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This talk (by Karen) is based on work that was done mainly by Gurinder, and on some
discussions on the theoretical aspects with Rossi.
What I am going to talk about is how people do research in science education, and how people
choose research problems, with an example of some research that Gurinder and I have been
doing on student questioning.
One way to do research in science education is to start with one’s own motivation as an
individual: one’s passion, feelings, and moral values. This may lead us to basically two different
kinds of research (Figure 1). One kind is research to objectively describe the present situation
that we see in schools or in out-of-school education, and the aim of course is to understand
learning and teaching. The other kind is research to think up new teaching methods or materials
and test them to find out whether learning improves. Of course it is actually very difficult to
assess learning, so we often just
try to assess whether students
MOTIVATION: My passion, feeling & moral values
remember or understand the
body of knowledge or ‘science
concepts’ - often quantitatively,
using pre- and post- tests. Very
often we have some idea of a
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Think of new teaching
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Figure 1: One way to do
research in science education

education)

that learning improves

This might sound very nice but we are going to argue against this way of doing research in
science education. One problem with it is: how do we know that our feelings and values are
correct? A second problem is: how do we think of new methods and materials - is it just through
introspection or reasoning? A third problem is that in our way of thinking, science is actually
not a body of knowledge. A number of people here in this meeting have been reinforcing this that both science and mathematics are actually processes, not just bodies of knowledge. Rossi
is doing research to analyse the process of doing mathematics (with comparison to the process
of doing science), based on his work teaching mathematics to students in a blind school.

A fourth problem is: how can we do research to objectively describe the present situation? I
think we all actually have points of view (ideologies) which we cannot hide, and should be
aware of. For example, due to our different ideologies we have different opinions regarding
who should be educated and for what purposes, and this affects our research and our work in
education. Also, perhaps it is not inherently wrong that ideologies affect our research. And our
ideologies can and do change, and we can try to purposively and rationally change our work
and our ideologies.
And a fifth problem is that the aim of devising new teaching/learning methods is actually
closely entangled with the aim of understanding teaching and learning.
Now let’s consider a related question: how
do we select a research problem? For
example, how do research scholars
commonly select their research problems?
We often begin by choosing the area of our
previous degree, whether this is biology,
physics, mathematics or whatever. (In my
case, my PhD was in Biophysics and my
Bachelor’s was in Natural Sciences and
Mathematics. So, I am in a little
problematic situation, but somehow I have
usually just been channelled into the
biology stream.) The next step is that we
chose an age group. Then we read the
literature in that area for that age group.
Then we introspect and think of a good
research question (Figure 2).

One way to select a research problem
Choose the area of your previous degree
(biology, physics, mathematics, or...)

Choose an age group

Read the research literature
in that area for that age group

Introspect: think of a good research question

Figure 2: One way to select a research problem in science education
Or maybe we just repeat what has been already been done abroad in an Indian context, without
really understanding the local situation and concerns. Such research might even do more harm
than benefit. Furthermore, searching for relevant literature is not an easy task. Most of the
foreign peer reviewed literature is highly expensive and not accessible to most educators and
researchers in the country. This restricts the kind of research that we can do. Another problem
is that it is difficult to choose a research question just by introspecting, without directly
observing physical reality.
Here we suggest an alternate and better way to do research in science education, based on an
ideology which is influenced by HDM1. Instead of being motivated by our ideas and feelings
and passion, we will be motivated by the material situation or the process that we are part of
(Figure 3). And this will lead to us to do research to subjectively describe, analyse and try to
understand and change the teaching/learning we are part of. Our approach involves working
with, listening to, and taking a stand for children from oppressed sections, so it’s not objective.
Of course passion, feelings and moral values may be involved here but they will be based on
the material situation. Through analysis we can base our feelings upon reason, instead of just
basing our reasons upon our feelings. We will explain what we mean by all this through an

