
UNIT – I 

MATHEMATICS TEACHER AS A TRANSFORMER 

Teaching  

Teaching is a process in which one individual teaches or instruct another individual. It is considered 

as the act of imparting instructions to the learners in the classroom situation.  

“Teaching is an intimate contact between the more mature personality and a less mature one”- H C 

Morrison. 

Teacher 

Teacher is someone whose job is to teach in a school or college. 

A teacher is a person who helps students to acquire knowledge, competence or virtue. 

“The good teacher makes the poor student good and the good student superior,”- Marva Collins. 

Good teacher 

A good teacher is one who is able to explain and demonstrate concepts in a variety of ways for a 

variety of different learners and learning styles.  

Teacher should be:  

• academically equipped to teach effectively and confidently;  

• Capable of inspiring the children under his care and be ready to learn throughout life;  

• able to meet the emotional, physical intellectual and social needs of the Child’s personality 

development; 

• capable of exercising intelligent appreciation of the global world sensitive and flexible to 

changes and effective innovative practice;  

• ready to promote continuity of thought on the desirable elements in the moral, cultural and 

social heritage of the society he/she services;  

• help the children to develop critical thinking and scientific attitude to life problem solving;  

• able to help the children to develop attitudes that will promote the desired solidarity and 

unity of the society;  

Commitment of the Teacher 

Commitment to the Learner: including love for the learner, readiness to help learners, concern for 

their all-round development etc., 

Commitment to the Society: such as awareness and concern about impact of teachers' work on the 

degree of advancement of families, communities and nation  



Commitment to the Profession: that is, internal acceptance of the role and responsibility of the 

teaching profession, no matter under what circumstances one entered it. 

Commitment to Achieve Excellence: that is, care and concern for doing everything in the classroom, 

in the school and the community in the best possible manner and in the spirit of 'Whatever you do, 

do it well' or do it well attitude. 

Commitment to Basic Human Values: including the role model aspect comprising genuine practice of 

professional values such as impartiality, objectivity, intellectual honesty, national loyalty etc. with 

consistency. 

Performance expected from a Teacher 

Performance in the Classroom including teaching and learning processes, evaluation techniques and 

classroom management;  

School level Performance including organization of morning assembly, celebration of national, social 

and cultural events, and participation in school-level management;  

Performance in Out-of-School Activities such as field visits, observation tours, etc.; 

Performance Related to Parental Contact and Co-operation such matters as enrolment and 

retention, regularity in attendance, discussing progress reports, improving quality of achievement, 

etc;  

Performance Related to Community Contact and Co-operation comprising issues like village 

education committee work, joint celebration of certain events by school and the community, 

eliciting community support for the development of school etc.  

Competencies expected from a Teacher 

• To act as a professional inheritor, critic and interpreter of knowledge or culture when 

teaching students. 

• To communicate clearly in the language of instruction, both orally and in writing, using 

correct grammar, in various contexts related to teaching. 

• To develop teaching/learning situations that are appropriate to the students concerned and 

the subject content with a view to developing the competencies targeted in the programs of 

study. 

• To pilot teaching/learning situations that are appropriate to the students concerned and to 

the subject content with a view to developing the competencies targeted in the programs of 

study. 

• To evaluate student progress in learning the subject content and mastering the related 

competencies. 

• To plan, organize and supervise a class in such a way as to promote students' learning and 

social development. 



• To adapt his or her teaching to the needs and characteristics of students with learning 

disabilities, social maladjustments or handicaps. 

• To integrate information and communications technologies (ICT) in the preparation and 

delivery of teaching/learning activities and for instructional management and professional 

development purposes. 

• To cooperate with school staff, parents, partners in the community and students in pursuing 

the educational objectives of the school. 

• To cooperate with members of the teaching team in carrying out tasks involving the 

development and evaluation of the competencies targeted in the programs of study, taking 

into account the students concerned. 

Characteristics of a Teacher 

• Is liked and loved by the children, appreciated by the community and endeared by the peers. 

• Is modest and has the necessary self-confidence and self-image of being a partner in the 

nation building process. 

• Is aware of the impact of knowledge explosion, population explosion and explosion of the 

rising expectations from education; - Knows how to collect information from the right 

sources and process it for the teaching learning strategies. 

• Is willing to renew his/her approach, methodology and techniques in consonance with the 

changing times.  

• Is confident, willing and skilled to achieve professional upgradation, particularly through self-

directed learning. 

• Realises his position as a role model for the children and as a communicator of new 

developments to the community. 

• Has the capacity, as a socialising agent, to interact with all those who could help enhance 

institutional efficiency and contribute to the growth, relevance and utility of education.  

Transformational leadership model 

The concept of transformational leadership started with James V. Downton in 1973 and was 

expanded by James Burns in his 1978 book, "Leadership." He defined transformational leadership as 

a process where "leaders and their followers raise one another to higher levels of morality and 

motivation. “ In 1985, researcher Bernard M. Bass further expanded the concept to include ways for 

measuring the success of transformational leadership. Bass' identified four separate elements that 

make up a Transformational Leader, which became known as the 4 I's. These were: 

1. Idealised Influence (II) 

2. Intellectual Stimulation (IS) 



3. Inspirational Motivation (IM) 

4. Individualised Consideration (IC) 

These 4 elements were crucial if a leader wished to inspire, nurture and develop their followers. This 

model encourages leaders to demonstrate authentic, strong leadership with the idea that employees 

will be inspired to follow suit. 

Inspirational Motivation 

The foundation of transformational leadership is the promotion of consistent vision, mission, and a 

set of values to the members. Their vision is so compelling that they know what they want from 

every interaction. Transformational leaders guide followers by providing them with a sense of 

meaning and challenge. They work enthusiastically and optimistically to foster the spirit of 

teamwork and commitment. 

Idealized Influence 

They believe in the philosophy that a leader can influence followers only when he practices what he 

preaches. The leaders act as role models that followers seek to emulate. Such leaders always win the 

trust and respect of their followers through their action. They typically place their followers needs 

over their own, sacrifice their personal gains for them, demonstrate high standards of ethical 

conduct. The use of power by such leaders is aimed at influencing them to strive for the common 

goals of the organization. 

Intellectual Stimulation 

Such leaders encourage their followers to be innovative and creative. The leader encourages 

followers to explore new ways of doing things and new opportunities to learn. They encourage new 

ideas from their followers and never criticize them publicly for the mistakes committed by them. The 

leaders focus on the “what” in problems and do not focus on the blaming part of it. They have no 

hesitation in discarding an old practice set by them if it is found ineffective. 

Individualized Consideration 

Leaders act as mentors to their followers and reward them for creativity and innovation. The 

followers are treated differently according to their talents and knowledge. They are empowered to 

make decisions and are always provided with the needed support to implement their decisions. 

Transformational leadership also involves offering support and encouragement to individual 

followers. In order to foster supportive relationships, transformational leaders keep lines of 

communication open so that followers feel free to share ideas and so that leaders can offer direct 

recognition of the unique contributions of each follower. 

Teacher is a transformational leader  

A transformational leader finds ways for students to share their viewpoints. This open 

communication then improves student understanding. “Subordinates of transformational leaders 

have less role conflict, higher task performance, and higher satisfaction with a task than 

subordinates with non-transformational leaders,”. Transformational leader is the combination of 



head and heart, and the ability to understand and apply emotions effectively to connect with and 

influence followers. Transformational leadership results in wide-ranging changes wherever it is 

introduced and is effective in solving problems in the school environment. Transformational 

leadership also brings about professionalism in the teaching staff by allowing them the autonomy 

and room to improve. Because a leader allows followers to meet and overcome challenges on their 

own, teachers are more involved in school affairs. Cooperative relationships are most likely to 

develop when challenges are surmounted together, without supervision from the leader. This 

leadership is a model that principals and teachers can use to lead by example. It places a high value 

on creating community bonds, which encourage both students and teachers to greater levels of 

achievement. 

Teacher as a collaborator 

Collaboration is essentially a style of interaction that can enhance problem-solving and planning 

activities between you and one or more others. This style of communication occurs when parties are 

viewed as co-equals and they voluntarily agree to work together to address a shared need. Trust, an 

integral part of a collaborative relationship, is more likely to occur when communication is non-

threatening, non-evaluative, and respectful. The teacher should feel "heard" and valued as an 

integral part of the decision-making process. Teachers can learn from one another in a give-and-take 

situation that is future-oriented and directed toward solutions. This collaborative relationship will 

not always occur immediately and with everyone on staff. Realistically, 100 percent collaboration 

may never occur in a school building. Effective teacher collaboration is defined as engaging in regular 

routines where teachers communicate about classroom experiences in an effort to strengthen 

pedagogical expertise* and push colleagues to try new things. 

It has historically been common for teachers to work independently, it is becoming more popular for 

teachers to work in teams. Proponents of teacher collaboration believe that teachers working 

together have a positive impact on each other and contribute naturally to school improvement. 

Specific types of teacher collaboration include working together in teams, sharing responsibilities, 

providing feedback and building trust. 

Teacher collaboration occurs when members of a learning community work together to increase 

student learning and achievement. If our ultimate destination as educators is student achievement, 

think of teacher collaboration as the journey. Collaboration is not a task to complete then move on, 

it’s an ever-changing, ongoing process that is only enhanced by social networks and access to new 

technology. 

Action research 

The term “action research” was coined in the 1940s by Kurt Lewin, a German-American social 

psychologist who is widely considered to be the founder of his field.  

Action research specifically refers to a disciplined inquiry done by a teacher with the intent that the 

research will inform and change his or her practices in the future. This research is carried out within 

the context of the teacher’s environment that is, with the students and at the school in which the 

teacher works on questions that deal with educational matters at hand.It is undertaken in a school 

setting, the teacher plays the role of the researcher, and the students represent the study 



participants. It is a collaborative activity among colleagues searching for solutions to everyday, real 

problems experienced in schools, or looking for ways to improve instruction and increase student 

achievement. It is a meaningful way for a teacher to find out why students perform the way they 

does.It describes a research methodology used to diagnose and address problems. 

 “Action research is any systematic inquiry conducted by teacher researchers, principals, school 

counselors, or other stakeholders in the teaching/learning environment to gather information about 

how their particular schools operate, how they teach, and how well their students learn. This 

information is gathered with the goals of gaining insight, developing reflective practice, effecting 

positive changes in the school environment (and on educational practice in general), and improving 

student outcomes and the lives of those involved.” 

Donald Schon developed this idea further with the term, “reflective practitioner,” to describe a 

researcher who thinks systematically about their practice. 

Why should teachers do action research? 

• To help them notice what they and their students really do, rather than what they think they 

do. 

• To get feedback as to the success or failure of what they are doing. 

• To help them tailor teaching and learning to their learners and their settings. 

• So that they are able to justify the teaching and learning choices they make. 

• To increase their knowledge of learning and teaching and become authorities on teaching. 

• To become less dependent on decisions made by people who are far away from their 

learning and teaching sites, people like textbook writers and school administrators. 

• To ensure that they don't become bored with teaching. 

Steps in the Action research process 

Action research may also be called a cycle of action or cycle of inquiry, since it typically follows a 

predefined process that is repeated over time.  

• Plan 

• Act 

• Observe 

• Reflect  

Action research may also be called a cycle of action or cycle of inquiry, since it typically follows a 

predefined process that is repeated over time.  

• Identify a problem to be studied 

• Collect data on the problem 



• Organize, analyze, and interpret the data 

• Develop a plan to address the problem 

• Implement the plan 

• Evaluate the results of the actions taken 

• Identify a new problem 

• Repeat the process 

The goal is to address practical problems in a specific school or classroom. Action research is typically 

focused on solving a specific problem, (for example high rates of student absenteeism) or answer a 

specific question (Why are so many of our ninth graders failing math?). It can also make meaningful 

contributions to the larger body of knowledge and understanding in the field of education, 

particularly within a relatively closed system such as school, district, or network of connected 

organizations. 

History of Micro-teaching 

Micro teaching first developed in 1960’s to give real opportunity for prospective teacher to get 

engaged in real situation of teaching. Dwight Allen and his colleagues from the Stanford University, 

America developed a training program aimed to improve verbal and nonverbal aspects of teacher's 

speech and general performance. The model has been adapted to college and university teacher 

training programs where it has been used most often to elicit a concentrated, focused form of peer 

feedback. 

In India it was introduced by D.D. Tiwari in 1967 of Government Central Pedagogical Institute 

Allahabad. In 1970 G.B. Shaw experimented with Micro Teaching at M.S. University Baroda. Then the 

Technical Teachers Training Institute, Madras introduced Micro Teaching to train the Technical 

Teachers. In 1974, Dr N.L. Dosajh used Micro Teaching as a teaching device in Teachers Training 

Institute Chandigarh.  

Aims of micro teaching 

For prospective teachers 

• Provide real work experience and practice the basic skills of teaching separately. 

• Prospective teachers can develop teaching skills before they are involved in the real 

classroom. 

• Provide the possibility for prospective teachers to gain a variety of student conditions in the 

classroom 

For teachers 

• Provide refreshment in educational programs. 

• Teachers gain an individualized teaching experience for their professional development. 



• Develop an open attitude for teachers to the reforms that take place in the educational 

curriculum 

Definition of Micro teaching 

“Micro-teaching is a scaled down teaching encounter in class size and class time.”- Allen,D.W 

"Allen and Eve (1968), “Micro-Teaching is defined as a system of controlled practice that makes it 

possible to concentrate on specific teaching behaviour and to practice teaching under  controlled 

conditions.” 

Characteristics of Microteaching 

• It is a teachers training technique. 
• It is a micro in the sense that it scales down the complexities of actual /real teaching 
� Out of contents, a single concept is taken up at a time. 
� Only one skill is practiced at a time.  
� Size of the class is reduced to 5 to 10 students.  
� Duration of the lesson is reduced to 5 to 10 minutes.  
• It is highly individualized training device.  
• Feedback is provided immediately after completion of the lesson.  
• It is a device for preparing effective teachers.  
• The use of video tape or CCTV makes the observation very objective.  
• Selection of one skill at a time.  
• Mastery over different teaching skills 

Phases of Microteaching 

According to J.C. Clift and others there are three phases of the Micro-teaching procedure. They are:  

1. Knowledge Acquisition Phase.  

2. Skill Acquisition Phase.  

3. Transfer Phase.  

Knowledge Acquisition Phase 

In this phase the teacher trainee learns about the skill its rationale, role in the classroom and 

component behaviors. For this purpose he should gain knowledge about relevant literature and 

observe demonstration lesson-mode of presentation of the skill. In this phase the student teacher 

makes an effort to acquire theoretical as well as practical knowledge of the skill.  

Skill acquisition phase 

On the basis of the knowledge acquire, the student-teacher prepares a micro lesson and practices 

the skills by following the scale down process and micro teaching cycle. Feedback and micro-

teaching settings are the two components of this phase.  

• In feedback phase the student teacher makes necessary modification on the basis of the 

feedback.  



• The micro-teaching setting here conditions like the size of the micro class, duration of the 

micro-lesson, supervisor, types of students etc. are arranged. 

Transfer Phase  

The student teacher transfers his teaching skill from micro teaching classroom to real classroom. The 

teacher trainee integrates all different skills and makes use of them in the actual classroom 

situation.  

Micro-teaching cycle 

There are 6 steps that are generally involved in the micro-teaching cycle. These Six Steps are: 

• Plan 

• Teach 

• Feedback 

• Re-plan 

• Re-teach 

• Re-feedback 

Plan 

It is the first step in the micro-teaching cycle. The plan involves the selection of the topic and related 

content of such a nature in which the use of components of the skill under practice may be made 

easily and conveniently.  

Teach 

Teaching involves the attempts of the student teacher to use the components of the skills in suitable 

situations of teaching-learning as per his / her planning of activities. If the situation is different and it 

is not as visualized as per the demand of the situation in the class. He / She should have the courage 

and confidence to handle the situation arising in the class effectively. 

Feedback 

The term feedback refers to giving information to the student teacher about his performance. The 

information includes the points of strength as well as weaknesses relating to his/her performance. 

Re-Plan 

The student teacher replans his lesson, incorporation the points of strength and removing the points 

which are not skillfully handled during a teaching in the last attempt either on the same topic suiting 

to the student teacher for improvement. 

 

Re-Teach 



Re-Teaching involves teaching to the same group of students if the topic is changed or to a different 

group of students if the topic is the same. This is done to remove boredom or monotony of the pupil.  

Re-Feedback 

It is the most important component of micro-teaching which is used for behavior modification of 

teacher trainees in the desired direction in each and every skill practice. 

Duration for the micro-teaching cycle 
Teaching Time Duration - 6 Minutes 

Feedback Duration - 6 Minutes 

Re planning - 12 minutes 

Re teaching - 6 minutes 

Re feedback - 6 minutes 

Duration of micro-teaching cycle = 36 minutes 

Merits of Microteaching  

• Micro teaching is real teaching.  

• It reduces the complexity of real classroom teaching.  

• It helps to improve the teaching skills.  

• Micro teaching is an individualized training technique.  

• It gives importance to cater the need of individual differences.  

• This process is more effective in modifying teacher behaviour in a desirable manner. It helps 

to get deeper knowledge regarding the art of teaching.  

• Micro teaching is very effective for developing teaching efficiency of both in-service and pre-

service teacher educators. 

Demerits of Micro-teaching  

• For successful implementation micro teaching requires competent and well trained teacher 

educator.  

• It does not give chance to flourish the creativity of the teacher.  

• This process is very time consuming.  

• It is very much expensive as it requires support of other technical devices.  

• It alone may not be adequate, it needs to be supplemented and integrated with other 

teaching technique.  



• It cannot be conducted in the normal classroom situation, it requires a controlled 

environment.  

Definition of Teaching Skills 

 "According to B.K.Passi, "Teaching Skill is a set of activities or behaviors in order to facilitate the 

learning and learning outcomes". 

"According to M.K.Passi, "Teaching skills are specific instructions that are used by a teacher. It is in 

teaching related to different activities which are continuously used by the teacher in classroom 

interactions". 

List of Teaching Skills 

There are 14 Teaching Skill given by Allen and Ryan of Stanford University which are as follows: 

1. Set Induction 
2. Fluency in Questioning 
3. Stimulate Variations 
4. Silence and Non-verbal Questions 
5. Reinforcement Pupil participation 
6. Probing Questions 
7. Higher-Order Questions 
8. Divergent Questions 
9. Illustrations and Use of Explanations 
10. Lecturing 
11. Planned Repetition 
12. Completeness of Communicate 
13. Recognizing Behaviour 
14. Closure 

Skill of Stimulus Variation 

Stimulus is something or anything that an individual responds to. So far as a classroom is concerned, 

the teacher is the main source of stimuli while imparting teaching. It implies attracting and focusing 

students' attention by changing stimuli in the environment. The variation in the stimuli generates 

interest among students in their learning and hence helps in their academic achievement. A teacher 

explaining something and in order to make the same effective, he/ she moves to the Blackboard to 

write something, moving towards the students to ask questions in order to ascertain 

comprehension. The teacher uses various gestures, using hands, head and facial expressions. Such 

behaviors that draw and sustain pupils attention keep changing as per the requirements of the 

situations. These changing movements and gestures of the teacher while teaching comprise the skill 

of Stimulus Variation. 

Components of Skill of Stimulus Variation 

• Teacher movement (TM) 

• Teacher gestures (TG) 

• Change in speech pattern /Voice modulation (VM) 

• Focusing Attention (FA) 



• Change in the interaction pattern (CIP) 

• Pausing (P) 

• Student movement(SM) 

• Aural visual switching (AVS) 

Teacher movement  

Teachers' movement in the classroom draws the attention of the students. This behaviour of the 

teacher makes thestudent feel that his participation in instructional activities is being supervised by 

the teacher. Please remember that Teacher movements in the classroom should always be 

meaningful and related to the teaching  

Teacher Gestures 

Gestures are made by the movement of the parts of the body like the head, hands and facial 

expressions. These can be combined with oral message too. Here the purpose is to direct the 

attention of the pupils while emphasizing something important.  

Change in Speech Pattern 

It is also referred to as the voice modulation. The variation in the voice shows the sudden change in 

stimulus and thus attracts the pupils' attention. The voice modulation expresses the anger, 

appreciation, disagreement, agreement, etc., that catches the attention of the students who 

respond accordingly. 

Focusing attention 

This could be of three types - Verbal, Gestural and Verbal-Gestural. As the terms indicate, Verbal 

focusing is the mode of drawing the pupils' attention by words/ phrases like - "Look at this diagram", 

etc. Gestural focusing is the way in which the teacher draws the attention of the pupils' by gestures 

using head, hand and body movements, like pointing to the parts of an organ on the chart. Verbal-

Gestural focusing involves words or phrases accompanied by gestures in focusing a particular item, 

like drawing of a diagram on the Blackboard, accompanied by the description or explanation of the 

same.  

Change in interaction styles 

The types of interaction that take place in a classroom are between teacher-student, student-

teacher and student-student. By changing these interaction styles, a student's attention can be kept 

alive throughout the lesson.  

Pausing 

Pauses are a must during teaching, when the teacher is continuously talking or asking questions, 

students don't get a chance to respond. Pauses are also essential when students' attention is to be 

secured. Imagine a classroom where few students are talking and the teacher is not heard. But, 



when the teacher stops talking, students become fully aware of the silence created, thus resulting in 

gaining their attention towards the teacher.  

Student movement 

The teacher can change the focus of attention of the students by involving them in physically doing 

something. He/she can involve them in experiments, handling apparatus, or dramatization. By doing 

so, he/she can sustain their interest in the teaching-learning process.  

Aural visual switching 

Continuing to give oral information from the beginning of a period till the end is quite boring and 

does not sustain the attention of the students towards the lesson taught. Therefore changing the 

medium from oral to visual and vice-versa would create interest in the students and also help to 

sustain the same. The visual medium can include demonstration, experiments, filmstrips, specimens, 

objects, charts, models, etc. These successfully supplement the oral information. 

Skill of reinforcement 

Reinforcement is a major condition of learning. Every teacher should acquire the skill of using 

reinforcement to facilitate learning in his/her students. It involves teachers encouraging students' 

responses using verbal praise, accepting their responses or using non-verbal clues like smile, nods, 

etc. Reinforced responses tend to be repeated in given situations; non-reinforced responses tend to 

be discontinued. Reinforcement is not only used to promote learning but also to secure attention of 

and to motivate the students for learning. 

Components 

• Positive verbal reinforcement  

• Positive non-verbal reinforcement  

• Negative verbal reinforcement  

• Negative non-verbal reinforcement  

• Extra verbal (cues) reinforcement  

• Repeating and rephrasing students' responses 

 Positive verbal reinforcement  

Teacher can motivate the student through various verbal expression by saying Good, Very good, 

Right, Correct, Fine, Well done, Excellent, etc., after he/she has responded. Teacher can also provide 

reinforcement in the middle of the response, saying Carry on, Go-ahead. These expressions are also 

reinforcers. When Teacher make a personal evaluative or supportive comment, use a student's idea 

for elaborating, explaining or summarizing the concept taught. 

Positive non-verbal reinforcement 



When a teacher uses gestures, or some other behaviour to reinforce student's learning, he applies or 

uses the skill of reinforcement. Positive non-verbal behaviours in forms such as nodding of head, 

smiling, moving towards the student responding the question, giving a friendly look at him, keeping 

an eye on the responding student, writing the students' answer on the blackboard, etc.  

Negative verbal reinforcement  

A positive reinforcer is a positive reward while a negative reinforcer is a negative reward - a stimulus 

which gives the student relief from unpleasant state of affairs. Both reinforcers, if used judiciously, 

strengthen responses. Therefore you should try to avoid giving negative type of reinforcement. 

Words like Wrong', 'Incorrect', 'Not true', 'No', etc., should be avoided. Negative reinforcers are 

generally used to avoid incorrect or inappropriate answers by giving right answers. 

Negative non-verbal reinforcement 

You might have noted during your student life that some of your teachers displayed negative 

behaviour such as frowning, giving students discouraging looks, moving away from the responding 

student, etc. You may not approve such behavior. You should therefore be conscious while using 

unpleasant expressions and gestures with your students because such behaviour may disrupt 

rapport between you and your students. 

Extra verbal cues reinforcement  

Without uttering any word or phrase, you can utter wah, humm, aha, etc., to encourage a student to 

continue his/her response. However you should not develop this behaviour as a habit. 

Repeating and rephrasing students' response 

If the teacher repeats the response of a student, it helps the class understand the concept being 

taught. This behaviour of the teacher will have a reinforcing effect on the students. However, you 

should repeat the significant and crucial responses only. Unnecessary repetitions would make your 

teaching boring. 

Skill of using blackboard 

Black board or chalk board is visual aid, most widely used by teachers for class room instruction. It is 

one of the quickest and easiest means of illustrating an important point. No doubt teaching can be 

made effective by skillful use of blackboard. Matter once written on the blackboard can be erased 

easily and new materials added as the lesson progress.  

Components 

• Legibility in handwriting 

• Neatness in blackboard work 

• Appropriateness of blackboard work 

Skill of Probing questions  



When the students are asked questions, they give various types of responses. Their responses may 

be incorrect, partially correct or completely correct. In case of incorrect or partially correct 

responses you have to lead your students to the correct response. You have to go deep and probe 

into their responses by asking a number of supplementary questions, on what they already know 

and then lead them to the correct response by removing the defects, if any, in the wording of the 

question or hindrance in understanding the question.  

“Skill of obtaining correct response from the students by using different techniques is known as skill 

of probing questioning”- Singh and Sharma 

“Components of Skill of Probing questions 

• Prompting 

• Seeking Further Information 

• Refocusing 

• Redirection 

• Critical awareness 

Prompting  

A teacher prompts when he gives clues or hints and help his students by asking them leading 

questions. The objective of using these devices is to help the student answer the question correctly 

and adequately by himself. Prompting questions consist of a series of questions which help the 

student develop the correct answer. The teacher should begin prompting the student from what 

he/she knows and then proceed towards the standard response.  

Seeking further Information 

If the initial response of the student is partially correct or incomplete, you should help him 

elaborate, clarify or explain the response. You can elicit more information or seek further 

information by asking additional questions. These questions will help the student supply additional 

information to complete the response, and/or remove shortcomings.  

Refocusing  

Generally when a pupil gives a correct response, the teacher relates that answer with the topic 

already taught. This refocuses his (i.e. the student's) or the classes' attention to the related topic 

unit. The main aim behind this is to make the student aware of the implications of a given response 

in more complex and novel situations.  

Redirecting  

A teacher 'redirects' a question when he puts or directs the same question to several other students 

for the desired response. The main purpose of redirecting is to probe and increase student 

participation. When there is no response, incomplete response or incorrect response, you can probe 

further by prompting or seeking further information. In this situation you may involve other students 



of the class as also. You may put the same main question to many students in order to get the 

expected response. 

Increasing Critical Awareness  

Teacher tries to increase the students' critical awareness when he aims at eliciting 'why' (reason) 

and 'how' (process) of a correct response from them. The main purpose of this component is to find 

out the student's increased critical awareness. The teacher asks questions to justify the student's 

responses rationally. Therefore you can elicit a reason for a student's initial response.  

