educators, educationists, and educational administrators in India, we 
may consider the following strategies to work further towards the vision of NCF 2005: 
• Syllabi: explicitly articulate the tools and abilities of rational inquiry and the elements of 

rational temper;  
• Textbooks and Teaching-Learning Resources:  embody the tools and abilities of rational 

inquiry in learning triggers and lesson plans;  
• Examinations: ensure that the ability to use the tools of rational inquiry are tested through 

all forms and levels of assessment (esp. Board/National Talent Search);   
• Teacher Empowerment: help teachers use textbooks and teaching-learning resources to 

help students develop the capacity for knowledge construction and evaluation, and to excel 
in the examinations that test this capacity; and  

• Stakeholder Education: help all stakeholders of education (including educational 
administrators and parents) understand and appreciate these goals, and work in consonance 
with one another. 

This is an invitation to jointly pursue these activities.  
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Appendix 1: Videos at IISER-Pune Sci-Ed 
 https://www.youtube.com/channel/UCApqaCflm3mVTnfh9VbfAPg 

 Inquiry in 
general 

Conceptual 
Inquiry 

Scientific 
Inquiry 

Mathematical 
Inquiry 

Workshop for NCERT Science Talent Scholarship Holders  
 Introduction to Scientific Inquiry   √  

 Constructing Scientific Theories   √  

 Conceptual Inquiry Part I  √  √ 

 Conceptual Inquiry Part II  √   

Workshop on Rational Inquiry for 9th graders 
1. Introduction to Inquiry √    
2. Axioms, Definitions, and Proofs    √ 
3. Proving Mathematical Conjectures    √ 
4. What is Circumscription?  √  √ 
5. Statistics, Experiments, and Modeling   √ √ 
6. What is a Social Science?  √   
7. What is a Solid?  √   
8. Doubting and Questioning √    
9. Scientific Inquiry through Jigsaw Puzzles   √  
10. Observing and Reporting   √  
11. Rotation and Revolution  √   
12. Who is a Nomad?  √   
13. Finding Patterns in Mathematical Worlds    √ 

The videos under Conceptual Inquiry illustrate the tools of conceptual inquiry. They also help 
students to develop the tools of critical thinking needed for a critical evaluation of what is 
presented as “knowledge” in textbooks, nudging them to doubt and question textbook wisdom. 
Those under Scientific Inquiry initiate students to the different strands of scientific inquiry. And 
those under Mathematical Inquiry initiate students to the fundamentals of mathematical inquiry.  

Appendix 2: A Sample Chapter for the Earth and the Sky  
The sample chapter below, ‘The Earth and the Sky’ (draft under revision), illustrates how we can 
invite children to move from their experiential knowledge to the rational conclusions of scientific 
knowledge. 
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An Inquiry-and-Integration Oriented Chapter   Draft: K P Mohanan and Tara Mohanan 
for a 6th (or appropriate) Class Science Textbook  1 February 2015 
 

 
Note to educators/teachers: Prologue to the Chapter 
This chapter is the first in a series of chapters on the earth, sun, moon, planets, and stars, beginning with 
Class 6 and culminating in Class 10. We begin with what can be observed from the earth with the naked 
eye. Children can observe the phenomena, and describe what appears to them. Then, based on careful 
systematic observations, imagination, and rigorous reasoning, they can proceed to build a model of reality: 
the body of conclusions that we call ‘knowledge’. 

Young children’s ‘knowledge’, based on their experience of the world, is that the earth is stationary and 
flat. So we begin with precisely such a model (the geocentric model with a flat earth). We will move on to 
the model of a spherical earth revolving around the sun (the heliocentric model, currently accepted by the 
scientific community) when the children are mature enough to understand the relevant evidence and 
arguments for that model, say, in Class 8.  

The topic of the geocentric and heliocentric models is an excellent example for children to appreciate how 
ideas in science emerge, develop, and change over a long time, and how, when new technologies become 
available, and new observations are added to the pool, theories get revised. It is also a good example of a 
cluster of easily observable phenomena relevant in daily life. From this, they can learn to:  
 observe phenomena,  
 understand them, and  
 articulate ideas about them explicitly.  

