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	1. Nature, scope and  development of Mathematics.
Introduction :-
Mathematics plays an important role in
accelerating the social, economical and
technological growth of a nation. It is more so in
India, as nation is rapidly moving towards
globalization in all aspects.
The world of today which leans more and more
heavily on science and technology demands more
and more mathematical knowledge on the part of its
people. So, it is necessary to prepare the child with a
strong base of mathematical knowledge to face the
challenges of the modern technological society.
Etymology:-
The term “Mathematics” is derived from two
Greek words:
 


	2. ‘Manthanein’ means ‘learning’
‘Techne’  means ‘an art (or) technique’
Mathematics means the art of learning related to
disciplines (or) facilities.
What is Mathematics?
 The dictionary meaning of Mathematics is that,
“It is the science of number (or) space”
(OR)
“The science of measurement, quantity and
magnitude”
 According to “New English Dictionary”
“Mathematics – in a strict sense – is the abstract
science which investigates deductively the
conclusions implicit in the elementary conception of
spatial and numerical relations”
 In Hindi, we call Mathematics as “Ganitha”-
which means the science of calculations.
 


	3. Hence, we can  conclude that,
Mathematics is a systematized, organized and
exact branch of science.
Also, Mathematics is the science of quantity,
measurement and spatial relations.
Mathematics – in words of different authors :-
-Kant:
“Mathematics is the indispensable instrument of
all physical resources.”
-C.F.Gauss:
“Mathematics is the queen of science and
Arithmetic is the queen of all Mathematics.”
-Bacon:
“Mathematics is the gateway and key to all
science.”
 


	4. -Benjamin Franklin:
“What science  can there be nobler, more
excellent, more useful for men, more admirable,
high and demonstrative than that of Mathematics?”
-Locke:
“Mathematics is a way to settle in the mind a
habit of reasoning.”
-J.B.Shaw:
“Mathematic is engaged, in fact, in the profound
study of art and the expression of beauty.”
Though there are innumerable definitions of
Mathematics, none of them is comprehensive
enough to bring out the meaning of Mathematics
full. However, each definition throws insight in to
one (or) more aspects of Mathematics.
 


	5. Meaning & definitions  of Mathematics :-
Mathematics is a systematized, organized and
exact branch of science.
Mathematic deals with quantitative facts,
relationships as well as with problems involving
space and form.
It is a logical study of shape, arrangement and
quantity.
Mathematics is not to be considered only as
‘number work’ (or) ‘computation’, but it is more
about forming generalizations, seeing
relationships and developing logical thinking &
reasoning.
Mathematics should be shown as a way of
thinking, an art (or) form of beauty and as
human achievement.
The National Policy on Education (1986)
states,
‘Mathematics should be visualized as the
vehicle to train a child to think, reason, analyses
and to articulate logically.”
 


	6. Mathematics helps in  solving problems of life
that needs numeration and calculation.
It provides opportunity for the intellectual
gymnastic of the man’s inherent powers.
It is an exact science and involves high cognitive
abilities and powers.
Nature of Mathematics:-
The nature of Mathematics can be made
explicit by analyzing the chief characteristics of
Mathematics.
(i) Mathematics is a science of Discovery:
E.E.Biggs states that,
“Mathematics is the discovery of relationships
and the expression of those relationships in symbolic
form – in words, in numbers, in letters, by diagrams
(or) by graphs.”
 


	7. According to A.N.Whitehead,
“Every  child should experience the joy of
discovery.”
Mathematics gives an easy and early opportunity to
make independent discoveries. The children must
have opportunities for making their own discoveries
of mathematical ideas, but they must also have the
practice necessary to achieve accuracy in their
calculations. Today it is discovery techniques, which
are making spectacular progress. They are being
applied in two fields: in pure number relationships
and in everyday problems like money, weights and
measures.
(ii)Mathematics is an intellectual game:
Mathematics can be treated as an intellectual
game with its own rules and abstract concepts. From
this view points, Mathematics is mainly a matter of
 


	8. puzzles, paradoxes and  problem solving – a sort of
healthy mental exercise.
(iii)Mathematics deals with the art of drawing
conclusions:
One of the important functions of the school is
to familaries children with a mode of thought which
helps them in drawing right conclusions and
inferences.
According to Benjamin Pierce,
“Mathematic is the science that draws necessary
conclusions.”
In Mathematics, the conclusions are certain and
definite. Hence, the learner can check whether (or)
not he has drawn the correct conclusions, permit the
learner to begin with simple and very easy
conclusions, gradually move over to more difficult
and complex ones.
 