 

UNIT II 

NATURE OF MATHEMATICS 

Meaning of Mathematics 

          The dictionary meaning of mathematics is that ‘it is either the science of number and space or 

the science of measurement, quantity and magnitude’.  Mathematics is thus defined as the science 

of quantity, measurement and spatial relations.  It is a systematized, organized and exact branch of 

science.  It deals with quantitative facts, relationships as well as with problems involving space and 

form.  It is a logical study of shape, arrangement, and quantity. 

Definitions of Mathematics 

          Bertrand Russel (1901) defined mathematics as “The subject in which we never know what we 

are talking about, nor whether what we are saying is true”, is fundamentally significant. Bell, 

discussing the merits of this definition in his “Queen of Sciences” says that, (i) it emphasizes the 

entirely abstract character of mathematics (ii) it reduces all mathematics to postulation forms, and 

(iii) it opposes the traditional definition of mathematics as the science of number, quantity and 

measurement”. 

Comte defined mathematics as “The science of indirect measurement” 

          According to Kant “Mathematics is the indispensable instrument of all physical researches” 

Gauss stated “Mathematics is the queen of sciences and arithmetic is the queen of all mathematics” 

Bacon said “Mathematics is the gateway and key to all sciences”. 

          According to Lindsay, ‘mathematics is the language of physical sciences and certainly no more 

marvelous language with its signs, symbols, terms and operations, which can handle ideas with a 

precision and conciseness that is unknown to any other language/ 

Locke stated, “Mathematics is a way to settle in the mind a habit of reasoning”. 

Nature of mathematics 

The nature of mathematics is made explicit by discussing it under the following heads: 



• Mathematics : A science of discovery 

• Mathematics : An intellectual game 

• Mathematics : The art of drawing conclusions  

• Mathematics : A tool subject 

• Mathematics : A system of logical processes 

• Mathematics : An intuitive method 

Mathematics – A Science of Discovery 

          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 (E.E. Biggs, 1963). 

According to A.N. Whitehead(1912) “Every child should experience the joy of discovery”. Initially 

a child’s discoveries may be observational.  But later, when its power of abstraction is 

adequately developed, it will be able to appreciate the certitude of the mathematical 

conclusions that it has drawn. This will give it the joy of discovering mathematical truths and 

concepts.  Mathematics gives an easy and early opportunity to make independent discoveries. 

          The children must not only 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, involving 

such things as money, weights and measures. 

Mathematics – An Intellectual Game 

          Mathematics can be treated as an intellectual game with its own rules and without ant 

relation to external criteria.  From this viewpoint, mathematics is mainly a matter of puzzles, 

paradoxes, and problem solving-a sort of healthy mental exercise. 

Mathematics – The Art of Drawing Conclusions 

          According the J.W.A. Young a subject suitable for this purpose should have three 

characteristics: 

� That its conclusions are certain.  At first, at least, it is essential that the learner should know 

whether or not he has drawn the correct conclusion. 

� That it permits the learner to begin with simple and very easy conclusions to pass in well 

graded sequence to very difficult ones, as the earlier ones are mastered. 

� That the type of conclusions exemplified in the introductory subject be found in the other 

subjects also, and in human interactions, in general. 

These characteristics are present in mathematics to a larger extent than in any other 

available subject. 

Mathematics – As a Tool Subject 

          It could be more elegantly expressed as “mathematics, handmaiden to the sciences’ From the 

beginning, down to the nineteenth century, mathematics has been assigned the status of a servant. 



Then in the nineteenth century, mathematics attained independence. It achieved a completeness 

and internal consistency that it has not known before. Mathematics continued to be useful to other 

disciplines, but now it is dependent upon none of them.  With its new found freedom, mathematics 

established its own goals to pursue. Its mentors of the past engineering, physical science and 

commerce – now became no more than its peers. 

          John J. Bowem(1966) in an article titled “Mathematics and the Teaching of Sciences” stated. 

“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”. 

Mathematics – A System of Logical Process 

Polya suggested that mathematics actually has two faces.  One face is a ‘systematic deductive 

science’. This has resulted in presenting mathematics as an axiomatic body of definitions, undefined 

terms, axioms and theorems. Mario Pieri stated “Mathematics is anhypothetico-deductive system”. 

This statement means that mathematics is a system of logical processes whereby conclusions are 

deduced from certain fundamental assumptions and definitions that have been hypothesised.  This 

has been reinforced by Benjamin Pierce when he defined mathematics as ‘The science which draws 

necessary conclusions’. ‘ 

Mathematics – An Intuitive Method 

          Intuition implies the act of grasping the meaning or significance or structure of a problem 

without explicit reliance on the analytic apparatus of one’s craft. It is the intuitive mode that yields 

hypothesis quickly. It precedes proof; it is what the techniques of analysis and proofs are designed to 

test and check. 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. 

Contribution of great mathematicians 

Pythagoras (580 - 568 B.C) 

� Philosopher, Greek Mathematician. 
� He used to deliver lectures on philosophy and Mathematics. 
� Persons of all ranks heard his lectures. 
� The influence of Pythagoras on his listeners was so great that they formed themselves into a 

society called ‘Order of Pythagoreans’. 
� He proved the theorem of Right angled triangle. 
� He is also said to have discovered the harmonic progression in the notes of a musical scale, 

by finding the relation between the length of a string and the pitch of vibrating notes. 
� In Geometry,’ one’ was identified with the point,’ two’ with the line, ‘three’ with the surface 

and ‘four’ with the solid. 
� He introduced the term ‘Parabola’, ‘ellipse’ and ‘hyperbola’. 
� In Mathematics, the Pythagoreans made great progress, particularly in the field of numbers 

and geometry of solids and areas. 
� They made substantial progress in the theoretical side of arithmetic and algebra. 
� They had a geometrical equivalent for our method of solving quadratic equations. 
� They studied various types’ progressions-Arithmetic, Geometric and Harmonic. 



Rene-Descartes (1596-1650 A.D) 

� French Mathematician. 
� He received traditional education in Mathematics, Physics, Logic and Ancient Languages. 
� In 1638, he published two books 

1. Discourse on Method 
2. Meditations 

� Another Books are 

• The principles of Human knowledge 

• The principles of Material things of the visible world and earth. 
� He who first set the fashion of denoting variable by X,Y,Z and constants by a, b, c. 
� He distinguished between two classes of curves: 

• Geometrical 

• Mechanical 
� He devised a method of determining the normal line. 
� He discovered an interesting curve, called Cartesian Oval that led to far-reaching research in 

Geometrical analysis. 
Archimedes (287-212 B.C) 

� Greek Mathematician. 
� He was the practical man of common sense. 
� He introduced imaginative skill and insight in Geometry and Mechanics. 
� He invented Integral Calculus. 
� He gave strict proof for finding the areas, volumes, center of gravity of the curves and 

surfaces, circles, spheres, conics and spirals. 
� He used algebraic formulae such as  
 
nn (n+1) (2n+1) 

Σ r2   =    ------------ 

                                 1                      6 

� He was familiar with continued fractions. 

� He found the value of is π between 3 1/7 and 3 10/7 
� He created new applications of mathematics in Statics and Hydrostatics. 
Aryabhatta (475-550 A.D) 

� First great Indian Mathematician. 
� First person to present Arithmetic, Algebra and Geometry in his astrological calculations. 
� He tell that 

• the earth is a spherical body and 

• it revolves round the sun. 
� He had made calculations of the rotation of the earth on its axis. 
� He had the knowledge of gravitational pull of the earth. 
� His approach was scientific. 
� He gave a general solution of a linear indeterminate equation by the method of continued 

fractions. 
� He gave the volume of the pyramid as half of the product of the base and the height. 
� He gave the volume of the sphere. 
� He also gave formulae for the area of a square, rectangle, triangle, rhombus and circle.  
� He gave a rule for summing an arithmetic series after the pth term. 

� He found that the value of π is equivalent to 3.1416. 
� He explained the Pythagoras theorem as follows:  



                “The square of the Bhuja plus the square of the Koti is the  

square of the  Kama”. 

Book Name Content 

Aryabhatya Collection of astronomical tables 

Aryastasata Note on numeration in Arithmetic  

Kalakriya Note on time and its measurement 

Gola Note on the Sphere 

� In his book,121 shlokas which have been divided into four parts 

• Gat-Paadika 

• GanitPaadika 

• KaalKriyapad 

• Ga-Pad 
� In the shlokas, he has explained  

• Five basic principles of mathematics. 

• Decimal system 

• Methods to calculate area of the Rectangle, Triangle, Circle, Curved surface of cone 
and volume of sphere. 

• Methods for construction of a triangle, circle and quadrilateral etc., 

• Principles of Algebra. 

• General solution of a linear indeterminate equation. 

• Volume of pyramid as half the product of the base and the height. 
 

Euclid (300 B.C) 

� He was the only man to summarize all the mathematical knowledge of his times. 
� His work was more formal than the elementary geometries of today. 
� He wrote several works, the most important being the Elements. 
� The popularity of Euclid’s Elements is evidenced by the fact that it was one of the first works 

to be translated from the Greek to various languages. 
� His Elements began with construction problems and the reader learned that a figure could 

be drawn with his instruments before he studied its properties. 
� Each proof given in the Elements was stated in a standardized form. 
� The content of the subject-matter of the thirteen books of the Elements is given below: 
Book I         Triangles, perpendiculars, parallels, areas of rectilinear figures, the  
 Pythagorean  theorem.                                 

Book II        Transformation of areas, geometric algebra 

Book III      Circles, chords and tangents 

Book IV      Polygons and circles, construction of regular polygons including the      
rectangular pentagon. 

Book V        Treatment of proportion 

Book VI       Idea of proportion applied to similar figures. 



Book VII     Theory of Numbers, Classification of numbers as even, odd, odd 

times, odd-plane, solid, perfect, etc. numerical theory of proportion. 

Book VIII     Study of continued proportion. 

Book IX       Number theory including a proof that the number of primes is        
infinite. 

Book X         Study of irrationals. 

Book XI       Solid geometry corresponding to Book I for plane geometry. 

Book XII      The method of exhaustion used to show that circles are proportional       
to their diameter etc. 

Book III        Regular Solids. 

� Some Other works: 
o Catoptrica – containing propositions on reflections from mirrors. 
o SectioCanonis-a work on musical intervals. 

� Lost Works: Porisms, Fallacies, Conic Sections, Loci on a surface. 
� Some riddles are formulated by him. 

Blaise Pascal 

� French Mathematician, Physicist, religious philosopher and a master of prose. 
� He laid the foundation for the modern theory of probabilities. 
� He formulated Pascal’s law of pressure and propagated a religious doctrine that taught the 

experience of God through the heart rather than through reason. 
� Pascal’s theory of probability was based upon gambling for as he once said himself,” We are 

compelled to gamble”. 
� He said that if two players of equal skill were to leave table before the game, their scores, 

the number of points which constitude the game being given, it is desired to find in what 
proportion they should divide the stakes. 

� Through his studies, he discovered that whenever a game is won by whoever obtained m + n 
points (one) player has m while other has n points the answer is simply derived from the 
arithmetical triangle. 

Ramanujam (1887-1920) 

� Ramanujam was born on December 22,1887, in erode ,Tamilnadu, India 

� Father: R.SrinivasaIyengar( Worked as a clerk in saree shop) 

� Mother: Komalathammal (Housewife and also singer at local temple) 

� In December 1889, he contracted small pox.  

� When he was 5 years old, he entered the primary school in kumbakonam although he would 
attend several primary schools before entering the town high school in kumbakonam in 
January 1898. 

� Town high school, he was to do well in all his school subjects and shared himself an able all 
round scholar. 

� In 1900 he began to work on his own on mathematics summing geometric and arithmetic 
series. 



� In 1902, he shown how to solve cubic equations. By 1904 he begun to undertake deep 
research. 

� Investigated the series E1/n calculated Euler’s construct to 15 decimal places. 

� Study Bernoulli numbers, although this was entirely his own discoveries. 

� He received a scholarship and study at government colleges Kumbakonam but lost it when 
he failed his non mathematical coursework. 

� In 1906, he entered pachaiyappa’s college. His aim was to pass the first arts examination 
which would allow him to be admitted to the universities of madras. 

� He attended lectures there, passed in Maths but failed all his other subjects. This meant that 
he could not enter the University of Madras. 

� In 1908, he studied continued fractions and series. In 1909, he married 10 year old girl 
S.JanakiAmmal. He solved problems in journal of Indian Mathematical society. 

� In 1910, developed relation between elliptic modular equations. In 1911, after the 
publication of a brilliant research paper on Bernoulli numbers in 1911 in the teacher of the 
Indian Mathematical society he gained recognition for his work. 

� Despite his lack of university education he was becoming well known in the Madras area as a 
mathematical genius. 

� He independently discovered results of gauss and others on hyper geometric series. 

� His most famous work was on the number p(n) of partitions of integer n into summands. 

� He gave asymptotic formula for p(n).  

� He made substantial contributions to the analytical theory of numbers a worked on elliptic 
function, continued fractions and infinite series. 

� He had intimated familiarity with numbers and excelled especially in number theory and 
modular function theory. 

� He worked out the Riemann Series, the elliptic integrals, hyper geometric series and 
functional equations of the zeta functions and improper integral. 

� His familiarity with numbers was demonstrated by the following incident. 

� During an illness in England, hardy visited Ramanujam in the hospital. When hardy remarked 
that he had taken taxi number 1729, a singularly unexceptional number. Ramanujam 
immediately responded that the number was actually quite remarkable it is the smallest 
integer that can be represented in two ways by the sum of two cubes : 1729= 13 +123= 
93+103 

� Cambridge granted him a BSC degree “By Research” in 1916 and he was elected a fellow of 
Royal society. 

� He met Indian mathematician Ram Chandra Rao. He provided clerkship at the Madras port 
trust. 



� With the encouragement of finds, he wrote to mathematicians in Cambridge seeing 
validation of his work. Twice he wrote with no response on the 3rd he found hardy. 

� Hardy wrote enthusiastically back to Ramanujam and stamp of approval improved Rama 
status. 

� He was named a research scholar at the University of Madras, receiving double his clerk’s 
salary. 

� Hardy was determined that Rama be brought to England. In March 1914, Ramanujam 
boarded a steamer of England. 

� Ramanujam arrival at Cambridge was the beginning of very successful 5 years collaboration 
with hardy. 

� One remarkable result of the hardy Ramanujam Collaboration was a formula for the number 
p(n) of partitions of a number n. 

� Ramanujam had always lived in a tropical climate and had his mother to look for him, now 
he faced the English writes and he had to all his own looking to act here to his caste’s strict 
dietary rules. 

� In 1917, he was hospitalized his doctors fearing for his life. By late 1918, his health had 
improved, he returned to India in 1919. But his health failed again, and he died the next 
year. 26th April 1920 in Kumbakonam, TamilNadu,India. 

Value of history of mathematics 
� It provides a glimpse of the role played by Mathematics in various walks of life.  
� It shows the correlation of Mathematics with other branches of knowledge. 
� It clearly brings out the fact that significant developments in the subject have always been 

prompted by human needs. 
� It makes clear the fact that Mathematics is the man-maid science. 
� It makes the teaching of Mathematics interesting. 
� It is easier to understanding most of the mathematical topics, concepts, and terms by 

reference to their historical background.   
� It helps in gradation of subject matter; the topics discovered earlier were simpler. 
� It makes the correlation of Mathematics with other subject easier. 
� It helps in enhancing the reputation of the Teacher. 
� It provides warning against making hasty conclusion. 
� It gives better understanding of the subject. 

 
HISTORY OF MATHEMATICS 
 
Notation system 

 The origin of notation system is as old as man himself. Number sense is something innate in 

man. It is believed that animals and birds also have number sense. The primitive man was able to 

differentiate one object from two but could not tell one and one is two. 

 The primitive man used to count. He used fingers, notches, cut in the trees, lines on the 

ground, pebbles, etc. for the purpose. The notation system originated and developed differently in 

different countries. 



Babylonians 

The Babylonians used wedge-shaped symbols. One was represented by V, ten was represented by < 

and hundred was represented by V<. 

Roman System 

The roman system is based on the idea of counting fingers or lines. Thus I, II and III represented one, 

two, three respectively V probably represented the whole hand. To avoid clumsy I III they wrote I 

before V. IV, the symbol gave rise to the idea of positional value. The symbols X was perhaps the 

combination of two fives. 

Hindu- Arabic System 

The notation system 1, 2, 3… can be called Hindu- Arabic System. Thus system was originated by 

Hindus, perfected and transmitted to the west through the Arabs. Some ancient symbols carved on 

stone are found. 

  I         II         +        6  

                     One    Two    Four    Six 

At some other places, some such symbols are found: 

- = + 7 ? 

One    Two   Four    Seven   Nine 

The symbol 0 was used to denote vacuums. The word zero comes from Arabic ‘Sifar’ which was 

translation of the Hindu word ‘shunya’. Arabs also made certain modifications in Hindu numerals. 

During 13th century and after the Hindu- Arabic System spread all over the world. 

Metrics system of Weights and Measures 

Primitive man used different stones, seeds etc. for the purpose of weighting. In India, Ratti (a seed ) 
was taken as the basic unit of weight, 

AIMS OF TEACHING MATHEMATICS 

Aims of teaching mathematics can be classified under the following heads. 

• Utilitarian or Practical Aims 

• Disciplinary Aims 

• Cultural Aims 

• Social Aims 

Utilitarian or Practical Aims 

The following are the practical aims of teaching mathematics. 

� To enable the students to have clear ideas about number concepts. 



� To give the individual an understanding of ideas and operations in number and quantity 

needed in daily life. 

� To enable the individual to have clear comprehension of the way the number is applied to all 

measure but most particularly to those frequently used concepts such as length, volume, 

area, weight, temperature, speed etc. 

� To enable the individual to become proficient in the four fundamental operations of 

addition, subtraction, multiplication and division. 

� To provide the basis of mathematical skills and processes this will be needed for vocational 

purposes. 

Disciplinary Aims 

� To provide opportunities that enable the learners to exercise and discipline mental faculties. 
� To help the learner in the intelligent use of reasoning power. 
� To develop constructive imagination and inventive faculties. 
� To develop the character through systematic and orderly habits. 
� To help the learner to be original and creative in thinking. 
� To help the individual to become self-reliant and independent. 

 Cultural Aims 

The cultural aims can be summarized as follows. 

� To enable the learner to appreciate the part played by mathematics in the culture of the 

past and that it continues to play in the present world. 

� To enable the student to appreciate the role played by mathematics in preserving and 

transmitting our cultural traditions. 

� To enable him to appreciate various cultural arts like drawing, design making, painting, 

poetry, music, sculpture and architecture. 

� To help the students explore creative fields such as art and architecture. 

Social Aims 

          The important social aims of teaching mathematics are as under: 

� To develop in the individual an awareness of the mathematical principles and operations 

which will enable the individual to understand and participate in the general social and 

economic life of his community. 

� To enable the student to understand how the methods of mathematics such as scientific, 

intuitive, deductive and inventive are used to investigate, interpret and to make decision in 

human affairs. 

� To help the pupil acquire social and moral values to lead a fruitful life in the society. 

� To provide the pupils scientific and technological knowledge necessary for adjusting to the 

rapidly changing society and social life. 

VALUES OF TEACHING MATHEMATICS 

Lim and Ernest (1997) propose that there are at least six categories of values in mathematics 

education that can be found manifest in a mathematics classroom. The six categories could manifest 

in the following ways. 



� Values that are manifested in goals and objectives of mathematics curriculum/ education. 

Example: logical, rational. 

� Values that is inherent in mathematics as a subject or discipline of study. Example: objective, 

open, mysterious, control and progress. 

� Values that underpin a mathematics teacher’s decision making and philosophy of teaching 

such as preferences of criteria for making decisions during mathematics teaching. 

� Values that influence teacher’s decision making and philosophy of teaching such as 

preferences of criteria for making decisions during mathematics teaching. 

Values in Teaching Mathematics 

• Intellectual value 

• Utilitarian or practical value 

• Disciplinary value  

• Social value 

• Cultural value 

Intellectual value 

Mathematics teaching is very important for intellectual development.  There is no other 

subject in the curriculum like mathematics which make student’s brain active.  Problem-solving helps 

us in development of mental faculties.  Mental work is needed for solving mathematical problem.  As 

a child, faces a mathematical problem his brain becomes active in solving that problem.  Each 

problem of mathematics possesses such a sequence which is necessary for constructive and creative 

process.  In this way, all mental abilities of child are developed through mathematics. 

 Throwing light on intellectual values of mathematics, a great educationist, Plato has said, 

“Mathematics is the subject which provides an opportunity for training the mind, to close thinking, 

stirring up a sleeping and unstructured spirit.” 

World is filled of broad knowledge which is increasing day y day.  It is not so important to 

achieve knowledge but to learn how to achieve knowledge is more important so that knowledge can 

be more useful and important.  Knowledge can be important for person only when he can utilize the 

knowledge according to his needs and it depends upon mental abilities of an individual. 

 According to professor Schultze, “Mathematics is primarily taught on account of the mental training, 

it affords and only secondarily on account of the knowledge of facts, it imparts.” 

 In this way, the study of mathematics helps to develop all the mental abilities of students.  It 

provides all the opportunity to the students to develop their observation power, logical power, 

memory, concentration, originality, power of discovery, thinking power, reasoning power, self-

reliance and hard work etc., 

In this regard Hubsch has well remarked that, “Mathematics is like a whetstone and by its 

study on learns to think distinctly, consecutively and carefully.” 

Utilitarian or Practical Value 



Our daily life and behavior is totally dependent on mathematics.  We need mathematics in 

order to classify and to understand every fact.  We need its knowledge in our daily routine, house, 

outside, market, income-expenditure etc.  in the absence f mathematical knowledge a person can 

neither treat his family well nor he can face his social duties.  In this way every aspect of our life is 

concerned with the application of mathematics. 

Our daily routine, measures and calculations all are dependent on it.  Before sleeping and 

after awakening, mathematics is must for us.  When we have to awaken?  When we have to sleep?  

When we have to work?  Etc,.all these evidences are related to it.  Even all natural phenomenon are 

based on mathematical principles. 

Each and every person of society needs mathematical knowledge either he is accepted 

personality or rejected one.  It is not that mathematical knowledge is needed only by engineers, 

doctors, traders, businessmen etc.  But also it is needed to smallest citizen of society, such as 

labourers, workers, drivers, coolies salesman’s, vendors etc.  In this context Young, J.W.A. said that 

“wherever we turn in these days of iron, steam and electricity we find that mathematics has been 

the pioneer.  Were its backbone removed, our material civilization would inevitably collapse.”  

Moreover, it is also required to study other school subjects, especially, science subjects.  Generally, it 

is said that the child gets high achievement in mathematics also keeps high achievement in physics 

because physics also involves various types of calculations like maths.  All scientific inventions and 

instruments which have made our daily life so easy smooth and happy are available only by 

mathematics.  In this support Bacon has also remarked that “Mathematics is the gate way and key of 

all the sciences.”Hence in the age of science and information technology the knowledge of 

mathematics is very much essential and useful. 

Disciplinary value 

Mathematics is not meant only for development of mental abilities but also to develop their 

personality with some qualities like concentration, truthfulness, seriousness etc.  That is why the 

disciplinary value of Mathematics is also important.  A person who is gaining mathematical 

knowledge is not in favour of working against the rules of under sentimental situations.  A child 

judges about his good or bad with the help of his reasoning power, wisdom, patience, and self-

confidence. 

Mathematics is the only subject whose knowledge develops the habit of hard work, 

concentration, well organized and clearity in the students.  These are such conditions which enable 

the students of mathematics to lead seriously, wisdomful, and disciplined life.  In this context Locke 

say, “Mathematics is a way to settle in the minds of children, a habit of reasoning.” 

 Mathematical knowledge is exact, real and pure so that a special kind of discipline develops 

in the child’s mind.  Its facts are real and definite.  Discipline is the only necessary requirement in 

order to use the acquired knowledge.  It develops thinking and reasoning power and demands less 

from memory. 

 Social Value- 



Man is a social animal and human life depends upon the co-operation of each other.  In 

order to live a social life, its knowledge is needed because the give and take process, business and 

industry depend upon the knowledge of mathematics. 

The change in the social structure with regards to modern facilities like mode of transport, 

means of communication and progress in the field of science and technology is due to mathematics 

only. Ideal education is that which helps to make a child a qualified and useful citizen of society from 

the beginning. Napolean has accepted the social value of mathematics and said that, “That progress 

and improvements of mathematics are linked to the prosperity of the state.” In this way 

mathematics has played an important role in not only understanding the progress of society but also 

to develop the society.  At present our social structure seems to be so scientific and systematic its 

credit goes to mathematics.  In its deficiency, the entire social system will be disturbed. 

Cultural Value 

The culture of every nation or society has its unique characteristics.  It has its own 

importance.  Each nation or society reflects its culture by its living standards rituals, artistic progress, 

economic, social, and political aspects etc.  The history of mathematics presents the image of culture 

of different nations.  The person is said to be cultured if one is well educated and have refined 

manners of dealing.  The person becomes critical observer, logical thinker and proper knowledge of 

mathematics changes the mind of the person.  Thus the person becomes more cultured with the 

proper knowledge of mathematics.  The famous mathematician Hogben has remarked the 

“Mathematics if the mirror of civilization.”  In fact mathematical knowledge is indispensable and 

changes the way of one’s living. 

    Mathematics not only familiarizes us with culture and civilization but also helps in preventing, 

promoting cultural heritage and transmitting it to future generations.  Through the application of 

scientific and mathematical discoveries, our culture and civilization is undergoing constant change.  

The welfare of our civilization is now almost wholly-dependent upon scientific as well as 

mathematical progress.  It affects view of life and way of living as a result of which it also affects our 

philosophy of life.  Hence the teaching of mathematics plays a vital role in developing our cultural 

heritage.  Young, J.W. has also remarked that, “whenever we turn in these days of iron, steam, and 

electricity we find that mathematics has been the pioneer.  Were its backbone removed, our 

material civilization would inevitably collapse.  Hence mathematics shapes culture as a playback 

pioneer and has played an important role in bringing him to such an advanced stage of 

development. 

 

UNIT – III 

OUTCOME BASED TEACHING OF MATHEMATICS 

Taxonomy of Educational Objectives  

The word taxonomy means systematic classification. Prof.Benjamin S Bloom and his associate of 

University of Chicago developed and classified the domains of educational objectives. 



They described the hierarchical development of the three domains of the learner though instruction. 

This classification objective is known as Blooms taxonomy of educational objectives. It is hierarchical, 

meaning that learning at the higher levels is dependent on having attained prerequisite knowledge 

and skills at lower levels. A goal of Bloom’s Taxonomy is to motivate educators to focus on all three 

domains, creating a more holistic form of education.  

Classification of Blooms taxonomy 

1. Cognitive domain 

2. Affective domain 

3. Psychomotor domain 

Cognitive domain 

The framework elaborated by Bloom consisted of six major categories:  

1. Knowledge 

2. Comprehension 

3. Application 

4. Analysis                

5. Synthesis 

6. Evaluation.  

The categories after Knowledge were presented as “skills and abilities,” with the understanding that 

knowledge was the necessary precondition for putting these skills and abilities into practice. 

