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Second Year 

Course - 18(vii) Pedagogy of Mathematics – Part 2 

Credit: 4 

Essence of the course:  

This course is to enable students to specialize in Mathematics and to develop an understanding 

of the curriculum, linking school knowledge with community life. The course includes reconstruction 

of Mathematical Knowledge through appropriate pedagogic processes and to communicate 

meaningfully with children.  
 

Objectives: 

At the end of the course, the student teacher will be able to 

 acquire the knowledge of competence in teaching Mathematics 

 develop clear perception of the Secondary School Mathematics. 

 develop awareness of recent trends and principles of construction of Mathematics 

curriculum. 

 know the importance of computers in teaching and learning of Mathematics 

 understand the various psychological aspects involved in teaching Mathematics 

 know the importance of aesthetic and recreational Mathematics 

 develop an understanding of resources of teaching and learning Mathematics. 

 help the student teacher for the professional self-development 

 enable the student teachers to identify gifted and slow learners in Mathematics and to meet 

the requirements. 

 stimulate to pose and solve meaningful problems and creativity in Mathematics. 

 develop insight into individual differences in learning Mathematics to cater to the needs 

and requirements of students. 

 develop skills in construction of appropriate assessment tools for evaluating Mathematics 

learning 

COURSE CONTENT 

Unit 1:  Revisiting of Content in Mathematics 

Definitions, Concepts, Generalizations, Formulae, Laws, Rules, Properties, Axioms, 

Structures, Constructions, Graphs, Operations, Procedures and Processes, Axioms and 

Postulates, Theorems and their converse, Propositions, Proofs, Problems etc. in Mathematics 

Critical analysis of content course of Standard VI to X Mathematics.- Basic concepts in 

Secondary School Mathematics. 

 

Unit 2: Mathematics Curriculum 

Need and importance of Mathematics in School Curriculum - Recent trends in Curriculum 

Construction - Principles of formulating Mathematics Curriculum - Organization of Syllabus 

– Topical and Spiral, Logical and Psychological Approaches - Comparison of CBSE and State 

Board Mathematics syllabi. 

 

Unit 3:  Planning and Designing Instruction in Mathematics 

Planning Instruction- Need and Importance - Decision Making as the Basis for Planning - 

Concept of Pedagogic Content Knowledge (PCK) and Components of PCK - Pedagogic 

Content Knowledge Analysis for selected units in Mathematics at the secondary level in terms 

of Content, Pre-requisites, Instructional Objectives– Selecting suitable Teaching Methods and 
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Strategies, Techniques, Models, Learning Activities, Selecting suitable evaluation techniques, 

Identifying the misconceptions and appropriate remedial measures.  

 

Unit 4:  Learning Resources in Mathematics 

Mathematics Text Book – Mathematics Library – Mathematics Club and Mathematics 

Exhibition  

Preparation of teaching Aids - Audio-visual Aids and Multimedia Selection and Teaching in 

Mathematics - Computer applications in Teaching and Learning Mathematics-Uses of ICT in 

Teaching-learning process. 

 

Unit 5: Psychological foundations of Mathematics Education 

Jean Piaget’s Cognitive theory, Bruner’s Discovery learning, Gagne’s eight types of learning 

and Constructivism - Critical Analysis of Mathematics Curriculum at the secondary level (state 

board) based on principles and organization of Mathematics curriculum and NCF 2005. 

 

Unit 6: Development of Problem-Solving Ability and Creativity in Mathematics 

Meaning – Problems, Problem Solving and Problem Posing – Characteristics of a Good 

Problem - Problem-solving Strategies and steps in Problem Solving - Gagne’s views on 

Problem Solving - Strategies of Mathematics Problem posing - Divergent Thinking and 

Creativity in Mathematics - The relation of Creativity to Problem solving and Problem Posing 

in Mathematics.  

 

Unit 7:  Mathematics education for all  

Factors influencing the learning of Mathematics-Motivation, Perception, Attitude and 

Aptitude, Thinking (Divergent and Creativity), etc. - Gifted Children in Mathematics – 

Meaning, Characteristics and Enrichment programmes, NTSE – Mathematics Olympiad. 

 
 

Unit 8:  Evaluation 
Construction and Use of Diagnostic test in Mathematics: Stages, Preparation of Diagnostic 

Chart (Error Analysis)-Co-operative and collaborative strategies: Learning together, Jigsaw 

technique – steps -Meaning – Test, Measurement, Assessment and evaluation- Evaluation-

General Purposes – Placeof evaluation in Instruction - Types of Evaluation – Placement, 

Formative, Diagnostic and Summative - Characteristics of a Good Measurement tool - 

Achievement test – Uses and Construction – Item Analysis - Comprehensive and Continuous 

Evaluation- Meaning and Functions - Statistics –Central Measures, Measures of Deviation and 

Graphical Representation 
 

Unit 9: Recreational programme in learning Mathematics 

Mathematics Recreational activities and Mathematics Quiz – importance and Organization.  

Problems: fear and failure, disappointing curriculum, crude assessment – inadequate teacher 

preparation- Music Mathematics. 

Unit 10: Identification of learning difficulties 

Identification of Learning difficulties - Slow Learners in Mathematics – Meaning, 

Characteristics, Reasons for Slow Learning and learning difficulties: dyslexia, dysgraphia and 

dyscalculia - remedial measures. 
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Modes of Transactions:  

Lecturing on Theoretical Concepts, Logical Reasoning of Mathematical problems, Analytic 

and Synthetic Methods of Teaching, Project Method, Tasks and Assignments, seminars. 

Learning Activities: 

 Learning the Content and practicing them appropriately, Oral work, drill, Review and 

Practicing Pedagogical Aspects for different areas of School Curriculum. 

Practicum: Task and Assignment 

1. Critically analyze the Mathematics Curriculum at the Secondary Level and prepare a report.  

2. Prepare any two improvised teaching aids. 

3. prepare the stick album based on the mathematical shapes 

4. Search and collect the scrap for Mathematics 

5. Prepare a power-point presentation on Mathematical Concepts, Principles and Properties.  

6. Prepare remedial measures for any difficulties in learning Mathematics or prepare enrichment 

programmes for gifted children. 

7. Create the collection of mathematical puzzles, riddles  for secondary students 

8. Collect the mathematical shapes and record it. 

9. Search the NET about the mathematical correlation with other subjects 

10. Construct   any five problems that have multiple right solutions. 

 

Mode of Assessment: 

Paper-Pencil Tests, Performance tests, Formal and Informal Testing and Continuous 

Comprehensive Evaluation. 
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1) Meaning – Problems, Problem Solving and Problem Posing: 

• Problem is a topic, event or activity, which no memorized or specified rules are 

known regarding its solution.  

• Problem posing is a crucial component for mathematics discipline and  

• Problem solving is the situation of elimination of confusion in human mind. 

2) Characteristics of a Good Problem 
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3) Problem-solving Strategies and steps in Problem Solving - Gagne’s 
views on Problem Solving 
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Gagne’s views on Problem Solving 
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4) Strategies of Mathematics Problem posing 
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5) Divergent Thinking and Creativity in Mathematics 
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6) The relation of Creativity to Problem solving and Problem Posing 

in Mathematics. 

 
1. Mathematics creativity refers to discovering new connections as a result of formal 

changes to things that already exists. 

2. Asking original questions to solve problems and presenting solutions from various 

viewpoints have also been referred to as mathematics creativity. 

3. Mathematics creativity as two different products they are cognitive processes and 

result-oriented endeavors. 

4. Creativity is in the nature of problem posing that is creating a problem is a creative 

activity. 

5. It can be determined by an original solution to a problem that no one has solved 

before. 

6. The three criteria for math creativity are fluency, flexibility and originality. 
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7. Problem solving is the process of understanding the problem which is the first 

stage of creative process. 

8. Problem posing is the process of examining the problems, analyzing them and 

writing up using their own words. 

9. It is proved that geometry has been a proper field for showing more than one way 

to solve a problem and then they assessed their subject’s geometry knowledge and 

creativity using a geometry problem.  

10. For example, if a student reaches a solution using a different method of others, he 

or she has a higher level of creativity than do others. In general problem posing, 

mathematics creativity and problem solving have common characteristics. 