	9. (iv)Mathematics is a  tool subject:
Mathematics has its integrity, its beauty, its
structure and many other features that relate to
Mathematics as an end in it. However, many
conceive Mathematics as a very useful means to
other ends, a powerful and incisive tool of wide
applicability.
In the article “Mathematics & the Teaching
Sciences”, John. J. Bowem pointed out that,
“Not all students are captivated by the internal
consistency of Mathematics and for everyone who
makes it a career; there will be dozens to whom it is
only an elegant tool.”
As Howard. J. Fehr says,
“If Mathematics had not been useful, it would long
ago have disappeared from our school curriculum as
required study.”
 


	10. (v)Mathematics involves an  intuitive method:
The first step in the learning of any
mathematical subject is the development of intuition.
This must come before rules are stated (or) formal
operations are introduced. The teacher has to foster
intuition in our young children, by following the
right strategies of teaching.
Intuition when applied to Mathematics involves
the concretization of an idea not get stated in the
form of some sort of operations (or) examples.
Intuition is to anticipate what will happen next and
what to do about it. It implies the act of grasping the
meaning (or) significance (or) structure of a problem
without explicit reliance on the analytic mode of
thought. It is a form of mathematical activity which
depends on the confidence in the applicability of the
process rather than upon the importance of right
answers all the time. It is up to the teacher to allow
the child to use his natural and intuition way of
thinking, by encouraging him to do so and honoring
him when he does.
 


	11. (vi)Mathematics is the  science of precision &
accuracy:
Mathematics is known as an exact science
because of its precision. It is perhaps the only
subject which can claim certainty of results. In
Mathematics, the results are either right (or) wrong,
accepted (or) rejected. There is no midway possible
between rights and wrong. Mathematic can decide
whether (or) not its conclusions are right. Even when
there is a new emphasis on approximation,
mathematical results can have any degree of
accuracy required. It is the teacher’s job to help the
students in taking decisions regarding the degree of
accuracy which are most appropriate for a
measurement (or) calculation.
(vii)Mathematic is the subject of logical sequence:
The study of Mathematics begins with few well
– known uncomplicated definitions and postulates
and proceeds step by step to quite elaborate steps.
Mathematics learning always proceeds from simple
 


	12. to complex and  from concrete to abstract. It is a
subject in which the dependence on earlier
knowledge is particularly great. Algebra depends on
Arithmetic, the Calculus depends on Algebra,
Dynamic depends on the Calculus, Analytical
Geometry depends on Algebra and Elementary
Geometry and so on. Thus gradation and sequence
can be observed among topics in any selected branch
of Mathematics.
(viii)Mathematics requires the application of
rules and concept to new situations:
The study of Mathematics requires the learners
to apply the skill acquired to new situations. The
students can always verify the validity of
mathematical rules and relationships by applying
them to novel situations. Concept and principle
become more functional and meaningful only when
they are related to actual practical applications. Such
a practice will make the learning of Mathematics
more meaningful and significant.
 


	13. (ix)Mathematics deals with  generalization and
classification:
Mathematics provides ample exercise in
combining various results under one head, in making
schematic arrangements and classifications. When
the pupil evolves his own definitions, concept and
theorems, he is making generalizations. The
generalizations and classification of Mathematics are
very simple and obvious in comparison with those of
other domains of thought and activity. However, the
Mathematics teacher should take care to see that the
final generalization into a rule should always be
deferred until it is almost spontaneously suggested
by the pupils themselves.
(x) Mathematics is an abstract Science:
Mathematical concepts are abstract in the sense
that they cannot be seen (or) felt in the physical
world.
 