While each category contained subcategories, all lying along a continuum from simple to complex 

and concrete to abstract, the taxonomy is popularly remembered according to the six main 

categories. 

Knowledge  

Acquisition of knowledge is the lowest level in the cognitive domain. It includes the ability of 

students to recall and remember the information learned in the classrooms. Recall and recognition 

are the specification of this instructional objective.  

Comprehension  

It is the second level of cognitive domain. It is the meaningful recall and recognition of the learned 

content. Here the learner could understand and explain what he learned in the classroom as his own 

language. Identifying relations, classification of objects, explanations, comparisons, translation etc., 

are the specification of this level.  

Application  



In third level the learners are able to apply or use the knowledge which is acquired and 

comprehended during the first two levels. It is the ability to apply the acquired knowledge trough 

instruction in real life situations. Establishing new relationship, formulating hypothesis, predictions 

are the some specification of this level.  

Analysis  

Analysis is the meaningful breakdown of the materials into its various components and to identify 

the interrelationship between the elements and find out how they are organized and related. 

Specification of this level includes the analysis of elements, analysis of relationship, analysis of 

organizational principles.  

Synthesis  

Synthesis is the mental ability of the learner to integrate the acquired, comprehended, applied and 

analyzed knowledge in to a comprehensive whole. It involves the ability to give a new shape or 

structure to statements or procedures.  

Evaluation  

This is the highest level of cognitive domain. Students could evaluate an object, person, a theory or a 

principle if only he is par with all other lower hierarchy in the cognitive domain. It is the ability to 

judge a value of a material, aspects, methods, principles , theory, philosophy and so forth for a given 

purposes. At this level s/he could perform personal viewpoint about the information s/he 

synthesized. 

Affective Domain 

Affective domain is related with the development of heart of the child. It involves the areas of 

emotions, feelings, interest, attitude, appreciation and values. It includes the ways in which people 

deal with external and internal phenomenon emotionally, such as values, enthusiasms, and 

motivations. The teacher should be given emphasis to correlate the development of cognitive 

domain with affective domain. Teacher should ensure the development of affective domain in his 

instructional objectives of the classroom instruction. Krathwohl (1964) introduced the following 

hierarchy for affective domain. 

1. Receiving 

2. Responding  

3. Valuing  

4. Organization 

5. Characterization 

Receiving 



In the basic level the learner is sensitized to the existence of a certain phenomenon and stimuli. 

she/he is willing to receive the information whole heartedly by exhibiting awareness on the stimuli 

and become conscious on particular person, principle, philosophy, incidents etc.  

Responding  

Effective reception prepares the learner to respond seriously. As result of receiving some good 

message from the first hierarchy, the learner tries to respond to the situation positively.  

Valuing  

By responding in good ways, the students set guidelines for their behavior. Accepting values, 

preference for values, commitment to values are the important behavioural changes in this level. 

Organization  

Student builds a system of value at this level. Value conflict and value crisis are resolved. Through 

organizing different values students are able to develop their own code of conduct and standard of 

public life in the society.  

Characterization  

This is the highest level of internalization process. Values are imbibed and forms part of the life style 

of the individual. 

Psychomotor domain  

Psychomotor domain deals with the action or performance level. This domain includes muscular 

action and neuromuscular coordination. Educational objectives of this domain aim to developing 

proficiency in performing certain acts. It concerns things students might physically do. Although no 

taxonomy of this domain was compiled by Bloom and his coworkers, The one summarized here is 

based on work by Dave. 

1. Imitation 

2. Manipulation 

3. Precision  

4. Articulation  

5. Naturalization  

Imitation 

It is simply an imitation act of a student who energized through cognitive as well as affective domain 

development. It means that the student who learned how to write (cognitive domain), willing to 

write (affective domain) may imitate to write to get the ability to write (psychomotor domain).  

Manipulation 



This level student tries to do the imitated activity in various ways through repetition. Here students 

try many ways and styles to perform the activity and select appropriate one which is suitable and 

convenient to him/her.  

Precision  

In this level student attain speed, accuracy, proportion, exactness, neatness in a performing the act 

which is acquired through above two levels.  

Articulation  

Here the student able to handle many actions in unison. This includes coordination, sequence and 

harmony among acts.  

Naturalization  

This is the highest level in psychomotor domain. Here student attain the proficiency in performing 

the particular task. The action becomes automatic with least physic as well as mental energy. 

Revised Blooms Taxonomy  

In 2001 Loren Anderson and Krathwohl revised the taxonomy with the help of many scholars and 
practitioners in the field. Revision of Bloom’s Taxonomy published with the title “A Taxonomy for 
Teaching, Learning, and Assessment”.  

In the new taxonomy, two dimensions are presented:  

• Knowledge dimension  

• Cognitive dimension 

Knowledge dimension  

There are four levels on the knowledge dimension:  

• Factual Knowledge 

• Conceptual Knowledge 

• Procedural Knowledge 

• Metacognitive Knowledge 

Factual Knowledge 

• Knowledge of terminology 

• Knowledge of specific details and elements 

Conceptual Knowledge 

• Knowledge of classifications and categories 

• Knowledge of principles and generalizations 

• Knowledge of theories, models, and structures 

Procedural Knowledge 



• Knowledge of subject-specific skills and algorithms 
• Knowledge of subject-specific techniques and methods 
• Knowledge of criteria for determining when to use appropriate procedures 

Metacognitive Knowledge 

• Strategic Knowledge 
• Knowledge about cognitive tasks, including appropriate contextual and conditional 

knowledge 
• Self-knowledge 

Structure of the Cognitive Process Dimension of the Revised Taxonomy 

Remembering 

• Recognizing 

• Recalling 

Understanding 

• Interpreting 

• Exemplifying 

• Classifying 

• Summarizing 

• Inferring 

• Comparing 

• Explaining 

Applying 

• Executing 

• Implementing 

Analysing 

• Differentiating 

• Organizing 

• Attributing 

Evaluating 

• Checking 

• Critiquing 

Creating 

• Generating 

• Planning 



• Producing 

Original Blooms taxonomy vs. Revised Blooms taxonomy 

 

Instructional Objectives 

“Instructional objective is a collection of words and/or pictures and diagrams intended to let others 

know what you intend for your students to achieve“-Mager 

There are two types of instructional objectives. 

1)    General Instructional Objectives (GIO) 

2)    Specific Instructional Objectives (SIO) 

GIO 

If the objectives are stated in general and vague manner, then they are called general objectives. 

They contain non-behavioral verb i.e. they contain non-action verb. 

Non-action verbs which are cannot measure or observe directly, because they are in the form of 

inner development or passive aspect of mental activity 

SIO 

If the objectives are stated in specific, then they are called specific objectives. They contain 

behavioral verb i.e. they contain ‘action’ verb. The observable and measurable behavioral changes as 

a result of realizing an objective is termed as specific instructional objectives or specification. 

Specification 

Specifications are the observable and measurable changes in the behavior of the learner. It tells us 

what the pupil will do or how they behave if they realize an objective. Hence it is the behavioral 

changes showed by the students which can be observable and measurable by the teacher is called as 

behavioural objectives.  

Criteria for Writing Instructional Objective 



The following criteria should be kept in mind by the teacher while setting and writing the instruction 

objectives. 

1. Specification of the learner/Performer 

  Specify the learner such as pupil, class, group etc. 

2. Learner performance 

  Illustrate the learners’ performance in classroom interaction, for example, students are able to 

understand, apply, identify, and justify etc. it also termed as action verb. 

3. Learning content and condition 

  Clearly mention the content of study, for example, the pupil able to justify the nonviolence 

principle of Gandhi. 

Aim  

Aim is the general statement of the expected outcome. It is a general statement, written in broad 

terms, explaining what is intended to achieve, is called aim. It is the overall purpose or the desired 

outcome, of the entity, which indicates what and where you expect to be, at the end.   

Objectives  

Objectives are the steps taken to accomplish the long-term goals. Objectives act as an instruction for 

the person, what they need to do, to attain the desired result. They have a short range perspective, 

i.e. they are small steps taken by the entity to reach the long term aim. The characteristic of 

objectives are described as SMART+C: 

• Specific 

• Measurable 

• Achievable 

• Realistic or Relevant 

• Time bound 

• Challenging 

Objectives of teaching Mathematics at upper primary level 

Arithmetic and algebra  

A consolidation of basic concepts and skills learnt at primary school is necessary from several points 

of view. For one thing, ensuring numeracy in all children is an important aspect of universalization of 

elementary education.  

Secondly, moving from number sense to number patterns, seeing relationships between numbers, 

and looking for patterns in the relationships bring useful life skills to children.  



Ideas of prime numbers, odd and even numbers, tests of divisibility etc. offer scope for such 

exploration.  

Algebraic notation, introduced at this stage, is best seen as a compact language, a means of brief 

expression.  

Use of variables, setting up and solving linear equations, identities and factoring are means by which 

students gain fluency in using the new language.  

The use of arithmetic and algebra in solving real problems of importance to daily life can be 

emphasized. However, engaging children’s interest and offering a sense of success in solving such 

problems is essential.  

Shape, space and measures  

A variety of regular shapes are introduced to students at this stage: triangles, circles and 

quadrilaterals. They offer a rich new mathematical experience in at least four ways. Children start 

looking for such shapes in nature, all around them, and thereby discover many symmetries and 

acquire a sense of aesthetics. Secondly, they learn how many seemingly irregular shapes can be 

approximated by regular ones, which becomes an important technique in science. Thirdly, they start 

comprehending the idea of space: for instance, that a circle is a path or boundary which separates 

the space inside the circle from that outside it. Fourthly, they start associating numbers with shapes, 

like area, perimeter etc, and this technique of quantization, or arithmetization, is of great 

importance. This also suggests that mensuration is best when integrated with geometry. An informal 

introduction to geometry is possible using a range of activities like paper folding and dissection, and 

exploring ideas of symmetry and transformation. Observing geometrical properties and inferring 

geometrical truth is the main objective here. Formal proofs can wait for a later stage. 

Visual learning  

Data handling, representation and visualization are important mathematical skills which can be 

taught at this stage. They can be of immense use as “life skills”. Students can learn to appreciate 

how railway time tables, directories and calendars organize information compactly. Data handling 

should be suitably introduced as tools to understand process, represent and interpret day-to-day 

data. Use of graphical representations of data can be encouraged. Formal techniques for drawing 

linear graphs can be taught. Visual Learning fosters understanding, organization, and imagination. 

Instead of emphasizing only two-column proofs, students should also be given opportunities to 

justify their own conclusions with less formal, but nonetheless convincing, arguments. Students’ 

spatial reasoning and visualization skills should be enhanced. The study of geometry should make 

full use of all available technology. A student when given visual scope to learning remembers 

pictures, diagrams, flowcharts, formulas, and procedures. 

Objectives of teaching Mathematics at upper primary level  

The curriculum states the following expectations at the upper primary level: To enable children to: 

• move from number sense to number patterns 

• see relationships between numbers and look for patterns in relationships 



• gain proficiency in using newer language of mathematics like, variables, expressions, 

equations, identities, etc. 

• use arithmetic and algebra to solve real life problems and pose meaningful problems 

• discover symmetries and acquire sense of aesthetics by looking around regular shapes like 

triangles, circles, quadrilaterals, etc. 

• comprehend the idea of space as a region enclosed within boundaries of a shape 

• relate numbers with shapes in terms of perimeter, area and volume and use them to solve 

everyday life problems 

• provide reasoning and convincing arguments to justify their own conclusions, particularly in 

mathematics 

• collect, represent (graphically and in tables) and interpret data/information from their life 

experiences 

• handle abstraction in mathematics.  

Objectives of teaching Mathematics at Secondary level 

It is at this stage that Mathematics comes to the student as an academic discipline. In a sense, at the 

elementary stage, mathematics education is (or ought to be) guided more by the logic of children’s 

psychology of learning rather than the logic of mathematics. But at the secondary stage, the student 

begins to perceive the structure of mathematics. For this, the notions of argumentation and proof 

become central to curriculum now. Mathematical terminology is highly stylised, self-conscious and 

rigorous. The student begins to feel comfortable and at ease with the characteristics of 

mathematical communication: carefully defined terms and concepts, the use of symbols to 

represent them, precisely stated propositions using only terms defined earlier, and proofs justifying 

propositions. The student appreciates how an edifice is built up, arguments constructed using 

propositions justified earlier, to prove a theorem, which in turn is used in proving more. For long, 

geometry and trigonometry have wisely been regarded as the arena wherein students can learn to 

appreciate this structure best. In the elementary stage, if students have learnt many shapes and 

know how to associate quantities and formulas with them, here they start reasoning about these 

shapes using the defined quantities and formulas. 

Thirdly, mathematical modelling, data analysis and interpretation, taught at this stage, can 

consolidate a high level of literacy. For instance, consider an environment related project, where the 

student has to set up a simple linear approximation and model a phenomenon, solve it, visualise the 

solution, and deduce a property of the modelled system. The consolidated learning from such an 

activity builds a responsible citizen, who can later intuitively analyse information available in the 

media and contribute to democratic decision making. At the secondary stage, a special emphasis on 

experimentation and exploration may be worthwhile. Mathematics laboratories are a recent 

phenomenon, which hopefully will expand considerably in future. Activities in practical mathematics 

help students immensely in visualisation. Indeed, Singh, Avtar and Singh offer excellent suggestions 



for activities at all stages. Periodic systematic evaluation of the impact of such laboratories and 

activities will help in planning strategies for scaling up these attempts. 

Algebra, introduced earlier, is developed at some length at this stage. Facility with algebraic 

manipulation is essential, not only for applications of mathematics, but also internally in 

mathematics. Proofs in geometry and trigonometry show the usefulness of algebraic machinery. It is 

important to ensure that students learn to geometrically visualise what they accomplish 

algebraically. A substantial part of the secondary mathematics curriculum can be devoted to 

consolidation. This can be and needs to be done in many ways. Firstly, the student needs to 

integrate the many techniques of mathematics she has learnt into a problem solving ability. For 

instance, this implies a need for posing problems to students which involve more than one content 

area: algebra and trigonometry, geometry and mensuration, and so on. Secondly, mathematics is 

used in the physical and social sciences, and making the connections explicit can inspire students 

immensely.  

To maintain and arouse interest in Mathematics: 

• Teaching should be child centered. 

• New knowledge and experiences should be linked with previous knowledge of the students. 

• Use of right material aid while teaching. 

• Choice of learning experiences should be according to the needs and mental level of the 
students. 

• Praising and appreciating students from time to time. 

• To arouse competitive feeling among the students. 

• Providing opportunities for constructive &creative work in mathematics. 

• Dealing the students with affection, sympathy and  helping them. 

• While teaching, innovating and child-centered methods should be used. 

• The teacher should keep and eye on the pace of the lesson. 

• The lesson should not be drag, when a lesson moves crisply and flows smoothly, students 
remain interested. 

• Teacher should encourage his students to guess more, rather than less. 

• The teacher must be able to stimulate the pupils to participate actively in the discovery of 
mathematics. 

• Mathematics teacher should strengthen positive feelings toward mathematics and try to 
change or at least ameliorate the negative feelings. 

Math fair 

         A math fair  is an exhibit of items that relate to Mathematics. Students may select to write and 

biography of a famous mathematician, to explain a theory, or to solve a problem using a formula. 

Students may even invent a game using different mathematical concepts. 

Objectives of the Mathematics Fair 

• To build different mathematics skills and concepts. 

• To show the interconnection and interdependency of different subjects with mathematics. 

• To help students learn best when presented with a concept they can manipulate and 

visualize. 



• To build the confidence of the students in their mathematics skills. 

• To add the fun element to the teaching learning process. 

• To enhance the team spirit. 

Mathematics fair 

         A math fair  is an exhibit of items that relate to Mathematics. Students may select to write and 

biography of a famous mathematician, to explain a theory, or to solve a problem using a formula. 

Students may even invent a game using different mathematical concepts. 

Objectives of the Mathematics Fair 

• To build different mathematics skills and concepts. 

• To show the interconnection and interdependency of different subjects with mathematics. 

• To help students learn best when presented with a concept they can manipulate and 

visualize. 

• To build the confidence of the students in their mathematics skills. 

• To add the fun element to the teaching learning process. 

• To enhance the team spirit. 

Organization of Mathematics Fair:             

The organization of Mathematics fair should be a teacher, Pupil activity and everything should be of 

well in advance. The following procedure is suggested for the organization and administration of the 

mathematic fair. 

Planning: 

            Before taking up the project of organization the mathematic fair, it is very essential that the 

planning is thoroughly done in which the limits of the fair. During planning the following aspects 

should be considered. 

a)      Objectivity and aims of the fair. 

b)      Scope of the fair-whether limit to the school (or) open to other schools, type of     

programmes etc. 

c)       Procedure 

d)      Financing. 

e)      Place, time and duration. 

f)      Other factors and facility. 



Distribution of work 

After planning, the work should be assigned to different individuals or groups. A number of 

committees may be formed which look after the different programmes and sections of the fair. For 

example executive, recording, reception, general management, committees and sub-committees all 

these committees are guided by the teacher, while distributing the work, the interest and the talents 

of the student should be kept in view. 

Execution 

The different committees now execute the planning of the fair the exhibition is arranged and other 

programmes like demonstrations, talks, films, magic shows, charts, collections, models etc. are 

organized. The selected students should be made in change of various experiments and they should 

be given full explanation of each experiment a day before the exhibition is opened, the fair can be in 

arranged by some important man of mathematics people from other schools and from the 

community may be invited. 

Judging 

The fair should be Judged by different committees of Judges for different items of the fair. Judges 

may be chosen from amongst the individuals in the community having some back ground of math’s 

scientist college professors, Maths teachers etc. The Judging system should be made as objectives. 

      Judging Performa should be developed for each item. Performa be developed on the lines 

suggested below. 

1.       Mathematic approach. 

2.       Originality – in planning and execution. 

3.       Technical skill and workmanship. 

4.       Dramatic value exhibit attractive labels large and descriptions neatly presented. 

5.       Personal interview presented with the respective students who exhibit. 

The Judging criteria should be made well-known to the participants in the fair. These criteria may 

even be displayed at a prominent place for public view. 

After the fair is over, the teacher and the students should evaluate it and find out whether the 

objectivity of the fair have been achieved (or) not.If not where day the fault lie and then try to 

improve it next time. 

Importance of Mathematics Fair 

• Mathematics fairs can help talent to surface and foster mathematical gifts in learners. They 

provide challenging opportunities to the gifted children. 

• Exhibition helps students to express themselves through attractive models. The 



• Demonstration value of models makes them more appealing. 

Mathematics fairs are also effective in brining desired changes in average or even slow 

learners. 

• The students, who lost interest in mathematics due to its abstract nature, change their 

attitude after understanding the concepts in a concrete way. 

• While preparing and working with models, they come very close to teachers which help 

them to participate in the learning process more actively. 

• There is every chance of getting appreciation from visitors and teachers, which in turn 

inspires them to think and work with self-confidence. 

• Students show interest in mathematics. 

• Fair and exposition are thought to make mathematics concrete and to give an opportunity to 

the learner to relate his/her creative talent to the learning of mathematics. 

Mathematical club 

 The meeting place where a number of persons meet to discuss something or to study some 

problems is known as Club and where students of Mathematics sit and discuss together is 

called Mathematics Club. It is no longer a vague idea. It has become a reality in many progressive 

schools. This club may play a significant role in the total programme of a school. It can serve a 

number of purposes given ahead. Its goal is to bring together people with a love for mathematics, 

encourage student collaboration, provide exposure to further education and career opportunities. 

The activities of mathematics club are a supplement to classroom teaching. Various charts, models, 

improvised apparatus prepared by members of the club can be used as important teaching aids for 

teaching mathematics in the classroom.      

Purposes 

• Arousing and maintaining interest in Mathematics. 

• Get opportunities of mathematical hobbies, recreational mathematics, mathematical 

projects, mathematical games, mathematical discussion and debates and mathematical 

innovations. 

• Opportunity of listening to experts and teachers from outside. 

• Providing intra-school and inter-school mathematical competitions. 

• Organizing excursion and visits of mathematical value. 

• To prepare and display mathematical illustrations. 

• Gifted students get an opportunity to satisfy their needs and interests by actively 

participating in the activities of such clubs and associations. 



• It provides the students an opportunity of free discussion and they are benefited from one 

another’s view.  

• It is helpful in making proper utilization of leisure time. 

• It stimulates the active participation of the students. 

  Suggested Activities 

• Organizing inter-class, inter-school competitions on some interesting Mathematical topics. 

• Arranging a lecture by some renowned Mathematics teacher or scholar. 

• Celebrating days and events pertaining to the history of Mathematics or men of 

Mathematics.  

• Organizing discussions about the practical applications of Mathematics. 

• Organizing recreational activities in Mathematics such as puzzles, riddles, catch problem, 

number games etc., 

• Making or collecting charts, models, picture, graphs etc. for the Mathematics Laboratory. 

• Conducting related project activities. 

• Preparing items for wall magazine. 

• Organizing Mathematical exhibitions or fairs. 

• Organizing certain outings of Mathematical interest such as visits to post-offices, banks, 

market places, big business concerns etc., 

• Organizing paper reading contests about certain important topics of Mathematics.  

• Making arrangements to listen to certain radio broadcasts on mathematical topics. 

• Organizing seminars and career courses relating to Mathematics. 

Suggestion for club organisation: 

• Mathematics club should have the head of institution as its patron. 

• One of the senior Maths teachers be asked to be the sponsor of the club. 

• Membership of the club be open to all the Mathematics students of the school. 

• Associate-membership may be allowed to some other students interested in Mathematics. 

• The club may have an elected executive committee. The members of executive should 

include the following and should be elected or nominated from amongst the students 

• Chairman 



• Secretary 

• Assistant Secretary 

• Treasurer 

• One or two class representatives from each class. 

• The executive committee may also include  

• A Librarian 

• A store keeper 

• A publicity officer 

• Only a nominal membership fee be charged from the members. 

• The club members be asked to tap other resources and carry out the club activities in their 

own locality. 

 Assignment of Duties to Officer Bearers: 

For a cohesive and efficient functioning of a club, there must be a clear demarcation of duties to be 

assigned to its office bearers. 

Patron: 

To take a keen interest in all activities of the club. 

To extend all the possible facilities to the club. 

Sponsor: 

He is a main force to start the club. 

He acts as an advisor, guide and supervisor. 

He should refrain from becoming a dictator. 

He should always be alert to avoid my mishap. 

He should keep a strict watch on the activities of the club members. 

Chairman:  

He being the elected representatives of the student should be asked to preside over all the formal 

functions organized by the club. 

He has also to convene and preside over the meetings of the executive committee of the club. 

Secretary: 

• He is an elected member. 



• He is to look after and maintain a proper record of various activities of the club. 

• He should call a meeting of the executive committee in consultation with the chairman and 

in accordance with the constitution of the club. 

• He should keep a true record of the meetings of the executive committee. 

• He is responsible to carry out all correspondence on behalf of the club and to extend 

invitation to speakers and guests for various functions of the club. 

Assistant Secretary: 

• His main role is to assist the secretary in performance of his duties.  

• In the absence of secretary he has to carryout all the functions of the secretary. 

Treasurer:  

• He is the person who is responsible for collection of subscription/membership fee for the 

club. 

• He has also to maintain a proper account of receipts and expenditure of the club. 

• He must present his accounts of the executive for audit and scrutiny at least once a year.   

Members of executive Committee: 

• A member of executive committee is expected to extend his active cooperation and 

participate actively in formation of club’s policy and programme. 

• He should use his contacts and influence to make the programme of the club a success. 

“The activities of Mathematics club is the supplement to class room teaching.”- How? 

• Mathematics club plays an important role in making Mathematics education more 

meaningful and effective. 

• Various charts, models, improvised apparatus prepared by members of the club can be used 

important teaching aids for teaching of mathematics in the classroom. 

• References could be made to various Mathematics projects undertaken by the club 

members and the club members may be asked to explain their projects in the class. 

• The explanation of a project by a student in a class, which would make other students more 

interested in learning Mathematics. 

• To make best use of the trips and excursions arranged by the Mathematics club, the 

students be given a questionnaire so that students may be more attentive to provide their 

answers. Answers given by the students may then be discussed in the class room and 

teacher can coordinate all the facts observed by the students into a complete lesson 



• Various activities of the club are expected to develop the skill of the student, his power of 

reasoning, understanding, his power to distinguish between relevant and irrelevant etc.  

UNIT – IV 

PLANNING OF TEACHING IN MATHEMATICS 

Semester plan  

The semester plan (course outline) is the guiding document for a class. Administrators, parents, 

teachers, and students have different interests in the semester plan. A teacher can prepare two 

different semester plans (one for Teacher and administrator, and one for students and their parents) 

from the same document using hidden text. 

A semester plan is a master schedule of everything that you need to get done over the 15 weeks of  

semester.  

Semester plans should use a logical format and include the following items: 

(1) Course Objectives 

(2) Outline lecture  

• reading assignments 

• special projects & reports 

• laboratory experiments 

• demonstrations 

• videos resources 

• guest speakers, field trips 

• group projects 

• written assignments 

• exams 

(3) Performance objectives 

(4) Classroom rules 

(5) Grading policy 

(6) Texts to be used 

(7) Other relevant information 

 



Annual plan  

An annual plan contains all academic and co-curricular activities to be taken in the specified 

academic year. It gives a detailed description about the units to be covered in each month and the 

related activities to be undertaken along with the unit. Hence we can say that an annual plan reflects 

the total activities of the school. From the annual plan the unit plan can be constructed. Generally, 

the annual plan is prepared before the beginning of the new academic year. It is useful in scheduling 

the activities of the school as well as the availability of time to accomplish the activities. Year plan is 

a systematic procedure for finding out the extent to which the pupils have realized the objectives 

and specifications. 

Unit Plan 

A unit plan is a series of lesson plans designed around a specific topic, lesson, etc. Unit planning 

begins with the selection of a unit a starting point for this process could be examination of the 

chapter headings in the students’ text.  

Borich (1988) describes unit planning as creating a diagram or visual blue print of what one wants to 

teach. Unit planning is a process wherein teachers select, organize, order, evaluate and revise both 

what they teach and how they teach it. The unit must be a comprehensive and significant aspect of 

the environment.  

Steps for the Preparation of Unit Plan 

• Divide the unit/chapter into sub-units;  

• For each sub-unit, formulate learning objectives; 

• Develop instructional procedures for each sub-units. Instructional procedures would include 

number of periods, main teaching points, teaching-learning activities, methods and media;  

• Plan and prepare your evaluation questions;  

• Have benchmarks in place. Once the transaction of the unit has begun, use benchmarks to 

keep you on track for time and to ensure that learning objectives are being met. 

Lesson plan  

Lesson plan is a plan of action. 

It is a teachers plan for teaching a lesson. It can exist in the teacher's mind or on one or more 

beautifully formatted sheets of A4 paper. Its purpose is to outline the "programme" for a single 

lesson. That's why it's called a lesson plan. It helps the teacher in both planning and executing the 

lesson. 