 



















































MATHEMATICAL OLYMPIAD 

 

History of mathematical Olympiad: 

            A mathematical Olympiad problem solving competition open to all ‘athletes’ the aim of 

the competition is to test innate problem solving skills. It is created in 1977 by Dr.George 

lenchner, an internationally knows mathematics educator, mathematics O 

The main international mathematical Olympiad is the international mathematical 

Olympiad (IMO), a competition held annually since 1959. 

Objectives of Mathematical Olympiad: 

1.       To stimulate Enthusiasm and love and interest for mathematics. 

2.       To introduce important mathematical concepts. 

3.       To teach major strategies for problem solving. 

4.       To develop mathematical flexibility in solving problem. 

5.       To strengthen mathematical instruction 

6.       To foster mathematical creativity and ingenuity. 

7.       To provide for the satisfaction, Joy and Thrill of meeting challenges. 

Organization of the mathematics Olympiad programme in India: 

The mathematical Olympiad programme in India leading in participation in the IMO is 

currently being organized by the “Homi Bhabha” center for science education (HBCSE) on 

behalf of the national board of higher mathematics (NBHM) and founded by the department of 

Atomic Energy (DAE). 

The correct office bearers in charge of the programmes are: 

❖ National Co-ordinate-Delhi 

❖ HBCSE Director – Mumbai 

❖ Member Secretary, NBHM – Mumbai 

❖ Scientists’ In-charge-Bangalore. 

Procedure for Participation: 

There is a three-step procedure in order to represent India of IMO. 

1. Regional Mathematical Olympiad (RMO): 

      In India, CBSE & Navodaya Vidyalaya samiti are designated and also 21 different regions in 

country are designated. All school students’ classes XI & XII are eligible to appear in RMO 

Exam held b/w September and the December. 

2. Indian National Mathematical Olympiad (INMO): 

       INMO is held on 1st Sunday of Feb. each year at center of each region. INMO is open only 

to those selected through RMO from their respective regions or through RMO conducted by 

CBSE or NVS. 

3. International Mathematical Olympiad Training Camp (IMOTC) 

       The awardees of INMO are invited to a month – long training camp held in May, June. Each 

year at HBCSE Mumbai. Training facility from all over the country imparts problem solving 

skills along necessary theoretical background to the awardees. 



Syllabus for Mathematical Olympiads: 

There is no prescribed syllabus for mathematical Olympiads. The topics are taken from 

pre-college mathematics. The areas covered are Arithmetic of Integers, Geometry, Quadratic 

equations and expressions, Trigonometry, co-ordinate Geometry etc., the major areas from which 

problems are chosen are number theory, Geometry, Algebra & combinatory etc. The difficulty 

level increases from RMO to INMO to IMO. 

Importance of Mathematics Olympiad 

 

1. It Provide opportunity for gifted children. 

2. It develops competitive spirit. 

3. It identifies gifted children. 

4. Encourage and award gifted children. 

5. Expose children to regional, national and international levels. 

6. To help children to know their capabilities. 

7. To nurture their talents. 

8. To enhance their critical and problem-solving skills.  

Example problems for Mathematical Olympiad: 

1. Let a, b, c be +Ve real numbers, such that abc=1 prove that (a-1+1/b) (b-1+1/c) (c-1+1/a) 

< 1 

2. Deter mine all functions f; R-R such that f (x-f(y)) = f(f(y))+x+(y)+f(x)-1 for all real 

numbers xy 

3. Find all primes pand q such that, p2+7pq+q2 is square of an integer. 

4. Find all real values of (a) for which the equation x4-2ax2+x+a2-a=0 has all its roots real. 

5. Let ABC be a in which AB = BC and CAB= 900 suppose M and N are points on the  

 hypothectic On use BC such that   BM+CN=MN, Prove that  MAN=450 

6. Special Programmes in Teaching Mathematics 

1. Defects in the present day Teaching Mathematics in schools and their possible Remedies. 

            It should be frankly admitted that the present-day teaching of Mathematics is far from 

being satisfactory. 

Everybody has a complaint against the teaching of mathematics. It is dull, boring, 

difficult and useless from the point of view of the learner. “It is too remote from life to the 

student”. The teachers complain of excessive work load and lack of facilities in the form of aids 

and equipment. 

Defects and possible Remedies: 

1. Teacher’s Qualification: 

It is a common defect in our educational set-up that most of the subject teachers are not 

adequately qualified in the subject concerned, without proper qualification and proper training. 

They fail to do justice to the subject. An adequate, high qualification of the teacher develops self-

confidence in him and serves as a source of inspiration to his students. The teacher must be 



nature in his subject. He must possess real knowledge of and insight on to the processes of 

mathematics and their effective teaching. 

2. Teachers Borden: 

Teacher cannot adopt and prepare for, effective methods, as he has no spare time. His 

burden does not allow him time to remove individual difficulties. It should be lightened to enable 

him to show his originality and initiative. 

3. Teachers Salary: 

Mathematics or other teacher economic position is not good. He remains worried, and a 

worried teacher cannot give his best to the learners. He is a frustrated, discontented and half-

hearted worker. In these hard days, he must be suitably paid. 

       4.  Teacher’s Attitude: 

       Teacher does not have genuine love for his mathematics subjects and profession. He lacks faith 

in the utility of the mathematics subject, and therefore, cannot create interest among the students. 

A teacher’s love for his Job and subject should also be ascertained before giving him his duty. 

5. Lack of purpose: 

        The students do not recognize the purposes behind the study of the topics of mathematics. 

The particular and general aims of every topic should be emphasized effectively. If the work 

lacks purpose, it is the teacher’s duty to make it purposeful. The purpose should be attractive to 

stimulate the students to work hard. This misconception should be up rooted from the minds of 

the parents and pupils that most of the mathematics taught in the schools is not purposeful. 

6. Lack of Equipment: 

There is a serious lack of mathematical apparatus in the schools. Without equipment, the 

subject becomes abstracts. The establishment of a mathematical laboratory will remove this 

defect. 

7. Method of Teaching: 

       The powers of thinking, understanding and retention are not thus developed in the students. 

If the pupils do not show any interest in the subject (maths) if can be created not by blind 

memorizing, but by shifting the methods. The authorities run after showy results which are 

obtainable only through cramming. They have no appreciation for good mathematical teaching. 

The remedy necessitates a fundamental change in value and methods. 

8. Large classes: 

It is a general defect. No individual attention cannot be paid. It becomes difficult for the 

teacher to establish close contacts with the students. Teacher cannot easily Judge the capacities 

of the individuals. This defect can be removed only by limiting the number of students in each 

class up to a maximum of Thirty-five. 

9. Text – Books: 

The traditional style of the syllabus also affects text-books adversely. The illustrations 

and problems give in the text-books are divorced from actual life. The mathematics text-book 

material is made available in a readymade form which goes against thinking, discovery and 

originality. Text books should give possibilities of correlation, application in practical life, use of 



aids, activities, projects etc., concerning every topic in mathematics. The arrangement of the 

subject matter should both and laboratories. 

10. Libraries and Laboratories. 

11. Examinations. 

12. Syllabus 

13. Mathematical Language. 

14. Rigor in study etc. 

      Even after removing the above mentioned defects completely there will be a scope for 

improvement 
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Co-operative and collaborative strategies: 

Collaborative Learning  

 

 

Collaborative activities are most often based on four principles: 

• The learner or student is the primary focus of instruction. 

• Interaction and "doing" are of primary importance 

• Working in groups is an important mode of learning. 

• Structured approaches to developing solutions to real-world problems should be 

incorporated into learning.  

The benefits of collaborative learning include: 

• Development of higher-level thinking, oral communication, self-management, 

and leadership skills. 

• Promotion of student-faculty interaction. 

 

Cooperative Learning  

 
 

Why Use Cooperative Learning? 

• Students who engage in cooperative learning learn significantly more, 

remember it longer, and develop better critical-thinking skills than their 

counterparts in traditional lecture classes. 
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• Students enjoy cooperative learning more than traditional lecture classes, so 

they are more likely to attend classes and finish the course.  

 

Similarities and Differences between Cooperative and Collaborative Learning 

Similarities: 

1. Stress the importance of active learning. 

2. The teacher acts as facilitator 

3. Teaching and learning are experiences shared by both the student and the teacher. 

4. Enhance higher order cognitive skills. 

5. Greater emphasis is placed on students' responsibility for taking charge of her or 

his learning. 

6. Involve situations where students must articulate ideas in small groups. 

7. Help students develop social and teambuilding skills. 

8. Increase student success and information retention and Utilize student diversity. 

 

Differences 

Cooperative Collaborative 

 

1. Students receive training in small 

group social skills. 

