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This paper is the outcome of an experimental study wherein the researcher conducted a
study on the students of VII standard and taught them the concept of Tangents. Students
participated fearlessly in the teaching learning process. The results indicated that the
constructivist approach worked well with students and they participated actively in the whole
process constructing meaning for themselves and taking the ownership of learning.

1. Introduction

Lev Vygotsky is credited with the idea of Constructivism™,
the pedagogy which believes in learning through knowledge
construction, and not simply transfer of transmission by the
teacher to the learner.

Constructivism with all its promises has been in hot waters
over its utility in all subjects[Z] especially a subject like
Mathematics™ where the content is purely abstract in nature.
This was a concern of the second and the third author which
encouraged them to discuss the utility of constructivism in
mathematics with their colleagues, a group exclusively of
teachers from all school subjects. Most of the teachers agreed
that constructivism is indeed as useful as promised in
teaching-learning, but very difficult to implement in everyday
classroom.

Literature review in India and abroad showed that
constructivism is a highly successful pedagogical approach to
teach sciences and even languages but very little evidences
was found to show that it was equally successful for teaching
mathematics especially implementing in classrooms.

It seems as though a belief in a constructivist approach to
knowledge or learning is contrary to the fields of mathematics,
where knowledge is viewed as true facts, principles, theorems,
and laws. In literature, however, it makes sense that the reader
constructs her own meaning of the works of William
Shakespeare or Maya Angelou because she is interpreting the
writings and intentions of the authors. But there is only one
interpretation of two plus two equals four. There is a danger in
trying to apply the logic of individual interpretation with
mathematics because constructivism is not questioning the
interpretation of simple arithmetic or the notion of gravity;
rather it is saying that each person comes to arrive at their
own conclusions and conceptions.

After going through many resources and reviews on
constructivism in mathematics the second and the third author

were not satisfied as they could not find classroom situations
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designed constructivistically. There was a lack of evidence with
regards to practical implementation of constructivism in
classrooms. With this problem in mind the second and third
author approached the first author and explained to him their
concern.
The following conversation ensued:

2A & 3A: Do you think constructivism is an over rated

approach.

1A: Not at all

2A& 3A: But it was originally used for teaching sciences

particularly biological sciences because the content in

that case is concrete. How to convince teachers?

1A: | agree to what you say but Mathematics is meant to

be taught using constructivism. In fact it is the best tool

to teach Mathematics.

We would like to see a demonstration of it.

1 A: | accept. Arrange a class on any day and | will

demonstrate it to you both.

2 A: Which class and which topic (Indian school system

is of the pattern 10+2+3 in accordance with Kothari

commission; an Indian policy document)

1 A: any class and any topic

2A: But sir will you not make a lesson plan?

1A: One must never make a lesson plan when one

teaches using constructivist pedagogy.

But Sir, at least tell us what topic would you teach?

1A: | can't reveal that to you at this moment

3A: But Sir, we have to arrange the class according to

the topic.

1A: It’s ok; arrange whichever class you want | will teach

them the topic | have thought of.

2A & 3A: ok sir we will definitely make necessary

arrangements.

St Raphael is a reputed school in the sub-urban area of
Bhopal. The children come from various socio-economic
backgrounds, and are housed under one roof, in the care of
scholarly teachers. For the purpose, we were lent one class of
Std VII. The students very informed that a new teacher would
come to talk to them about mathematics.
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One the said day, the learners were asked to assemble in
the classroom at a fixed time. The researcher, after the initial
introductions asked the children to close their notebooks. Most
of the children seemed surprised by this, as a common
perception of children regarding mathematics is that one needs
to note everything, in order to learn it. This was, as they later
told the researcher, never told to them during a mathematics
class. In fact, they were told to write, and re-write to learn
mathematics. The first author also asked the students to
answer individually by raising their hand, and not altogether.

Then, the researcher asked at random of the children to
draw a circle on the chalkboard. She made an irregular one,
though to the best of her abilities. The researcher then noted
that some of the children were unsatisfied with the circle on the
board. The researcher then playfully challenged the others to
draw a better circle. One of the children volunteered, while the
others watched with curiosity. Then, when the second child
summed up his drawing, the children were asked to draw
another one. A third child raised her hand in answer to it, and
made a circle on the chalkboard. The researcher then asked
the children, “which one out of these is the best circle?” the
children answered unanimously, “the Third One!”

(This exercise was performed to make the students
comfortable)

Now the researcher sketched three straight lines on the
board and asked the students to identify the difference
between the lines drawn.

Supriya: all three are of different lengths.
Researcher: (rubs on the chalkboard to make the lines equal in
length) Now, what is the difference between them.

Aditya: (pointing to the outermost line) this is far
from the circle.

Priya: (pointing to the innermost) this line is cutting
the circle.