A lesson plan is the teacher’s guide for running the particular lesson, and it includes the goal (what 

the students are supposed to learn), how the goal will be reached (the method, procedure) and a 

way of measuring how well the goal was reached (test, worksheets, homework etc.) 



Daily lesson planning involves defining the objectives, selecting and arranging the subject matter and 

determining the method and procedure. 

Definition of Lesson Plan  

According to Bossing, " Lesson Plan is the title given to a statement of the achievements to be 

realized and the specialized means by which these are to be attained as a result of the activities 

engaged during the period”. 

Need of lesson planning  

• Through lesson planning the subject is organized properly.  

• It keeps the teacher free from the faults of thoughtless teaching.  

• It makes the proper atmosphere for learning process.  

• The teacher also gets a clear idea about when they should start evaluation and when they 

should proceed to the next lesson.  

• Lesson plans helps in organized teaching and saves time.   

• Lesson plans allow the teacher to apply appropriate strategy.  

• Teacher will be more prepared and confident while teaching the lesson. 

Characteristics of good lesson planning  

Learning to plan is just like any other skill. It takes time and practice. At first lesson planning may 

seem like a time consuming process but by creating detailed lesson plans as a beginner teacher one 

is able to develop routines that can become more automatic over time. 

1) Lesson planning should be in a written form.  

2) In lesson planning, the general and important objectives should be clearly defined.  

3) The lesson plan should relate to suitable teaching method and its use. 

4) A continuity component reviews and reflects on content from the previous lesson.  

5) Subject, time , class, average age of the students should be mentioned in the lesson plan.  

6) Important examples should be included in lesson planning. 

7) Inspirational or motivational methods should be experimented in lesson planning. 

8) In lesson planning, the time for each topic should appropriately be pre-determined. 

9) In lesson planning, the techniques and supportive materials of education like charts, maps 

and other audio-visual materials and its utilization should be written.  

 



Herbartian approach 

John Fredric Herbart was a great European educationist and philosopher of 19th century. He  

advocated that teaching should be planned actively if we intend to make it efficient. He applied the 

knowledge of psychology regarding the Learning process.  

The formal steps involved in the approach as below: 
 
1)     Introduction/Motivation 
 
2)     Presentation 
 
3)     Comparison and association 
 
4)     Generalization 
 
5)     Application 
 
6)     Recapitulation 
Introduction/Motivation 

            This step is concerned with the task of preparing the students for receiving new knowledge. In 

preparation, nothing new is taught to students. Relevant to the topic in hand the teacher should 

make himself sure of what the pupils already know, by putting a few questions, based on the pupils 

previous knowledge. In general, with the help of this step, the teacher can check the students 

entering behavior before he starts teaching the lesson. Thus, testing previous knowledge, developing 

interest in the minds of students and maintaining curiosity of the students can be achieved with the 

help of this step. 

Presentation 

      It is the key step and only through which the actual process of teaching is going to take place. 

Here the aims of the lesson should be stated clearly and the heading should be written on the 

blackboard. We have to provide situation for both the teacher and the students to participate in the 

process of teaching and learning. Our ultimate aim of the presentation is to make the concepts 

understandable to the students. Therefore simple language is used.  

Comparison or Association 

More importance should be given in this stage to compare the facts observed by the students with 

another concept by way of giving examples. By making use of this comparison, the students can 

derive definitions or theories. The students are encouraged to give new suitable examples for the 

concept instead of the examples given in the book to make them think in an innovative manner. 

Generalization 

This step is concerned with arriving at some general ideas or drawing out the necessary conclusions 

by the students on the basis of the different comparisons, contracts and associated observed in the 

learning material present by the teacher. As far as possible the task of formulation should be left to 

students. The teacher at this stage should try to remain in the background for providing only 



necessary guidance and correction. After understanding the entire lesson, the students are given the 

opportunity to think so that rules and principles are built up. 

Application 

In this stage, the teacher makes the students to use the understood knowledge in an unfamiliar 

situation. Unless the knowledge of science/Mathematics is applied in new situations or in our day-

to-day life, the study of science/Mathematics will become meaningless. This application off 

scientific/Mathematics principles will strengthen learning and will make the learning permanent                    

Recapitulation 

This stage is meant for the teachers to know whether students have grasped and understood these 

concepts taught or not. This can be achieved by reviewing a lesson or by asks questions related to 

the topic or by giving assignments to the students. Only through this step achieving closure (in 

teaching) is possible. 

Advantage of lesson plan 

• Organized Teaching 

• Acquiring thoughts as apperception 

• Use of Inductive and Deductive Methods 

• Recapitulation 

• Correlation Possible 

Limitation of lesson plan 

• Lack of originality on the part of the teacher 

• Useful in knowledge lesson only 

• No place for individual differences 

• Correlation Difficulty 

• Teacher-Centered 

Constructivism  

Constructivism is ‘an approach to learning that holds that people actively construct or make their 

own knowledge and that reality is determined by the experiences of the learner’. Constructivism is 

the theory that says learners construct knowledge rather than just passively take in information. As 

people experience the world and reflect upon those experiences, they build their own 

representations and incorporate new information into their pre-existing knowledge (schemas).  

Constructivist teaching  

Constructivist teaching is based on constructivist learning theory. This theoretical framework holds 

that learning always builds upon knowledge that a student already knows; this prior knowledge is 

called a schema. Because all learning is filtered through pre-existing schemata, constructivists 

suggest that learning is more effective when a student is actively engaged in the learning process 

rather than attempting to receive knowledge passively. A wide variety of methods claim to be based 

on constructivist learning theory. Most of these methods rely on some form of guided discovery 



where the teacher avoids most direct instruction and attempts to lead the student through 

questions and activities to discover, discuss, appreciate, and verbalize the new knowledge. 

Constructivist learning theory says that all knowledge is constructed from a base of prior knowledge. 

Children are not a blank slate and knowledge cannot be imparted without the child making sense of 

it according to his or her current conceptions. Therefore children learn best when they are allowed 

to construct a personal understanding based on experiencing things and reflecting on those 

experiences. 

Characteristics of Constructivist Teaching 

One of the primary goals of using constructivist teaching is that students learn how to learn by giving 

them the training to take initiative for their own learning experiences. 

According to Audrey Gray (1997), the characteristics of a constructivist classroom 

are as follows: 

• the learners are actively involved 

• the environment is democratic 

• the activities are interactive and student-centred 

• the teacher facilitates a process of learning in which students are encouraged to be 

responsible and autonomous 

Constructivist Learning Environments 

Jonassen (1994) has proposed a model for developing constructivist learning environments (CLEs) 

around a specific learning goal. This goal may take one of several forms, from least to most complex: 

• Question or issue 

• Case study  

• Long-term Project 

• Problem (multiple cases and projects integrated at the curriculum level). 

Essential components to constructivist teaching 

There are several main components to include if you plan on constructivist principles in your 

classroom or when designing your lessons. The following are from Baviskar, Hartle& Whitney. 

Elicit prior knowledge                                                                                                                

New knowledge is created in relation to learner’s pre-existing knowledge. Lessons, therefore, 

require eliciting relevant prior knowledge. Activities include: pre-tests, informal interviews and small 

group warm-up activities that require recall of prior knowledge. 

Create cognitive dissonance                                                                                                     



Assign problems and activities that will challenge students. Knowledge is built as learners encounter 

novel problems and revise existing schemas as they work through the challenging problem. 

Apply knowledge with feedback                                                                                  

Encourage students to evaluate new information and modify existing knowledge. Activities should 

allow for students to compare pre-existing schema to the novel situation. Activities might include 

presentations, small group or class discussions, and quizzes. 

Reflect on learning                                                                                                                  

Provide students with an opportunity to show you (and themselves) what they have learned. 

Activities might include: presentations, reflexive papers or creating a step-by-step tutorial for 

another student. 

Examples of constructivist classroom activities 

Reciprocal teaching/learning 

Allow pairs of students to teach each other. 

Inquiry-based learning (IBL) 

Learners pose their own questions and seek answers to their questions via research and direct 

observation. They present their supporting evidence to answer the questions. They draw 

connections between their pre-existing knowledge and the knowledge they’ve acquired through the 

activity. Finally, they draw conclusions, highlight remaining gaps in knowledge and develop plans for 

future investigations. 

Problem-based learning (PBL) 

The main idea of PBL is similar to IBL: learners acquire knowledge by devising a solution to a 

problem. PBL differs from IBL in that PBL activities provide students with real-world problems that 

require students to work together to devise a solution. As the group works through the challenging 

real-world problem, learners acquire communication and collaboration skills in addition to 

knowledge. 

Cooperative learning 

Students work together in small groups to maximize their own and each other's learning. 

Cooperative learning differs from typical group work in that it requires interdependence among 

group members to solve a problem or complete an assignment. 

Constructivist assessment 

Traditionally, assessment in the classrooms is based on testing. In this style, it is 

important for the student to produce the correct answers. However, in constructivist teaching, the 

process of gaining knowledge is viewed as being just as important as the product. Thus, assessment 

is based not only on tests, but also on observation of the student, the student’s work, and the 

student’s points of view. Some assessment strategies include: 



• Oral discussions. The teacher presents students with a “focus” question and allows an open 

discussion on the topic; 

• KWL (H) Chart (what we know(K), what we want(W) to know, what we have learned(L), 

How(H) we know it). This technique can be used throughout the course of study for a 

particular topic, but is also a good assessment technique as it shows the teacher the 

progress of the student throughout the course of study; 

• Mind Mapping. In this activity, students list and categorize the concepts and ideas relating to 

a topic; 

• Hands-on activities. These encourage students to manipulate their environments or a 

particular learning tool. Teachers can use a checklist and observation to assess student 

success with the particular material; 

• Pre-testing. This allows a teacher to determine what knowledge students bring to a new 

topic and thus will be helpful in directing the course of study. 

 

UNIT V 

METHODS, MODELS AND APPROACHES OF TEACHING MATHEMATICS 

Lecture method  

The term lecture derived from the Latin lectare, to read aloud, which identifies it as an expository or 

‘telling’ method.  

Lecture is an organized verbal presentation of subject matter often augmented by visual aids.  

Lecture is 'a didactic instructional method, involving one-way communication from the active 

presenter to the more or less passive audience'. 

Lecture method is the oldest method of teaching. It is based on the philosophy of idealism. This 

method refers to the explanation of the topic to the students. The emphasis is on the presentation 

of the content. The teacher clarifies the content matter to the students by using gestures, simple 

devices, by changing voice, change in position and facial expressions. Teachers are more active and 

students are passive but the teacher also asks questions to keep the students attentive. 

It is convenient and usually makes the most sense, especially with larger classroom sizes. This is why 

lecturing is the standard for most college courses, when there can be several hundred students in 

the classroom at once; lecturing lets professors address the most people at once. 

Characteristics of a good lecture  

Posture: It is very important to have a very good posture while giving a lecture. The person needs to 

stand erect and the teacher should be visible to all the audience too. Appearance: The teacher 

should wear clean and neat clothes. One should possess a very friendly and confident look which will 

create a good impression.  



Manner: The teacher should have a poised and courteous behaviour to make the students attentive 

in the class.  

Gesture: Actions and gestures of the teacher should be natural and purposeful. Mannerisms like 

playing with chalks should be avoided.  

Voice: The voice of the teacher should be audible and should convey the confidence, emotion and 

emphasis of the teacher.  

Vocabulary: The teacher should use simple language avoiding the misinterpreted words and jargons.  

Time: The class should be interactive and the teacher should systematically manage the time. 

Components in a lecture  

The components involved in a lecture are as follows.  

� The Audience 

� Time Schedule 

� Subject Matter:  

The Audience 

The lecturer should know who the audiences are? Their background, their likes and dislikes, level of 

knowledge, their level of understanding on the subject, etc. It will be more effective, if the teacher 

starts with a general discussion on the topic.  

Time Schedule 

The lecture may be planned in a way that the audience must not lose their interest on the subject. 

Hence within the given time, the teacher must impress the students with interesting examples, 

questions, discussion and so on.  

Subject Matter 

The lecture should contain a brief introduction, which carries the objectives and theme of the 

subject, the body of the lecture in which the important points to be highlighted in a sequential 

order, illustrative examples with real life incidents can be added along with the usage of audio-visual 

aids will help the students to understand better. There should be time for discussion and a brief 

conclusion should be given. The brief conclusion will help to recapitulate the learned subject.  

Advantages of the lecture method: 

• It is economical and can be used among large number of students.  

• It saves time and also covers syllabus.  

• It is the simplest method for teachers and does not require any arrangements.  

• It gives the students training in listening.  



• It provides an opportunity an opportunity for better clarification of the topics and lying 

stress on significant ideas. 

• It brings a personal contact and touch to impress or influence the pupils. 

• It is considerably cheap to operate since no special teaching aids are required. It requires 

nominal planning.  

• Its expository nature provides the teacher a feeling of security as the “influential figure” in 

the class.  

• Students can interrupt for clarification or more detail. 

• The lecture can be taped, filmed, or printed for future use. 

Disadvantages of the lecture method: 

• It is a passive method of learning, It does not encourage active students participation. 

• It doesn't allow the opportunity for students to ask questions. 

• It does not enhance understanding in learning; encourages rote learning.  

• It is difficult to sustain the attention of students using the lecture method. 

• It does not provide appropriate room for tutors/lecturers to monitor students' progress. 

• Students’ attention wanes quickly after fifteen to twenty-five minutes. 

• Information tends to be forgotten quickly when students are passive. 

‘Demonstration-cum-discussion method’  

Demonstration means 'to show'. In lecture method, the teacher just talks but in demonstration 

method, he shows or illustrates certain phenomena, concept, or principles. Demonstration provides 

concrete experiences to students. Thus, it helps to understand abstract ideas to students. It is a 

teacher- centred method as the teacher demonstrates the pictures/ charts/models/experiments and 

explains the principles, concepts involved in these demonstrated materials or processes. The 

students observe the demonstration shown by the teacher and some of them participate in 

answering the questions asked by the teacher and draw conclusions. 

The main purposes of a lecture-cum-demonstration are : 

• To convey information  

• To generate understanding   

• To stimulate interest 

Characteristics of good Lecture cum demonstration 

• Visibility 



• One major idea at a time 

• Clear cut 

• Convincing 

• Rehearsal 

• Supplemented with other teaching aids 

• Asking relevant questions 

• Neat, clean and tidiness 

• Simple and speedy 

• To write observation 

• Teacher to act as performer 

• Sufficient time 

Steps involved in the demonstration method  

• Planning  

• Introduction  

• Demonstration   

• Blackboard usage  

• Concepts compilation  

For successful demonstration, several criteria are to be followed in each of these steps.   

Planning: 

o Ensure whether the lesson is suitable for this method.  

o Collect necessary tools, equipments, and materials for demonstration.  

o Rehearse the experiment before demonstrating before the class as it will help to build 

confidence to demonstrate. –  

o Be ready with explanatory notes and questions to be used during and after the 

demonstration. 

Introduction:  

o Motivate the students to arouse interest in observing the experiment keenly and to accept 

new concepts after the demonstration. – 



o Introduce the lesson as a ‘problem’ or an issue, so that the students understand the 

importance of the lesson.  

Demonstration:  

o Keep the curiosity of the students alive during the demonstration.  

o Take care to ensure that the students are able to follow the demonstration.  

o Relate the demonstration with the life experiences of the students.  

o Handle the instruments safely, and arrange them in their respective places for the 

demonstration.   

Blackboard Usage: 

o Write the objectives clearly on the black board to make the students understand the 

significance of the demonstration method. 

o Draw relevant pictures and write the key concepts and the results of the demonstration 

immediately on the black board.  

o Ask the students to write the key points, draw the diagram and finally the results in their 

notebooks.  

o Check their notebooks while they are writing. 

Usefulness of Demonstration Method:  

Demonstration method is one of the most preferable methods of teaching because of its multiple 

benefits.  

• It is cost effective. As the teacher demonstrates, it becomes more economical and time 

saving.  

• The teacher explains the concepts during the experiment and so the students clearly 

understand the concepts of the lesson.  

• During the demonstration the doubts of the students are cleared by the teacher then and 

there.  

• During the demonstration, students get opportunities for the following: 

o Observation  

o Note making  

o Questioning  

• Involving in Experiments  



• It reduces distraction and promotes sustained attention among the students and paves way 

for useful learning.  

• It stimulates learning and attempts to retain student interest 

Advantages  

• There is a possibility of using more sophisticated apparatus, which generally students cannot 

handle in Laboratory.  

• More difficult experiments may be undertaken.   

• More hazardous experiments may be attempted.  

• Expenses may be minimized compared to laboratory method.  

• There is a possibility of demonstrating manipulative and allied practical skills.  

•  There is a possibility to draw attention of all the students of the class simultaneously. It 

takes less time compared to laboratory and other innovative methods like enquiry approach, 

problem solving approach, scientific method and project method.  

• This method is more efficient in way compared to laboratory method as a teacher is 

Approaches and , more competent than students to handle apparatus.  

• All students can see the same operation and techniques simultaneously.  

• Teacher is in a position to explain each and every step and to ensure that all students see 

and interpret all the work in the same manner.  

Disadvantages 

• All students do not do the experiment with their own hands. It is a substitute for laboratory 

work.  

• When the demonstration is complex or there are too many demonstrations in one lesson, 

students feel difficulty in understanding the basic concepts, principles and skills.  

• Various details of the apparatus, significant reactions and other essential steps undertaken 

by the teacher in drawing conclusions are not necessarily visible to all the students of the 

class equally well.  

• Either too fast or too slow speed of demonstration sometimes  may create trouble 

• It deprives students of many of the advantages of laboratory method such as handling of the 

apparatus and other materials as well as making their own interpretations.  

Inductive method  

Inductive method is based on the process of induction. Induction means to provide a universal truth 

by showing, that if it is true for a particular case. It is true for all such cases. Inductive approach is 

psychological in nature. 



In this we first take a few examples and generalize. It is a method of constructing a formula with the 

help of a sufficient number of concrete examples. The children follow the subject matter with great 

interest and understanding. This method is more useful in arithmetic teaching and learning. 

Inductive approach proceeds from 

• Particular cases to general rules of formulae 

• Concrete instance to abstract rules 

• Known to unknown 

• Simple to complex 

Following steps are used while teaching by Inductive method:- 

(a) Presentation of Examples  

 In this step teacher presents many examples of same type and solutions of those specific 

examples are obtained with the help of the student. 

(b) Observation 

 After getting the solution, the students observe these and try to reach to some conclusion. 

(c) Generalization 

  After observation the examples presented, the teacher and children decide some common 

formulae, principle or law by logical mutual discussion. 

(d) Testing and verification 

               After deciding some common formula, principle or law, children test and verify the law with 

the help of other examples. In this way children logically attain the knowledge of inductive method 

by following above given steps. 

Example 1: 

Law of indices am x an =a m+n 

Solution: 

            We have to start with a2 x a3     =       (a x a) x (a x a x a) 

                                                                =       a5 

                                                                                                =       a 2+3                    

                                           a3 x a4           =       (a x a x a) x (a x a x a x a) 

                                                                =       a7 

                                                                                                 =       a 3+4 



                                        Therefore      am x an    =       (axax….m times)x(axa …n times) 

                                           am x an          =       a m+n 

Example 2: 

Square of an odd number is odd and square of an even number is even. 

Solution: 

Particular concept:  

12 = 1                     32 = 9                     52 = 25             Equation 1  

22 = 4                     42 = 16                   62 = 36            Equation 2    

General concept: 

From equation 1 and 2, we get 

Square of an odd number is odd 

Square of an even number is even. 

Merits 

• It enhances self -confident 

• It is a psychological method. 

• It is a meaningful learning 

• It is a scientific method 

• It develops scientific attitude. 

• It develops the habit of intelligent hard work. 

• It helps in understanding because the student knows how a particular formula has been 

framed. 

• Since it is a logical method so it suits teaching of mathematics. 

• It is a natural method of making discoveries, majority of discoveries have been made 

inductively. 

• It does not burden the mind. Formula becomes easy to remember. 

• It is found to be suitable in the beginning stages.  

Demerits 

• Certain complex and complicated formula cannot be generated so this method is limited in 

range and not suitable for all topics. 



• It is time consuming and laborious method 

• It is length. 

• It’s application is limited to very few topics 

• It is not suitable for higher class 

• Inductive reasoning is not absolutely conclusive because the generalization made with the 

help of a few specific examples may not hold good in all cases. 

Deductive method 

It is opposite of inductive method. In deduction the taw is accepted and then applicable to a number 

of specific examples. The child does not discover the law but develops skills in applying the same, 

proceeds from general to particular or abstract to concrete. In actual practice, the combination of 

Induction and Deduction is practiced. The laws discovered by pupils inductively are further verified 

deductively through applications to new situations.  

Deductive approach proceeds from 

• general to particular  

• abstract to concrete  

• formula to examples 

Procedure: Immediately after announcing the topic for the day, the teacher gives the relevant 

formula and solves some problem related to formula. The student understands how the formula can 

be used or applies. Then few problems are given to the student to solve by themselves. 

Example: Facts like sum of the angle is 1800 and solve the problem related to given facts. 

Formula like area of rectangle = Length x Breadth and solve problem related to given formula. 

Merits 

(1) This method is short and time-saving. The solution of the problems by pre-established formulas 

takes little time. 

(2) It encourages memory as the students have to memories a considerable number of formulas. 

(3) This method is advantageous at the “Practice and revision” stage. 

(4) It enhances speed and efficiency in solving problems. 

Demerits 

(1) The beginners find it very difficult to understand an abstract formulas, if they are not acquainted 

with a number of concrete instances. 



(2) This method will demand blind memorization of a large number of formulas. And this will cause 

an unnecessary and heavy burden on the brain of children. 

(3) In this method, memory becomes more important than understanding and intelligence and that 

is educationally unsound. 

(4) Blind cramming leads very often to forgetting the formulas and the children are at a loss to 

recollect. This ultimately leads to no learning 

(5) This method is not suitable for development of thinking, reasoning and discovery. 

Analytic method 

The word ‘analytic’ is derived from the word ‘analysis’ which means ‘breaking up’.  In this method 

we break up the unknown problem into simpler parts and then see how these can be recombined to 

find the solution. In this process we start with what is to be found out (unknown) and then think of 

further steps and possibilities which may connect with the known and find out the desired result.  

It proceeds from: 

• conclusion to hypothesis 

• unknown to known 

• abstract to concrete 

Algebraic identities and Geometrical concepts can be explained by this method. In these cases, the 

problem is made up of two parts i.e. known and unknown. The known part is called ‘given’ and 

unknown part is called ‘to be proved’. We start with unknown part as our starting point , analyze the 

statement of our problem , work out step by step requirements , connect to unknown with the 

known and conclude that the unknown stands proved. 

Example: 

if a2+b2=7ab prove that 2log (a+b) = 2log3+loga+logb 

Proof: 

To prove this using analytic method, begin from the unknown. 

The unknown is 2log (a+b) = 2log3+loga+logb 

Now, 2log (a+b) = 2log 3+ log a+ log b is true 

If log (a+b)2 = log 32 + log a + log b is true 

If log (a+b)2 = log 9 + log ab is true 

If log (a+b)2 = log 9ab is true 

If (a+b)2 = 9ab is true 



if a2+b2+2ab= 9ab is true 

if a2+b2= 7ab which is known and true

Thus if a2+b2= 7ab prove that 2log (a+b) = 2log3+loga+logb

Merits of Analytic Method  

• It is a psychological Method. 

• It leaves no doubt in the minds of the students as every step is justified.  

• It suits the learner as it facilitates understanding. 

• It involves active participation of the students. 

• No cramming is needed.  

• It helps in developing the spirit of enquiry and discovery among students. 

• It develops self confidence in the students as the

intelligently. 

• It develops thinking and reasoning power among the students.

Demerits of Analytic Method  

• It is lengthy and time consuming method.

• It is difficult to acquire speed and efficiency. 

• It is not suitable all topics of Mathematics. 

= 7ab which is known and true 

= 7ab prove that 2log (a+b) = 2log3+loga+logb 

 

It is a psychological Method.  

It leaves no doubt in the minds of the students as every step is justified.   

It suits the learner as it facilitates understanding.  

It involves active participation of the students.  

It helps in developing the spirit of enquiry and discovery among students.  

It develops self confidence in the students as they tackle the problems confidently and 

It develops thinking and reasoning power among the students. 

It is lengthy and time consuming method. 

It is difficult to acquire speed and efficiency.  

topics of Mathematics.  

y tackle the problems confidently and 



Synthetic Method 

 ‘Synthetic’ is derived from the word ‘synthesis’ that means to combine the constitute elements to 

produce something new. To synthesis is to place together things that are apart. Synthetic method is 

opposite of the analytic method. In this method we start with something known and connect it with 

the unknown part. Thus this method proceeds from known to unknown. It is the process of 

combining known bits of information to reach the points where unknown information becomes 

obvious and true. The usual form of statements of proofs found in textbooks are examples of 

synthetic Method. 

Example : 

if a2+b2=7ab prove that 2log (a+b) = 2log3+loga+logb 

Proof: 

To prove this using synthetic method, begin from the known. 

The known is a2+b2= 7ab 

Adding 2ab on both sides 

a2+b2+2ab=7ab + 2ab 

(a+b)2 = 9ab 

Taking log on both sides 

log (a+b)2      =       log 9ab 

2log (a+b)     =       log 9 + log ab 

2 log (a+b)    =       log 32 + log a + log b 

2log (a+b)     =       2log 3+ log a+ log b 

Thus if a2+b2=11ab prove that 2log (a-b) = 2log3+loga+logb 

Merits of Synthetic Method  

• This method is logical as it proceeds known to unknown.  

• It is short and elegant method.  

• It facilitates speed and efficiency.   

• It is more effective for slow learners.  

• It suits the teacher means it is easy for teachers to use.  

Demerits of Synthetic Method  

• It leaves many doubts in the minds of the learner and offers no explanation to them.  



• It does not provide clarity and full understanding.  

• There is no scope for discovery and enquiry.   

• As it does not justify all the steps, recall of all the steps may not be possible.  

• It makes students passive listeners and encourages rote learning.  

• If the student forgets the sequence of steps, it would be difficult to write the proof. 

Comparison of Analytic and Synthetic Methods: 

Analytic Method Synthesis Method 

• Analysis means breaking up into 
components 

• Leads from unknown to known. 

• A method of discovery and though  

• Lengthy, laborious and time 
consuming. 

• Valid reasons to justify every step 
in the sequence. 

• Encourages meaningful learning 

• Easy to rediscover 

• Encourages originality of thinking 
and reasoning 

• Is formational 

• A psychological method 

• Application of inductive reasoning 

• Informal and disorganized 

• Process of thinking 

• Active participation of the learner 

• Synthesis means combining the 
elements to get something new 

• Leads from known to unknown 

• A method for the presentation of 
discovered facts. 

• Short, concise and elegant. 

• No justification for every step in 
the sequence. 