1. There is the belief that students 

already have the necessary social 

skills, and that they will build on 

their existing skills in order to reach 

their goals. 

2. Activities are structured with each 

student having a specific role. 

2. Students organize and negotiate 

efforts themselves. 

3. Activities are structured with each 

student having a specific role. 

3. The activity is not monitored by the 

instructor. When questions are 

directed towards the teacher, the 

teacher guides the students to the 

information needed. 

4. Students submit work at the end of 

class for evaluation. 

4. Students retain drafts to complete 

further work. 

5. Students assess individual and group 

performance. 

5. Students assess individual and group 

performance. 
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Learning Together  

The learning together method is a technique developed by D.W. Johnson and R.T. 

Johnson. The most important features of this technique are the existence of the group 

goal and sharing the opinion and materials, division of labour and the group reward. 

During the first applications to put out a single product working in groups, sharing ideas 

and materials, asking each other their questions before teacher have supplied to be 

rewarded.  

 

Jigsaw method: 
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TYPES OF ASSESSMENT  

Placement, Formative, Diagnostic and Summative:  

Assessment is conducted in different phases of teaching-learning process. Some 

assessments are conducted before beginning of the teaching-learning process; some 

assessments are carried out during the teaching-learning process; and other kinds of 

assessment are conducted at the end of the instructional process.  

Assessment can be classified into four types on the basis of their purposes:  

1. Placement Assessment  

2. Formative Assessment  

3. Diagnostic Assessment  

4. Summative  

Assessment Each of four types of assessment serves different purposes. In the teaching 

learning process, it starts with placement assessment and ends with summative 

assessment. All four types of assessment are important, and are unique in their functions. 

The four types of assessment and their functions are presented in below the table for your 

understanding 

 
 

Table represents different types of assessment which are conducted in the teaching- 

learning process. Generally, assessment starts with measuring the entry behaviour of 

learners to form judgement about their terminal behaviour. Let us discuss the main 

purpose and functions of different types of assessment:  

1) Placement Assessment:  

Placement evaluation is conducted before the organisation of teaching-learning 

activities to measure the entry behaviour or previous knowledge of learners. Another 

purpose is to know whether learner is able to acquire the new learning experience which 
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is related to the previous knowledge. The key word which is used for placement 

assessment is the “entry behaviour”. Assessment of entry behaviour is done just before 

teaching starts. In the teaching-learning process, before teaching a new topic, a teacher 

should know the previous knowledge of students. This helps teacher to organise teaching-

learning activities according to the previous knowledge of learners.  

2) Formative Assessment:  

For the first time in the year 1967, Michel Scriven used the concept of formative 

assessment in the field of curriculum evaluation. Scriven (1991) defined it as “Formative 

assessment is typically conducted during the development or improvement of a 

programme or product (or person, and so on) and it is conducted, often more than once, 

for in house staff of the programme with the extent to improve”. If we analyse the 

definition, it is clear that the purpose of conducting formative assessment is to monitor 

the learning progress of the learner; it is also conducted to know whether the 

learning objectives have been achieved or not and to provide feedback on the 

teaching-learning process. The key word in formative evaluation is mastery of learning 

or learning progress. According to above table it is conducted during the instructional 

process. It is considered as the second stage of assessment which is conducted during the 

teaching-learning process. It is carried out from the very beginning of instruction and 

continues till the end of the course.  

The examples of formative assessment are unit end examination, monthly examination, 

quarterly examination, half yearly examination, etc. It provides the teacher feedback 

about the progress of learners in the programme and about the effectiveness of the 

programme. It also provides data for diagnostic assessment. Let us discuss the diagnostic 

assessment. 

3) Diagnostic Assessment:  

It is the assessment which is conducted along with formative assessment during the 

instructional process. It is carried out based on the data obtained from formative 

assessment. Diagnostic assessment is specially conducted for removing the learning 

difficulties of learner. For example, if it is found that a learner has not understood 

certain concepts in a particular subject, then to help him/her understand these concepts, 

diagnostic assessment is conducted and remediation is provided. This is conducted by 

diagnostic remedial test. The key word in diagnostic assessment is assessment of learning 

difficulties. Diagnostic assessment not only solves learning difficulties of learners but 

also identifies and provides remedies for personal and psychological problems. 
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4) Summative Assessment:  

Summative assessment is conducted to know the Assessment: Basics terminal behaviour 

of learner. The key word in summative assessment is “certification”. Summative 

assessment is conducted after completion of the whole course. Feedback provided in 

summative assessment is terminal in nature and cannot be used for modification of 

learners’ behaviour because it is conducted at the end of a term. Learners get certificate 

or are promoted to the higher class based on summative assessment. Different techniques 

and tools used in summative assessment are verbal or non-verbal tests, and teacher made 

or standardised tests. 
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ACHIEVEMENT TEST  

Achievement test is tool for teachers for evaluation of students in school situation. With 

the help of achievement test we can measure the amount of success of an individual in 

specific field. In school environment it is used as an instrument to measure success of an 

individual in particular subject or group of subjects. It gives the knowledge about what an 

individual acquire by testing his abilities. 

 

Definitions  

• According to Waters, “Achievement test act as useful aids in diagnosing the 

student’s specific learning needs for identifying his relative strengths and 

weaknesses”.  

• According to Super, “An achievement test or proficiency test is used to ascertain 

what and how much has been learnt or how well a task can performed”.  

• According to Free Man, “Achievement test is a test designed to measure 

knowledge, understanding and skills in a specified subject or a group of subjects”.  

• According to N.M. Downie, “Any test that measures the attainments or 

accomplishments of an individual after period of training or learning is called 

achievement test. It helps to permute the student to next class.”  

 

Uses of Achievement Test 

1. For Administrator’s Use: 

1. Test helps to evaluate the extent to which the objectives of education are being 

achieved. 

2. To evaluate, revise and improve the curriculum in the light of results obtained. 

3. Tests help to classify school objectives. 

4. Tests discover the type of learning experiences that will achieve these 

objectives with the best possible results. 

5. To select talented pupils for special classes and courses. 

6. To select students for the award of special merits or scholarships. 

7. To discover backward children who need help and to plan for remedial 

instruction for such students. 

8. To decide for proper classification of students. 

9. To group students in a class, so that they will be put in such a way that 

individual differences are as little as possible. 

10. To determine the general level of achievement of a class and thus to judge the 

teaching efficiency of the teacher. The level of achievement of a class may be 
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judged on the basis of the achievement of the class in the beginning and at the 

end of the school year. 

11. To determine the efficiency of one school with the others. 

12. To help the parents in recognizing the strengths and weaknesses of their 

children so that they direct their energies on suitable goals only and don’t put 

heavy demands on them. 

13. To get a better understanding of the needs and abilities of pupils. 

 

2. The Teacher’s Use: 

1. The teacher will come to know the general range of abilities of students in the 

class. 

2. In the light of the above, he will select appropriate materials of instruction, so 

that all individuals benefit from instruction to the maximum. 

3. The teacher will determine and diagnose the weakness of the students in 

various subjects. 

4. The teacher will spot brilliant and backward children. 

5. He will determine the progress of the group in a particular subject over a 

period of time. 
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ITEM ANALYSIS:  

The test is evaluated with the help of scoring key. It is assumed that the test was very 

easy for the class, if the scores seem extremely high. Similarly, the test was probably very 

difficult if the scores are very low. It is advisable to review the question paper in 

following steps:   

1. Question wise analysis -before the test 

2. Critical evaluation of the test -before the test   

3. Item analysis -after the test 

4. Preparation for Final Draft  

Question wise analysis helps to find out the weakness and strength of the test; to relate 

the question paper with the blueprint; and to inquire the content validity of the test. Each 

question is analyzed according to the objective specification, topic, question form and 

type, estimated difficulty level, time needed, and marks allotted.  

Critical evaluation of the test helps to bring out any replication, spelling errors, 

ambiguities in the paper. A qualitative and quantitative assessment of the test must be 

done.  

Item analysis enables the teacher to determine the difficulty value of each item; the 

discriminating power of each item; and the effectiveness of distracters in the given item.  