1

Historical Dialectical Materialism

example of our own research.
Hopefully by the end of this
presentation you will understand a
little bit of this and why we claim it is
a better way of selecting a research
problem and carrying out the
research.
Figure 3: Another way to do
research in science education,
starting from the material
situation.
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We begin by being a part of a teaching/learning community. We are both teaching and learning,
so we do not necessarily see ourselves as subject experts - we may be working in biology even
though we have a degree in physics. Rather, we see ourselves as both teachers and learners,
although what we are learning may be different from what students are learning. What do we
do? We experience and we observe as part of this community. Due to our ideology, we try to
work especially with children from poor families, children who are not upper caste, rather than
children in elite private schools. And what we often observe - I mean this is what we observed
30 years ago, 20 years ago, 10 years ago and we are still observing this same sort of thing - is
that there are two general types of teaching in various combinations in most classrooms. Of
course there are exceptions to this but I think it is fair to make this generalization.
One very common method of teaching we see is teacher lecturing, in which the teacher talks
and students are quiet, textbooks are read out loud by the teachers or students (individually or
in chorus), and questions and answers are dictated or written on the board for the students to
copy. Hands-on activities and even teacher demonstrations are rare or non-existent. For
example, in a student’s laboratory book the step by step instructions to follow in the practical
is given on the right hand side, and at the end of the book there are blank pages where the
students copy what was given onto the left hand side. Often no experiments or activities are
done. All the students learn is efficient methods of copying words and diagrams.
But there is another method which we also see, which is what we call the pseudo-enquiry
method. In this method, teachers ask questions and students answer. Choral answering is
common for short answers and sentence completion and the IRE triad predominate. IRE stands
for Initiation, Response and Evaluation (or Elaboration), where the teacher is the one who
initiates the talk, often by asking a question (Mehan, 1979). Perhaps an individual student will
give a response, then the teacher will give some kind of feedback and immediately ask another
question, maybe to the same student or to another student, and this IRE, IRE, IRE pattern
continues.
This is sometimes modified to a more advanced form where we have IR, IR, IR with the teacher
not giving much of Evaluation. For practicals, students may follow given procedures to find
answers to the given questions. So this does sound like an improvement.
As an example of this method, I was quite inspired many years ago to see Eklavya’s Bal
Vaigyanik textbooks which were full of questions, without answers to the questions (Eklavya,
1989). Students had to find the answers by doing certain things - the procedures were given as
to what they should do in order to find the answers. So I was quite enthusiastic about this. And
I still find these books to be very useful, and actually I think they are the best science textbooks
I have seen.

Here is another example. A long time back I wrote an article for teachers (Haydock, 2001) in
which I suggested that before you (the teacher) make a statement to a class, “ask yourself
whether you can instead ask a question.” As an example I wrote that rather than stating a
definition of what I think of a new word like ‘vibration’ means, I could ask the students to feel
the surface of a tabla while I am striking it and ask, “What are you feeling?” or “What is
vibration?’ I still find this advice to be useful.
But now, based on our experience and observations, Gurinder and I are wondering about these
methods. When we observe ourselves and others teaching, actually the problem is that still the
teacher is doing most of the talking in the classroom. Students are still not asking questions.
The teacher is asking the questions. The students may not need or want to answer the questions.
The students may just be trying to figure out what answers the teacher expects. And teachers
are usually hoping for particular answers. For example, the teacher will not be happy if when
feeling a tabla a student answers the teacher’s “What do you feel?” with the answer “I feel
happy.” If you just wander around the hallways in any school or college or university, you will
probably hear teachers talking much more than you hear students talking. And also, if you look
into the literature, a lot of research is done on teachers’ questioning but not that much research
is done on students’ questionings. So, in sum, what we see is:
1) The teacher is usually the one talking; students talk much less; and we never hear some
students say anything at all.
2) Students hardly ask any questions in the classroom.
3) Teachers ask students questions and the students answer either individually or in unison.
4) Teachers’ questions are mostly inauthentic - and by inauthentic we mean that teachers
already know the answers to the questions they are asking.
As we continue to observe the material situation that we are part of, we notice that in everyday
life things are rather different from the classroom. In everyday life, we notice that it is usually
the learner who asks informational questions – the asker is the one who is initially ignorant of
the answer. The person who answers the question is the knowledgeable ‘teacher’. But in what
we call ‘school-school’, we notice that it is the teacher who asks the informational questions the one who already knows the answers - and the person who answers the questions is the
supposedly ignorant learner. So, this confuses us. It seems to be a rather contradictory situation.
And why is ‘school- school’ so different from everyday life?
Another problem we notice is that in everyday life young children ask a lot of questions.
Probably we have all had experience with very young children before they go to school - they
are asking hundreds and hundreds of questions every day, whereas in school-school, the
students do not ask questions.
In everyday life, maybe older children ask fewer questions - or maybe not. Perhaps in schoolschool, children ask each other questions when they whisper in the back of the room. It seems
that in everyday-life people have genuine discussions based on their own needs to discuss,
whereas in school-school genuine discussions are rare. In everyday-life ‘learning’ often means
finding out how to do things, whereas in school-school ‘learning’ means memorising and
recalling. More research could be done to find out if this is really the way things are, but this is
our impression.
There are many confusions we are confronted with when we teach and do classroom
observations and everyday-life observations. Another major confusion is regarding the nature
of science that scientists do and that we teach students. Science is a process in which asking
questions and making observations of physical reality are basic. This is the science that
scientists do, and I think we all agree on this. We say that students should learn science by
doing science. I think most of us educationists here agree with this, more or less. However,
students are not asking questions in class, and if asking questions is an inherent part of science,
they’re not really doing science. So, this is another contradiction we are confronting.