	14. For Example:
(1) Euclid’s  lines are supposed to have
no width, and its points have no size. No such
objects can be found in the physical world.
(2) Infinity is something that we can
never experience and yet it is the central concept of
Mathematics.
(3) Negative numbers do not correspond
to any Physical objects because we can’t have
quantity less than nothing.
Hence, mathematical concepts cannot be learned
through experiences with concrete objects. Some
concepts can be learned only through their
definitions and they may not have concrete counter
parts to be abstracted from. Most of the
mathematical concepts are such concepts without
concretization and hence they are abstract. The
concept of prime numbers, the concept of
probability, the concept of a function, the concept of
limits, concept of continuous functions, to list few
are all abstract in the sense that they can be learned
 


	15. only through their  definitions and it is not possible
to provide concrete objects to correspond to such
concepts. Even when concretization is possible they
are only representation of the concepts and not
physical object themselves.
(xi)Mathematics is study of structures:
The dictionary meaning of ‘structure’ is,
‘the formation, arrangement and articulation of parts
in anything built up by nature or art’. Therefore, a
mathematical structure should be some sort of
arrangement, formation (or) result of putting
together of parts.
For example, we take as the fundamental
building units of a structure the members
a ,b ,c,…….. of a non empty set S, we hold together
these building units by using one or more operations,
namely addition or multiplication.
A mathematical structure is a mathematical
system with one or more explicitly recognized
 


	16. (mathematical) properties. We  may create a structure
from mathematical systems by making specific
recognition of one or more of the commutative,
associative or distribution properties that the system
may have.
With one or more basic structure at hand, one
may construct other structures. Since plane analytic
geometry is the study of subset or the Cartesian set
Re X Re, where Re is the set of real numbers, plane
analytic geometry may be considered as a
superstructure based up on the structure know as real
number system.
Thus mathematics has got definite logical
structure. These structures ensure the beauty and
order of mathematics. Number systems, group, field,
ring vector, space … etc are all examples of
mathematical structures.
 


	17. (xii)Mathematics is a  science of logical reasoning:
It goes without saying that logic is an important
factor in mathematics. It governs the pattern of
deductive proof through which mathematics is
developed. Of course, logic was used in mathematics
centuries ago.
According to Russel and Whitehead,
“Mathematics is logic during the last few
decades there has been great emphasis on the
analysis of the logical structure of mathematics as a
whole.”
Polya suggested that,
“Mathematics actually has two faces. One face
is a systematic deductive science. The second face of
mathematics is in the making it appears as an
experimental, inductive science”.
 


	18. The first face  has resulted in presenting
mathematic as an axiomatic body of definitions,
undefined terms, axioms and theorems.
Mario Pieri stated,
“Mathematics is a hypothetico – deductive
system.”
This statement means that mathematics is a
system of logic processes where lay conclusions are
deduced from certain fundamental assumptions and
definitions that have been hypothesized.
This has been reinforced ray Benjamin Pierce
when he defined Mathematics as,
“The science which draws necessary
conclusions.”
The student draws the inferences from the
premises, provided the promises are true. In
mathematics, granted the premises, conclusion
follows inevitalely.
 


	19. For example,
“When two  lines intersect, vertically opposite
angles are equal” (the premise).
∟A and ∟B are vertically opposite angles.
Hence ∟A and ∟B are equal (the inference).
This conclusion is deducted from the premise
‘vertically opposite angles are equal’.
Thus the process of deduction involves two steps:
1.Replacing the real premises by hypothetical
ones.
2. Making a mathematical inference from the
hypothetical working premises.
Therefore to think mathematically is to free oneself
by abstraction from any peculiarity of subject matter
and to make inferences and deductions justified by
fundamental premises. It involves logical reasoning.
By reasoning, we prove that if something is true then
something else must be true.
 