Preparation for Final Draft: Test constructor analyses the responses of students for 

each test item. The whole data is gone through a statistical procedure. For the final draft, 

appropriate items are selected and inappropriate items are removed. A systematic 

arrangement of questions is done in the final draft, so that a clear identity of test is 

appeared. A final look of test is given by mentioning instructions to attempt the test, time 

allotment and responder’s particular filling spaces or boxes at the top. 
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GRAPHICAL REPRESENTATION OF DATA 

Introduction  

Graphical representation of data is for the purpose of easier interpretation. Facts and 

figures as such do not catch our attention unless they are presented in an interesting way. 

Graphical representation of data is the most commonly used interesting modes of 

presentation. The purpose of this unit is to make you familiar with this interesting mode 

of presentation. 

Meaning of Graphic Representation of Data: 

Graphic representation is another way of analysing numerical data. A graph is a sort of 

chart through which statistical data are represented in the form of lines or curves drawn 

across the coordinated points plotted on its surface. 

Graphs enable us in studying the cause and effect relationship between two variables. 

Graphs help to measure the extent of change in one variable when another variable 

changes by a certain amount. 

Graphs also enable us in studying both time series and frequency distribution as they give 

clear account and precise picture of problem. Graphs are also easy to understand and eye 

catching. 

General Principles of Graphic Representation: 

There are some algebraic principles which apply to all types of graphic representation of 

data. In a graph there are two lines called coordinate axes. One is vertical known as Y 

axis and the other is horizontal called X axis. These two lines are perpendicular to each 

other. Where these two lines intersect each other is called ‘0’ or the Origin. On the X axis 

the distances right to the origin have positive value (see fig. 7.1) and distances left to the 

origin have negative value. On the Y axis distances above the origin have a positive value 

and below the origin have a negative value. 

 

https://www.yourarticlelibrary.com/wp-content/uploads/2015/09/image27.png
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Methods to Represent a Frequency Distribution: 

Generally four methods are used to represent a frequency distribution graphically. These 

are Histogram, Smoothed frequency graph and Ogive or Cumulative frequency graph and 

pie diagram. 

1. Histogram: 

Histogram is a non-cumulative frequency graph, it is drawn on a natural scale in which 

the representative frequencies of the different class of values are represented through 

vertical rectangles drawn closed to each other. Measure of central tendency, mode can be 

easily determined with the help of this graph. 

How to draw a Histogram: 

Step—1: Represent the class intervals of the variables along the X axis and their 

frequencies along the Y-axis on natural scale. 

Step—2: Start X axis with the lower limit of the lowest class interval. When the lower 

limit happens to be a distant score from the origin give a break in the X-axis n to indicate 

that the vertical axis has been moved in for convenience. 

Step—3: Now draw rectangular bars in parallel to Y axis above each of the class 

intervals with class units as base: The areas of rectangles must be proportional to the 

frequencies of the corresponding classes. 

 
Solution: In this graph we shall take class intervals in the X axis and frequencies in the Y 

axis. Before plotting the graph we have to convert the class into their exact limits. 
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 Advantages of histogram: 

1. It is easy to draw and simple to understand. 

2. It helps us to understand the distribution easily and quickly. 

3. It is more precise than the polygene. 

Limitations of histogram: 

1. It is not possible to plot more than one distribution on same axes as histogram. 

2. Comparison of more than one frequency distribution on the same axes is not 

possible. 

3. It is not possible to make it smooth. 

Uses of histogram: 

1. Represents the data in graphic form. 

2. Provides the knowledge of how the scores in the group are distributed. Whether 

the scores are piled up at the lower or higher end of the distribution or are evenly 

and regularly distributed throughout the scale. 

3. Frequency Polygon. The frequency polygon is a frequency graph which is drawn 

by joining the coordinating points of the mid-values of the class intervals and their 

corresponding frequencies. 

Let us discuss how to draw a frequency polygon: 

Step-1: Draw a horizontal line at the bottom of graph paper named ‘OX’ axis. Mark off 

the exact limits of the class intervals along this axis. It is better to start with c.i. of lowest 

value. When the lowest score in the distribution is a large number we cannot show it 

graphically if we start with the origin. Therefore put a break in the X axis () to indicate 

that the vertical axis has been moved in for convenience. Two additional points may be 

added to the two extreme ends. 

Step-2: Draw a vertical line through the extreme end of the horizontal axis known as OY 

axis. Along this line mark off the units to represent the frequencies of the class intervals. 

The scale should be chosen in such a way that it will make the largest frequency (height) 

of the polygon approximately 75 percent of the width of the figure. 

Step-3: Plot the points at a height proportional to the frequencies directly above the point 

on the horizontal axis representing the mid-point of each class interval. 

Step-4: After plotting all the points on the graph join these points by a series of short 

straight lines to form the frequency polygon. In order to complete the figure two 
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additional intervals at the high end and low end of the distribution should be included. 

The frequency of these two intervals will be zero. 

Illustration: No. 7.3: 

Draw a frequency polygon from the following data: 

 
Solution: 

In this graph we shall take the class intervals (marks in mathematics) in X axis, and 

frequencies (Number of students) in the Y axis. Before plotting the graph we have to 

convert the c.i(class interval). into their exact limits and extend one c.i. in each end with a 

frequency of O. 

Class intervals with exact limits: 

 

 

 

Advantages of frequency polygon: 

1. It is easy to draw and simple to understand. 

2. It is possible to plot two distributions at a time on same axes. 

3. Comparison of two distributions can be made through frequency polygon. 

4. It is possible to make it smooth. 

Limitations of frequency polygon: 

1. It is less precise. 

2. It is not accurate in terms of area the frequency upon each interval. 

 

https://www.yourarticlelibrary.com/wp-content/uploads/2015/09/image36.png
https://www.yourarticlelibrary.com/wp-content/uploads/2015/09/image39.png
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Uses of frequency polygon: 

1. When two or more distributions are to be compared the frequency polygon is used. 

2. It represents the data in graphic form. 

3. It provides knowledge of how the scores in one or more group are distributed. 

Whether the scores are piled up at the lower or higher end of the distribution or are 

evenly and regularly distributed throughout the scale. 

2. Smoothed Frequency Polygon: 

When the sample is very small and the frequency distribution is irregular the polygon is 

very jig-jag. In order to wipe out the irregularities and “also get a better notion of how 

the figure might look if the data were more numerous, the frequency polygon may 

be smoothed.” 

In this process to adjust the frequencies we take a series of ‘moving’ or ‘running’ 

averages. To get an adjusted or smoothed frequency we add the frequency of a class 

interval with the two adjacent intervals, just below and above the class interval. Then the 

sum is divided by 3. When these adjusted frequencies are plotted against the class 

intervals on a graph we get a smoothed frequency polygon. 

Illustration 7.4: 

Draw a smoothed frequency polygon, of the data given in the illustration No. 7.3: 

Solution: 

Here we have to first convert the class intervals into their exact limits. Then we have to 

determine the adjusted or smoothed frequencies. 
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3. Ogive or Cumulative Frequency Polygon: 

Ogive is a cumulative frequency graphs drawn on natural scale to determine the values of 

certain factors like median, Quartile, Percentile etc. In these graphs the exact limits of the 

class intervals are shown along the X-axis and the cumulative frequencies are shown 

along the Y-axis. Below are given the steps to draw an ogive. 

• Step—1: Get the cumulative frequency by adding the frequencies cumulatively, 

from the lower end (to get a less than ogive) or from the upper end (to get a more 

than ogive). 

• Step—2: Mark off the class intervals in the X-axis. 

• Step—3: Represent the cumulative frequencies along the Y-axis beginning with 

zero at the base. 

• Step—4: Put dots at each of the coordinating points of the upper limit and the 

corresponding frequencies. 

• Step—5: Join all the dots with a line drawing smoothly. This will result in curve 

called ogive. 

Illustration No. 7.5: 

Draw an ogive from the data given below: 

 
Solution: 

To plot this graph first we have to convert, the class intervals into their exact limits. Then 

we have to calculate the cumulative frequencies of the distribution. Now we have to plot 

the cumulative frequencies in respect to their corresponding class-intervals. Ogive 

plotted from the data given above: 
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Uses of Ogive: 

1. Ogive is useful to determine the number of students below and above a particular 

score. 

2. When the median as a measure of central tendency is wanted. 

3. When the quartiles, deciles and percentiles are wanted. 

4. By plotting the scores of two groups on a same scale we can compare both the 

groups. 