• Encourages rote learning 

• Once forgotten, not easy to recall 

• Encourages memory work 

• Is informational 

• A logical method 

• Application of deductive reasoning 

• Formal, systematic and orderly 

• Product of thinking 

• Learner is a passive listener 

 

Laboratory method : 
 Laboratory Method is procedure for stimulating the activities of the students and to 

encourage them to make discoveries.  In this method students are required to do some experiments 

or carry out certain activities in order to verify the validity of a mathematical generalization, a law or 

a statement.  It is the experimental portion of the inductive method or the practical form of the 

heuristic method.  Therefore, in this method one proceeds from concrete to abstract.  It is based on 

the psychological principles of learning such as ‘learning by doing’, learning by observation’ and so 

on.  Laboratory method is quite competent to relate the theoretical knowledge with the practical 

base.  This approach makes the learning process more interesting, lively and meaningful. 

 The success of the laboratory method depends on an able and skilled mathematics teacher 
as well as the availability of a well-equipped mathematics laboratory.  
J.W.A. Young “ a room specially filled with drawing instruments, suitable tables and  desks, good 

blackboards and the apparatus necessary to perform the  experiment of the course is really essential 

for the best success of the laboratory method”.   



A well-furnished mathematical laboratory helps in providing stimulating and worthwhile experiences 

in clarifying the meanings of mathematical principles and for the acquisition of understanding and 

skills. 

Merits of Laboratory Method: 

• It is based on the psychological laws of learning: Law and exercise and law of effect. 

• It is based on the principle of learning by doing. 

• It stimulates the interest of the students to work with concrete material. 

• It provides an opportunity for the students to verify the validity of the mathematical rules 
through their application. 

• Knowledge and skills acquired through experiments help in better understanding and longer 
retention. 

• It provides for individual differences and best suited for average and below average students 
for through understanding of abstract concepts. 

• It promotes self-confidence and self-reliance and a sense of achievement among the students. 

• It provides opportunities for social interaction and cooperation among the students. 

• It develops in the child a habit of scientific enquiry and investigation. 
Demerits of Laboratory Method: 

• Laboratory method does not contribute much towards the mental development of the 
students. 

• It is an expensive method in terms of time, equipment, laboratory facilities and number of 
skilled and able teachers. 

• Only very few topics in mathematics can be taught through this method and hence it has 
limited applicability.   

• It is too much to expect the students to work independently and discover and verify 
mathematical facts like a mathematician. 

• It is not suitable for larger classes, as the teacher has to give individual attention to each 
student. 

• It is suitable only for lower classes. 

• There is a dearth of textbooks written on the lines of a laboratory method. 
Applicability of Laboratory method: 
 Laboratory method is best suited for teaching mathematics at lower classes.  This method 

does not provide much scope for teaching mathematic at high school and higher secondary classes.  

However, many topics in geometry, mensuration and applied mathematics can be taught effectively 

through laboratory method.  This method does not contribute much towards the development of 

reflective thinking, reasoning and problems solving skills, which are the important aims of teaching 

mathematics.  Whenever the teacher selects the laboratory method, it should be integrated with 

other methods to yield desirable outcomes. 

Some sample topics for laboratory method: 
 Listed below are some topics from high school mathematics, which could be treated through 

laboratory method. 

1. Derivation of the formulae for the. 
i) Circumference of a circle, are of a circle. 
ii) Area of square, rectangle, parallelogram, and trapezium. 
iii) Are of triangle, right angled triangle, and isosceles right-angled triangle. 
iv) Total surface area of cone, cylinder. 
v) Volume of a sphere. 
vi) Volume of a cone. 



2. Expansion of identities such as. 
                       ( a + b)2;   (a-b)2 ;   ( a+b+c)2  ; (a+b) (a-b) ;   (x+a) (x-b);    (a+b)3 etc. 

3. Verification of 
i) Properties of certain geometrical figures like parallelogram, rhombus etc. 
ii) Angle sum property in a triangle. 
iii) Transversal properties 
iv) Properties of vertically opposite angles formed by intersecting lines. 
v) Congruency postulates. 
vi) Theorems relating to triangles and circles. 

 

Heuristic method: 

 The word heuristic is originated from Greek word “Heuristic” which means “I find out”. The 

profounder of this method was Prof. Henry Edward Armstrong. 

This method is more important from educational point of view because in this method 

students work like a researcher and solve the problems. 

 By the use of this method scientific and mathematical attitude can be developed in students.  

The main aim of this method is to make the student a researcher or discoverer. 

Pre-requisites of the Heuristic Method: 

 Heuristic method cannot be used without certain prerequisites. The teacher has to keep 

followings things in mind before using this method. 

i. The teacher should develop the heuristic attitude and make a lot of preparation for it. 
ii. The question should be so planned that it may be possible for the students to find the solution 

independently by proceeding in the proper direction. It is required because in this method the 
pupil is not told anything but he is led to see the solution through carefully planned and well 
directed questions. 

iii. This method is not suitable for the beginners because in the early stages, students need a good 
deal of guidance. The guidance should be planned in a scientific way. 

iv. This method requires a lot of planning. Several precautions have to be observed so that thing 
may be planned properly and the lesson may be effective. 

v. The teacher and the student should not be discouraged by the slow progress that is made in 
this method. This method proceeds very slowly and the progress is not very marked. 

vi. The teacher should realize his responsibility properly. He should know that in Heuristic method, 
the students are not to be left alone without any support. Their difficulty should be properly 
solved and they should be given a proper guidance. 

Merits: 

• This is a psychological method. 

• It develops self-confidence, self-reliance and scientific attitude. 

• It develops ability of observation and spirit of enquiry to solve the problems. 

• This method makes them exact and brings them closer to truth. 

• Contemplation and awakening increases in the children. 

• The knowledge obtained by this method is more stable. 

• Pupil gets the opportunity to develop the mental and thinking powers. 



• This method is based on the psychological principles. Learning by doing takes place in this 
method. 

• This method is based on the principles of activity. 

• Individual attention of the teacher is possible and the relation between the teacher and learner 
becomes more intimate. 

Demerits: 

• It is not suitable for lower classes. 

• It is very slow method. 

• It is very lengthy method. Whole syllabus cannot be finished in the limited time. 

• It is very expensive method.  

• There is lack of textbooks written on heuristic approach. 

• This is formational method rather than informational. 

• It presupposes a very small class, which is not possible in Indian conditions. 
 

PROGRAMMED LEARNING 

Programmed learning represents a highly individualized and systematic instructional 

strategy for class-room instructions as well as self-learning. It is now considered as one of the most 

important innovations in the field of education. 

Definitions 

Michael J. Apter’s view: “Programmed instruction is a method of instruction in which the 

information to be taught is broken down into small units which are to be presented to the student 

(usually in written form) in a carefully planned sequence. Each unit or ‘frame’ contains not only 

conformation but is also terminated with a question.” 

Edgar Dale’s view: “Programmed instruction is systematic, step by step, self-instructional program 

aimed to ensure the learning of stated behavior”. 

Characteristics of Programmed learning: 

• Individualized instructions 

• Logical sequence of material 

• Interaction between the learner and the program 

• Immediate knowledge of results 

• Organized nature of knowledge 

• Learner’s own speed 

• Constant evaluation 
Fundamental Principles of Programmed Learning 

• Principle of small steps 

• Principle of active responding 

• Principle of immediate confirmation 

• Principle of self-pacing 

• Principle of evaluation 
Styles of Programming (Types of program) 

• Prominent important conventional styles of programming are as under: 



• Linear Programming 

• Branching Programming 

• Mathetics 

• Computer-assisted instruction 

• Learner-controlled instruction 
Linear or extrinsic style of programming 

The linear style of programming was developed by Skinner and his associates(1954).This is 

also known as the Skinnerian style of programming. The techniques associated with this style of 

programming are based on the principle that the learner’s original response should be gradually 

altered or shaped until he meets some standard of acceptable performance. 

Basic assumptions of linear programming: 

• Activeness 

• Small units 

• Immediate reinforcement 

• Psychological arrangement of content 

• Freedom 

• Hindrance by errors 
Features or advantages of linear style of programming: 

• Linear arrangement 

• Small steps 

• Controlled responses 

• Response is emphasized 

• Structural responses 

• Active responding 

• Immediate feedback 

• Prompting 

• Self-pacing 

• Minimum errors 

• Simple mechanism 

• Best suited in certain subject areas 

• Discouraging cheating 

• Skip-linear program 
Applications of Linear Program: Linear programs have effectively been used in the following 

situations: 

• Small children 

• Slow learner 

• Homogenous 

• Hierarchical order 

• Immediate feedback 

• Inadequate initial behavior 

• Difficult material 

• Specific terminology 

• Less motivated teachers 

• Remedial instruction and self-study 

• Complete mastery 



Limitations of Linear Style of Programming: 

• Lack of motivation 

• No freedom of choice 

• No development of discriminative power 

• Encouraging guess work 

• Serial order learning 

• Difficulty in finding background 

• Not student centered 

• No specified role of teacher 

• Teacher-proof program 
Branching or intrinsic style of programming: 

The branching or intrinsic style (method) of programming was originated by Norman A. 

Crowder. He defined branching programming as a program which adapts to the needs of the student 

without the medium of an extrinsic device such as computer. Branching program may be produced 

for use on a teaching machine or in a book form. The book form is known as a ‘scrambled text’ 

because the pages do not follow in a normal sequence. 

Assumptions of Branching Program: 

• Needs of the learner 

• Wholeness of the content 

• Meaningful units 

• Analysis of the task 

• New material 

• No hindrance by errors 

• Remediation 

• Multiple choice items 

• Sufficient freedom 

• Discrimination 

•  
Techniques in Branch Programming (types of branching): 

Backward branching: 

It is based on the principle of ‘repeating the missed frames’. As shown in the diagram below 

the learner from frameNo.1 of the main stream goes to frame No. 2 of the main stream only if he 

makes a correct choice. But if he makes a wrong choice, he is led to remedial frame wherein he is 

given some more help in understanding the concept and in solving the solution by a better logic. He 

will be then directed to the original frame No. 1 so that he can read it again and answer it correctly 

in the light of the remedial material he has received. So the learner who has committed error goes 

through the same frame twice (once before the remedial material and once after the remedial 

material). 

Forward branching:  

In the forward branching, whether the learner makes a wrong choice or correct choice he 

will always be going to new pages, thus physically progressing from page to page. 



Principles of branching program: 

• Principle of exposition 

• Principle of diagnosis 

• Principle of remediation 
Features or characteristics or advantages of branching program: 

• Based on traditional tutorial method 

• Individualized instruction 

• Larger frame 

• Multiple choice questions 

• Freedom to choose path 

• Alertness of learners 

• Detection and correction of errors 

• Development of discrimination and creativity 

• Useful in concept learning 

• Controlled material 

• Psychological and social motivation 

• Easier to develop frames 

• Teaching and instruction 

• Programmed text 
Limitations of branching program: 

• Guessing 

• Difficulty in multiple choice questions 

• Difficulty in arranging the branching sequences 

• Unfeasibility of infinite branching 

• Not suitable for small children 

• Inability to control the student 

• Costly 

• Emphasis on remediation 

• No sequence of pages 

• Suitable feedback 

• Programmer’s imagination 
 

Recreational activities in Mathematics 

Riddle: 

A riddle is generally a question devised so as to require clever or unexpected thinking for its 
answer. Riddles may be considered a form of brain teaser. In general conversation, a riddle is usually 
presented to someone who knows that a riddle is being asked and accepts the challenge of guessing 
the correct response. The guesser may get one or multiple guesses. Sometimes the asker gives clues, 
but sometimes the guesser just does the best she or he can. There is usually one correct answer to a 
riddle, and it is common for the correct answer to be given, even if the guesser doesn’t think of it. 

Riddles typically use one of several techniques to create the twist that makes them difficult 
to guess. One common technique is double meanings. If the double meaning is in the words of the 
riddle, then a kind of equivocation is going on: the asker intends one meaning and hopes that the 
guesser will understand a different meaning.  



Puzzle 

"A puzzle is a problem to make the user think. They are often used for entertainment and can 
help logic skills. The user may need to recognize patterns to solve it, so those who have good logic 
are usually good with puzzles." 

1. A puzzle is fun,  
2. It has a right answer.  

Part 1 of the definition says that puzzles are a form of play and Part 2 distinguishes puzzles from 
other forms of plays, such as games and toys. 

Mathematical puzzles 

Mathematical puzzles make up an integral part of recreational mathematics. They have 
specific rules as do multiplayer games, but they do not usually involve competition between two or 
more players. Instead, to solve such a puzzle, the solver must find a solution that satisfies the given 
conditions. Mathematical puzzles require mathematics to solve them. Logic puzzles are a common 
type of mathematical puzzle. 

 

  

  

  

  

  

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



Enrichment programmes 

ORAL WORK: 

 Oral work is done orally (mentally) without the help of pen and paper. Oral work occupies a 

special place in life and in Mathematics. Mathematics is science of figures and written work. Major 

part of Mathematics has to be covered in written form, but its application lies in oral form. If the 

principle of Mathematics can be discussed orally it is more helpful. 

Importance: 
In teaching Mathematics oral work plays an important part. Oral work keeps the mind alert, oral 
work also helps in the development of the habit of accuracy and speed. Oral Mathematics saves a lot 
of time and cuts short the process that would have to be done unnecessarily in written 
Mathematics. 

� It trains the pupils in solving day-to-day problem of life. Oral calculation has to be done in 
life at many a occasions because we are not expected to carry pen and paper all the times 
with us. 

� It develops mental alertness and quick thinking. 
� It develops speed in solving problems. 
� It has been found to be an effective way to introduce a lesson. Previous knowledge of the 

student can be tested orally. 
� Oral questions help in making a lesson easily comprehensible and clear. 
� Oral questions, are helpful in developing a lesson. It ensures brisk style and is stimulating 

for the students. 
� Oral questions provide a convenient way to test the comprehension of the students. 
� It helps the quicken wits and sharpen intelligence. 
� It brings variety in the monotonous process of teaching of Mathematics. 
� It helps in learning the written work in Mathematics. Once a student has become well at 

oral mathematics, he enters the field of written Mathematics with confidence and is likely 
to succeed in that field. 

� It helps in diagnosing the difficulties or doubts of individual students. 
� It helps in maintenance of discipline in the class. 
� Since it appeals to the eyes, and ear so it is likely by the pupils. 

Limitations: 
� It develops a hasty attitude in the students. 
� It gives an unsystematic and haphazard out look. In written Mathematics work has to be 

done systematically step by step but in oral mathematics no such thing is required. The 
students are left free to arrive at the results. If not handled properly such a thing is likely to 
develop a haphazard and unsystematic outlook in the pupils. 

� In oral mathematics there is likelihood of inaccuracy. If oral mathematics is not conducted 
properly the mistakes are likely to be caused because of the speed and haste and lack of any 
systematic work. 

� Waste of Time and Energy: If the work in oral Mathematics is not conducted properly, it is 
likely to cause mistake which accompany the haste and so it would be a waste of time and 
energy. 

Question to be used in Oral Mathematics: 
The questions that may be used in oral Mathematics should be such as to fulfill one or more of the 
following objectives: 

� They should help recall of the past knowledge. 
� They should help in comparison of the present with some other aspect of knowledge. 
� They should show contrast with certain other things. 



� They should explain the cause and effect. 
� They should be helpful in evaluation of certain things or illustration of certain points. 
� They should help in classification and definition of figures and other subject-material. 
� They should help in proof and plan of the subject-matter. 
� They should help in analysis and synthesis of the subject matter and problems. 

Though oral work in Mathematics is very important but all the work cannot be done orally. 
The functions of Drill: 
 The place of drill in mathematics teaching has been a controversial issue in recent years.  

There are two viewpoints regarding the use of drill in mathematics as being futile and without value. 

� Mechanical drill helps in rapid memorization of details and automatization of process to the 
extent of neglecting meanings.  The proficiency acquired without understanding is not likely 
to endure long. 

� Meanings alone have value, that the development element of fixation without which it is 
impossible to organize and relate concepts.  Neither is it possible to carry on any process at 
reasonable level of efficiency.  Meaningful drill and exercises could yield fruitful outcome. 

Drill and Exercises: 

• help in the fixation of rules, principles and formulae already acquired by the students. 

• Strengthen the connection between related concepts. 

• Provide essential means of attaining some of the desired controls 

• Help in increasing speed and accuracy in solving mathematical problems as the learners 
become proficient in mathematical skills and operations. 

• Help in the automatization of mathematical facts, formulae, operations and skills through 
systematic and repeated practice. 

• Help in habit formation 

• Help in exhibiting greater efficiency on the part of the pupils to have a command over the 
tools of knowledge that they have acquired. 

• Help in improving self-confidence through a sense of achievement. 

• Provide stimulus for further learning. 

• Provide encouragement to slow learners and average students. 
It should be clearly remembered that a drill is not mere repetition of ac act to acquire 

perfection in the performance.  The needs and interests of the children are always to be taken 

into consideration.  If instruction is to be valuable, understanding must go hand in hand with 

operational facility.  Children should not be drilled on procedures that they do not understand.  

Such drill lacks significance and motive.  A drill should be intelligently planned so that it 

accomplishes its purpose; otherwise it may be a sheer waste of time and energy. 

Principles of Drill: 
Some important considerations relating to drill in mathematics have been enumerated. 

� A drill must have some purpose.  In other words a drill must be specific.  It must aim at 
automatizing a specific response/skill  
or eliminating erroneous responses. 

� A drill to be most effective must be sufficiently and properly motivated and once initiated it 
should be well organized. 

� Drill material must contain intrinsic interest so that the students can see value in it.  When 
they recognize something as important or interesting in it, they will work with enthusiasm 
and concentration and their work will be more effective. 

� Drill materials must be highly individualized so as to meet the individual needs and abilities. 



� The proficiency to be attained must be defined.  The degree of proficiency must be 
according to the purpose and need of the individual child. 

� Drill exercises should contain enough material to keep all the students profitably occupied 
throughout the drill period. 

� Drill periods should be of short duration.  Long periods of continuous drill become tiresome 
and ineffective.  In general, no drill period should exceed more than 20 minutes.  If it 
requires more time to master the desired point of proficiency, smaller periods of practice at 
recurring intervals can be provided. 

� When a drill is given, importance should be given to accuracy, and for the time being, speed 
should be regarded as of secondary importance.  Therefore, it is essential to supervise 
closely the initial work of the students on any new process so as to avoid fixation of wrong 
processes. 

� The method of applying mathematical checks can be used in connection with drill work just 
as it can with problem work. 

� Answers should be provided for the students to check the correctness of their responses. 
� Wherever possible drill materials should be provided with some means by which the student 

can score his own work and compare his performance with an established standard. 
� The learner should both understand what he is practising and appreciate its significance to 

him as an individual. 
� A drill should follow the developmental and discovery stages of learning and be used to 

reinforce and extend basic learning. 
� Drill exercises should be varied so that it does not become monotonous for the students. 
� A drill should be used when and where needed. 

Demerits of drill: 
In spite of the various advantages, if a drill is not planned and executed properly, it can lead to: 

i) Mechanical reproduction of ideas. 
ii) Rote memorization of principles and formulae 
iii) Monotonous and routine work and 
iv) Learning without clear understanding. 

PROBLEM SOLVING 
This method generally referred to as Problem Method consists in training the pupils to solve 

problems. This method is based upon the process of finding out the results by attacking a problem in 
a number of definite steps. In this method the student is involved in finding out the answer to a 
given problem and thus actually it is a discovery method. 

Yoakan and Simpson: “a problem occurs in a situation in which a felt difficulty to act is 
realized. It is a difficulty that is clearly present and recognized by the thinker. It may be purely 
mental difficulty or it may be physical and involve the manipulation of data. The distinguishing thing 
about a problem however, is that it impresses the individual who meets it as needing a solution.” 
 
Procedure: 

1. Recognising the problem: First of all, we sense the presence of a problem and then identify 
the problem. 

2. Defining the problem: Theproblem is then defined very precisely and accurately.  
3. Collecting relevant data: Then all sorts of relevant data, which can be helpful in solving the 

problem, and collected and arranged in proper order. 
4. Organising the data: The data is then organizedin such a way that it can lead to the solution 

of the problem. 
5. Formulating the tentative solution: On the basis of the organized data, the student 

formulates tentative solutions of the problem. 
6. Arriving at the correct solution: Out of thetentative solutions a correct solution is found out 

by a process of reasoning. 



7. Verifying the results: In mathematics, we do not accept a conclusion without proper 
verification. The students are required to verify the conclusion by reversing the process of 
reasoning. 

To illustrate the method let us assume the problem as the one of finding the area of four walls of a 
room. In this, we recall the previous knowledge about area of rectangle because the total area is 
equal to the sum of area of four rectangular walls. This can be verified by actual calculations and the 
formula so derived may be used in future. 
Merit: 

1. It prepares the students in problem solving. This training in solving problems is quite useful 
in solving problems in actual life. 

2. It stimulates, thinking, reasoning and imagination of the students. 
3. It develops, a habit of doing work independently, in the students. 
4. This method of teaching is quite suitable for Mathematics as Mathematics is full of 

problems. 
5. It stimulates intellectual curiosity and motivates the students to exert further. 
6. In this method there is ample scope for individual work as a student is free to solve as many 

problems as he likes. 
7. It develops in the student a habit of self study. 
8. While learning by this method the student learns by doing and so the information is retained 

by him for a longer period of time. 
9. There is a close teacher-pupil contact. 
10. It develops qualities such a patience, co-operation, self-confidence etc. 
11. It provides to students training in technique of information processing. 
12. It helps the students to learn relationship pattern among things and variables. 
13. It provides the students training in the methods and skills of discovering new knowledge in 

Mathematics. 
Demerits: 

1. It is a long drawn out and time consuming method. 
2. It is not suitable for all topics in Mathematics. 
3. This method is not suitable for students in lower classes. 
4. This method requires special preparation on the part of the teacher. An average teacher 

may find it difficult to adopt this method. 
5. The content of mathematics cannot be organized according to requirements of this method. 
6. Suitable textbooks for use of this method are not available. 

Application: 
 This method trains the pupils in problem solving. They learn to sense, analyse, reflect, 
organize and solve the problems. It helps us at every step in our teaching learning process. The 
teacher should carefully select the problems, which are real and have definite educational values. 
The teacher should also prepare himself well for the success of the problem solving method. 

VEDIC MATHEMATICS 

 Vedic Mathematics is introduced by Jagadguru Swami Sri Bharati Krishna Tirthaji 
Maharaja (1884-1960). It is based on 16 sutras and 13 sub-sutras or word-formulae. The accent is 
on the natural working of the mind and a methodical approach to any calculation. It allows for 
mental calculations through some simple methods and allows ample scope for innovation in the 
sense that you can invent your own method. Vedic means derived from Vedas or another 
definition by Sri Sankaracharya is “the fountain head and illimitable store house of all knowledge”.  

      Vedic mathematics is the name given to the ancient system of mathematics which was 
rediscovered from the Vedas. It’s a unique technique of calculations based on simple principles 



and rules, with which any mathematical problem - be it arithmetic, algebra, geometry or 
trigonometry can be solved mentally.  

Need of Vedic Mathematics: 

o It helps a person to solve problems 10-15 times faster.  
o It reduces burden (Need to learn tables up to nine only)  
o It provides one line answer.  
o It is a magical tool to reduce scratch work and finger counting.  
o It increases concentration.  
o Time saved can be used to answer more questions.  
o Improves concentration.  
o Logical thinking process gets enhanced.  

Base of Vedic Mathematics  

 Vedic Mathematics now refers to a set of sixteen mathematical formulae or sutras and their 
corollaries derived from the Vedas. It is based on certain sutras or principles that are general in 
nature and can be applied in many ways to solve actual problems. 

EKĀDHIKENA PŪRVEŅA  

The Sutra (formula) EkādhikenaPūrvena means, “ By one more than the previous one”. This Sutra 
is used to the ‘ Squaring of numbers ending in 5’.  

‘ Squaring of numbers ending in 5’: 

o Conventional Method  
o 65 X 65  
o 6 5  
o X 6 5  
o 3 2 5  
o 3 9 0 X  
o 4 2 2 5  
o Vedic Method  
o 65 X 65 = 4225  
o ( &apos;multiply the previous digit 6 by one more than itself 7. Than write 25 )  

NIKHILAM NAVATAS’CHARAMAM DASATAH  

The Sutra (formula) NIKHILAM NAVATAS’CHARAMAM DASATAH means : “ all from 9 and the last 
from 10” This formula can be very effectively applied in multiplication of numbers, which are nearer 
to bases like 10, 100, 1000 i.e., to the powers of 10 (eg: 96 x 98 or 102 x 104).  

Case I : When both the numbers are lower than the base.  

o Conventional Method  
o 97 X 94  
o 9 7  
o X 9 4  
o 3 8 8  



o 8 7 3 X  
o 9 1 1 8  
o Vedic Method  
o 97 3  
o X 94 6  
o 9 1 1 8  

Case II : When both the numbers are higher than the base  

o Conventional Method  
o 103 X 105  
o 103  
o X 105  
o 5 1 5  
o 0 0 0 X  
o 1 0 3 X X 
o 1 0, 8 1 5  
o Vedic Method  
o For Example103 X 105  
o 103 3  
o X 105 5  
o 1 0, 8 1 5  

Case III: When one number is more and the other is less than the base. 

o Conventional Method  
o 103 X 98  
o 103  
o X 98  
o 8 2 4  
o 9 2 7 X  
o 1 0, 0 9 4  
o Vedic Method  
o 103 3  
o X 98 -2  
o 1 0, 0 9 4  

ĀNURŨPYENA  

The Sutra (formula) ĀNURŨPYENA means :&apos; proportionality &apos; or &apos; similarly &apos; 
This Sutra is highly useful to find products of two numbers when both of them are near the Common 
bases like 50, 60, 200 etc (multiples of powers of 10).  

Conventional Method  

o 46 X 43  
o 4 6  
o X 4 3  
o 1 3 8  
o 1 8 4 X  
o 1 9 7 8  



Vedic Method  

o 46 -4  
o X 43 -7  
o 1 9 7 8  

ĀNURŨPYENA  
Conventional Method  

o 58 X 48  
o 5 8  
o X 4 8  
o 4 6 4  
o 2 4 2 X  
o 2 8 8 4  
o Vedic Method  
o 58 8  
o X 48 -2  
o 2 8 8 4  

URDHVA TIRYAGBHYAM  

The Sutra (formula) URDHVA TIRYAGBHYAM  means : “ Vertically and cross wise” .This the general 
formula applicable to all cases of multiplication and also in the division of a large number by 
another large number.  

Two digit multiplication by URDHVA TIRYAGBHYAM  

The Sutra (formula) URDHVA TIRYAGBHYAM means : “ Vertically and cross wise”  

Step 1 : 5×2=10, write down 0 and carry 1  

Step 2 : 7×2 + 5×3 = 14+15=29, add to it previous carry over value 1, so we have 30, now write 
down 0 and carry 3  

Step 3 : 7×3=21, add previous carry over value of 3 to get 24, write it down.  

So we have 2400 as the answer.  