For instance, once they have gone through the chapters on these models, the children should be able to: 
 list the relevant phenomena; 
 say how the two models explain the phenomena; and  
 choose between the two for themselves. 

It is also a great example to develop inquiry and integration abilities. 

We hope that the chapters on the earth and the sky will help children internalize that even though we need 
to rely on our own experience to arrive at conclusions (construct our knowledge) about the world, we also 
need to doubt and question that experience. And when needed, we must modify those earlier conclusions. 
These chapters form the practice grounds for developing the habits of doubting and questioning, as well as 
the ability to arrive at reliable conclusions, and to reject conclusions when evidence and reasoning demand.  

 
 PHENOMENA [not an exhaustive list] 

observing the moon, sun, stars, and the sky moving around the earth 
(celestial motion as observed from the earth with naked eyes) 

THE SEQUENCING IS VERY TENTATIVE 

LEVEL: 
VERY 

TENTATIVE 

1. daily cycle of the moon Grade 6 
2. daily cycle of the sun (day-night) Grade 6 
3. monthly cycle of the phases of the moon (new/full moon) Grade 7 
4 monthly cycle of the moon in relation to the stars   Grade 7 
5. annual north-south cycle of the sunrise and sunset (seasons) Grade 8 
6. annual cycle of where the sun is at its highest point  Grade 8 
7. daily cycle of the stars in relation to the earth (east to west) Grade 8 
8. position of stars with respect to one another (fixed) Grade 9 
9. daily cycle of the stars in relation to Polaris (in circles) Grade 9 
10. annual cycle of the sun through the constellations  (zodiac) Grade 9 
11. retrograde motion Grade 10 
12. Foucault’s pendulum Grade 10 
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Exploring the Sky and the Earth 

1. Can we trust our senses? 
Have you ever seen a huge statue in the middle of a road? Have you noticed that as you go closer 
to it, it looks bigger and bigger? And as you go away from it, it looks smaller and smaller. Is the 
statue actually getting bigger and smaller? No! It just appears to be bigger or smaller, depending 
on how far you are from it, right? 

Try this. Stand in a place where you can see a building far away. Now hold your arm out straight 
in front of you, with your thumb pointing up, such that the thumb is in front of the building. Look 
at your thumb with one eye, keeping the other eye closed. Now look at the building. Doesn’t your 
thumb look bigger than the building? From this, would you conclude that your thumb is bigger? 
Of course not. You would conclude that your experience of seeing the building as being smaller 
is an optical illusion. In reality, the building is much bigger.    

One last example. Take a straight stick, and place it in a glass of water, such that it is half in water 
and half outside water. The straight stick would now appear to be bent. Would you conclude that 
the stick bends when you put it in water, and unbends when you take it out? No! You would 
conclude that the stick appears to be bent. It is an optical illusion. You can check this conclusion 
by feeling the stick in water with your fingers: though your eyes tell you that it is bent, your 
experience of touch will tell you that the stick is not bent.   

Our experience is a very important source of knowledge. But these examples show that we can’t 
always trust what our sensory experience tells us. To learn about the world we live in, we do have 
to rely on our experience. But we also have to distrust it, watching out for possible mistakes. We 
have to use our reasoning to correct those mistakes. Our knowledge of the world is a body of 
conclusions that we have arrived at, based on a combination of experience and reasoning.  

  

 EXPERIENCE REASONING CONCLUSIONS (KNOWLEDGE) 

 

2. Making sense of the world 
Suppose a young child is watching the rain pouring over the 
ground and the trees. She notices that it never rains when 
the sky is clear, and it often rains when there are dark 
clouds in the sky. She might wonder: It doesn’t rain when 
the sky is clear. And it doesn’t rain when there are fleecy 
white clouds in the sky. Why does it rain only when there 
are thick and dark clouds? 

 

 

Just like rain, there is no thunder and lightning when the 
sky is clear, only when there are dark clouds. Why do 
dark clouds often come with rain, lightning, and thunder? 