4. The Pie Diagram: 

Figure given below shows the distribution of elementary pupils by their academic 

achievement in a school. Of the total, 60% are high achievers, 25% middle achievers and 

15% low achievers. The construction of this pie diagram is quite simple. There are 360 

degree in the circle. Hence, 60% of 360′ or 216° are counted off as shown in the diagram; 

this sector represents the proportion of high achievers students. 

Ninety degrees counted off for the middle achiever students (25%) and 54 degrees for 

low achiever students (15%). The pie-diagram is useful when one wishes to picture 

proportions of the total in a striking way. Numbers of degrees may be measured off “by 

eye” or more accurately with a protractor. 

 
 

Uses of Pie diagram: 

1. Pie diagram is useful when one wants to picture proportions of the total in a 

striking way. 

2. When a population is stratified and each strata is to be presented as a percentage at 

that time pie diagram is used. 

 

https://www.yourarticlelibrary.com/wp-content/uploads/2015/09/image46.png
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1. RECREATIONAL ACTIVITIES IN MATHEMATICS  

Mathematics is the mother of all sciences. Mathematics has its diverse significant 

values and aims or goals. So, it is regarded as one of the core part of the school 

curriculum across the world. 

Recreational activities have a great role in mathematics learning and developing 

various skills in solving problem as well as developing creative and logical thinking. 

In one-way recreational mathematics is also a pure mathematics and is often difficult 

to distinguish pure mathematics from recreational mathematics. The pedagogic value 

of recreational mathematics is now widely recognized which in turn help the low 

achievers of mathematics and converting them into a lover of mathematics by 

removing fear-psychosis from their minds towards the subject. For a lover of 

mathematics, there is all beauty. One finds a huge treasure of pleasure after getting 

success in the solution of a Mathematics problem 

Recreational mathematics has a vital role in making mathematics an interesting one. 

Experience shows that the basic principles of learning mathematics can be made easier 

through mathematical fun, activities and games. If mathematics can be turned into a 

game it can become child‘s play. Class room experiences indicate clearly that 

mathematical puzzles, riddles etc encourage an open minded attitude in youngsters 

and help them to develop their clear thinking. Shakuntala Devi become famous for her 

simple mathematical facts converting into game, puzzle etc. 

DEFINITION: 

 

Wikipedia defines recreational math: 

 

‗Recreational mathematics is mathematics carried out for recreation (entertainment) 

rather than as a strictly research and application-based professional activity. Although 

it is not necessarily limited to being an endeavour for amateurs, it often 

involves mathematical puzzles and games‘ 

 

NEED OF RECREATIONAL ACTIVITIES IN MATHEMATICS  

It is necessary to remove this indifference for mathematics from the minds of the 

students. They need to be motivated. Their interest in mathematics needs to be 

aroused and nurtured. Thus to remove the years old blame of the subject which creates 

fear-psychosis and hatred for the learner and to achieve higher aim of the subject 

which is responsible for developing a child‘s inner potentialities, the role of 

mathematics is vital, for that recreational activities plays a great role for all these. 
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Recreational activity is such a tool which not only help in developing different 

mathematical concepts but also help to retain those for a long time in the minds of the 

learner and thereby help in reproduce them as and when required. That is why 

curriculum for mathematics education must be ambitious and coherent with 

recreational activities. Also the text books of mathematics to be affordable to every 

child and at the same time enjoyable, which are also possible by 

incorporating Recreational activities.  

IMPORTANTS/BENEFITS OF RECREATIONAL MATHEMATICS 

The benefits of recreational math are many. The first and most obvious is that 

using math to solve a puzzle makes it more fun for students. With a goal of 

simply figuring out the puzzle, students will find themselves motivated to 

understand the math principles involved.  

Some other benefits of recreational math include:  

MOTIVATION  

As mentioned above, motivating students—especially younger students—to learn 

and put math principles into play can prove very difficult. With a puzzle or 

game, students now have a direct reason to want to learn math.   

SELF-GUIDING  

Once they understand how to do a puzzle such as Sudoku, students do not need 

to be supervised. They learn as they go. On some websites, students can move 

through a variety of increasingly harder games as they learn more math skills.  

IMPROVED SCORES  

Games and puzzles improve student scores. That‘s true across all subjects, 

including math. Students who learn math through games have more success in 

remembering the lessons taught. They can also learn skills in solving grid 

puzzles that they will later use in solving math equations.  

Some teachers have reported an overall improvement in math skills after 

learning how to solve recreational math puzzles.  
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Anything that can help young students enjoy learning about math is  worthy of 

consideration by teachers. For those who learn how to get recreational math into 

the classroom, the benefits could prove substantial for their students. 

Role of Recreational Activities in Mathematics Learning 

Whatever good curriculum and textbook are prepared for mathematics education, its 

success and the learning of mathematics depends on the teacher and the way of their 

classroom transaction in a learner friendly environment. Here also recreational 

activities plays a vital role in developing and understanding a mathematical concept in 

an enjoyable way by relating it to the everyday life activities so that it can be 

permanently retained and use as and when necessary. Using Fun and Magic can make 

mathematics learning very exciting and interesting. Games provide opportunities for 

students to be actively involved in learning. They enable students to experience 

success and satisfaction, thereby build the enthusiasm and self confidence. 

But these recreational activities are not only about fun and confidence building, they 

also, help students to – 

¾ Understand Mathematical concepts 

¾ Develop Mathematical skills 

¾ Know Mathematical facts 

¾ Lean the language of Mathematics 

¾ Develop ability in mental thinking and reasoning 

Many funs can be created in Mathematics learning in the classroom through various 

activities using TLM like match sticks, seeds, leaves, string, blocks, tangrams, geo-

board, puzzles, songs, various games etc. These should be specially reflected in the 

text books at elementary stage otherwise teacher will not practice these ideas in the 

class room as teachers and learners are mostly dependent on the text book. 

Role of Teacher Educator in different activities for mathematics learning 

Teacher educators have one of the key-position to meet the challenges of teaching 

mathematics effectively. Yes they have responded rightly to meet that challenges in 

various ways - 

• Some have developed powerful pedagogical approaches or teaching learning 

materials, 

• Some have introduced innovations in their teaching, 
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• Some have worked with teachers, 

• Some with students and 

• Some others have taken up research to understand more deeply the teaching and 

learning of mathematics. 

Following examples witnessed some such challenges through different recreational 

activities during long and short term training courses. 

 Group forming games by applying mathematical operations creates very much 

excitement even among the trainees. 

  Housie game is also a brain storming activity creates enthusiasm among the 

trainees . 

Likewise many more activities are there. These activities help in drilling the known 

facts and prepared the trainees/students to grasp any new concept or understand the 

same properly. 

TYPES OF RECREATIONAL MATHEMATICS 

Recreational mathematics encompasses the following areas: 

 Mathematical Puzzles 

 Mathematical Games 

 Mathematics Quiz 

 Riddles 

 Logic 

 Magic 

 Math and the arts 

 Number theory 

 Math humor 

Mathematical games 

Using games can make mathematics classes very enjoyable, exciting and interesting. 

Mathematical games provide opportunities for students to be actively involved in 

learning. Games allow students to experience success and satisfaction, thereby 
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building their enthusiasm and self-confidence. But mathematical games are not simply 

about fun and confidence building. Games help students to: • understand mathematical 

concepts • develop mathematical skills • know mathematical facts • learn the language 

and vocabulary of mathematics • develop ability in mental mathematics. 
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A magic square as a recreational activity 

A magic square is an NxN matrix in which every row, column, and diagonal add up to 

the same number. Ever wonder how to construct a magic square? 

In recreational mathematics, a magic square is a   square grid (where   is the number 

of cells on each side) filled with distinct positive integers in the range   such that each 

cell contains a different integer and the sum of the integers in each row, column and 
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diagonal is equal.The sum is called the magic constant or magic sum of the magic 

square. A square grid with   cells on each side is said to have order n. 

In regard to magic sum, the problem of magic squares only requires the sum of each 

row, column and diagonal to be equal, it does not require the sum to be a particular 

value. Thus, although magic squares may contain negative integers, they are just 

variations by adding or multiplying a negative number to every positive integer in the 

original square. 

Magic squares are also called normal magic squares, in the sense that there are non-

normal magic squares[5] which integers are not restricted in  . However, in some 

places, ―magic squares‖ is used as a general term to cover both the normal and non-

normal ones, especially when non-normal ones are under discussion. Moreover, the 

term ―magic squares‖ is sometimes also used to refer to various types of word squares 

MATHEMATICAL PUZZLES: 

 Mathematical puzzles require mathematics in order to solve them. They have 

specific rules, as do multiplayer games, but mathematical puzzles don't usually 

involve competition between two or more players. Instead, in order to solve such 

a puzzle, the solver must find a solution that satisfies the given conditions. 