	20. However, the validity  of the conclusions rests
upon the validity and consistency of the assumptions
and definitions upon which the conclusions are
based. The teacher should make the students realize
this point of view.
As per Polya’s second face, there has been a
growing emphasis on the experimental side of
mathematics.
The generalizations follow as outcomes of the
observations of mathematical phenomena and
relationships. It is based on the principle that if a
relationship holds good for some particular cases, it
holds good for any similar case and hence the
relationship can be generalized. Such a process is
called “inductive reasoning”.
For example, the student generalizes that the
sum of the angles in a triangle is 1800
after having
observation this property in a number of triangles.
Thus a generalization, a rule (or) a formula is
arrived at, through the careful observation of
particular facts, instances and examples. Many of the
 


	21. mathematical definitions and  rules can be
generalized through induction. The teacher of
Mathematics has to provide an adequate number of
examples requiring the student to observe so that the
relationships are explicit leading to the
generalization.
Mathematical language and symbolism:-
Mathematics has its own language, its own tools
and mode of operations.
The language for the communication of
mathematical ideas is largely in terms of symbols
and words which everybody cannot understand.
There is no proper terminology for talking about
Mathematics.
For example, the distinction between a number
and a numeral could head the list. A number is a
property of a set that property tells how many
 


	22. elements there are  in the set. But a numeral is a
name (or) symbol used to represent a number.
Essentially, to distinguish between a number and
a numeral is to distinguish between a thing and the
name of a thing.
If the things considered are physical entities,
there seem to be little difficulty in making
distinctions. But if things are abstract entities, such
as those we deal with in Mathematics, it becomes
considerably more difficult to take the distinction
between the name of the thing and its referent, the
thing itself.
Since numbers are abstractions and cannot be
perceived by any one of the five senses, they are
often confused with their names. A teacher ought to
be very careful to use correct terms, since this helps
children to learn and think better.
It is important that a student understands the
distinction between a number and numeral so that he
may realize the difference between actually
operating with numbers and merely manipulating
 


	23. symbols representing those  numbers. This is only
one item in regard to precision of language. There
are many others, such as distinguishing between the
line and picture of a line, a point and the dot used to
represent the point etc.
Without language, we cannot talk about
anything. Mathematical talk consists of making use
of Mathematics symbolism. In Mathematics, we
express lengthy statements in a very brief form by
using various symbols. Thus, Mathematics has a
peculiar language in which symbols occupy the most
important position.
According to Lindsay,
“Mathematics is the language of physical
sciences and certainly no more marvelous language
was ever created by the mind of man.”
Understanding Mathematics is realizing what
symbolism that has been abstracted. It is not
enough for children to understand Mathematics ;it
is necessary for them to speak Mathematics ; in
their words to handle symbols . This corresponds to
 


	24. speaking a language  as opposed to understanding a
language. The process of speaking of the
mathematical language runs as follows:
An abstraction process, followed by a
symbolization process, followed again by the
learning of the use of symbols.
There are great dangers in a purely symbolic
treatment. By purely symbolic, it is meant that no
reference is being made to the entities symbolized
while the symbols are being used. The danger is that
the symbols have not acquired the same firm
meaning as other word symbols currently used in the
language used by the children.
For example,
‘.’ is used to denote decimal points, also the
multiplication.
The amount of experience which lies behind the
vocabulary used by children in their own language is
enormous. It is not possible to hope to put the same
amount of experience behind mathematical symbols.
 


	25. Symbolic (or) even  verbal statements of a concept
are meaningless unless the symbolism is related to
something real and concrete.
Thus, if children are presented with symbols
before they have abstracted the concept that the
symbols represent- the only way they can deal with
them associatively. They treat them as nonsense and
learn by rote.
In arithmetic and algebra, students deal not with
facts but with symbols. The child who it poor in
Mathematics is unable to see what concept the
symbol stand for, what the concepts themselves are
abstracted from, and hence what the symbols
communicate.
The symbols of Mathematics constitute a
language which is gradually developed by and for
the pupil. This language must be acquired just like
any other language and there is need for translating
this language in to one’s own language. Long
periods of tracing with patience and endurance are
needed to make the students feel at home with this
 


	26. language. The training  that mathematics provided in
the use of symbols is an excellent preparation for
other sciences.
The use of symbols makes the mathematics
language more elegant and precise than any other
language.
For example, the commutative law of addition
and multiplication in real number system can be
stated in the verbal form as :
‘the addition and multiplication of two real
number is independent of the order in which they are
combined.’
It can be stated in concise form as :
‘a + b = b + a and
a * b = b * a, ¥ a , b € R.’
Also mathematical symbols can put the lengthy
statements, accurately and in exact form, in a very
brief description.
 