They students seemed doubtful about the line in the
centre. They simply said that it was in the middle of the two.
Then to help them visualize better, the researcher stood out
side the boundary of the classroom, and asked the students,
“Where am [?”

All the Children : outside the class.

Researcher : (walking into the class) Now where am 1?
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Children enthusiastically answered, “Inside the Class.”

The researcher then stood on the exactly on doorway of
the classroom and asked the students, now tell me where am
1?

Mohit: Sir, you are neither inside nor outside.

Researcher: where is that exactly?

Mohit: in-beween.

Meena: you are just touching the class, but you are neither
inside nor outside.

Researcher: ok. Now look at the circle again. What is the
middle line doing to the circle?

Meena: it is touching the circle.

Researcher: give it a name.

Prabhu: Lets call it ‘Touch Line’.

Researcher : does everybody agree to this name?

All the children: Yes sir! (at that juncture the term “tangent”
wasn’t important, one must avoid jargons as much as possible)

(Thus the concept of tangents was established)

Next, the researcher asked the learners, “Now tell me,
how many touch line can be drawn to a circle, come and draw
them one the board.”

Pritee came to the Black board and drew three touch lines.
Some of the children started objecting and pointing on to the
board.

Researcher : what is the matter?

Madhu : there can be more touch line, not just three?

“Then draw them on the board.”

Umm...I can’t.

Why?

There are so many!

How Many?

Many (Gesturing though hand)!

Still, how many?

As many as you want.

Ok! Do all of you think that there are as many touch line as
we want?(many teachers, give the word infinity which should
be avoided)

Al YES!

All right. Then it is established. Now tell me, how many
touch line can be drawn when there are two circles, like this
(draws on the board).

The students volunteered one by one till four touch line
were drawn as shown below.
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R :of course. Do it.
Researcher : Can any more touch-lines be
drawn?
Most of the students are quiet at this moment, when Aditya
raises his hand.
Researcher : yes Aditya, can you draw anymore
touch lines in this figure? Researcher :Can any more common Touch-lines be
Aditya : one more can be drawn. drawn for these two circles?
(coming to the board) All ‘no sir!
Researcher :so what can you conclude?

Pritee: Two circles can have either four or three
common touch lines.
Researcher :That’s right! Now, think; how many common
touch lines are possible between these two circles?
Other children in the class start giggling and some even
laugh.
Researcher ‘what is wrong?

Manish Sir, Aditya is wrong. That is not a touch line. Manish :Sir, there can be two touch line drawn here.
Researcher why? _ . . Researcher :Alright. Show us on the board.
Manisha : Because that isn’t even a line. So it can’t be Manish (Draws on the board)

a Touch line.

Researcher : do you agree, Aditya?

Aditya : That’s right sir, | did not think it that way.

R :0k. So how many touch lines can be drawn
in this case?

All four.

R :all right. Now tell me, how may touch lines

can be drawn in this case? Researcher: Very good Manish. Now, are there any other
common touch-lines possible among these circles?
All :(after some deliberation) no sir!
Researcher :Are you sure?
All :Yes sirl
Researher :Can you bet on it?
All :(after discussing among them) Yes sir, we
can bet that there are no more common touch lines possible in
this case.
Researcher :It is settled then. There are only two touch
Praveen : sir can | try? lines possible in this case. So what can you conclude about
R :Sure. Here’s the chalk. common touch lines now?
(Preveen drew the following) Ravi :There can be two, three or four common

touch lines in two circles.

Researcher slets see another case then. (Draws on the
;é ; board)

R :that’s great. Can any more be drawn?
Riya :yes sir. | can draw one more.
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How many common touch lines are possible now?
Ravi :sir, | think there is only one touch line which is
common to both the circles here. Let me draw it.
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Researcher ‘That was very quick! You are absolutely

right for this touch-line. But are you sure no other touch lines
are possible?

Lovely :However much | think, | can’t see any other
line common to both, and touch in just one point. | agree with
Ravi in saying that there is only one common touch line in this
case.

Researcher :so what can you conclude?

Lovely :Two circles can have one, two, three or four
common touch lines.

Researcher :correct. But, | have another case in front of

you, which you will find very interesting. (Draws on the BB)

By this time the children were jubilant and very pleased
with themselves. The researcher reminded them that they must
not answer in gropus, but singly. The children were more than
eager to blurt out the response, as they figured it very quickly.

Reena : sir, there are no common touch lines to
these two circles.
Researcher ‘Then what change can we make to our

earlier conclusion?

Reena :Two circles can have either zero, one, two,
three, or four common touch lines among them.

Researcher ‘that was very well said. By the way, can you
think of a situation when two circles may have more than four
common touch lines?

Kevin: Do you mean five?

Researcher: | didn’t say so. It can be anything.