 Logic puzzles are a common type of mathematical puzzle. Conway's Game of 

Life and fractals are also considered mathematical puzzles, even though the solver 

only interacts with them by providing a set of initial conditions. As they often include 

or require game-like features or thinking, mathematical puzzles are sometimes also 

called mathematical games. 

 Mathematical puzzles make up an integral part of recreational mathematics. 

They have specific rules as do multiplayer video 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. 

   Conway's Game of Life and fractals, as two examples, may also be 

considered mathematical puzzles even though the solver interacts with them 

only at the beginning by providing a set of initial conditions. After these 

conditions are set, the rules of the puzzle determine all subsequent changes 

and moves. Many of the puzzles are well known because they were discussed 

by Martin Gardner in his "Mathematical Games" column in Scientific 

https://en.wikipedia.org/wiki/Mathematical_puzzles
https://en.wikipedia.org/wiki/Multiplayer_games
https://en.wikipedia.org/wiki/Puzzle
https://en.wikipedia.org/wiki/Logic_puzzle
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Fractals
https://en.wikipedia.org/wiki/Recreational_mathematics
https://en.wikipedia.org/wiki/Multiplayer_video_game
https://en.wikipedia.org/wiki/Puzzle
https://en.wikipedia.org/wiki/Logic_puzzle
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Fractals
https://en.wikipedia.org/wiki/Martin_Gardner
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American. Mathematical puzzles are sometimes used to motivate students in 

teaching elementary school math problem solving techniques.  

LIST OF MATHEMATICAL PUZZLES: 

The following categories are not disjoint. 

 NUMBERS, ARITHMETIC, AND ALGEBRA 

o Cross-figures or Cross number Puzzle 

o Dyson numbers 

o Four fours 

o KenKen 

o Liquid Water Pouring Puzzles 

o Feynman Long Division Puzzles 

o Pirate loot problem 

o Verbal arithmetics 

o 24 Game 

 COMBINATORIAL 

o Cryptograms 

o Fifteen Puzzle 

o Kakuro 

o Rubik's Cube and other sequential movement puzzles 

o Str8ts a number puzzle based on sequences 

o Sudoku 

o Sujiko 

o Think-a-Dot 

o Tower of Hanoi 

o Diamond 25 

o Bridges Game 

 ANALYTICAL OR DIFFERENTIA 

o Ant on a rubber rope 

 PROBABILITY 

o Monty Hall problem 

 TILING, PACKING, AND DISSECTION 

o Bedlam cube 

o Conway puzzle 

https://en.wikipedia.org/wiki/Cross-figure
https://en.wikipedia.org/wiki/Dyson_number
https://en.wikipedia.org/wiki/Four_fours
https://en.wikipedia.org/wiki/KenKen
https://en.wikipedia.org/wiki/Liquid_Water_Pouring_Puzzles
https://en.wikipedia.org/wiki/Feynman_Long_Division_Puzzles
https://en.wikipedia.org/wiki/Pirate_loot_problem
https://en.wikipedia.org/wiki/Verbal_arithmetic
https://en.wikipedia.org/wiki/24_Game
https://en.wikipedia.org/wiki/Cryptograms
https://en.wikipedia.org/wiki/N-puzzle
https://en.wikipedia.org/wiki/Kakuro
https://en.wikipedia.org/wiki/Rubik%27s_Cube
https://en.wikipedia.org/wiki/Mechanical_puzzle#Sequential_movement_puzzle
https://en.wikipedia.org/wiki/Str8ts
https://en.wikipedia.org/wiki/Sudoku
https://en.wikipedia.org/wiki/Sujiko
https://en.wikipedia.org/wiki/Think-a-Dot
https://en.wikipedia.org/wiki/Tower_of_Hanoi
https://en.wikipedia.org/wiki/Diamond_25
https://en.wikipedia.org/wiki/Bridges_Game
https://en.wikipedia.org/wiki/Ant_on_a_rubber_rope
https://en.wikipedia.org/wiki/Monty_Hall_problem
https://en.wikipedia.org/wiki/Bedlam_cube
https://en.wikipedia.org/wiki/Conway_puzzle
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o Mutilated chessboard problem 

o Packing problem 

o Pentominoes tiling 

o Slothouber–Graatsma puzzle 

o Soma cube 

o T puzzle 

o Tangram 

 INVOLVES A BOARD 

o Conway's Game of Life 

o Mutilated chessboard problem 

o Peg solitaire 

o Sudoku 

 CHESSBOARD TASKS 

o Eight queens puzzle 

o Knight's Tour 

o No-three-in-line problem 

 TOPOLOGY, KNOTS, GRAPH THEORY 

The fields of knot theory and topology, especially their non-intuitive 

conclusions, are often seen as a part of recreational mathematics. 

o Disentanglement puzzles 

o Seven Bridges of Königsberg 

o Water, gas, and electricity 

o Slitherlink 

 MECHANICAL 

o Rubik's Cube 

o Think-a-Dot 

 0-PLAYER PUZZLES 

o Conway's Game of Life 

o Flexagon 

o Polyominoes 

OTHER ACTIVITIES: 

 Other curiosities and pastimes of non-trivial mathematical interest include: 

 patterns in juggling 

https://en.wikipedia.org/wiki/Mutilated_chessboard_problem
https://en.wikipedia.org/wiki/Packing_problem
https://en.wikipedia.org/wiki/Pentomino
https://en.wikipedia.org/wiki/Slothouber%E2%80%93Graatsma_puzzle
https://en.wikipedia.org/wiki/Soma_cube
https://en.wikipedia.org/wiki/T_puzzle
https://en.wikipedia.org/wiki/Tangram
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Mutilated_chessboard_problem
https://en.wikipedia.org/wiki/Peg_solitaire
https://en.wikipedia.org/wiki/Sudoku
https://en.wikipedia.org/wiki/Eight_queens_puzzle
https://en.wikipedia.org/wiki/Knight%27s_Tour
https://en.wikipedia.org/wiki/No-three-in-line_problem
https://en.wikipedia.org/wiki/Knot_theory
https://en.wikipedia.org/wiki/Topology
https://en.wikipedia.org/wiki/Disentanglement_puzzle
https://en.wikipedia.org/wiki/Seven_Bridges_of_K%C3%B6nigsberg
https://en.wikipedia.org/wiki/Water,_gas,_and_electricity
https://en.wikipedia.org/wiki/Slitherlink
https://en.wikipedia.org/wiki/Rubik%27s_Cube
https://en.wikipedia.org/wiki/Think-a-Dot
https://en.wikipedia.org/wiki/Conway%27s_Game_of_Life
https://en.wikipedia.org/wiki/Flexagon
https://en.wikipedia.org/wiki/Polyominoes
https://en.wikipedia.org/wiki/Juggling
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 the sometimes profound algorithmic and geometrical 

characteristics of origami 

 patterns and process in creating string figures such as Cat's cradles, 

etc. 

 

SOME EXAMPLES OF PUZZLES, RIDDLES & BRAIN TEASERS 

LOGIC PUZZLES 

One of the best brain teasers and riddles goes as follows: 

 

There are three switches downstairs. Each corresponds to one of the three light bulbs 

in the attic. You can turn the switches on and off and leave them in any position. 

How would you identify which switch corresponds to which light bulb, if you are only 

allowed one trip upstairs? 

 

ANS- Keep the first bulb switched on for a few minutes. It gets warm, right? So all 

you have to do then is … switch it off, switch another one on, walk into the room with 

bulbs, touch them and tell which one was switched on as the first one (the warm one) 

and the others can be easily identified  

LOGIC RIDDLES 

Brothers and sisters, I have none but this man‘s father is my father‘s son. 

Who am I looking at? 

ANS- This funny riddle often amuses both kids and adults. The answer is simple – the 

man is my son. 

LOGIC QUESTIONS 

You are shown two doors – one leading to hell and the second one to heaven and only 

the door guards know what is behind the doors. One guard is always lying and the 

other is always telling the truth (of course, you don‘t know who is lying). You can ask 

only one guard one question. 