She might also notice another pattern. Whenever she 
hears thunder, she also sees lightning. But lightning 
sometimes comes without thunder. Why isn’t there 

thunder without lightning? Also, the thunder 
always comes just after the lightning. Why doesn’t 
the thunder ever come before the lightning? What 
is the connection between them? 

 



 

 15 

In her science class, the child may hear a story. When air up in the atmosphere cools, the water 
vapour in the air becomes liquid (water), and forms clouds. With further cooling, droplets form in 
the clouds, creating rain. The flow of electricity through the clouds causes lightning. The air then 
heats suddenly, resulting in the noise of thunder. This explanation makes sense to her. 

The patterns that the child notices, the connections she discovers between dark clouds, rain, 
thunder, and lightning, are called correlations. Suppose this child was living a thousand years 
ago. She would have discovered the same correlations. But her explanations might have been very 
different. Perhaps she may have thought of dark clouds as the clothes of a rain-spirit, lightning as 
the flash of its sword, thunder as its laughter, and rain as its tears. 

3. Is the moon bigger than the stars?   
Imagine this child looking up at the night sky. She would see little bright dots which we call 
‘stars’, and a larger shape which we call the ‘moon’. Her eyes perceive the moon to be much 
bigger than the stars: this is her experience.   

But from experiences she has had before, combined with reasoning, she knows that what appears 
to be bigger need not actually be bigger. The difference in size that she perceives could be an 
optical illusion, because of distance.  

What should she conclude? She has at least two options: 
A1: The moon and the stars are at the same distance from the earth. So the moon is much 

bigger than the stars. 
A2: The stars are much farther away from the earth than the moon. This is why the moon 

hides the stars when it moves across them, just like clouds hide the moon when they 
move across it. So, depending on how far away the stars are, some of them might be the 
same size as the moon, some may be smaller, and others might be much bigger. We see 
the moon as bigger because it is nearer to us (as in the case of the thumb and the far away 
building).   

Which of these options should the child choose? It would be sensible for her to say, “I can’t 
choose, I don’t know how to decide.”    

How about you? May be your elders, your teachers, or textbooks have told you that the stars are 
much bigger than the moon. But why should you believe what someone else says? What is your 
own conclusion?  

You might say, like the child 10,000 years ago, that you don’t know how to decide. If you keep 
reading, you will learn how to look for relevant evidence, and reach your own conclusions, 
without having to depend on what others tell you.     

4. Stars: shining objects or holes in the sky? 
Let us go back to that child looking at the night sky. She sees the bright dots that we call stars. 
But what are these dots? Let us consider two possibilities: 

B1: The sky is a dark dome. The stars and the moon are shining objects stuck on it.   
B2: The sky is a dark dome. There is a bright white fire burning behind it. The moon and the 

stars are holes on the dome. The light from the fire coming through those holes makes 
them shine. (This is like an umbrella full of holes through which sunlight shines.)   

Given your own experience and reasoning, which of these options would you choose?  

To search for an answer, observe the night sky carefully. Look at the positions of the stars. In 
relation to them, does the position of the moon remain fixed? Or does it change during the night? 
Your answer is going to be important in choosing between B1 and B2. Think about this carefully 
before you read further. It would be good to also discuss it with your friends.  
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5. Positions of the moon and the stars    
If you observe the positions of the moon and the stars over two hours at night, you will notice that 
the moon’s position in relation to the stars keeps changing. Now, whether the moon and the stars 
are shining objects on the dome, or holes in the dome, we would expect that their relative 
positions would remain fixed. Therefore, neither option B1 nor option B2 could be true. 

Suppose we try to save the idea of the moon and stars as holes. We assume that the moon-hole 
and the star-holes are on two different domes. You must have seen the moon passing over the 
stars, just as clouds pass across the moon. This means that the moon is closer to the earth than the 
stars. So the dome of the moon must also be nearer to the earth. But this idea also has a problem. 
Wouldn’t the moon-dome cover the stars? Then how can we see the stars? Is there a solution?  

Suppose we make the moon-dome transparent, so that we can see the starts through it. But then, 
the moon can’t be a hole any more, it has to be a shining object! 

What about the stars? Since the moon has to be a shining object, why don’t we do the same for 
the stars? We assume that the stars are also shining objects stuck on a dome.  