Ravi :(sceptically) that's not possible!

R :Are you sure?

Ravi :I am positive.

Researcher :But | can bet with you that there is such a

possibility where two circles can have more than four common
touch lines.

Ravi :Let me think about it.

R :Can any of you think of a situation like that?

Teachers were perplexed so were the second and third
authors.
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There was a heavy silence in the classroom. All the
students, from the first row to the last, were intrigued. Some
were busy trying out circles on paper, some were discussing in
low voices, and some were staring into the space, no doubt
visualising circles which had common touch lines, for their little
inquisitive fingers moved about in air as they did so. Circles
were made and rubbed off. Some even took out their water
bottle covers to make accurate circles, hoping for some
sudden insight. Suddenly, in that quiet, brooding classroom, a
jingle of bangles drew everyone’s attention. A little girl on the
last bench had raised a bangle-d hand, signalling that she
knew the answer. The whole class laughed at her. The children
seemed surprised, for the researcher later came to know that
she was the quiet one of the class. She was called in front of
the classroom. When given a chalk to draw on the board, she
refused, saying that she can show it. Then, she took out her
bangles, one from each hand, and superimposed one on top of
the other. And then she said, “Now you may draw as many
touch lines as you want.”

The whole class broke into applause and the shy little girl,
Chandra, bowed and ran back to the refuge of her seat. And
then she was asked to state what she did.

Chandra said, “For two circles with the same radius which
are placed one over the other, there can be as many common
touch lines as you want.”

Now the class was jubilant and felling happy as they knew
now, the joy of learning. The researcher informed them that the
topic they learnt was formally called ‘Tangents’, and wouldn’t
come in their syllabus until X Grade. That left the children very
surprised, and obviously pleased with themselves. The class
was reaching its conclusion, and the researcher announced
that it would be all for that day. The students immediately
started pleading , asking him to continue some more. The
researcher then gave them as riddle

Using four 4s and the operations of addition, subtraction,
multiplication, and addition make up as many natural numbers
as you can.

The students immediately put their heads together for this
challenge, while the researcher watched over and strolled
through the class, occasionally stopping to see their efforts.
The students where actively writing down the numbers and
every time one of the children would come up with a solution,
they’d go write it on the chalk board. Soon, the students
realised that there is more than one way of getting a number,
and it instilled the confidence of trying out new methods to get
a particular number. Some even tried other combinations, like
using five 5s, etc. If some of the students were not able to get
a number, the researcher would advise them to move on to the
next number, which lessened the peer pressure on them, as
they would find out the next solution, and got a sense of
achievement, and confidence to come back to the previous
problem. It was observed that this method of teaching created
a very dynamic and pleasant environment, which was rich in
creativity, and devoid of unhealthy competition. As the time
assigned to the researcher was almost up, he bade goodbye to
the students, and this time, though they were hoping he would
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come back, they were very eager to solve the problem on their
own.

After the session ended, the students were rounded up for
feedback. A set of previously framed questions was asked to

them, and they were requested to pen it down. The results
have been tabulated and some of the randomly chosen
responses have been attached below.
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| have learned today the different methods to solve Maths
today, how many lines are there when two circles are there.
And i also had fun in the class. Sir explained the chapter of X
standard and he explained in a very friendly way. He also
share his knowledge with us. And | would like to say to my
parents what | learnt in class today and my parents will be
proud of this. In this way nobody has taught us. But in this
class Sir explained.

No, | will not be able to manage the class without the
teacher.

The student has highlighted fun way of learning and
friendly approach in learning. Both the above said approaches
are important parameters of constructivist approach. Student
here is tuned to Indian education system, so he is not able to
imagine a class without teacher’s presence.
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| have learnt about circles, tanginess X class methods and
now | can do every question of circles etc. | have also learned
the methods of add, subtract, multiply and divide. | also
learned many interesting things.

Yes | can manage if | know these methods and | can
explain it to the class also

Student is confident that he will be able to manage the
class without the teacher. The learning in the process was so
concrete that the student feels that he will be able to take the
class without the teacher around.
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The student here changes his views regarding the
teacher. From the earlier opinion of a teacher being an
instructor to a teacher being a facilitator. The presence of a
teacher is required because she can scaffold the learning and
the students will not deviate too far from the goal

We have learnt many things in this maths seminar that
how many straight lines can be made on two circles which
touch both the circles without intersecting each other

No we cannot manage even if we know the answer also
because we always need one teacher to help us if we make
some mistakes.
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We learnt some concepts of tangents of circles and solved
many new and interesting questions given by sir. He made us
to do class X Maths as we didn’t know from which class he
gave.
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Yes | can as he taught in such a way that they would
never be forgotten by us.

The student talks of interesting participatory kind of
learning which will pave way for better retention
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