Thus, we are confused. And we think confusion is necessary in order to frame a research
question.
Of course, there is also an emotional element – e.g. we might feel bored. Students feel bored
because they’re not actively involved in class. And teachers feel bored because we have so
many corrections to do. We might feel hurt. We might feel angry by the injustice of students
being taught to stop asking questions. However, we have tried to analyse our emotions in order
to see whether they are justified, and we have tried to encourage emotions which may be
constructive and discourage destructive emotions.
Considering the differences between what we observe in everyday-life and in schools, we may
wonder whether learning is better in everyday-life than in school-school, and therefore we
should not have schools. We don’t think think so. We see a lot of potential for meaningful
learning in schools. And in everyday-life, as in schools, we see that people generally have very
low scientific tempers, and all sorts of problems which underline the need for meaningful
education.
But what we have done is, we have gotten confused, and from this we try to learn. We try to
understand the causes and interdependencies. What is causing the problems? We can perhaps
get help from Paulo Freire, who reminds us that education can be of two different types: it can
be, on the one hand, an instrument to facilitate conformation - integration of people into the
system, the maintenance of the status quo. Or it can be the practice of freedom, “the means by
which people deal critically and creatively with reality and discover how to purposively
participate in the transformation of their world” (Freire, 1968). So, the central problem is
dehumanization versus humanization, and we need to take a stand.
Now there is a peculiar difficulty in this, which is in order to establish a proper system of
education, a change in the social circumstances is needed. But in order to bring about a change
in the social circumstances, a proper system of education is needed. So, what is to be done?
All that we can suggest is to start where we are – start with the physical reality. People are
products of circumstances and upbringing and people also change circumstances and
upbringing. So, what we have to do is to educate the educator and ourselves also, and try to
discover our creativity. In working, we can transform the world.
Thus, our approach has been to go through this very complicated process of getting confused
and trying to understand causes and learning and teaching from our own confusions. We start
as part of the teaching/learning community.
Now I will give an example of the particular research problem which Gurinder and I are
undertaking as a result of the experiences and observations which I just described. We have
noted that students need to ask questions to learn science by doing science, but they are not
doing so. So, when analysing the situation, we asked whether teachers are allowing students to
ask questions. This led us to the research questions:
Will students ask authentic questions if we ask them to ask questions? Will they ask
investigatable questions? Does it depend on the context?
Of course all of these questions are interrelated and we keep going back and forth,
communicating with each other, and reading the literature throughout in order to keep revising
the questions. This is the general framework of what we are doing while being a part of the
teaching/learning community, trying to understand causes and interdependencies, and based on
their analysis and understanding, framing research questions as we try to change education.
In order to answer the question, “Will students ask authentic questions if we ask them to ask?”
we started about two years ago with a particular physical context. At that time one person
working with us, Kranti, had seen a variegated bhendi tree in the garden of our institute that she
thought was strange because not only does it have leaves which are completely green, it also

has leaves which are partly green and partly white and even some leaves which are completely
white (Figure 4). We thought that plants make their food by photosynthesis, and leaves are
green because they contain chlorophyll. Without chlorophyll, photosynthesis cannot occur. So,
when we saw the white leaves, we wondered how they can survive. We wondered whether they
have stunted growth. These were the questions that occurred to us when we saw this tree.