Two digit multiplication by URDHVA TIRYAGBHYAM  

o Vedic Method  
o 4 6  
o X 4 3  
o 1 9 7 8 

Three digit multiplication by URDHVA TIRYAGBHYAM  

o Vedic Method  
o 103  
o X 105  



o 1 0, 8 1 5  

YAVDUNAM TAAVDUNIKRITYA VARGANCHA YOJAYET  

This sutra means whatever the extent of its deficiency, lessen it still further to that very extent; 
and also set up the square of that deficiency. This sutra is very handy in calculating squares of 
numbers near(lesser) to powers of 10. 

YAVDUNAM TAAVDUNIKRITYA VARGANCHA YOJAYET  

98 2 = 9604  

The nearest power of 10 to 98 is 100. Therefore, let us take 100 as our base.  

Since 98 is 2 less than 100, we call 2 as the deficiency.  

Decrease the given number further by an amount equal to the deficiency. i.e., perform (98 -2) = 
96. This is the left side of our answer!! 

On the right hand side put the square of the deficiency that is square of 2 = 04.  

Append the results from step 4 and 5 to get the result. Hence the answer is 9604. Note: While 
calculating step 5, the number of digits in the squared number (04) should be equal to number of 
zeroes in the base (100).  

YAVDUNAM TAAVDUNIKRITYA VARGANCHA YOJAYET  

103 2 = 10609  

The nearest power of 10 to 103 is 100. Therefore, let us take 100 as our base.  

Since 103 is 3 more than 100 (base), we call 3 as the surplus.  

Increase the given number further by an amount equal to the surplus. i.e., perform (103 + 3) = 
106. This is the left side of our answer!! 

On the right hand side put the square of the surplus that is square of 3 = 09.  

Append the results from step 4 and 5 to get the result. Hence the answer is 10609. 

Note: while calculating step 5, the number of digits in the squared number (09) should be equal to 
number of zeroes in the base (100).  

YAVDUNAM TAAVDUNIKRITYA VARGANCHA YOJAYET  

1009 2 = 1018081  

ANTYAYOR DAŚAKE&apos;PI 

The Sutra (formula) ANTYAYOR DAŚAKE&apos;PI means : ‘ Numbers of which the last digits added 
up give 10.’ This sutra is helpful in multiplying numbers whose last digits add up to 10(or powers 



of 10). The remaining digits of the numbers should be identical. For Example: In multiplication of 
numbers  

25 and 25,  

2 is common and 5 + 5 = 10  

47 and 43,  

4 is common and 7 + 3 = 10  

62 and 68,  

116 and 114. 

425 and 475  

ANTYAYOR DAŚAKE&apos;PI 

Vedic Method  

6 7  

X 6 3  

4 2 2 1  

The same rule works when the sum of the last 2, last 3, last 4 - - - digits added respectively equal 
to 100, 1000, 10000 -- - - .  

The simple point to remember is to multiply each product by 10, 100, 1000, - - as the case may be 
. You can observe that this is more convenient while working with the product of 3 digit numbers  

ANTYAYOR DAŚAKE&apos;PI 

892 X 808  

= 720736  

Try Yourself : 

398 X 302  

= 120196  

795 X 705  

= 560475 

 



UNIT – VI 

USE OF TECHNOLOGY FOR TEACHING OF MATHEMATICS 

Teaching Aid  

A Teaching Aid is an instructional aid (book, chalk board, picture), an object (such as a globe, or map 

or a specimen) or device (such as a DVD or computer) used by a teacher to enhance or enliven 

classroom instruction. Teaching Aids are instructional materials and devices that help the teacher in 

carrying out teaching learning process.  

According to the Random House Dictionary (2017) ‘Teaching Aid is the material used by a teacher to 

supplement classroom instruction or to stimulate the interest of students’. Teaching aids are aids 

available to the teacher. They cannot replace the teacher by any means. 

Need of Teaching Aids for the learners 

• Teaching aids elicit the learners’ attention, create an urge to learn and sustain their interest 

in learning. 

• Teaching Aids make teaching learning process interesting. 

• Its use facilitates learning. 

• Use of Teaching Aids brings affectivity in learning. 

• Their use enriches the teaching learning process by bringing variety, diversity and newness 

in it. 

• Teaching aids keeps the learners driven and motivated to learn. 

• Teaching aids concretize learning experiences for the learners. They enable them to 

understand the most difficult and abstract concepts. 

• They provide direct purposeful experiences to the learners. 

• Learners have a tendency to forget. If used properly teaching aids can help retain concepts 

permanently. 

• Teaching Aids can reach the learners irrespective of their level of literacy and language. 

• The teaching aids when used in groups, helps promote increased group interaction.  

Need of Teaching Aids for the Teacher 

1. It helps teachers/facilitators create a lively and interesting teaching- learning environment. 

2. By their use teachers can break the monotony in teaching caused by the rampant use of verbalism 

(Lecture method). 

3. Their use leads to an interactive learning environment and hence brings affectivity in teaching. 



4. Helps teacher use innovative materials and methods to clarify concepts and hence become more 

effective and efficient teachers 

5. It enables the facilitators to determine learners pace of learning. 

6. Their use helps in monitoring the progress of the learners. 

7. They help minimize the efforts of teachers and facilitators too in the process of teaching 

8. Save time and energy expended both by the teachers in transacting concepts and learners in 

understanding them. 

9. By use of Teaching Aids the teachers can cater to the needs of diverse groups of learners, diverse 

learning styles by use of variety of materials, aids and devices intertwined in the teaching- learning 

process. 

10. Help the facilitators in the skilful achievement of teaching objectives and goals. 

On the Basis of the Sense Organs  

Teaching Aids are also called as Audio- Visual Aid. Traditionally used teaching aids stimulated only 

one sense organ that is either the eyes or ears. However the contemporary teaching aids provide 

stimulation to ears and eyes together. The emerging teaching aids involve other sense organs too. 

• Audio Aids 

• Visual Aids 

• Audio Visual Aids 

Audio TLM 

It primarily stimulates the hearing sense of learner. It includes human voice, telephonic 

conversation, audio discs/tapes, gramophone records, Radio broadcast. Audio aids help to improve 

the listening and communication skills.  

Visual TLM:  

It involves the sense of vision. They stimulate the visual impulses. Videos and animations are used in 

the classroom to explain concepts better. With the development of technology. These can be of 

various types as given below: 

• Visual (Verbal) Print. (the text is the main instructional or teaching learning aid) 

• Textbook, Supplementary book. 

• Reference books, encyclopedia, etc. 

• Magazine, Newspaper 

• Documents and Clippings 



• Duplicated written material 

• Programmed material or SLM 

• Case Studies/Reports etc. 

Visual (Pictorial- Non Projected ) 

Non-projected (2D)  

Here the TLM is in form of a image or picture explaining the concept. Examples of such type of  TLMs 

are blackboard writing and drawing Charts, Posters, Maps, picture, Diagrams, Graphs, Photographs, 

Cartoons, Comic strips. 

Non-Projected  (3D)  

This category includes three dimensional representation of the real object or phenomenon. It helps 

learners in conceptualization. It includes Models, Mock-up, 

Diorama, Globe, Relief Map, Specimen, Puppet, and Hologram. 

Visual (Projected but still)  

Here the images are projected or displayed on a screen and thus are nearer reality than visual non-

projected ones. It includes  Slide, Filmstrips, Over Head Projector (OHP), Microfilm, Micro card, etc. 

Audio Visual TLM 

Audio Visual TLMs are the projected aids, which use both auditory and visual senses to enhance 

learning. The greatest advantage of these is they are the closest representation of reality. These 

include – Motion Picture Film, Television, Video discs/cassettes, slide – tape presentations, 

Multimedia Computer. 

Projected and Non-Projected Aids 

Projected:  

Projected refer to those aids where a bright light is passed through a transparent picture by means 

of a lens and an enlarged picture is thrown or projected on the screen or the white wall. Projected 

Aids include Power point presentations, slides, film-strips, filmstrip projector, films, transparencies, 

overhead projector, TV as they can be projected on screen or even against white-washed wall to give 

an enlarged image of the material. They can be used suitably for both large groups as well as small 

groups. The large, bright and colourful larger than life images make them more effective than a non 

projected aid. 

Non-Projected:  

Those aids which do not require projector electricity or projection screen. Such materials can be 

simple shown, can be hung or touched  



e.g: Chalkboard, Whiteboard, Flannel board, Magnet board, Charts, Posters, Pictorial Materials, and 

Models etc.  

They can hence be used with good results. They provide first hand experiences and also make the 

learners actively participate. They add an interest and involvement of the learner and ensure better 

results and longer retention.  

AUDIO VISUAL AIDS 

 Charts: 

 A chart is a combination of pictorial, graphic, numerical or vertical material which presents a 

clear visual summary. The most commonly used types of charts include outline charts, tabular 

charts, flow charts and organisation charts. Other types of charts are technical diagrams and process 

diagrams. Flip charts and flow charts are also being used. Ready-made charts are available for use in 

teaching in almost all areas in all subjects. But charts prepared by a teacher himself incorporating his 

own ideas and lines of approach of the specific topic are more useful. 

Purposes of Charts: 

• For showing relationship by means of facts, figures and statistics. 

• For presenting materials symbolically. 

• For summarising information. 

• For showing continuity in process. 

• For presenting abstract ideas in visual form. 

• For showing development of structure. 

• For creating problems and stimulating thinking. 

• For encouraging utilization of other media of communication. 

• For motivating the students. 
How to use Charts Effectively? 

1. Teacher made chart should be preferred. 
2. Students should be involved in the preparation of charts. 
3. Charts should be so large that every detail depicted should be visible to every pupil in the 

class wherever he is sitting. 
4. Charts should display information only about one specific area in a subject. 
5. A chart should not contain too much written material. 
6. A chart should not contain too many details. 
7. A chart should give a neat appearance. 
8. When a chart is to be used in the classroom, the teacher should make sure that there is 

provision for hanging the chart at a vantage point. 
9. The teacher should have a pointer to point out specific factors in the chart. 
10. Straight pins, staples, pegboard lips, gummed hangers, paper-clips, folded making tapes may 

all be used for fastening charts without damaging them. 
11. Charts should be carefully stored and preserved for use in future. 

 
Models: 

 Models are substitutes for real things. A model is a three-dimensional presentation of a real 

thing. Models are concrete objects to explain clearly the structure or functions of real things. A 



model is a replica or copy of the original. Models enable students to have a correct concept of the 

object. Being three dimensional, models evoke great interest and simplify matters. Models enable us 

to reduce or enlarge objects to an observable size. It may not be possible or even practicable to 

make students see the whole of a large industrial unit or even a large machine unit, but a model will 

give the correct perspective. Preparation of models could, form a topic for project work. It is 

essential to create interest in creative activity in students. Models are working as well as static. A 

working model will secure immediate attention and serve as motivation to learn. Model can be 

prepared with several kinds of materials like cardboard, plastic, plaster of paris, wood, clay, metal 

and thermocol etc. Models are usually of three types: 

Solid, cross-sectional and working. Models are concrete objects, some considerably larger than THE 

REAL OBJECT. Sectional models explain clearly the structure or functions of the original. In some 

cases working models of the original are used where the specific function of the original is 

duplicated and could be explained easily. 

Following are important functions of models: 

1. Models simplify reality. 
2. Models concretize abstract concepts. 
3. Models enable us to reduce or enlarge objects to an observable size. 
4. A model provides the correct concept of an industrial unit or a bridge or a 

dam like, the Bhakra Dam etc. 
5. A working model explains the various processes of objects and machines. 
6.  Preparation of models could form a topic for project work. This is very 

helpful to create interest in creative activity in pupils. 
Qualities of a Good model: 

1. Accuracy 
2. Simplicity 
3. Utility 
4. Interesting 
5. Inexpensive and easily available 
6. Participation of the whole class 

Blackboard: 

 Blackboard and a piece of chalk prove very helpful in illustrating concepts and ideas to the 

students. These can be used for drawing diagrams and sketches, etc. Blackboard is a simple and 

unique device, which in spite of new devices and techniques in teaching, is irreplaceable as well as 

indispensable. It is the oldest and the best friend of a teacher. It is the mirror through which 

students visualize all about the teacher’s mind regarding the lesson in hand, his way of explaining, 

illustrating and teaching as a whole. It is the cheapest teaching device and continues to be the ‘sine 

quo non’ of our educational system. It is the most universally used aid. Writing on clay and sand was 

the ancient form of blackboard writing. It helps ‘crystallizing’ the main points, ‘summarising’ and 

‘reviewing’. 

Use of Blackboard: 

1. The teacher can illustrate the main points of the lesson on the blackboard. 



2. Abstract statements can be clarified in the exposition stage and a summary containing the 
salient features can be given at the recapitulatory stage. 

3. Questions and problems can be listed on the blackboard. 
4. Pupil’s interest in class work can be stimulated by blackboard writings and drawings. 
5. A teacher can use the blackboard for graphs, graphics, sketches, maps and statistics, etc. 
6. A blackboard provides a lot of scope for creative and decorative work. 
7. The teacher can erase writing and drawing and start afresh. 
8. It helps the teacher to focus the attention of his students on the lesson. It takes heed of 

varying capacities and rates of grasp of the students. 
9. A teacher can review the whole lesson for the benefit of the class with the help of the 

blackboard. 
Types of Blackboards: 

Fixed blackboard: 

 Fixed in the wall facing the class and normally made of wood or concrete cement. 

Blackboard on easel: 

 A portable and adjustable blackboard put on a wooden easel can be taken out of the 

classroom while taking classes in the open. 

Roller blackboard: 

 Made of thick canvas wrapped on a roller mostly used teaching higher classes. 

Graphic board: 

 It has graphic lines and is used for teaching mathematics, science and statistics. 

Magna board: 

 A board, which enables teachers to make three dimensional demonstrations with objects on 

a vertical surface. Small magnets are used to hold suitable objects fixed wherever they are put on 

this vertical surface. 

Effective Use of Blackboard: 

1. Blackboard should be kept clean so that writing on it could be easily read by the students 
from all parts of the room. 

2. Writing on the blackboard should be legible. 
3. Letters and drawing should be large enough to be seen from all parts of the room. 
4. Writing should be started from the top left corner. 
5. Writing should be in straight rows. 
6. Extreme lower corner of the blackboard should not be made use of, as writing on it cannot 

be seen easily. 
7. Material on the blackboard should not be covered by standing. 
8. Only salient points of the subject matter should be written on the blackboard. 
9.  Diagrammatic visual presentation involving many processes should be prepared before the 

beginning of the lesson. 
10. It should be ensured that blackboard is well lighted by natural or artificial means. 



11. Everything needed for the blackboard should be got together before the class begins i.e. 
collection of chalk, rulers, T-square, Compass, Projector, etc. 

12. While writing on the blackboard, the teacher should ensure that the class is attentive. 
13. Duster and not hand or handkerchief should be used in cleaning the blackboard. 
14. Occasionally students may be asked to write or draw diagram on the blackboard. 
15. Teachers should develop the ability to draw freely on the blackboard. The map or chart or 

diagram that grows before the very eyes of the students is much more useful and valuable 
than a well finished map, chart or diagram. 

16. It should be ensured that the blackboard is periodically serviced. 
Diagrams: 

 Diagrams are very helpful in supplementing vertical illustrations in teaching. Difficult 

operations may be explained with the help of diagrams. The parts of flower or leaf can be suitably 

explained by means of sketches drawn by the teacher in front of the class on the blackboard: simple 

diagrams can be used to explain different phenomena in geography and science. The diagrams of 

battle plans and forts can be drawn on the blackboard. The area and volume, etc., in mathematics 

can be illustrated through diagrams. A teacher is expected to possess the skill of drawing diagrams 

easily, neatly, rapidly and readily on the blackboard.  

Several Types of Graphs: 

Line graph: 

 In a line graph, data is represented with the help of simple lines horizontally or vertically 

drawn. For increasing the interest and readability of concepts, pictorial illustrations and cartoons are 

occasionally used on the line graph. 

Bar Graph: 

 A bar graph consists of bars arranged, horizontally or vertically from a zero base. The colour, 

length and size of the bars represent different values. 

Circle Graph:  

 Data may be presented in a circle graph. 

Mock-ups: 

 A mock-up refers to a specialized model or working replica of the object being depicted. In a 

mock-up, a certain element of the original reality is emphasized or highlighted to make it more 

meaningful for the purpose of instruction. While a model is a recognizable limitation of an object 

(though larger or smaller than the original one), a mock-up may or may not be similar in appearance. 

Mock-ups of aero planes, 

Television 

 Television can be a valuable teaching/learning tool particularly in the social studies. Students 

see and hear about world events. The television allows the teacher to bring current events into the 

classroom and if students are encouraged to be critical in their interpretation of news and other 

programmes, television can be a valuable resource. 



Procedure of using: 

� The teacher must preview the programme and make note of any inconsistence, and/or 
errors. Students should be given the chance to discover for themselves any discrepancies 
before being informed about them. 

� The teacher and students must watch out for relevant programmes. Recording the relevant 
programme is better. 

� If and when appropriate or necessary, provide as an introduction some biographical 
information about the people involved. 

� If the programme is the introduction to a particular unit, allow extra time for questions 
immediately after showing it. 

� Introduce and discuss how it relates to the content of the class. If the programme is 
unrelated to the curriculum but the teacher feels it necessary and important for students to 
view it, introduce it as such. 

Precautions: 

 Remember that video- taped programmes can be stopped if a question is raised and 

selected scenes replayed if necessary. 

Over Head Projector (OHP) 

The overhead projector (OHP) is a popular teaching tool. Its primary function is to project 

still images onto a flat vertical surface like a wall. 

Use of OHP: 

� The teacher should stand next to the OHP facing the class. He or she can refer to the 
transparency while students refer to the projected image. 

� The first transparency should be ready for viewing before the lesson begins. The teacher 
need only turn on the OHP at the appropriate time. 

� The teacher should use a pen or similar object as a pointer and point to particular areas on 
the transparency without getting his or her hand in the way. If the pointer is placed on the 
transparency it is projected clearly on the screen or wall as well. 

� The teacher should have all transparencies to be used during a particular lesson ready and in 
the correct order. 

� The image will be adequately magnified and focused so that the teacher will not have to 
interrupt the lesson. 

 Precautions: 

� Although it is a time efficient and convenient teaching tool, like anything else if over used, it 
becomes mundane and if looses its effects. 

� The OHP should not be used overused. 
� The teacher should ensure that the OHP is in proper working order prior to its use during a 

lesson. 
Film Strips 

Filmstrips may be used for large groups or individualized instruction; for introducing a unit or for 

teaching a lesson. Still pictures are projected and may or may not have written captions. Some 

filmstrips come with audiotapes or records with pre-recorded commentaries, which accompany the 

visuals. 

Use of Film Strips: 



� Once a filmstrip is in the teacher’s possession, preview it. If the filmstrip has audio 
accompaniment, preview the filmstrip with and without it. 

� Teacher should ensure that all audio and video equipments are working properly. 
� Develop questions to ask the students. Moreover, this open-ended approach is more 

creative. 
� Topical filmstrips should be closely linked to the content material being studied and should 

not be shown in isolation. If filmstrips need to be ordered, make sure this is done well in 
advance. 

� The teacher should relate the content of the filmstrip to the course content where 
appropriate. 

� If the teacher decides that he/she will be the voice of the filmstrip, plan what will be said. 
This is a great opportunity to stimulate discussion. 

� Decide when would be the most suitable time to show the filmstrip. 
Precautions: 

� Students are increasingly becoming accustomed to fast moving high tech productions and 
may be bored with filmstrips. 

� Relate the content of the filmstrip to the content of the unit under study. Make reference to 
filmstrips students have seen when appropriate. 

� Teachers should budget for preparation time (including previewing the filmstrip) 
� Use non-captionalized filmstrips whenever possible. With this type of filmstrip, students rely 

on their own ability to interpret pictures without being influenced by prepared, 
“authoritative” text.  

Cones of Experience  

Edgar Dale (April 27, 1900 – March 8, 1985) was a U.S. educationist who developed the famous Cone 

of Experience. Dale was a professor of education at University. He made several contributions to 

audio and visual instruction, including a methodology for analyzing the content of motion pictures 

Edgar Dale, an expert in audiovisual education, created a model in his 1946 book Audio-Visual 

Methods in Teaching that he named the Cone of Experience to discuss various modalities/channels 

of imparting information. Cones of Experience is a visual representation of the types of experiences 

human beings encounter as they prepare to synthesize the knowledge and convert it to 

understanding. Edgar Dale theorized that learners retain more information by what they “do” as 

opposed to what is “heard”, “read” or “observed”.  His research led to the development of the Cone 

of Experience. The Cone was originally developed in 1946 and was intended as a way to describe 

various learning experiences. Essentially, the Cone shows the progression of experiences from the 

most concrete (at the bottom of the cone) to the most abstract (at the top of the cone). 



 

How Can Instructors Use the Cone of Experience? 

According to Dale’s research, the least effective method at the top, involves learning from 

information presented through verbal symbols, i.e., listening to spoken words. The most effective 

methods at the bottom, involves direct, purposeful learning experiences, such as hands-on or field 

experience. Direct purposeful experiences represents reality or the closet things to real, everyday 

life. The cone charts the average retention rate for various methods of teaching. The further you 

progress down the cone, the greater the learning and the more information is likely to be retained. It 

also suggests that when choosing an instructional method it is important to remember that involving 

students in the process strengthens knowledge retention. It reveals that “action-learning” 

techniques result in up to 90% retention. People learn best when they use perceptual learning styles. 

Perceptual learning styles are sensory based. The more sensory channels possible in interacting with 

a resource, the better chance that many students can learn from it. According to Dale, instructors 

should design instructional activities that build upon more real-life experiences. Dales’ cone of 

experience is a tool to help instructors make decisions about resources and activities.  

 

UNIT – VII 

MATHEMATICS CURRICULUM 

Concept of Curriculum 

The term "curriculum" is derived from the latin word "currere", which means "run". Thus curriculum 

means a course to be run for reaching a certain goal or "destination" here education is imagined as a 

race, with its aim as the goal and curriculum as the course leading to that goal. So the term' 

"curriculum" came to signify a group of subjects or courses of study, arranged in particular 

sequence, for instructional purpose in school. A curriculum is more than just a syllabus or a 

statement of content. A curriculum is about what should happen in a teaching programme-about the 

intention of teachers and the way they make this happen. Thus the curriculum must include all the 



subject matter, teaching strategies, learners experiences and assessment of students, which a 

particular school or college of education plans for its students and which is developed by the 

members of its own curriculum committee.  

Definition of Curriculum  

Cunningham – “Curriculum is a tool in the hands of the artist (teacher) to mould his material (pupils) 

according to his ideas (aims and objectives) in his studio (school)”. 

Morroe – “Curriculum includes all those activities which are utilized by the school to attain the aims 

of education. 

Froebel – “Curriculum should be conceived as an epitome of the rounded whole of the knowledge 

and experience of the human race.” 

Crow and Crow – The curriculum includes all the learners’ experience in or outside school that are 

included in a programme which has been devised to help him developmentally, emotionally, socially, 

spiritually and morally”. 

T.P. Nunn-“The curriculum should be viewed as various forms of activities that are grand expressions 

of human sprit and that are of the greatest and most permanent significance to the wide world”. 

Major defects in the present curriculum 

• Examination oriented 

• Text Book based examinations 

• Emphasis on theory not practical 

• Heavy syllabus 

• Rote learning is encouraged 

• Not to life oriented 

• Not helpful to vocation 

• Not developing the whole personality 

Principles of Curriculum Construction 

Principle of Child centeredness 

A child’s nature and need should be of primary consideration in the construction of the curriculum. A 

child is a central point around which all the curricular activities in school evolve and develop. 

Therefore, the curriculum should be adjusted to bring nearer to the child rather than the child 

bringing nearer to the pre-determined curriculum. 

Principle of community centeredness 

The child is a growing member of the community. He is to be trained and developed in accordance 

with the hopes and aspirations of the community or society. Thus, it should train the child what the 

community wants him to become. 

Principle of Correlation 



The curriculum should not ignore the natural affinity that exists between the subjects. It should aim 

at giving a whole view of knowledge to students rather than giving discrete parts of the subjects. For 

this, it should combine and correlate between theory and practice of knowledge. 

Principle of Mental discipline 

One major task of the curriculum is to train the various mental faculties or powers of the learner for 

their efficiency and precision. The mental powers of an individual remain in an untrained and 

indiscipline way. Training needs to be given through the curriculum for sharpening them. The faculty 

theory of curriculum maintains this principle. 

Principle underlying Developmental characteristics 

Every stage of human development has its own psychophysical characteristics for our consideration. 

Accordingly, there are differential needs and interests of the students that should be served 

appropriately. The curriculum constructor should, therefore, keep in mind the developmental 

characteristics that appear in different stages of a child’s development. 

Principle of Utility 

Aim of education is at present more inclined towards utility, practicability, and productivity of 

knowledge. Keeping in view of this philosophy of education, the curriculum should be designed. It 

should include subjects that may make the child a useful and productive member of society. 

Principles of organizing the curriculum 

Subject Centered Pattern of Curriculum: 

These types of curriculum is organised in terms of subjects. This curriculum includes different 

branches of knowledge and subjects like history, language and mathematics etc. Subjects are 

included in accordance with the level of various stages. For instance economics, psychology and 

sociology are introduced at the secondary and senior secondary stages of schooling. The contents of 

the subjects are also included in accordance with level of understanding at various stages. Following 

assumptions are made while organising the subject centered curriculum. 

i) The school has a major role in passing on cultural heritage from one generation to another through 

the medium of various subjects. 

ii) Various disciplines or subjects would allow for the accommodation of the expansion of 

knowledge. 

iii) Each subject with an internal order in itself can be presented in a sequence. 

iv) The vast amount of knowledge in the world can be grouped into various subjects. 

v) Subjects can be presented in suitable units or branches. Historically the curriculum was first 

conceived in terms of subject matter materials and even to-day many people view it as materials or 

textbooks that are used in schools. 

Student Centered Pattern of Curriculum: 



A curriculum centering on the learner can also be outcome-based, integrated or standard-based 

curriculum. It is outcome based if it specifies the outcomes that students are expected to achieve in 

specific subjects or learning areas by the end of specific stage of schooling. The focus is more on the 

development of skills or understandings than covering the required content. 

It is integrated curriculum if it seeks to enable students apply different skills in an operational way; 

acknowledging the social dimension of learning and knowledge as not merely "school-based" 

activities. Here, skills and knowledge are developed in more than one area of study, defining the 

meaningful connections between different aspects. It is standard-based if student performance is 

measured against the defined standard rather than performance of other students. Standard-based 

curriculum militate the use of criterion referenced assessments. 