What question can get you to heaven? 

https://en.wikipedia.org/wiki/Origami
https://en.wikipedia.org/wiki/String_figure
https://en.wikipedia.org/wiki/Cat%27s_cradle
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EINSTEIN‘S RIDDLE 

A fellow encountered a bear in a wasteland. Both got frightened – fellow ran to the 

north, bear to the west. Suddenly the fellow stopped, aimed his gun to the south and 

shot the bear. 

What color was the bear? 

ANS -Albert Einstein allegedly made this riddle for his scholars. 

A fellow encountered a bear in a wasteland. There was nobody else there. Both were 

frightened and ran away. Fellow to the north, bear to the west. Suddenly the fellow 

stopped, aimed his gun to the south and shot the bear. What color was the bear? 

If you don‘t know, this may help you: if the bear ran about 3.14 times faster than the 

fellow (still westwards), the fellow could have shot straight in front of him, however 

for the booty he would have to go to the south. 

RIVER CROSSING PUZZLES 

A farmer returns from the market, where he bought a she-goat, a cabbage and a wolf 

(what a crazy market  . On the way home he must cross a river. His boat is small 

and won‘t fit more than one of his purchases. He cannot leave the she-goat alone with 

the cabbage (because the she-goat would eat it), nor he can leave the she-goat alone 

with the wolf (because the she-goat would be eaten). 

 

How can the farmer get everything on the other side in this river crossing puzzle? 

Hide Answ er
 

 

Take the she-goat to the other side. Go back, take cabbage, unload it on the other side 

where you load the she-goat, go back and unload it. Take the wolf to the other side 

where you unload it. Go back for the she-goat. That‘s it. 

WATER & WEIGHING 

If you had a 5-liter bowl and a 3-liter bowl, and an unlimited access to water, how 

would you measure exactly 4 liters? 

ANS- Fill the 5-litre bowl and pour water to the 3-litre bowl, which you empty 

afterwards. From the 5-litre bowl pour the 2 remaining litres to the 3-litre bowl. Refill 
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the 5-litre bowl and fill in the 3-litre bowl (with 1 litre), so there stay the 4 required 

litres in the 5-litre bowl. 

NUMBERS & SEQUENCES 

The day before yesterday I was 25 and the next year I will be 28. This is true only one 

day in a year. 

What day is my birthday? 

 

ANS- He was born on December 31st and spoke about it on January 1st. 

 

2. PROBLEMS OF LEARNING MATHEMATICS 

 

PROBLEMS OF LEARNING MATHEMATICS AT THE SCHOOL STAGE  

Any analysis of mathematics education in our schools will identify a range of 

issues as problematic. We structure our understanding of these issues around the 

following four problems which we deem to be the core areas of concern: 

 A sense of fear and failure regarding mathematics among a 

majority of children, 

 A curriculum that disappoints both a talented minority as well as 

the non-participating majority at the same time, 

 Crude methods of assessment that encourage perception of 

mathematics as mechanical computation, and 

 Lack of teacher preparation and support in the teaching of 

mathematics. 

Each of these can and need to be expanded on, since they concern the curricular 

framework in essential ways. 

 

FEAR AND FAILURE  

 

If any subject area of study evokes wide emotional comment, it is mathematics. 

While no one educated in Tamil would profess (or at the least, not without a sense of 

shame) ignorance of any Tirukkural, it is quite the social norm for anyone to proudly 

declare that (s)he never could learn mathematics.  

 

While these may be adult attitudes, among children (who are compelled to pass 

mathematics examinations) there is often fear and anxiety. Mathematics anxiety and 

‗math phobia‘ are terms that are used in popular literature. In the Indian context, there 

is a special dimension to such anxiety. With the universalisation of elementary 

education made a national priority, and elementary education a legal right, at this 
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historic juncture, a serious attempt must be made to look into every aspect that 

alienates children in school and contributes towards their non-participation, eventually 

leading to their dropping out of the system. If any subject taught in school plays a 

significant role in alienating children and causing them to stop attending school, 

perhaps mathematics, which inspires so much dread, must take a big part of the blame.  

 

Such fear is closely linked to a sense of failure. By Class III or IV, many 

children start seeing themselves as unable to cope with the demands made by 

mathematics. In high school, among children who fail only in one or two subjects in 

year-end examinations and hence are detained, the maximum numbers fail in 

mathematics. This statistic pursues us right through to Class X, which is when the 

Indian state issues a certificate of education to a student.  

 

The largest numbers of Board Exam failures also happen in mathematics. There 

are many perceptive studies and analyses on what causes fear of mathematics in 

schools. Central among them is the cumulative nature of mathematics. If you struggle 

with decimals, then you will struggle with percentages; if you struggle with 

percentages, then you will struggle with algebra and other mathematics subjects as 

well.  

 

The other principal reason is said to be the predominance of symbolic 

language. When symbols are manipulated without understanding, after a point, 

boredom and bewilderment dominate for many children, and dissociation develops. 

Failure in mathematics could be read through social indicators as well.  

 

Structural problems in Indian education, reflecting structures of social 

discrimination, by way of class, caste and gender, contribute further to failure (and 

perceived failure) in mathematics education as well. Prevalent social attitudes which 

see girls as incapable of mathematics, or which, for centuries, have associated formal 

computational abilities with the upper castes deepen such failure by way of creating 

self-fulfilling expectations.  

 

A special mention must be made of problems created by the language used in 

textbooks, especially at the elementary level. For a vast majority of Indian children, 

the language of mathematics learnt in school is far removed from their everyday 

speech, and especially forbidding. This becomes a major force of alienation in its own 

right.  
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DISAPPOINTING CURRICULUM 

 

 Any mathematics curriculum that emphasises procedure and knowledge of 

formulas over understanding is bound to enhance anxiety. The prevalent practice of 

school mathematics goes further: a silent majority give up early on, remaining content 

to fail in mathematics, or at best, to see it through, maintaining a minimal level of 

achievement. For these children, what the curriculum offers is a store of mathematical 

facts, borrowed temporarily while preparing for tests. 

 

 On the other hand, it is widely acknowledged that more than in any other 

content discipline, mathematics is the subject that also sees great motivation and talent 

even at an early age in a small number of children. These are children who take to 

quantisation and algebra easily and carry on with great facility. What the curriculum 

offers for such children is also intense disappointment. 

 

 By not offering conceptual depth, by not challenging them, the curriculum 

settles for minimal use of their motivation. Learning procedures may be easy for them, 

but their understanding and capacity for reasoning remain under exercised. 

 

CRUDE ASSESSMENT 

 

 We talked of fear and failure. While what happens in class may alienate, it 

never evokes panic, as does the examination. Most of the problems cited above relate 

to the tyranny of procedure and memorization of formulas in school mathematics, and 

the central reason for the ascendancy of procedure is the nature of assessment and 

evaluation.  

 

Tests are designed (only) for assessing a student‘s knowledge of procedure and 

memory of formulas and facts, and given the criticality of examination performance in 

school life, concept learning is replaced by procedural memory. Those children who 

cannot do such replacement successfully experience panic, and suffer failure.  

 

While mathematics is the major ground for formal problem solving in school, it 

is also the only arena where children see little room for play in answering questions. 

Every question in mathematics is seen to have one unique answer, and either you 

know it or you don‘t. 
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 In Language, Social Studies, or even in Science, you may try and demonstrate 

partial knowledge, but (as the students see it), there is no scope for doing so in 

mathematics. Obviously, such a perception is easily coupled to anxiety. 

 

 Amazingly, while there has been a great deal of research in mathematics 

education and some of it has led to changes in pedagogy and curriculum, the area that 

has seen little change in our schools over a hundred years or more is evaluation 

procedures in mathematics. It is not accidental that even a quarterly examination in 

Class VII is not very different in style from a Board examination in Class X, and the 

same pattern dominates even the end-of chapter exercises given in textbooks. It is 

always application of some piece of information given in the text to solve a specific 

problem that tests use of formalism. Such antiquated and crude methods of assessment 

have to be thoroughly overhauled if any basic change is to be brought about.  

 

INADEQUATE TEACHER PREPARATION  

 

More so than any other content discipline, mathematics education relies very 

heavily on the preparation that the teacher has, in her own understanding of 

mathematics, of the nature of mathematics, and in her bag of pedagogic techniques.  

 

Textbook-centred pedagogy dulls the teacher‘s own mathematics activity. At 

two ends of the spectrum, mathematics teaching poses special problems. At the 

primary level, most teachers assume that they know all the mathematics needed, and 

in the absence of any specific pedagogic training, simply try and uncritically 

reproduce the techniques they experienced in their school days.  