Figure 4: The variegated bhendi tree (variegated Talipariti tiliaceum), being examined
by Mohini, Srushti, (Vaishnavi behind), Roshani, and Mansi.
We proceeded to look at this bhendi tree and figure out activities that we could do to answer
these questions. For example, we thought we could count the leaves in order to find out if there
were fewer white leaves than green leaves. But the tree had thousands of leaves and that seemed
like a lot of work, so we gave that up. We tried finding white and green leaves of similar sizes
and weighing them to see if they had the same weight. Then I thought this tree could supply an
excellent motivation for students to measure the surface areas of leaves – an activity that comes
in their school textbooks: they could compare the sizes of white and green leaves to see if white
leaves were stunted.
Then Kranti, being much more sensible, did an interesting thing. She found some variegated
leaves which had more green on one side and more white on the other side, and she simply
folded each leaf in half along their midrib to see whether the side with more green was larger
than the side with more white. We did this with many leaves, without even plucking them, and
found that the green part was always larger than the white part, which indicates that indeed
there was some stunting (Figure 5).

Figure 5: A variegated bhendi leaf before and after folding along the midrib in order to see
whether the side with more white is smaller than the side with more green.
We thought this could be a good activity for students to do in order to see the relationship
between green pigment and the growth of leaves. So we decided to write an article for teachers
about it (Patil et al, 2015). But in order to do that, we thought we would first ask students if
they had any questions about this tree. Of course we were hoping that students would ask the
same sorts of questions that we had asked ourselves. We placed a question box near a potted
specimen of the same tree with a poster asking students to write their questions about the plant.
We also put up a few of our model questions on the poster. But what happened was we got a
few blank papers, some answers, and no questions.
So, again we were confused. We tried to figure out what happened and again we thought about
what causes school to be so different from everyday-life. Again we wondered whether children
who do not ask questions in school still ask questions out of school. This led us to wonder
whether students will ask questions if the teacher stops asking questions - and whether students
will have genuine discussions if the teacher stops talking. So, we reformulated our research
questions to:
Will students ask authentic questions and have genuine discussions if the teachers
remain quiet? Or do they need to be asked to ask questions? Will they ask investigatable
questions? Does it depend on the context?
These are the questions that we proceeded to investigate. Thus, we took a rather different
approach in framing our research problem (Figures 3 and 6), compared to the more idealist
approach outlined in Figures 1 and 2. The general method that we suggest for framing a
research problem, based on our experience, is shown in Figure 7.

Figure 6: We started at the
base, as part of a
teaching/learning
community, gradually
framing the question at the
top, while going through a
circuitous path – one step
ahead and two steps behind.

How we framed a research problem
Will students ask authentic questions and have genuine
discussions if the teachers remain quiet? Or do they need to
be asked to ask questions? Does it depend on the context?

We read and
communicate
throughout

Are teachers talking too much? Are teachers
preventing students from asking questions?

Problem: students need to ask questions to learn
science by doing science, but they are not doing so

We are part of a teaching/learning community

Figure 7: A general
method for framing a
research problem, which is
based on our experience.
Start from the base, being
part of a teaching/learning
community.

How to frame a research problem
Based on our analysis and understanding,
we frame research questions as we try to change education

We read and
communicate
throughout

We learn, and we try to understand
the causes & interdependencies

This sounds like a very logical
We get confused - we become
story, and it gives a general idea of
aware of contradictions & problems
what we did, but it is not exactly the
way it actually happened. What
actually happened was that in order
We are part of a teaching/learning community
to publish the article for a teachers’
magazine, we needed some
photographs of students doing the activities. I thought of just inviting some students to be
photographed, but Kranti said, “Let’s have a workshop!” At the same time, Gurinder was
planning for his research proposal in which, based on his own experience, he wanted to look
into the role of students' questions in learning science. He was having some rough ideas about
his research questions. So he suggested that instead of telling students what to do in the
workshop, why don’t we just ask them to ask questions about the tree. Although we had already
failed with the question box, we thought of something even more risky and radical: we can just
bring a dozen Class VII students to the tree and see if they ask questions without being asked
to ask questions.
So, that’s what we tried - an approach which is not only open-ended but also open-beginninged
– even though most of our colleagues tried to tell us we were nuts! We did not even say anything
to the students; we just brought them to the context - which was this strange tree, and videotaped
what happened.
After one look at the 48 minutes of videotapes, I am sure no one could understand a thing. It
took us about a year and a half and hundreds and hundreds of times viewing each minute over
and over to understand what happened. Before we started this research, we had just had a