	27. For example, if  we wish to say that the sum of
the squares of two sides of a right angled triangle is
equals to the square of hypotenuse, then we can
write it in mathematical language as,
c2
= a2
+ b2
.
The symbols are used to make the mathematical
results exact and readily useful. The skill in using
mathematical symbol comes handy in solving many
a complicated problems. It is a must for learning of
higher Mathematics. These days it is also essential
for study of various branches of sciences because
most of the results of scientific inventions and
discoveries are stated through mathematical
language, making use of symbols.
Some of the important and familiar symbols
used in Mathematics are given below :
l l - Parallel lines
> - greater than
< - less than
≡ - congruency
 


	28. √ - Square  root
∟ - Angle
∑ - Summation
+ - addition
- - subtraction
x - Multiplication
/ - Division
% - percentage and so on.
It is highly impossible to prepare a
comprehensive list of at the mathematical
symbols. Anyone, who wants to read and
communicate effectively in mathematical
language, has to be well versed in the
mathematical symbols and their definite uses.
The misunderstanding of symbols, lead
students to lose interest in the subject which
appears to them, dull and boring. So, teachers
should train the pupil in the correct use of
mathematical language and symbols. They
should learn to appreciate the beauty, precision
 


	29. and exactness of  mathematical language and
symbols and should understand that,
“Wherever there is a structure, relationship,
regularity, systematic variation, there is
Mathematics”.
Role intuition inductive and inductive
reasoning:-
In the beginning, our knowledge of
Mathematics is based on our observations of
physical and social environments.
i.e.) it arises out of practical applications.
We form certain “intuitive ideas (or)
“notions” known as “axioms” and
“postulates”. These are self – evident truths.
Starting from axioms and postulates, we
proceed to built up the structure of Mathematics
by a process of deductive reasoning. So, we can
say that,
 


	30. “Mathematics in the  making is not a
deductive science; it is an inductive,
experimental science and guessing is the
experimental tool of Mathematics.
Mathematicians form their theories from
bunches analogies and simple examples. They
work out their rigorous proofs only after they are
pretty confident that what they are trying to
prove is correct and in writing these, they use
only the bulldozer of logical deduction.”
Mathematics is also called ‘the science of
reasoning.’
According to Locke,
“Mathematics is the way to settle in mind a
habit of reasoning.”
There are only a few premises on which we
base our reasoning. Reasoning in Mathematics is
of two types :
 


	31. (i) Inductive reasoning
(ii)  Deductive reasoning
(i)Inductive reasoning:
When statements containing mathematical
truths are based on general observations and
experiences, the reasoning is called “inductive
reasoning.”
In this type of reasoning, we argue that a
particular property is true in a number of cases,
so it will be true in all similar cases.
(ii)Deductive reasoning:
This type of reasoning is based on certain
postulates (or) axioms and in this the statements
are products of mind. We try to compare and
contrast various statements and then draw our
conclusions from such a comparison. Essentials
of a deductive reasoning are as follows:
(a) Undefined terms
(b) Definitions
(c) Postulates and axioms.
 


	32. (a) Undefined terms:-
As  in the other branches of science, so also
in Mathematics, we come across many terms
which cannot be precisely defined. In modern
Mathematics, we accept certain undefined terms.
For example,
 point, surface,… etc in case of Geometry
 Set, number, variable,… etc un Algebra.
(b) Definitions:-
We define many a technical terms in
Mathematics only with the help of undefined
terms.
For example,
If A, B, C are three non – collinear points,
then triangle ABC is the union of the line
segments AB, BC, CA.
Thus to define a triangle, we here used the
terms collinear, point, union and line segment.
 