This allows us to have the moon change its position in relation to the stars. But what about the 
positions of the stars in relation to each other? Suppose one night you lie outside on the grass, and 
look carefully at the positions of the stars in the sky for a long time. You will see that their 
positions in relation to one another do not change. But their positions in relation to the earth keep 
changing. They seem to move in a circular orbit, with the star called Polaris (the Pole Star, or 
Dhruva in Sanskrit) as the center. If we keep a still camera exposed to the night sky over one or 
two hours, we can see this clearly. Instead of dots for the stars, the photograph will have bright 
circular lines showing their movement. Here is such a photograph:  

    

If the positions of the stars keep changing in a circular path, but not in relation to one another, this 
is exactly what we would expect. If we assume the star-dome to be rotating around the Pole Star, 
their circular synchronized movement would make sense. 

Let us put together what we have concluded so far: 
B3: The moon and the stars are shining objects.  
 The sky is made up of a star-dome and a moon-dome.  
 The moon is stuck on the moon-dome and the stars on the star dome.  
 The moon-dome is transparent, and rotates with the earth as its center.  
 The star-dome rotates with Polaris as its center. 

In imagining B1, B2, and B3, and in rejecting B1 and B2 to choose B3, we are using our 
imagination to create models of what reality might be like. We are also using our thinking and 
reasoning to figure out what the logical consequences of these models are, and to check if they 
match what we observe. This is a very important strategy in scientific inquiry.  

The model in B3 is the best one so far. But that doesn’t mean B3 is true. When we examine more 
observations, we may have to abandon B3 also. But for now, B3 seems to be satisfactory.   
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6. Earth: flat or spherical? 

Suppose you go by just your experience. Wouldn’t you think that the earth is flat? Now, when we 
say ‘flat’, we don’t mean that it is totally smooth and flat like the top of a table, or a sheet of 
paper. We know that the earth has lots of hollows and projections, valleys and tall mountains. 
When we say the earth is flat, we are simply contrasting it with the idea that the earth is 
‘spherical’, more like a tennis ball. 

Modern technology has allowed humans to travel around the earth in an airplane; and to see that 
we can keep traveling in the same direction and get back to the place where we started. For this to 
happen, the earth must be spherical. Spaceships allow humans to go far away from the earth, and 
from there we can even see the spherical shape of the earth. But thousands of years ago, most 
human communities took the earth to be flat. They were going by what their experience told 
them. Even till a few hundred years ago, we didn’t have such technological resources, and our 
ancestors took the earth to be flat. 

But not all ancients believed that. Aristotle was a famous Greek philosopher who thought 
carefully about a number of phenomena he had observed, and concluded that the earth is 
spherical. He was going against the accepted “common sense” flat-earth idea of his time. He had 
no technological help, no airplanes or spaceships. What led him to reject what others accepted as 
commonsense knowledge?     

The imaginary dialogues below between a teacher and two students discuss the reasons with 
which Aristotle supported his position.  

Scene 1  
[Razia is digging in her garden. Two of her students, Jim and Vani, approach her. She looks 
up.] 

Razia: Hello, hello! Want to learn something about my plants? 
Jim: We’d love to, ma’m. But can we ask you some questions about something else? 
Razia: (laughs) I should have known that was coming! (Vani and Jim start weeding.) 
Jim: Well, is it possible that the earth is not flat but round?  
Razia: Anything is possible, as long as it is logical. The real question is, do you have any 

evidence to prove that the earth is round? 
Jim: Not yet. But I can ask the same question about the flat earth idea, can’t I? Is there 

any evidence to prove that the earth is flat? 
Razia: Well, look at the earth. What we see is flatness, right? We don’t see a round earth. 

So the evidence seems to favour a flat earth, don’t you think? 
Jim: But the earth is so huge, and we are so small, we won’t see its roundness. If we were 

ants, and the earth were a sphere as big as a house, we would think it is flat, not 
round. Couldn’t that be the case? 

Razia: Good point, Jim. Let us think a bit more. How do we test the round earth idea? 
Suppose the earth is indeed round. If we keep walking for a long time, so that we are 
not on top of the earth any more but on its side, won’t we fall off the earth? Have 
you ever heard of anyone falling off like that? 