workshop by the famous educationist from abroad, Eleanor Duckworth, and one if her mottos
is that in science the ‘stuff’ is the authority. And in our analysis we kept going back to the stuff
- the tree and the videotapes of the students at the tree - to understand what happened.
What happened was, we brought the students to the part of the garden where the tree was, just
telling them, “Come here!” (not come to this tree). And we – the teachers – remained silent.
What they did was they wandered past the tree to another tree which happened to have a label
on it. The label had its correct Marathi name (सुरु), and scientific name (Casuarina
equisetifolia), but as we figured out several months later, the english name was mislabelled as
‘Mast Tree’, (which is actually the english name for the False Ashoka Tree, which resembles
the mast of a ship). Upon seeing the label, one of the boys asked the first question, “What is
it?” and the boys started joking about whether the tree was "मस्त”. Then the second question
came, “Where is it?” referring to where the top of the tree was, since it was hard to distinguish
amongst the other treetops. Then, the third question, “Can you climb?” After this, the girls
started talking amongst themselves about various things, and they started asking each other
what the names of various plants were – perhaps thinking that this was what we wanted them
to do. Very soon the students were attracted to the bhendi tree and they did start discussing it.
For example, they started naming the colours of the leaves they saw: “White”, “Pink”,
“Choclati”, “Skin colour”, etc. So at first we thought they were not asking questions, they were
making statements. But we also thought that behind their statements, there were implicit
questions, e.g. “What colours of leaves are there?” Here is another example (Figure 8) in which
Srushti is making a gesture while looking at the tree. We think this gesture implies that she is
asking a question in her mind but she is not verbalizing it.

Figure 8: Srushti appearing to ask herself an implicit question about the tree.
Upon analysing the tapes, we found that the students were actually asking each other lots of
questions about the bhendi tree, both implicit and explicit questions, a few of which are listed
in Table 1. Most of these are the questions from the very beginning of the session, before we
asked the students to look at the tree (at 17:56). Table 2 gives some more of their investigatable
questions, some of which they asked after we asked them to ask questions (at 29:52). One
interesting question was, “Are there flowers?” This is actually not a simple question. It was
difficult to tell if these buds (Figure 9) were flowers or not, and even after observing this tree
for two years we have still not observed actual flowers or fruit, although we have seen
photographs of other specimens of variegated bhendi which do have flowers.

Table 1: Some of the initial questions students asked each other about the variegated bhendi
tree, including some before the teacher asked them to observe the tree (at 17:56). We think
these are investigatable questions, in that the students could try to find answers by observing,
testing, measuring, or doing something with the tree.
Time

Student

Question

02:26 Tejas

रं ग तर गेला नाह* ना? (The colour has gone, hasn't it?)

05:07 Mansi

आप-याला कसे कळणार कोणते झाड? (How would we know which
tree it is?)

~7:53 Group

{How many colours?} [implicit question]

~9:54 Group

{Which colours of leaves are there?} [implicit question]

14:20 Vaishnavi

6याला काटे पण आहे त वाटतं छोटे छोटे . ([Are there] small thorns?)
[implicit question]

14:23 Mansi

कुठे <दसतायेत ग काटे ? (Where do you see thorns?) (?)

15:40 Srushti

झाडाला फूल आहे का ? (Does the tree have flowers?)

15:43 Mohini

फुल कुठे ? (Where are there flowers?) [?]

19:05 Mohini

ग्रीन झाल की होत ? (Has the leaf turned green?)

19:20 Devki

ही पण कशी आहे त ना िजथे िजथे ज्या कलरचे पानं आहे त ितथे त्या कलर चीच
कळ्या पण आहे त. िजथे गुलाबी पाने आहे त ितथे तेच आहे . (The colour of the
leaves is the same as the colour of the leaf buds. Where they are pink,
the leaf is also pink.) [implicit question: Is the colour of the leaves the
same as the colour of the leaf buds?]