Activity/Experience Centered Pattern of Curriculum: 

This design focuses on student interests and the integration of content from any subject field. This 

approach might be considered more a teaching method than a curriculum design because it can be 

used in conjunction with several other design models. The emphasis is on learning as an active, 

dynamic process. Learners are encouraged to use problem-solving skills and methods and to set 

their own tasks. Subject matter is drawn upon as needed for a particular task. Specific skills and 

knowledge are acquired on an as-needed basis. The needs and interests of the learners determine 

what will be studied. Thus, one often sees this design in private schools or in alternative schools 

where students have had difficulties adjusting to a more structured classroom. The school library has 

be heavily used in this design and can become the major vehicle for "delivery" of the curriculum. The 

major disadvantage of this design is that it is difficult to build a systematic system of knowledge. In 

practice, efforts to take this kind of information into consideration for any type of curriculum 

planning are encouraged. The diagram below shows how the learner's needs and interests drives the 

curriculum. The dotted lines connecting subjects and skills suggest that learning in these areas may 

not receive consistent attention. 

Integrated Pattern of Curriculum 

Integrated curriculum is described as one that connects different areas of study by cutting across 

subject-matter lines and emphasizing unifying concepts. Integration focuses on making connections 

for students, allowing them to engage in relevant, meaningful activities that can be connected to 

real life. Can you imagine how an integrated curriculum can benefit your students? Understanding 

the benefits and how to effectively integrate curriculum can help teachers and students become 

more successful in the classroom. As professionals in the education field, we recognize that teaching 

has become increasingly more complex. Because of the considerable amount of educational 

restructuring, numerous innovations have surfaced, including integrated curriculum. An integrated 

approach to teaching supports that when themes or projects are combined, students are able to 

make meaningful and relevant connections between the different disciplines. In addition to creating 

a more profound understanding of the material, repetition between the subjects decreases. 

Integrated curriculum supports a belief that an individual's direct experience is crucial to purposeful 

learning. Therefore, an integrated curriculum is a viable way to enable meaningful learning to 

become a reality. The ideas and belief system that comprise an integrated curriculum tend to shift 

from the traditional structure of schools. Integrated curriculum supports that universal truth is not a 



possibility. Instead, many different possibilities exist and there are a variety of ways to reach a 

desired outcome, such an approach adopts a post-modern attitude.  

Approaches to Curricular Organization 

Spiral curriculum 

Spiral curriculum was described first by Jerome Bruner. It refers to a curriculum design in which key 

concepts are presented repeatedly throughout the curriculum, but with deepening layers of 

complexity, or in different applications. The following are the features of a spiral curriculum:  

Topics are revisited 

Students revisit topics, themes or subjects on a number of occasions during a course. They may 

return to a body system, such as the cardiovascular system or the respiratory system. They may 

revisit themes, such as clinical skills, or medical ethics. They may return to generalizable and 

transfer- able skills such as management or communication. He suggested that such a curriculum 

would be structured around the great issues, principles and values that a society deems worthy of 

the continual concern of its members. 

There are increasing levels of difficulty:  

The topics visited are addressed in successive levels of difficulty. Each return visit has added 

objectives and presents fresh learning opportunities leading to the final overall objectives. Every visit 

can bring:   

• new knowledge or skills relating to the theme or topic. 

• more advanced applications of areas previously covered. 

• increased proficiency or expertise through further practical experience. 

New learning is related to previous learning 

The competence of students increases  

The learner’s competence increases with each visit, until the final overall objectives are achieved. 

This progressive gain in competence can be tested through the assessment procedures. 

The spiral approach to curriculum has three key principles that sum up the approach nicely. The 

three principles are: 

Cyclical: Students should return to the same topic several times throughout their school career; 

Increasing Depth: Each time a student returns to the topic it should be learned at a deeper level and 

explore more complexity; 

Prior Knowledge: A student’s prior knowledge should be utilized when a topic is returned to so that 

they build from their foundations rather than starting anew. 

Topical method 



Topical approach suggested by its name advocates to cover a topic as a whole in a particular grade. 

In this method a particular topic is started in a particular grade and finished over there only. Thus 

topic marked for particular grade must not be touch in other grade. The selected topic becomes the 

centre of correlation. In topical method a topic is taken as unbreakable unit. It is based on the 

principal that any topic when begun should not be left half done. It should be finished in its entirety, 

before the next topic is taken. 

‘Topical method’ is more a system of arrangement of subject matter than a method of teaching. Its 

adoption depends on a suitable organization of the syllabus. The topic is to be taught at as stretch, 

without a break or a gap. The other approach to this method is that a topic is selected and is made 

the basis many other topics. The selected topic becomes the centre of correlation. 

For example: While dealing with the Unitary method, the students can be acquainted with time and 

work, simple interest, average, percentage and even extended to simple equation of algebra. 

Merits of Topical method 

Continuous teaching of topic not only save the student from divided attention, but may ensure their 

full and whole – hearted concentration on the topic. A natural link and sequence will exist in the day 

today work in class room. The student’s complete attention, ability and capacity will be directed 

exclusively to the topic under study for a sufficiently long time. 

When a topic is treated as centre for other topic, it facilitates the learning process. It illustrates the 

advantage of correlation. 

Drawbacks of Topical methods 

Keeping psychological reason in view, it will be foolish to take a topic like area in grade 4 and try to 

finish in at one stretch. The student may be able to understand the elementary portion, but will 

certainly not be able to attempt its most difficult question.The interest of the student may go away 

within a month, if we focus on only on a particular topic.It does not provide any opportunity for year 

to year revision. 

Logical approach  

In the development of a particular branch of mathematics, the mathematician is chiefly concerned 

with a logical rigorous treatment of the subject matter, where as the teacher is usually concerned 

with its psychological organization and presentation. It is the curriculum organizer who is called 

upon to integrate the two approaches. There is no reason why the organization cannot be both 

logical and psychological. The happy combination of two is very desirable and feasible. In the logical 

approach stress is given to the logical sequence.  It is often criticized that by splitting topics to suit 

the developmental status of the learner, this logical developments broken. Logical approach 

demands maintaining the logical sequence while developing a curriculum.  

Psychological approach  

The arrangement of subject matter based on the principles of psychology is known as psychological 

approach.  In this approach, the criterion for inclusion of an item in the curriculum will be the 

psychological needs, requirements, potentials, capacities, etc.  Appropriate for the developmental 



level of the stage for which the curriculum is being designed. Psychology throws light on the use of a 

topic for the students from the academic as well as practical point of view. Psychology should decide 

what kind of logic is appropriate for the pupils of a certain age and which type of topics will be most 

suitable for the development of such logical thinking. These two view point can make the subject 

matter interesting and comprehensible.  

In other words this approach is in tune with the principle of child-centeredness. At the same time, a 

good curriculum if carefully developed can maintain the psychological approach without sacrificing 

the logical sequence of the subject. 

Integrated approach  

The main aim of education is acquisition of knowledge and the transfer of knowledge to study other 

subjects and to solve successfully the problems that arise in daily life. The study of every subject 

should highlight the unity of knowledge. While teaching any subject, the teacher can cite instances 

and examples to show that knowledge is a single integrated whole and the knowledge that one gain 

through courses like mathematics, physical or biological sciences, social science, languages, arts and 

other constitute the whole. Such an integrated approach helps the students to get a holistic view of 

the entire school programme and there by the study of each subject becomes more meaningful and 

significant. 

Textbook  

Textbook as an instructional tool is unique among all other instructional media due to possession of 

certain characteristics. It is durable, permanent (not transient), portable and independent of 

electricity or electronic device when in use. It appears to be the oldest of instructional media. 

Textbooks  are central to schooling and has never been replaced in educational processes.  

Mathematics Textbook  

The mathematics textbook is an important source for learning mathematics and it plays a key role in 

effective teaching and learning.  A textbook should stimulate reflective thinking and develop 

problem-solving ability among students. The textbooks should present real learning situations, which 

are challenging and interesting for the students and should not render itself as a means of rote 

learning. 

Text books and teachers’ guides occupy a unique place in the teaching learning process. Text book 

are an indispensable part of primary and secondary education.  

Qualities of a Mathematics Textbook 

The qualities of a good textbook in mathematics can be broadly classified under the following heads 

• Physical features 

• Author 

• Content 

• Organization and presentations 



• Language 

• Exercise and illustration 

• General 

Physical features 

• Paper: the paper used in the textbook should be of superior quality 

• Binding: it should have quality strong and durable binding 

• Printing: it should have quality printing, bold font and easily readable font. 

• Size: bulky and thick. It should be handy 

• Cover: it should have an appealing and attractive cover page. 

 Author 

• Qualified author should write it 

• Experienced teacher should write it 

• Competent teachers should write it 

• It should be written by committee of experts constituted by the state government 

• For the authors, certain minimum academic and professional qualifications may be 

prescribed. 

Content 

• It should be child centered 

• The subject matter should be arranged from simple to complex and concrete to abstracts. 

• The subject matter should create interest in the pupil. 

• It should be objective oriented 

• It should be written according to prescribed syllabus 

• It should satisfy the demands of examination 

• The answers given at the end of each section should be correct 

• It should include the recent developments in the mathematics relating to the content dealt 

with. 

• Oral mathematics should fine its due place in the textbook. 

Organization and presentation 



• It should provide for individual differences. 

• There should be sufficient provision for revision, practice and review. 

• It should stimulate the initiative and originality of the students 

• It should offer suggestion to improve study habits. 

• It should facilitate the use of analytic, synthetic, inductive, deductive, problem solving and 

heuristic approaches to teaching. 

• Content should be organize in a psychological consideration 

• Content should be organize in a logical way 

• It should suggesting project work, fieldwork and laboratory work. 

Language 

• The language used in the textbook should be simple and easily understandable and within 

the grasp of the pupils 

• The style and vocabulary used should be suitable to the age group of student for whom the 

book is written. 

• The term and symbols used must be those, which are popular and internationally accepted 

• It should be written in lucid, simple, precise and scientific language. 

Exercise and Illustrations: 

• The illustrations should be accurate 

• The illustrations should be clear and appropriate 

• It should contain some difficult problems 

• It should contain exercises to challenge the mathematically gifted students. 

• There should be well-graded exercises given at the end of every topic. 

• The exercise should develop thinking and reasoning power of the pupils. 

General: 

• At the end of book there should be tables and appendices. 

• The textbook should be of latest edition with necessary modifications 

• The book should be moderate price and readily available in the marker. 

NCF-2005 : Mathematics curriculum 

Vision for School Mathematics 



• Children learn to enjoy mathematics rather than fear it. 

• Children learn important mathematics: 

• Mathematics is more than formulas and mechanical procedures. 

• Children see mathematics as something to talk about, to communicate through, to discuss 

among themselves, to work together on. 

• Children pose and solve meaningful problems. •  

• Children use abstractions to perceive relation-ships, to see structures, to reason out things, 

to argue the truth or falsity of statements.  

• Children understand the basic structure of Mathematics: Arithmetic, algebra, geometry and 

trigonometry, the basic content areas of school Mathematics, all offer a methodology for 

abstraction, structuration and generalisation.  

• Teachers engage every child in class with the conviction that everyone can learn 

mathematics. 

• Children pose and solve meaningful problems. 

• Children use abstractions to perceive relation-ships, to see structures, to reason out things, 

to argue the truth or falsity of statements.  

• Children understand the basic structure of Mathematics: Arithmetic, algebra, geometry and 

trigonometry, the basic content areas of school Mathematics, all offer a methodology for 

abstraction, structuration and generalisation.   

• Teachers engage every child in class with the conviction that everyone can learn 

mathematics. 

The Curriculum  

At the pre-primary stage, all learning occurs through play rather than through didactic 

communication. Rather than the rote learning of the number sequence, children need to learn and 

understand, in the context of small sets, the connection between word games and counting, and 

between counting and quantity. Making simple comparisons and classifications along one dimension 

at a time, and identifying shapes and symmetries, are appropriate skills to acquire at this stage. 

Encouraging children to use language to freely express one's thoughts and emotions, rather than in 

predetermined ways, is extremely important at this and at later stages. Having children develop a 

positive attitude towards, and a liking for, Mathematics at the primary stage is as important, if not 

more as the cognitive skills and concepts that they acquire. Mathematical games, puzzles and stories 

help in developing a positive attitude and in making connections between mathematics and 

everyday thinking. It is important to  

At the upper primary stage, students get the first taste of the power of Mathematics through the 

application of powerful abstract concepts that compress previous learning and experience. This 

enables them to revisit and consolidate basic concepts and skills learnt at the primary stage, which is 

essential from the point of view of achieving universal mathematical literacy. Students are 

introduced to algebraic notation and its use in solving problems and in generalisation, to the 

systematic study of space and shapes, and for consolidating their knowledge of measurement. Data 

handling, representation and interpretation form a significant part of the ability of dealing with 

information in general, which is an essential 'life skill'. The learning at this stage also offers an 

opportunity to enrich students' spatial reasoning and visualisation skills.  



At the secondary stage, students begin to perceive the structure of Mathematics as a discipline. They 

become familiar with the characteristics of mathematical communication: carefully defined terms 

and concepts, the use of symbols to represent them, precisely stated propositions, and proofs 

justifying propositions. These aspects are developed particularly in the area of geometry. Students 

develop their facility with algebra, which is important not only in the application of mathematics, but 

also within mathematics in providing justifications and proofs. At this stage, students integrate the 

many concepts and skills that they have learnt into a problem-solving ability. Mathematical 

modelling, data analysis and interpretation taught at this stage can consolidate a high level of 

mathematical literacy. Individual and group exploration of connections and patterns, visualisation 

and generalisation, and making and proving conjectures are important at this stage, and can be 

encouraged through the use of appropriate tools that include concrete models as in Mathematics 

laboratories and computers.  

The aim of the Mathematics curriculum at the higher secondary stage is to provide students with an 

appreciation of the wide variety of the application of Mathematics, and equip them with the basic 

tools that enable such application. A careful choice between the often conflicting demands of depth 

versus breadth needs to be made at this stage. The rapid explosion of Mathematics as a discipline, 

and of its range of application, favours an increase in the breadth of coverage. Such increase must be 

dictated by mathematical considerations of the importance of topics to be included. Topics that are 

more naturally the province of other disciplines may be left out of the Mathematics curriculum. The 

treatment of topics must have an objective, that is, the communication of mathematical insights and 

concepts, which naturally arouse the interest and curiosity of students. 

 

 

 

 

UNIT – VIII 

MATHEMATICS LABORATORY AND LIBRARY. 

Mathematics Laboratory 

A mathematics laboratory is a place where we find a collection of games, puzzles, teaching aids and 

other materials for carrying out activities. These are meant to be used both by the student by their 

own and together with their teacher to explore the world of mathematics, to discover, to learn and 

to develop an interest in mathematics. Although mathematics is not an experimental science in the 

way in which physics, chemistry and biology are, a mathematics laboratory can contribute greatly to 

the learning of mathematical concepts and skills. 

Need for a Mathematics Laboratory 

Mathematics laboratory is activity centered and a child is placed in problem solving situation 

through self-exploration and discovery. He provides a solution based on his experience, needs and 



interest. Some of the ways in which a mathematics laboratory can contribute to the learning of the 

subject are. 

• It provides an opportunity to understand and internalize the basic mathematical concepts 

through concrete objects and situations. 

• It enables the students to verify or discover several geometrical properties and facts using 

models or by paper cutting and folding technique. 

• It helps the students to build interest and confidence in learning the subject. 

• The laboratory provides opportunity to exhibit the relatedness of mathematical concepts 

with everyday life. 

• It provides greater scope for individual participation in the process of learning and becoming 

autonomous learners. 

• It provides scope for greater involvement of both the mind and the hand which facilitate 

cognition. 

• The laboratory allows and encourages students to think, discuss with each other and the 

teacher and assimilates the concepts in a more effective manner. 

• It enables the teacher to demonstrate, explain and reinforce abstract mathematical ideas by 

using concrete objects, models, charts, graphs, pictures, posters etc. 

Objectives of Mathematics Laboratory 

• To provide readily accessible rich manipulative materials to emphasis on “learning by doing”. 

• To develop an attitude of enquiry. 

• Remove the weakness of present day mathematics education. 

• To develop much needed confidence in students. 

• To generate interest in the subject. 

• To make the students divergent thinkers. 

• To make the children to look for pattern and ask questions. 

Equipments and maintenance of the Mathematics Laboratory: 

     1.   Concrete Materials: 

               It should be provided with concrete materials connected with simple arithmetical topic such 

as beads, stick, pebbles, ball frames, number cards, balances, coins, weights, measuring tapes 

apparatus which is used in Montessori Method card-board, chart paper, graphs etc. 

     2. Charts: 

               A number of Mathematical charts should be kept in the Mathematics laboratory. Charts can 

be used to explain certain points which other wise would be difficult to explain the teacher 

encourage the students to prepare charts on different topics of percentage, fractions, average etc. 

     3.  Pictures and photographs: 

             The pictures and photographs of various Mathematicians are prominently displayed in the 

Mathematics room. It would be much useful if the contributions of these Mathematicians are also 

indicated on such charts. 



     4.  Models: 

          Various mathematical models such as these of triangles, squares, solids etc, are stored in a 

mathematics laboratory. These help in understanding abstract Mathematical proofs (or) principles or 

statements are available in the market. 

    5. Equipments and Materials Concerning other Subjects: 

           Mathematical principles and procedures are used in other subjects and materials, equipment 

illustrating the application of Mathematics (E.g. barometer, hydrometer, pendulum) be also kept in 

mathematics laboratory. 

     6.  Proportional Dividers, slide rules, is calculating Machines etc: 

            These are quite useful in the study of similarity of geometrical figures and are kept in a 

mathematics laboratory, making use of these instruments we can magnify or reduce figures, graphs; 

maps etc. slide rules are quite useful in Mathematical calculations. Training in Mathematical 

calculations can be provided by using simple calculating machines. A simple calculating machine 

resembles a type writer. Its working is also very simple. 

    7.   Surveying Instruments: 

               Various instruments used in surveying kept in a mathematics laboratory because surveying 

is concerned with Mathematics. 

a.       Angle Mirror:  Which is used for laying out right angles in the field? 

b.      Plane table:  Which is used for elementary mapping and surveying? 

c.       Hypsometer and clinometers:  These are simple devices to measure angles of elevation and 

depression. These can be used to measure heights and distances of objects indirectly. 

d.      Level:  Which is an instrument used in finding differences in elevation. 

e.       Transit:  Which is an angle measure and a levelling instrument 

    8. Projective Aids: 

              Various projective aids and projecting devices such as magic lantern, film-strip projector, 

epidiascope etc, should also be kept in Mathematics laboratory. 

Transparencies and its preparation: 

                  Overhead projector (OHP) is an important electronic teaching aid. This machine projects 

an image from a transparency which is transparent. The graphic picture and message of 

transparencies are reflected on a screen. The teacher while teaching can use transparencies and 

show the graphics and message. Besides, ready-made transparencies, very often the teacher can 

write certain important points and draw figures (or) pictures on glass sheets with the help of a 

specific type of pen which can write various colours. 

Mathematics library 



Mathematics library is one of the important sources of acquiring mathematics knowledge and skills. 

It serves the purpose of inculcating good reading and study habits which help in promoting self-

study and independent work among students, with the advent of information technology and cyber, 

there is a growing decline in the reading of books. The different types of problems and approaches 

available in different books help the students in developing their problem-solving ability and 

adopting different problem solving, thus making them more open minded and independent. 

Classroom teaching may leave many gaps. A good library provides opportunities for filling up the 

gaps removing the doubts. Need Even though there is a general library with a separate section for 

mathematics department in every situation, it is necessary to have a separate library for 

mathematics for the following reasons.  

• A mathematics library provides immediate access to the necessary mathematics books.  

• It facilitates timely use of the books and inculcates reference skills.  

• It provides mathematics teacher with an important role in the selection of relevant books for 

the mathematics library.  

• It promotes efficiency in organization of library services.  

• It provides a sense of separate identity to mathematics and helps to motivate the students 

to learn mathematics with genuine interest. Importance  

• It helps future reading.  

• It develops the healthy hobby of reading.  

• Habit of self-study and self-education can be developed. 

• Students can improve their knowledge by reading general books, magazines. � It helps to 

supplement the knowledge learned in classroom. 

• The teachers can give specific assignments and suggested book for reference.  

• It helps in developing in reference skills necessary for higher education. 

Organisation Mathematics library  

There should be a good collection of useful boos in mathematics. The teacher should be responsible 

for making a wise selection of books. The library should be attractive and should provide an 

atmosphere for reading. It can be decorated with visual aids and pictures of mathematicians, charts 

and posters about the contributions, information on historical developments of certain 

mathematical concepts, theorems and so on. The seating arrangement must be comfortable to 

students. The books and material for a mathematics library can be collected and categorized under 

the following heads and can be arranged in different cabins and shelves.  

Text books: For any subject the textbook is very important. These should be provision of all the 

textbooks related to mathematics for each class of the school according to prescribed syllabus. 

General books: Books giving general information related to subject matter.  

Reference books: These are books which meant for further studies. Table of constants, logarithms, 

dictionaries etc. 

Practical books: Books which provide detailed information of experiments.  



Sourcebooks: These should include books on methods and techniques of teaching. These are 

reference books for teachers to acquaint them innovative methods and techniques of teaching 

mathematics.  

Mathematics magazines and journals: These are very important in mathematics library to develop 

among the students the thirst for knowledge of mathematics. 

The mathematics teacher should take up the responsibility for organizing the mathematics library 

and be in charge of such a library. Mathematics library can be situated in a large classroom or in a 

separate section in the mathematics laboratory. The effective use of the library can be ensured by 

allotting a separate period in the timetable for library work especially in higher classes the 

mathematics teacher should motivate the students to use library time more productively. 

Mathematics laboratory It is true that the mathematics laboratory has not yet received the same 

general acceptance as a science laboratory. This is probably because the mathematics teachers 

themselves have not recognized the significance of mathematics laboratory as the science teachers 

have. Actually most mathematical teachers have been very passive as to this respect. The 

mathematics laboratory provides an opportunity for individualized instructions, introduction to the 

use of computers and calculators etc. It is a setting within which students can develop their 

independent study programmes. The literal meaning of the word laboratory is a room where a group 

of pupils learns the subject actually performing experiments. It is a demonstration of the concept of 

an activity oriented mathematics programme.  

UNIT – IX 

EVALUATION IN MATHEMATICS 

Evaluation  

Evaluation is a process that critically examines a program. It involves collecting and analyzing 

information about a program’s activities, characteristics, and outcomes. Its purpose is to make 

judgments about a program, to improve its effectiveness, and/or to inform programming decisions . 

Evaluation is a set of approaches and techniques used to make judgments about the effectiveness or 

quality of a program or treatment; to improve its effectiveness; and to inform decisions about its 

design, development, and implementation. 

Evaluation is the process of determining merit, worth, or significance; an evaluation is a product of 

that process” -Scriven 

“An educator [whose] success is to be judged by what others learn” rather than a “referee [for] a 

basketball game” who is hired to decide who is “right” or “wrong”. – Cronbach 

Purposes of evaluation 



Evaluation can be conducted for the purposes of decision making, judgements, conclusion, findings, 

new knowledge, organizational development and capacity building in response to the needs of 

identified stakeholders leading to improvement, decisions about future programming, and/or 

accountability ultimately informing social action ameliorating social problems and contributing to 

organizational or social value. 

Characteristics of good assessment tool 

• Reliability 

• Validity  

• Objectivity 

• Practicability 

• Comprehensiveness 

Reliability 

Reliability of a tool refers to the degree of consistency and accuracy with which it measures what it is 

intended to measure.  If the evaluation gives more or less the same result every time it is used, such 

evaluation is said to be reliable. 

Validity 

A test is said to be valid when it measures what it needs to measure. It should fulfill the objectives 

for which it is developed. Validity of a test refers to it's truthfulness. Suppose you want to know 

whether a Numerical reasoning test is valid. If it really measure the reasoning ability, the test can be 

said to be valid. 

Objectivity 

A tool is said to be objective if it is free from personal bias of interpreting its scope as well as in 

scoring the responses.  

Practicability 

The test or evaluation system should also be as practical as possible. For meeting this criteria, it 

should be easy to prepare, easy to administer, easy in scoring etc. 

Comprehensiveness 



It refers to its length and extensiveness as to cover the complete course or learning experiences to 

be tested. It should be competent enough to test all the stipulated objectives in terms of knowledge, 

understanding, skills, abilities, interests and attitudes etc. 

Classification of assessment based on purpose 

• Formative assessment 

• Summative assessment 

• Prognostic assessment 

• Diagnostic assessment 

Michael Scriven coined the terms formative and summative evaluation in 1967, 

Formative Assessment 

It refers to a wide variety of methods that teachers use to conduct in-process evaluations of student 

comprehension, learning needs, and academic progress during a lesson, unit, or course. It help 

teachers identify concepts that students are struggling to understand, skills they are having difficulty 

acquiring, or learning standards they have not yet achieved so that adjustments can be made to 

lessons, instructional techniques, and academic support. Formative assessments are generally low 

stakes, which means that they have low or no point value. Participating in formative assessment 

involves students in active learning, keeps them on task, and focuses them on learning goals.  

It can be a formal and/or informal assessment procedure employed by teachers during the learning 

process. Effective formative assessment includes qualitative feedback (rather than scores or grades), 

which allows the student opportunities to remediate or fill in any gaps in their learning. It also 

provides helpful information (to the instructor) on the impact of instruction, and identifies 

opportunities for alteration of teaching methods to ensure the greatest student achievement.  

Examples of formative assessments include asking students to: 

• Quizzes 

• Assignments 

• Homework 

• Test  



• Short discussion 

• Summarizing the main points in a lecture  

Summative assessment 

Summative assessment sums up what a pupil has achieved at the end of a period of time, relative to 

the learning aims and the relevant national standards. The period of time may vary, depending on 

what the teacher wants to find out. There may be an assessment at the end of a topic, at the end of 

a term or half-term, at the end of a year or, as in the case of the national curriculum tests, at the end 

of a key stage. Summative assessments are often high stakes, which means that they have a high 

point value, take place under controlled conditions.  

Summative assessments are all about the end result.  

These tests are used to measure students’ overall grasp of the material and have a significant impact 

on their final grades. Many associate summative assessments only with standardized tests such as 

state assessments, but they are also used at and are an important part of district and classroom 

programs. It occurs after instruction. Summative assessments are tools to help evaluate the 

effectiveness of programs, school improvement goals, alignment of curriculum, or student 

placement in specific programs. It is referred to as assessment of learning 

Examples of summative assessments include asking students to: 

• Quarterly ,Half yearly and Annual examination  

• Final exams  

• End of project 

• Midterm exams 

• Cumulative work over an extended period such as a final project or creative portfolio 

Formative vs. summative assessment 

“When the cook tastes the soup, that’s formative assessment. When the customer tastes the soup, 

that’s summative assessment.”  

FORMATIVE ASSESSMENT SUMMATIVE ASSESSMENT 



It is conducted during the instructional 

process. 

It is conducted after  the instructional process. 

It is diagnostic in nature. It is evaluative in nature. 

It is an assessment for learning. It is an assessment of learning. 

It includes little content area. It includes complete chapters or content area. 

It purposes is to enhance student learning. It purposes is to evaluate student achievements. 

Monitor student learning. Evaluate student learning. 

It is low-stake test. It is high-stake test. 

To monitor student learning process. To provide grades. 

It is process oriented. It is product oriented. 

It is mostly informal It is formal. 