	33. ( c) Postulates  & Axioms:-
Early Greeks considered ‘postulates’ as
‘general truths common to all studies’ and
‘axioms’ as ‘the truth relating to the special
study at hand’.
However, later on modifications were made
and ‘postulates’ are considered as
‘permissible constructions’ and ‘axioms’ refer
to ‘all other initial assumptions’.
In modern Mathematics, the two words
‘postulates’ and ‘axioms’ are used
synonymously.
 


	34. Significance of postulates  and axioms in teaching
of Mathematics:-
Postulates:-
We know ‘postulates’ are the self – evident
truths which are taken for granted without any
necessity of proof (or) explanation. These are
the first principles from which we deduce
mathematical conclusions (or) inferences
through a process of reasoning.
To prove a theorem, we base our arguments
on the previously proved statements. If we go
back in this chain, we arrive at the earliest
statements, prior to which no proved statements
are available. For proving these initial
statements, we have to depend upon our
postulates, the self – evident truths. Postulates
are suppositions, without proof.
 


	35. Some of the  postulates are as follows:
(i) A straight line can be drawn from any
point to any other point.
(ii) A finite straight line can be produced to
any length in the line.
(iii) A straight line has one and only one
middle point.
(iv) Two straight lines cannot interest in more
than one point.
(v) Any angle can by bisected by one and
only one line.
(vi) We can draw a circle with given centre
and passing through a point.
(vii) All right angles are equal.
(viii) Any geometric figure can be moved
without changing its shape and size.
(ix) A triangle has interior and exterior angles.
(x) Two circles interest at two points.
(xi) There is one and only one straight line
through a point parallel to given line.
 


	36. Axioms:-
Euclid regarded most  other initial
assumptions as axioms and called them
‘common notion’. They were accepted as true
because of their conformity with common
experience and sound judgment.
The important notations are given below:
(i) Things equal to the same thing, are equal
to one another.
(ii) The whole is equal to the sum of its parts
and is greater than part.
(iii) If a > b, b > c, then
a > c.
(iv) Magnitudes of figures which can be made
to coincide with one another are equal.
 


	37. Teaching Mathematics
2 methods
A)  Inductive method:-
Inductive method is the way of proving any
universal truth by showing that, if it is for any
particular case, then it is true for the next case in
the same serial order.
This method takes in to account the process
of induction.
In this method, students are required not to
accept the already discovered formula without
knowing how it has been established. They are
helped in its discovery by adopting inductive
reasoning.
Inductive reasoning is a process in which
one proceeds from particular to general, from
concrete facts to abstract rules and from the
special examples to the general formula.
 


	38. Inductive reasoning in  our daily life:
* A child observes the rising sun and
getting of darkness after setting of the sun. He
observes this for a particular day and the next
day also, the same thing happens. So, he came to
the conclusion that
“The sun rises every day and also sets every
day.”
* A child eats green apple and feels sour
taste. On the next also, he takes another green
apple and feels the same. So, he concludes that,
“green apples are sour.”
* Scientists also use this method. Only
after weighing so many types of matter at so
many places, they arrived at the conclusion,
“The matter has weight.”
So, inductive reasoning is nothing but
learning from direct experiences.
 


	39. Use of Inductive  reasoning in teaching
Mathematics:
* Establishing the formula :
(a + b)2
= a2
+ b2
+ 2ab.
Students are asked to find out the values of
(a + b)2
, (x + y)2
, (m + n)2
, (p + q)2
… etc by
simple multiplication. After doing those
multiplications, they can conclude that,
(1st
term + 2nd
term)2
=
(1st
term)2
+ (2nd
term)2
+ 2(1st
term) (2nd
term).
B) Deductive method:-
Deductive method is the one in which first
we have to accept the pre – constructed form as
well established truth and then we have to check
it for particular problems.
 


	40. Deductive reasoning in  daily life :-
* A child may tell that, he should never
eat the green apples because they are sour.
Afterwards he may verify this fact by tasting
green apples.
Use of deductive reasoning in teaching
Mathematics:-
* Student may be told about the formula
of the area of a rectangle.
i.e.) Area = Length x Breadth.
Then they are asked to apply it in finding the
areas of different rectangles.
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