Jim: Hm, that IS a problem! (Sits still for a while.) But wait a minute, the flat earth theory 
has the same problem, doesn’t it? If the earth is a flat disk, and we keep walking, we 
would fall off the edge of the disk. 

Razia: May be the disk is so huge that we would never reach its edge in our lifetime.  
Jim: But then the same would apply to a round earth! 
Razia: You are right. So the two theories seem to be equal. 
Vani: Ma’m, the idea of falling off a round earth — mm, there’s something wrong with it. 
Razia: Huh? What’s wrong with it? 
Vani: Which way would one fall ‘off the earth’? DOWN, right? But take an ant on a 

basketball. “Down” for this ant, wherever it is on the ball, would be in the direction of 
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its feet, which would be towards the center of the ball. So with its feet planted on the 
ball, the ant could never fall off.  

Jim: Wow, that’ s an insight, Vani. Yes, you’re right! 
Razia: Hm! You may be right. But where does that leave us? There doesn’t seem to be any 

evidence either way, for flat earth or for round earth. (Keeps thinking.)  I don’t have 
an answer. Do you guys want to work on this as a project in my class? 

Jim:  Oh, yes, ma’m!... 
Razia: Good. Let’s do some work with our hands now. Enough use of the head. 

Scene 2  
[Jim and Vani are at the beach, eating peanuts and talking.] 

Vani: Hey, look at that sailboat! 
Jim: (Peers at the horizon) Where? I don’t see any. 
Vani: (Points) Over there. You can’t see the boat but you can see its sail. Look straight 

where I am pointing. 
Jim: Oh yes. I see now. What about it? 
Vani: I was going to say... 
Jim: (suddenly interrupts and jumps up) Vani. I’ve got it! 
Vani: (puzzled) Got what? 
Jim: The proof! The proof! (dancing) Vani, I’ve got the proof! (Sings a proof song.) 
Vani: (perplexed) Calm down, Jim. What on earth are you talking about? What proof? 
Jim: I can prove that the earth is round! 
Vani: But how? 
Jim: The sailboat you showed me, it’s not under water. Yet, we can see only the sail, not 

the boat, right? Why is the boat blocked from our view? What blocks it? 
Vani: Hm! Interesting. (thinks, then suddenly) Oh! the water! Its level must be curved. 
Jim: Exactly! That’s the evidence. It shows that the earth must be round.  
Vani: I don’t get it, Jim. 
Jim: Look, Vani. If we are looking at a lake, the water level appears flat, yes? But the 

ocean is huge. If the earth is round, the surface of the ocean will also curve with the 
earth. And if it is curved, we know why we can’t see the boat, but we can see the sail 
that is standing tall above the boat. 

Vani: I still don’t quite get it. 
Jim: Okay, imagine a little sailboat on a basketball. An ant is watching it move away,  

sliding along the surface of the ball. Gradually, 
the boat would disappear, and only its sail would 
be visible. And then the sail would also disappear. 
So, if we assume that the earth is round, we have 
an explanation for why we see only the sail at 
some point. If we were to assume that the earth 
is flat, there is no reason why we can’t see the 
boat. Since the flat earth theory doesn’t explain 
what we see, and the round earth theory does, 
we should accept the round earth theory. 

 
Vani: (thinks for a moment.) Jim! That is brilliant. It’s your project paper for Razia Ma’m! 
Jim: It’s OUR paper, Vani, not mine. If you hadn’t pointed that sail out to me, the proof 

wouldn’t have hit me. 
Vani: Yeah, but YOU saw the connection.  
Jim: Never mind. We write the paper together.  
Vani: I’ve to get home, it’s getting dark. 