Diagnostic Assessment (pre-assessment) 

Diagnostic assessment is one which is given at the beginning of the course or the beginning of the 

unit/topic, is known as diagnostic assessment. This assessment is used to collect data on what 

students already know about the topic. Diagnostic assessments are sets of written questions 

(multiple choice or short answer) that assess a learner’s current knowledge base or current views on 

a topic/issue to be studied in the course. The goal is to get a snapshot of where students currently 

stand - intellectually, emotionally or ideologically - allowing the instructor to make sound 

instructional choices as to how to teach the new course content and what teaching approach to use.  

Just like formative assessment, diagnostic assessments intended to improve learner’s knowledge. 

Besides, it looks backward rather than looking forward. It reviews what the learner knows and 

difficulty that they are facing in learning. It takes place before instruction. It is usually low-stakes 

test. Diagnostic assessments provide instructors with information about student's prior knowledge 

and misconceptions before beginning a learning activity and also diagnose students’ strengths and 



areas of need. These assessments also provide a baseline for understanding how much learning has 

taken place after the learning activity is completed.  

Classification of assessment based on Scope 

• Teacher made test 

• Standardised test  

Teacher-made tests  

These are specially designed by the teacher to his class for a special purpose, not developed by 

measurement expert. So these tests are commonly known as teacher-made tests. A large number of 

tests covering the content of specific courses or part of courses are prepared by teachers for use in 

their own classrooms. These tests would likely to reflect what was actually taught in classrooms. The 

distinguishing feature of these tests is that they are constructed by the teachers and covered only 

the materials taught in a particular course and unit within the course. They are not field tested and 

revised and they are not administered to a norm group. A particular test is prepared for a particular 

class, probably have never been given to any other classes. Thus, teacher-made tests are developed 

for a specific situation, on the basis of a specific set of objectives and a specific group and they are 

prepared for a single administration. The content of these tests is more circumscribed being based 

on the curriculum of a particular course of a school. There is a need for properly planned and 

carefully prepared teacher made tests to evaluate knowledge of the content taught in the class. 

Preparing and using teacher-made test in teaching and learning is a regular task of teachers. For 

preparing teacher-made tests, objective type or essay type items or both can be constructed.  

Important features of Teacher made test 

• It is simple to use. 

• It permit the teacher to assess the student strength weaknesses and needs. 

• It motivates the student. 

• Its purpose is to assess the student achievement in a particular unit or content. 

Construction of teacher made test 

• Identifying instructional objectives  

• Making the design 



• Preparing blueprint 

• Writing the test items 

• Developing marking scheme 

Standardized test  

Standardization literally means “brought to a level”. A standardized test is a test that is given to 

students in a very consistent manner; meaning that the questions on the test are all the same, the 

time given to each student is the same, and the way in which the test is scored is the same for all 

students. 

It is a test that is administered, scored, and interpreted in the same way for all test-takers. 

A standardised test is one that has been carefully constructed by experts in the light of acceptable 

objectives or purposes; procedure for administering, scoring and interpreting scores are specified in 

detail so that no matter who gives the test or where it may be given, the result should be 

comparable; and norms or average for different age or grade levels have been pre-determined. 

Many assessment experts consider standardised tests to be a fair and objective method of assessing 

pupils, mainly because the standardised format reduces the potential for favouritism, bias, or 

subjective evaluations. 

Characteristics of a Standardized test 

• It is constructed by a experts or test specialists. 

• It covers the wide range of content matter as well as objectives. 

• It is reliable and valid. 

• Students are based on uniform curriculum at state or National level. 

Measure of central tendency  

“A measure of central tendency is a typical value around which other figures congregate.” There are 

several statistical measures of central tendency or “averages”. The three most commonly used 

averages are: 

• Mean 

• Median 



• Mode 

Arithmetic mean or mean 

Arithmetic mean or simply the mean of a variable is defined as the sum of the observations divided 

by the number of observations.  

Median  

The median is that value of the variate which divides the group into two equal parts, one part 

comprising all values greater, and the other, all values less than median.  

Ungrouped or Raw data : Arrange the given values in the increasing or decreasing order. If the 

numbers of values are odd, median is the middle value .If the number of values are even, median is 

the mean of middle two values.  

Mode : The mode refers to that value in a distribution, which occur most frequently. It is an actual 

value, which has the highest concentration of items in and around it. According to  

Croxton and Cowden “ The mode of a distribution is the value at the point around which the items 

tend to be most heavily concentrated. It may be regarded at the most typical of a series of values”. 

Measure of Variability  

The measure of central tendency serves to locate the center of the distribution, but they do not 

reveal how the items are spread out on either side of the center. This characteristic of a frequency 

distribution is commonly referred to as dispersion. 

• Range 

• Quartiles 

• Mean deviation  

• Standard Deviation  

Range 

This is the simplest possible measure of dispersion and is defined as the difference between the 

largest and smallest values of the variable.  

Quartiles  

The quartiles divide the distribution in four parts. There are three quartiles. The second quartile 

divides the distribution into two halves and therefore is the same as the median. The first (lower) 



quartile (Q1) marks off the first one-fourth, the third (upper) quartile (Q3) marks off the three-

fourth. 

Mean deviation  

Mean deviation is the arithmetic mean of the deviations of a series computed from any measure of 

central tendency; i.e., the mean, median or mode, all the deviations are taken as positive i.e., signs 

are ignored. 

Standard Deviation  

Karl Pearson introduced the concept of standard deviation in 1893. It is the most important measure 

of dispersion and is widely used in many statistical formulae. Standard deviation is also called Root-

Mean Square Deviation. The reason is that it is the square–root of the mean of the squared 

deviation from the arithmetic mean. It provides accurate result. Square of standard deviation is 

called Variance.  

It is defined as the positive square-root of the arithmetic mean of the Square of the deviations of the 

given observation from their arithmetic mean. The standard deviation is denoted by the Greek letter 

s (sigma) 

Percentiles  

The percentile values divide the distribution into 100 parts each containing 1 percent of the cases. 

The percentile (Pk) is that value of the variable up to which lie exactly k% of the total number of 

observations. 

Skewness 

Skewness means ‘lack of symmetry’. We study skewness to have an idea about the shape of the 

curve which we can draw with the help of the given data. 

If in a distribution mean = median = mode, then that distribution is known as symmetrical 

distribution.  

If in a distribution mean ≠ median ≠ mode , then it is not a symmetrical distribution and it is called a 

skewed distribution and such a distribution could either be positively skewed or negatively skewed. 

Correlation  

Correlation refers to the relationship of two variables or more.  



(e-g) relation between height of father and son, yield and rainfall, wage and price index, share and 

debentures etc. Correlation is statistical Analysis which measures and analyses the degree or extent 

to which the two variables fluctuate with reference to each other. The word relationship is 

important. It indicates that there is some connection between the variables. It measures the 

closeness of the relationship. Correlation does not indicate cause and effect relationship. 

Rank Correlation 

It is studied when no assumption about the parameters of the population is made. This method is 

based on ranks. It is useful to study the qualitative measure of attributes like honesty, colour, 

beauty, intelligence, character, morality etc.The individuals in the group can be arranged in order 

and there on, obtaining for each individual a number showing his/her rank in the group. This method 

was developed by Edward Spearman in 1904. The value of r lies between –1 and +1. If r = +1, there is 

complete agreement in order of ranks and the direction of ranks is also same. If r = -1, then there is 

complete disagreement in order of ranks and they are in opposite directions. 

Percentile rank  

Percentile rank refers to the percentage of scores that are equal to or less than a given score. 

Percentile ranks, like percentages, fall on a continuum from 0 to 100. For example, a percentile rank 

of 35 indicates that 35% of the scores in a distribution of scores fall at or below the score at the 35th 

percentile. 

Graphical Representation  of  Data    

Bar Diagram 

Simple bar diagram can be drawn either on horizontal or vertical base, but bars on horizontal base 

more common. Bars must be uniform width and intervening space between bars must be equal. 

While constructing a simple bar diagram, the scale is determined on the basis of the highest value in 

the series. To make the diagram attractive, the bars can be coloured. Bar diagram are used in 

business and economics. However, an important limitation of such diagrams is that they can present 

only one classification or one category of data. For example, while presenting the population for the 

last five decades, one can only depict the total population in the simple bar diagrams, and not its 

sex-wise distribution. 

Pie Diagram (or) Circular Diagram 



Another way of preparing a two-dimensional diagram is in the form of circles. In such diagrams, both 

the total and the component parts or sectors can be shown. The area of a circle is proportional to 

the square of its radius. While making comparisons, pie diagrams should be used on a percentage 

basis and not on an absolute basis. In constructing a pie diagram the first step is to prepare the data 

so that various components values can be transposed into corresponding degrees on the circle. The 

second step is to draw a circle of appropriate size with a compass. The size of the radius depends 

upon the available space and other factors of presentation. The third step is to measure points on 

the circle and representing the size of each sector with the help of a protractor. 

Histogram 

A histogram is a bar chart or graph showing the frequency of occurrence of each value of the 

variable being analysed. In histogram, data are plotted as a series of rectangles. Class intervals are 

shown on the ‘X-axis’ and the frequencies on the ‘Y-axis’ . The height of each rectangle represents 

the frequency of the class interval. Each rectangle is formed with the other so as to give a 

continuous picture. Such a graph is also called staircase or block diagram. However, we cannot 

construct a histogram for distribution with open-end classes. It is also quite misleading if the 

distribution has unequal intervals and suitable adjustments in frequencies are not made. 

Frequency Polygon 

If we mark the midpoints of the top horizontal sides of the rectangles in a histogram and join them 

by a straight line, the figure so formed is called a Frequency Polygon. This is done under the 

assumption that the frequencies in a class interval are evenly distributed throughout the class. The 

area of the polygon is equal to the area of the histogram, because the area left outside is just equal 

to the area included in it. 

Ogives 

For a set of observations, we know how to construct a frequency distribution. In some cases we may 

require the number of observations less than a given value or more than a given value. This is 

obtained by a accumulating (adding) the frequencies upto the give value. This accumulated 

frequency is called cumulative frequency. The curve table is obtained by plotting cumulative 

frequencies is called a cumulative frequency curve or an ogive. There are two methods of 

constructing ogive namely:  

1. The ‘less than ogive’ method  

2. The ‘more than ogive’ method.  



In less than ogive method we start with the upper limits of the classes and go adding the 

frequencies. When these frequencies are plotted, we get a rising curve. In more than ogive method, 

we start with the lower limits of the classes and from the total frequencies we subtract the 

frequency of each class. When these frequencies are plotted we get a declining curve.  

Normal probability curve 

• The Normal Curve is Symmetrical: The normal probability curve is symmetrical around it’s 

vertical axis called ordinate. The symmetry about the ordinate at the central point of the 

curve implies that the size, shape and slope of the curve on one side of the curve is identical 

to that of the other.  

• The Normal Curve is Unimodel: Since there is only one maximum point in the curve, thus the 

normal probability curve is unimodel, i.e. it has only one mode. 

• The Maximum Ordinate occurs at the Center: The maximum height of the ordinate always 

occur at the central point of the curve, that is the mid-point. In the unit normal curve it is 

equal to 0.3989.  

• The Normal Curve is Asymptotic to the X Axis: The normal probability curve approaches the 

horizontal axis asymptotically; i.e. the curve continues to decrease in height on both ends 

away from the middle point (the maximum ordinate point); but it never touches the 

horizontal axis. Therefore its ends extend from minus infinity (- ∞) to plus infinity (+ ∞). 

• The Height of the Curve declines Symmetrically: In the normal probability curve the height 

declines symmetrically in either direction from the maximum point.  

• The Points of Influx occur at point ±1 Standard Deviation (± 1 σ): The normal curve changes 

its direction from convex to concave at a point recognised as point of influx. If we draw the 

perpendiculars from these two points of influx of the curve to the horizontal X axis; touch at 

a distance one standard deviation unit from above and below the mean (the central point).  

• The Total Percentage of Area of the Normal Curve within Two Points of Influxation is fixed: 

Approximately 68.26% area of the curve lies within the limits of ± 1 standard deviation (± 1 

σ) unit from the mean. 

• The Total Area under Normal Curve may be also considered 100 Percent Probability: The 

total area under the normal curve may be considered to approach 100 percent probability; 

interpreted in terms of standard deviations. 

 

 



UNIT – X 

PROFESSIONAL DEVELOPMENT IN MATHEMATICS TEACHER 

In-service program   

An in-service program is a professional training or staff development effort, where professionals are 

trained and discuss their work with others in their peer group.The concept of in-service teacher 

training is becoming increasingly popular as a means to enhance the teaching quality of Indian 

schools.  

In-service education can simply be defined as the relevant courses and activities in which a serving 

teacher may participate to upgrade his professional knowledge, skills, and competence in the 

teaching profession. Therefore, it encompasses all forms of education and training given to a teacher 

who is already on the job of teaching and learning.  

In-Service Education and Training of Teachers 

 In-service education can play a significant role in the professional growth of teachers and function 

as an agent for change in school-related practices. It helps teachers gain confidence by engaging 

with their practices and reaffirming their experiences. It provides opportunities to engage with other 

teachers professionally and to update knowledge. The Education Commission (1964–66) 

recommended that in-service education for teachers should be organised by universities and teacher 

organisations to enable every teacher to receive two or three months of in-service education once in 

five years; that such programmes should be based on research inputs; that training institutions 

should work on a 12-month basis and organise programmes like refresher courses, seminars, 

workshops and summer institutes. The Report of the National Commission on Teachers (1983–85) 

mooted the idea of Teachers' Centres that could serve as meeting places, where talent could be 

pooled and teaching experiences shared. It suggested that teachers could go to centres of learning 

on study leave. The NPE (1986) linked in-service and pre-service teacher education on a continuum; 

it visualised the establishment of District Institutes of Education and Training (DIETs) in each district, 

upgradation of 250 colleges of education as Colleges of Teacher Education (CTEs), and establishment 

of 50 Institutes of Advanced Studies in Education (IASEs), and strengthening of the State Councils of 

Educational Research and Training (SCERTs). The AcharyaRamamurthi Review Committee (1990) 

recommended that in-service and refresher courses should be related to the specific needs of 

teachers, and that evaluation and follow-up should be part of the scheme. In places where 

multigrade schools have been established in order to facilitate access to primary schooling, teachers 

need special training in managing such classrooms, which must be conducted by those who have 

experience in classroom management and organisation for these classes. Prescriptions on how to 

manage, without the support of appropriate materials, or guidance in planning units and topics, 

does little to assist teachers whose experience and imagination is completely oriented to the 

monograde setting. Instead of being merely told what to do, detailed unit planning exercises, along 

with direct practical experiences in places where multigrade class teaching practices have become 

established, and films depicting such situations, need to be used in training and for helping teachers 

overcome their lack of confidence. 

 



Membership of Professional Organizations  

A professional organization (also referred to as a professional body), is usually a nonprofit 

organization which seeks to further a particular profession, the interests of individuals engaged in 

that profession and the public interest. In the field of education, there are numerous professional 

organizations that are actively involved in facilitating better teaching- learning conditions and 

learners achievement. With teachers juggling a multitude of roles, both in professional as well as 

personal capacities, joining a professional organization ought to be a high priority for them. These 

professional organizations offer a plethora of benefits such as- exclusive online resources, 

networking opportunities, free or discounted publications, chance to update their knowledge of 

business and trade basics or acquire new skills through seminars, workshops, conferences and online 

courses, develop mentoring relationships with more experienced teachers etc. The Association of 

Mathematics Teachers of India (AMTI) is one such organization in India that aims to assist teachers 

of mathematics at all levels in improving their expertise and professional skills for making 

mathematics interesting and enjoyable and disseminates new trends in Mathematics Education. For 

example, the Association of Mathematics Teachers of India (AMTI) has been organizing seminars, 

conferences, workshops in various parts of the country to meet and deliberate on important issues 

in Mathematics Education, particularly at school level. Besides, the usual inauguration, valedictory 

functions, there are endowment / memorial lectures on applied mathematics, methodology and 

history of mathematics, group discussions, exhibitions, recreations in mathematics, paper 

presentations, learners sessions, Quiz-written and oral, Distinguished Mathematics teacher awards 

etc. 

Aims of Association of Teachers of Mathematics (ATM) 

The Association of Teachers of Mathematics aims to support the teaching and learning of 

mathematics by: 

• Encouraging increased understanding and enjoyment of mathematics 

• Encouraging increased understanding of how people learn mathematics 

• Encouraging the sharing and evaluation, of teaching and learning strategies and practices 

• Promoting the exploration of new ideas and possibilities 

• Initiating and contributing to discussion of and developments in mathematics education at 

all levels 

Guiding Principles  

• The ability to operate mathematically is an aspect of human functioning, which is as 

universal as language itself. Attention needs constantly to be drawn to this fact. Any 

possibility of intimidating with mathematical expertise is to be avoided. 

• The power to learn rests with the learner. Teaching has a subordinate role. The teacher has 

a duty to seek out ways to engage the power of the learner. 

• It is important to examine critically approaches to teaching and to explore new possibilities, 

whether deriving from research, from technological developments or from the imaginative 

and insightful ideas of others. 

• Teaching and learning are co-operative activities. 



• Encouraging a questioning approach and giving due attention to the ideas of others are 

attitudes to be encouraged. Influence is best sought by building networks of contacts in 

professional circles. 

Professional Development   

Professional  development  is  the  enrichment  training  provided  to  teachers  over  a  period  of  

time  to  promote  their  development  in  all  aspects  of  content  and  pedagogy.   Professional   

development   for   teachers   should   be   analogous   to   professional development of other 

professionals. Becoming an effective teacher is a continuous process that stretches from pre-service 

experiences to the end of the professional  career.  It  is  conceptually  divided  into  pre-service  and  

in-service  teacher  training.  It  is  not  simply  a  time-bound  activity  or  series  of  events,  but  a  

continuous process.  From this perspective, the conventionally divided in-service and  pre-service  

activities  should  be  viewed  as  seamless  components  of  the  same  process. It is the tool by 

which policy makers’ visions for change are disseminated and   conveyed   to   teachers.   The   

ultimate   beneficiary   of   In-Service   Teacher   Professional Development (ITPD) is the student 

though the receiver is the teacher.  Professional  development  for  teachers  is  more  than  training  

or  classes  as  it  functions  as  an  agent  for  change  in  their  classroom  practices.  The  growth  of  

a  teacher’s   skill   and   understanding   is   developed   through   personal   reflection,   interactions  

with  colleagues  and  mentoring  which  gives  confidence  by  engaging  with  their  practices  and  

reaffirming  their  experiences.  It  could  have  a  positive  impact   on   teachers’   pedagogical   

content   knowledge   as   many   teachers   feel   challenged with teaching of curricular subjects due 

to lack of previous experience with hands-on activities, lack of content knowledge, lack of interest to 

acquire the resources   needed   to   create   appropriate   learning   environments   and   lack   of   

confidence.  In  the  last  few  years,  major  in-service  professional  development  programmes  

have  been  conceptualised  and  implemented.  DPEP  and  subsequently  SSA  have  brought  in  the  

possibility  of  continuous  capacity  building  exercise  for  teachers.    We  need  to  review  and  

analyse  participation  of  state  level  and  national  level  organisations  in  these  efforts  and  the  

extent  to  which  meaningful  progress  in  design  and  implementation  of  the  professional  

development  programmes  were  made, analyse the scope of participation and involvement of 

agencies working in the field of secondary education and the availability of capable pedagogue. 

The aims of ITPD are to:  

1.Enrich  and  update  teachers’  knowledge  in  their  discipline,  pedagogy  and  other areas of 

school curriculum continuously.  

2.Develop a culture of shared learning and accountability such that teachers are  not  mere  

recipients  of  training  conceptualised  in  a  top  down  manner  but  are  engaged  with  the  task  to  

develop  their  own  and  the  group’s  knowledge.  

3.Evolve   a   mechanism   by   which   effective   programmes   of   teacher   professional  

development  can  be  initiated  for  large  number  of  teachers  in  vastly  different  areas  and  to  

deal  with  a  range  of  diverse  learners  for  inclusive education.  

4. Research and reflect on the gaps in students’ learning and their progress 

 5. Understand and update their knowledge on social issues  



6. Apply Information Communication Technology (ICT) in their classrooms for better student 

learning. 7.Motivate  and  regenerate  enthusiasm  of  teachers  to  inculcate  interest  in  

innovations. 

Professional development programmes for mathematics teachers  

Professional development involves adopting a variety of strategies to ensure that teachers continue 

to strengthen their pedagogical skills throughout their career. In formal settings, professional 

development programmes are often disseminated through seminars, conferences, workshops etc. 

Sometimes, professional development also occurs in informal conditions, through interactions 

across online platforms, peer group discussions etc. The common modes of professional 

development are:  

• Individual reading and/or research  

• Peer group discussions focused on a common topic or area of interest 

• Observation-teachers observing other teachers so as to improve their own skills 

• Expert advice-an expert teacher advising colleagues 

• Group meetings to learn a new strategy or teaching skill 

• Adopting reflective and exploratory practices 

• Staff meetings 

• Online courses 

• Short term courses designed by experts at local / regional/ national level 

• Seminars/ Conferences/ Workshops to learn from a variety of expertise from around the 

state or country 

• Membership of professional bodies to keep oneself updated with the latest trends , 

practices and issues pertaining to the field of study.  

Seminars  

Seminars are formal presentations by one or more experts in which the participants are encouraged 

to discuss a particular area of interest. In the context of professional development, it may be 

described as an occasion when a teacher or expert and a group of teachers meet to interact and 

discuss the intricacies of a chosen topic or subject. Mathematics as a subject is very interesting as 

well as challenging. Sharing experiences with other teachers and listening to experts’ on the 

concerned topics help the teachers evolve into better practitioners of teaching skills and improve 

learners achievement. Seminars may be organized at the local, regional, state, national or 

international levels depending upon the needs and requirements of the teachers as well as the 

resources available. These seminars help the teachers update their knowledge base regarding latest 

developments in the field of mathematics and pedagogical skills being used. They also provide a 

platform for teachers to interact with experts to discuss and evolve new, effective strategies to deal 

with difficult classroom situations. By attending seminars, not only do the teachers themselves 

benefit from the discussions, but also their colleagues stand to gain from a summary of what one has 

learned and obtain copies of relevant documents. These days with technological advancements, 

many a times the teachers find themselves attending webinars instead of seminars. Short for Web-

based seminar, a webinar is a seminar that is transmitted over the internet using video conferencing 

software. A key feature of a webinar is its interactive elements the ability to give, receive and discuss 



information in real-time. Using webinar software participants can share audio, documents and 

applications with webinar participates. A webinar has all the advantages of a seminar without the 

limitations of actually being physically present at the venue. This is a great advantage for 

participates, especially in a profession like teaching which leaves very little opportunity for the 

teachers to spare time for attending such seminars. For example, a seminar on ‘New Developments 

in Mathematics Teaching’ inspires Mr. X to adopt constructive approach in his classroom. As per 

constructive belief, knowledge is actively created or invented by the child, not passively received 

from the environment. Learners create new mathematical knowledge by reflecting on their physical 

and mental actions. Ideas are constructed or made meaningful when learners integrate them into 

their existing structures of knowledge. Applying this principle in the classroom, the teacher Mr. X 

asks the learners to construct a triangle, where information about all three distances and all three 

angles has been given. Next the teacher asks the learners to construct the next triangle, with fewer 

specifications, with less than six. Slowly, with each step the learners learn to construct triangles with 

minimum information. 

Conferences  

Conferences may be described as formal meetings in which a number of people gather to talk about 

their ideas or problems related to a particular topic, usually for a few days. It is a large gathering of 

individuals or members of one or more organizations, for discussing matters of shared interest. 

Organizing conferences involving members of the teaching community is an effective way to render 

professional development to the teachers. Here, peer group discussions, shared experiences 

regarding classroom behaviors and results of action research, adopting reflective practices are some 

fruitful techniques that ultimately lead to the participates becoming better teachers. For example, 

Mr. X attends a conference on ‘Methods for Improving Mathematical Reasoning’ among Secondary 

Level Learners. Here, he comes across many other secondary level mathematics teachers facing 

similar predicament- how to improve learners’ reasoning abilities? In algebra, encouraging learners 

to think how changing an input (x) in an equation would affect the output (y). Discussing among 

themselves, the teachers realize that in order to solve such problems, the learners need to clearly 

see the abstract linear relationships. They all concur that explaining in simpler language, sometimes 

in the local language, would be beneficial. Upon coming back, Mr. X tries to adopt this technique in 

his classroom by explaining the algebraic word problems in Hindi and then asking the learners to 

solve the equations. He gets much quicker and better responses from the learners. 

Initiatives and Strategies for In-Service Education  

Following NPE 1986, efforts have been made to develop institutions like DIETs, IASEs and CTEs for 

providing in-ser vice education to primary and secondary schoolteachers; 500 DIETs, 87 CTEs, 38 

IASEs, and 30 SCERTs, have been set up, although many of them have yet to function as resource 

centres. DPEP also brought in the block and cluster resource centres and made in-service teacher 

education and cluster-level schools as the follow-up for the main strategies for pedagogic renewal. 

In spite of the widespread efforts and specific geographical areas which have shown improvements, 

by and large the in-service inputs have not had any noticeable impact on teacher practice. A major 

indicator of quality of training is its relevance to teachers' needs. But most such programmes are not 

organised according to actual needs. The approach adopted has remained lecture based, with little 

opportunity for trainees to actively participate. Ironically, concepts such as activity-based teaching, 



classroom management of large classes, multi- grade teaching, team teaching, and cooperative and 

collaborative learning, which require active demonstration, are often taught through lectures. 

School follow-up has also failed to take off, and cluster-level meetings have not been able to develop 

into professional for a for teachers to reflect and plan together. Any curriculum renewal effort needs 

to be supported with a well thought-out and systematic programme of in-service education and 

school-based teacher support. In-service education cannot be an event but rather is a process, which 

includes knowledge, development and changes in attitudes, skills, disposition and practice — 

through interactions both in workshop settings and in the school. It does not consist only of 

receiving knowledge from experts; promotion of experiential learning, incorporating teachers as 

active learners, and peer group-based review of practice can also become a part of the overall 

strategy. Self-reflection needs to be acknowledged as a vital component of such programmes. A 

training policy needs to be worked out, defining parameters such as the periodicity, context and 

methodology of programmes. But efforts to strengthen quality and ensure vibrant rather than 

routinized interactions would require far more decentralised planning with clarity on goals and 

methods for training and transfer. 'Mass training using’ new technologies may be of use in some 

aspects of training, but much greater honesty and bold creativity are required for addressing the 

concerns of practising teachers directly, including the professionalised environments in which they 

work, their lack of agency, and their alienation. Dissemination technologies can serve to build a 

positive ethos for curricular reforms if they are used as sites of discussion and debates in which 

teachers, training personnel and community members can participate. Teachers require first-hand 

experience of making programmes themselves in order to develop an interest in the new 

technology. The availability of computers and linkage facilities remains quite inadequate in training 

institutes. This is one reason why the potential of the new communication technology for changing 

the ethos of schools and training institutions has remained inadequately tapped. 

 

 