 

Often this ends up perpetuating problems across time and space. At the 

secondary and higher secondary level, some teachers face a different situation. The 

syllabi have considerably changed since their school days and in the absence of 

systematic and continuing education programmes for teachers, their fundamentals in 

many concept areas are not strong.  

This encourages reliance on ‗notes‘ available in the market, offering little 

breadth or depth for the students. While inadequate teacher preparation and support 

acts negatively on all of school mathematics, at the primary stage, its main 

consequence is this: mathematics pedagogy rarely resonates with the findings of 

children‘s psychology.  

 

At the upper primary stage, when the language of abstractions is formalised in 

algebra, inadequate teacher preparation reflects as inability to link formal mathematics 
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with experiential learning. Later on, it reflects as incapacity to offer connections 

within mathematics or across subject areas to applications in the sciences, thus 

depriving students of important motivation and appreciation. 

 

 

3. MATH & MUSIC  

Math and music have always been considered closely connected in many ways. 

• It is widely believed that students who do well in music also excel in math. • Let‘s 

take a look at some of the basic components of music and see what math has to do 

with them.  

 

 

RHYTHM IS TO MUSIC AS NUMBERS ARE TO MATH 

 

 Rhythm measures time  

 Measure is the space between two bar lines on the staff that 

represents the division of time by which air and movement of 

music are regulated  

 When you play a few different notes together or even repeat the 

same note on an instrument, you create something called rhythm. 

 

 Music is made up of sound.  

 Sound is made from repeating sound waves.  

 The musical pitch of each note has a corresponding frequency 

measured physically in hz (hertz) or cycles per second.  

 There are some important mathematical relationships between the 

notes played in music and the frequency of those notes. 

 

Pythagoras 

 

• The Greek octave had a mere five notes. • Pythagoras pointed out that each 

note was a fraction of a string. • Example: Lets say you had a string that played an A. 

The next note is 4/5 the length (or 5/4 the frequency) which is approximately a C. The 

rest of the octave has the fractions 3/4 (approximately D), 2/3 (approximately E), and 

3/5 (approximately F), before you run into 1/2 which is the octave A 
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Ratios 

 • Pythagoras was excited by the idea that these ratios were made up of the 

numbers 1,2,3,4, and 5. • Why? • Pythagoras imagined a "music of the spheres" that 

was created by the universe. 

 • The 18th century music of J. S. Bach, has mathematical undertones, so does 

the 20th century music of Philip Glass. 

 

 Golden Ratio and Fibonacci 

 • It is believed that some composers wrote their music using the golden ratio 

and the Fibonacci numbers to assist them • Golden Ratio: 1.6180339887 • Fibonacci 

Numbers: 0, 1, 1, 2, 3, 5, 8, 13, 21 

 

How is Music related to Math?  

  

Mathematics is involved in some way in every field of study known to mankind. In 

fact, it could be argued that mathematics is involved in some way in everything that 

exists everywhere, or even everything that is imagined to exist in any conceivable 

reality. Any possible or imagined situation that has any relationship whatsoever to 

space, time, or thought would also involve mathematics.  

 

Music is a field of study that has an obvious relationship to mathematics. Music is, to 

many people, a nonverbal form of communication, that reaches past the human 

intellect directly into the soul. However, music is not really created by mankind, but 

only discovered, manipulated and reorganized by mankind. In reality, music is first 

and foremost a phenomena of nature, a result of the principles of physics and 

mathematics. 

 

The math / music concepts explored include: 

 

  • Fractions / rhythm 

  • Sets and intersecting sets / keys and related keys 

  • The relationship between ratios, fractions, and decimals / frequency and 

interval  

 • Roots and powers / equal temperament tuning 

 

Frequency and Wave Length: 

  

As shown by the University of New South Wales and the Peabody Conservatory of 

Music, every pitch has a distinct frequency. This means that every note has a specific 
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wavelength. Mathematicians are able to graph these waves, creating visual, numeric 

representations of sound.  

 

Duration: 

 

A music metronome marking indicates how many beats occur per minute. For 

instance, if the metronome marking indicates sixty beats per minute, then every beat 

has the duration of one second. This means that all rests and notes in music involve 

mathematical divisions and multiplications of time duration. Specific note types 

indicate these divisions and multiplications. For example, the duration of a whole note 

lasts four times as long as a quarter note. 

 

Counting 

 

Musicians count beats as they perform as this ensures that they will give the correct 

duration of time to each rest and pitch. Counting beats also identifies precisely where 

the person is in the music. For example, if a conductor tells an orchestra to start "at the 

middle of the bar" this can be ambiguous, since some music uses multiple time 

signatures and complex, overlapping rhythms. If the conductor can explain with 

numbers where he is in the music based on counting procedures (e.g., "on beat four"), 

then he has eliminated this ambiguity.  

 

Engineering  

 

The University of New South Wales shows that musical acoustics involves how sound 

waves bounce off surfaces in the environment. Engineers thus examine the precise 

angles at which sound waves will hit architectural surfaces in order to get the clearest 

and most efficient sound production. 

 

Instrument Production  

 

In order to achieve a uniform pitch and establish playing standards, instrument and 

reed manufacturers have to make sure that instruments and reeds have the same basic 

dimensions. This means that they have to make specific calculations to keep 

instruments and reeds the same shape and size. For example, oboe players want the 

length of their reeds to be about 72 mm, since reed length affects pitch.  
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Theory and Harmony  

 

Since the time of Pythagoras, music developed as a relationship between ratios of 

frequencies. For example, doubling the frequency of any pitch will give a pitch 

exactly one octave higher than the original pitch. Human ears hear these ratios as 

harmony. Over thousands of years, changes in the treatment of what ratios make up a 

scale have changed what sounds "in tune." If it weren't for these changes, musicians 

wouldn't be able to transpose well or have scales that start on different pitches sound 

the same. Musicians also wouldn't have the modern 12-tone row, where mathematical 

addition and subtraction is the basis of every scale degree, since treatment of pitch 

ratios is what determines how many notes are in a scale. Math thus is the foundation 

for much of music theory and harmony. 

 

Mathematics on Music  

 

Notation is a method of writing down music so that it can be performed vocally and 

instrumentally. It is a kind of code that allows other people to interpret music. These 

symbols tells us three basic things about music; how long or short is the sound 

(duration), how high or low is the sound (pitch), and how should the music be played 

(expression). 

 

The words we say and the notes we sing have specific duration. Duration refers to 

how long tone and silence last. Some sound duration are short while others are long. 

Duration is determined by the kind of notes and rests used. In relation to mathematics, 

fractions and whole numbers can tell how this duration works. 

 

Time Signatures and Rhythm  

 

The most fundamental use of mathematics in Western music is its application in 

rhythm. Nearly all Western music operates within time signatures, or pulses that are 

grouped into sections. Most commonly, these sections (called "measures") come in 

groups of two, three or four, but can come in groups of five or seven or complex sub- 

groupings of smaller numbers. The choice of time signature determines the feel of the 

pulse and rhythmical lilt of the music.  

 

Within the measures, the timing of the notes is measured by notation that dictates 

rhythm in terms of symbols that denote, essentially, fractions. When a musician reads 

rhythms, he knows how long to hold each note and rest by calculating what fraction of 

the whole measure that note or rest is indicated to last. 
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Counting and Conducting  

 

In multi-player ensembles, musicians must count and calculate the number of 

measures and beats during which they don't play in order to stay in time with the rest 

of the ensemble. In very large ensembles, a conductor helps keep track of the numbers 

of measures by waving his baton (stick) in a repetitive numerical pattern according to 

the time signature with each pattern representing one measure. 

 

 

Intervals and Chords  

 

Mathematics plays an important role in the analysis of melody and harmony in music. 

When music theorists search for and discern patterns in how pitch is used in music, 

the relationship of different pitches to one another is discussed in terms of intervals 

and scale degree numbers. This allows theorists to keep track of trends and apply 

knowledge of patterns to new compositions. 

 

Contemporary Music  

Contemporary and very recent Western music uses mathematics in what is perhaps the 

most complex manner. Prominent art composers of the 20th century created new 

musical forms based in mathematics. The most famous of these forms is 12-tone 

music, a system of composition wherein each of the pitches of the Western scale are 

assigned numbers and a mathematical matrix is written to determine the order of the 

notes in a composition. 

 

 






