Scene 3 
[Vani and Jim are walking along. Vani stops suddenly and stares at the moon. Jim is puzzled.] 
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Vani: (Whispers excitedly) Jim. 
Jim: Yeah? 
Vani: Look at the moon. 
Jim: What about the moon? 
Vani: Just look at it. 
Jim: What’s the matter? Why this sudden interest in the moon? 
Vani: Shut up, Jim, and just ...look ...at ...the ...moon!  
Jim: (Looks at the moon.) I see the moon. 
Vani: Can you now imagine a lunar eclipse? 
Jim: Vani, can you tell me what’s going on?  
Vani: (Breathless) I think I just found another argument for the round earth theory.  
Jim: Huh? 
Vani: When there is an eclipse, the shadow of the earth on the moon is round, right? No 

matter when or where you see the eclipse? 
Jim: So? 
Vani: So what explains its being round? If the earth were a flat circular disk, you would 

expect the shadow to be circular from some angles, but you would also expect it to 
be an ellipse from other angles. Or at times, even just a thick straight line, when the 
plane of the disk is parallel to the sun’s rays. Right? 

Jim: Right. 
Vani: But if the earth is a sphere, the shadow will always be curved, no matter from which 

angle, right? 
Jim: Right, so that means.... (stops. Sudden realization on his face.) Oh, oh, oh, I see. 

(Silent for a while.) Wow. (Silent) Vani, you are a genius. That is a knock-down drag-
out argument for round earth! You are a genius! 

Vani: (pleased) I knew you would like it.  
Jim: Of course! It’s brilliant! Now do you agree it’s really OUR paper? I can see the front 

page of the Indian Express: “VANI AND JIM ROLL THE FLAT EARTH INTO A BALL!” 
Vani: You really think they would print it?! 

Did you enjoy the dialogues? Read them again, paying attention to evidence, arguments, and 
counterarguments. This kind of thinking is very important for scientific inquiry.     

7. Earth: stationary or moving?   
You have all observed the position of the sun changing through the day, right? In the morning, the 
sun is very close to the horizon, on the side that we call East. As the day moves on, we observe 
that the distance between sun and the horizon increases. Around noon, the sun is above our head. 
In the afternoon, the distance between sun’s position and the horizon on the West side decreases, 
until in the evening it is at that horizon. And then it disappears behind the horizon.   

How would you explain this daily cycle of sunrise and sunset, with changes in the observed 
position of the sun in relation to the earth’s horizon? There are two ways of doing it. One is to 
assume that the earth is stationary, and the sun revolves around it. This is the basic idea of what is 
called the ‘geocentric theory’ of the earth and the sun. Geo- means ‘earth’, so geocentric is ‘earth-
centered’. This theory assumes that the earth is stationary, and that it is the center of the universe.   

The other way of explaining the daily cycle of sunrise and sunset is to assume that day and night 
are caused by the earth rotating, or spinning, and also revolving around the sun . This is the basic 
idea of what is called the ‘heliocentric theory’ of the earth and the sun. Helio- means ‘sun’, so 
heliocentric means ‘sun-centered’. .  

Take an orange, and a lighted bulb. Move the bulb in a circular path around the orange. You will 
see that half the orange is brightly lit (daylight on earth), while the other half is dark (night on 
earth). As the bulb moves, it lights different regions along the way, till it returns to the original 
position. This is how the geocentric theory explains day and night.  
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Instead, we could keep the bulb stationary, and make the orange rotate, as in the heliocentric 
theory. You would get the same effect of different regions of the orange getting lighted up. So, for 
the 24-hour cycle of day and night, both these theories work equally well.  

Which of these theories should we accept?  

As we mentioned earlier, our experience tells us that the earth is stationary. We don’t feel the 
earth moving. If we go by our experience, we should conclude that the earth doesn’t move. We 
would then be subscribing to the geocentric theory.  

Now, the modern scientific community subscribes to the heliocentric theory. This by itself should 
not force you to reject the geocentric theory and accept the heliocentric theory. After all, you 
should go by your own experience unless you have reason to believe that what your experience 
tells you is false. In this case, can you conclude that our experience misleads us? Are there any 
persuasive reasons to conclude that even though we feel the earth to be stationary, it actually 
revolves around the sun, and rotates around itself? We will pick up this question in your science 
class next year.  

Do you know why we explored the earth and the sky, and looked at two different theories of the 
solar system? It was to help you appreciate the role of evidence and arguments in constructing 
and evaluating scientific theories.  

 
 
 
 