Table 2: Some more of the investigatable questions students asked, included some after the
teacher asked them to ask questions at 29:52 (translated from the original Marathi or Hindi).
Time

Student

Question

20:45 Devki

Look here - this leaf [margin] is not round, it's rough - like having a
[zig-zag] design. [implicit question: Which leaves have more serrated
margins?]

27:10 Mansi

Write this: what colour are the stems?

28:00 Srushti

Listen. The very new branches have a pink colour and those [branches]
that have gotten older are brown. Look there - there you can see it very
clearly. [implicit question: Are (young and old) branches of different
colours?]

31:36 Devki

Do ants eat the leaves?

31:52 Roshani

But why do ants come here?

39:27 Mohini

Whose eggs are these? [referring to insect eggs stuck to a leaf]

41:19 Srushti

[comparing the tree to a nearby unvariegated bhendi] It will have the
same name?

43:20 Tejas

Why are the roots coming out above the soil?

44:25 Ashish

How many different colours of leaves can grow?

46:25 Omkar

How much leaves come from this tree?

46:34 Kaustubh

In which month does this tree grow more?

47:33 Srushti

Do the leaves have some smell?

Figure 9: Some strange-looking buds on the variegated bhendi tree. It is not easy to tell
whether they are flowers or flower buds or leaf buds.
There is an interesting episode on the video which I will discuss. When the boys first turned
their attention to the bhendi tree, Tejas looked closely at a variegated leaf and asked, “Has the
colour gone?” But immediately Ashish said, “Don’t touch! Don’t you know you shouldn’t
touch the plant?” and Tejas stepped back. Five minutes later, Tejas and Kaustubh are looking
at the tree. Then Tejas looks at the me holding the camera, and he knocks Kaustubh’s head
turning it away from the tree, towards me, and he points towards me. He then mimics me and
they both laugh. I was actually trying to get them looking at the tree by myself looking at the
tree, poking my cheek with an exaggerated expression, and they were making fun of me.
(Actually they had already been looking at the tree, and my efforts only distracted them!) Then,
a few minutes later the two of them are again looking at the tree. Tejas tells Kaustubh to look
in front (meaning towards me), and then, he starts scratching a variegated leaf. Suddenly
Kaustubh says, “Stop!” and Tejas withdraws his hands and then he turns towards the camera,
and they both fiend innocence - one turning his head up and the other looking away. Then they
start talking about the colours of the leaves, because previously the girls had been talking about
the colours, and maybe they thought this was what they were supposed to be doing. For a long
time, we could not figure this out because it all happens very fast with very poor recording and
lots of background noise and with the students speaking in Marathi, which some of us do not
understand. But what we think probably happened, was that the variegated leaves had reminded
Tejas of the familiar sight of paint peeling off a wall. So by analogy Tejas wondered whether
the green colour was falling off the leaves. He wanted to do an experiment to find out if the
green colour would easily come off if he scratched a leaf. For more than 5 minutes, Tejas was
dying to do this experiment, but he did not think it was science and he did not think that it was
something which we would allow. So, finally he got his friend to cover for him and he manages
to scratch the leaf and do his illicit science investigation.
Now, this reminded us of some work done by Shirley Brice Heath long ago when she started
observing a young boy she calls Lem (Brice Heath, 1982). Before Lem started going to school,
Lem spontaneously asked questions like:
Where dat fire truck go?
What dat fire truck do?

What dat dog do at da fire?
How da firemen know where dey going?
After he started going to nursery school, at 4 years old, he started asking questions like:
What colour dat truck?
What colour dat coat?
What colour dat car?
Continuing, to quote from Shirley Brice Heath:
My response was, “What do you mean, what colour is that truck? You know what colour
that truck is. What’s the matter with you?” Lem broke into laughter ... realizing his game
had been discovered. During the first few weeks of school, he had internalized the kinds
of questions which occurred in teacher-talk centered tasks, and he was playing ‘teacher’
with me.
What struck us was that when the students in our workshop tried to behave like they thought
we wanted them to behave, they started talking about colours, just like Lem was talking about
colours. Colours is apparently a proper topic for ‘school-school’.
So, the joke was on us. Our students thought we didn’t want them to do science investigations.
But this did not stop them. What they did was science as a subversive activity.
When we kept quiet, the students started having authentic discussions and asking authentic
questions to each other. But what is interesting is that they did not ask the questions we wanted
them to ask. At first they even thought another tree was more interesting than ‘our’ tree. This
is problematic from the point of view of a teacher with a pre-defined syllabus and a particular
‘body of knowledge’ to impart. But then, we wanted the students to learn science by doing
science, and this is what they began to do spontaneously, without any instructions from us. We
now think that it did not really matter that they came up with questions and topics which were
different from ours.
There is one more example from the workshop that I would like to mention. We call it the
thorny question. These two girls, Srushti and Vaishnavi, were another pair of friends. They
were whispering to each other, so I came up and asked, “What is it?” Srushti didn’t want to tell
me. She just said, “Colours.” I doubted that they were talking about colors, and later on we
heard on the tapes that they were actually talking about thorns. And at the same time that Srushti
was giving her answer, Vaishnavi said, “We are talking about thorns.” Then all the girls had a
conversation about whether the tree had thorns, which turned out to be very interesting because
it’s not clear whether it really had thorns, as some girls found out when they touched the
branches - most of the things that looked like thorns were rather flexible and not too sharp.
Later on in the monsoon we found out that some branches actually had some aerial roots coming
out which afterwards dried up and turned into thorns. We found reports of similar ‘root thorns’
on other plants, but not on bhendi. So, we think our students were actually beginning to make
discoveries and do what we think is authentic science research.
At one point, Mansi heard the other girls talking about thorns, and it is very interesting to see
how her expression changes as she realises what they are saying. Our interpretation is that she
suddenly realizes that the others think there are thorns, and she has a conflict, a conflict leading
to a critique, and then, “Thorns?”, she says out loud, with an expression of disgust and disbelief.
But then she begins to check. She observes the tree which is right in front of her from one side
to the other. She is looking for thorns, and finally she says, “There are! There are! There are
thorns!”. Thus, she has done her ten second science investigation and announces her answer
without even touching the tree. Her other friend behind her, Mohini, had a different reaction to
this thorny situation - she started singing the filmsong, “काटे नहीं कटते ये िदन ये रात, कहनी थी तुमसे
जो िदल की बात...”

So to sum up the answers to our research questions, in this 48 minute session the students had
authentic discussions without any teachers, and they asked each other about 160 questions,
almost half of which were investigatable, meaning the students could do something to find
answers. Not only that, they also did some science investigations, even though they didn’t think
it was science, and even though they thought it was not allowed.
What does our research suggest for teaching/learning practice? It leads us to suggest that
occasionally teachers can stop talking and stop asking questions and let students carry on
discussions amongst themselves, perhaps in spontaneously-formed small groups. Perhaps
teachers can let students whisper in the back of the room, because that’s when they might have
genuine discussions and ask each other authentic questions. Perhaps teachers can let students
go outside where they can wander around and interact with each other, and interact with real
stuff. Also, maybe teachers should limit IRE. We have found that our research has changed our
own teaching. We used to frequently engage in IRE, but now, we think twice about it, and we
sometimes just keep quiet for some time and let students ask questions. Instead of just asking
questions, we are now less afraid to state our own beliefs. We are more apt to sometimes try
more open-beginninged approaches where we let students investigate their own questions rather
than our questions, without worrying whether they are not concentrating on the particular topics
which we have in mind, as long as they are using a rigorous scientific method.
We think that both our research questions and our answers depended on our ideology. If we had
a more idealist ideology, we probably would not have attempted to do things which departed
so radically from the usual teaching/learning practices. We would have continued to promote
the teaching of more idealist bookish knowledge rather than hand-work with physical stuff. We
would not have asked questions which are based on a search for such deeply rooted
interdependencies. We may not even have chosen to work with children from such oppressed
sections. At the first sign of confusion we might have given up and gone back to study questions
with more obvious and ordinary answers. We would not have asked questions which reject the
belief that science is a body of knowledge and that teaching means remembering and
understanding the body of knowledge.
Now we are pondering some very basic questions, such as: should science be learned as a
subversive activity? And now maybe I would write a different article for teachers. Instead of
suggesting that teachers ask questions, or ask students to ask questions, we might suggest that
teachers sometimes just let students talk to each other.
We gratefully acknowledge the contributions made by Kranti Patil, Rafikh Shaikh, Kalpana
Sangale, Ankita Sawant, and KK Mishra, without whom this research would not have been
possible.
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