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What you learn in this Course
Working through this Course

To complete this course, you are required to readtudy units, read
reference books, and read other materials prowaggeldOUN. Each
unit contains Self Assessment Exercises (SAEs)lamor Marked
Assignments (TMAS) and at points in the course, g®irequired to
submit assignments for assessment purposes.

This is a 2 credit unit Post Graduate course ctingisf 14 units.
Course Materials
Major components of the course are:

Course Guide

Table of Content
Assignment File
Presentation Schedule

PwN P

Course Guide

The course is divided into 3 modules made up dfsuas follows:

Module One

Unit 1 The Nature and Usefulness of Mathematics

Unit 2 Goals and Objectives of Mathematics Instruction

Unit 3 Mathematics Curriculum Planning and Design

Unit 4 Curriculum Development in Mathematics in Nigeria

Module Two

Unit 1 Development of Mathematics Syllabuses and Scheme of
Work

Unit 2 Development of Course Plan, Unit Plan, Weekly Rlad

Daily Lesson Plan

Unit 3 Contributions of Some Psychologists to Mathematics
Instruction

Unit 4 Piagets Works and Contributions to Mathematics

Instruction

Module Three
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Unit 1 Meaning and Purpose of Evaluation of Instruction in
Mathematics

Unit 2 Continuous Assessment in Mathematics Instruction

Unit 3 Problems and Prospects of Mathematics Instruction i
Secondary Schools in Nigeria

Unit 4 Briefs of Some past Mathematicians

Unit 5 Mathematics Education Strategies

Table of Content
The content of each unit is presented as follows:

3 Introduction

4 Objectives

5 Main Body

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignment
7.0 References/Further Readings

Assignment File

There are tow aspects to the assessment of thisecouFirst is the Tutor
Marked Assignments while the second is the engwoiester written
examination. You are expected to apply the infaroma knowledge
and techniques gathered during the course.

There are 14 Tutor Marked Assignments in the couar tutor will
tell you which ones to submit and only three ointhaill be used to
count toward 30%, while the end of the semestemeation will
contribute the remaining 70%.

Presentation Schedule

Your tutor will mark and comment on your assignrnseikeep a close
watch on your progress and on any difficulties yay encounter and
also provide assistance to you during the courgeu must mail your
tutor marked assignments to your tutor well betbeedue date.

How to Get the Most from this Course

Tutors and Tutorials

You should try your best to attend tutorials.

Vi
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This is the only chance you have for a face to fam@act with your
tutor and for you to ask him questions. You wethin a lot from
participating in active discussions with him antiiofe students.

Summary

We wish you success with the course and hope ybdind |
interesting, useful and rewarding.
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MODULE1

Unit 1: The Nature and Usefulness of Mathematics
Unit 2. Goals and Objectives of Mathematics Inginn
Unit 3: Mathematics Curriculum Planning and Design
Unit 4. Curriculum Development in Mathematics irgria

UNIT 1 THE NATURE AND USEFULNESS OF
MATHEMATICS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1  Study Approach
3.2  Nature of Mathematics
3.2.1 Product Aspects of Mathematics
3.2.2 Mathematical Model
3.2.3 Process Aspects of Mathematics
3.3 Implications for Mathematics Instruction
3.3.1 The Usefulness of Mathematics in Secondary
School Curriculum
3.3.2 Mathematics as a Science of Numbers and
Measurement
3.3.3 Mathematics as a Symbolic Universal Language
3.3.4 Mathematics as a Study of Geometry and Patter
3.3.5 Mathematics as a Science of Generalization
3.3.6 Mathematics as a Study of Relations Betwe®en t
or more Quantities
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment and Self Assessment
Exercises

7.0 References/Further Reading
1.0 INTRODUCTION

In this unit, you will be introduced to what matheims is concerned
with, the nature of mathematics and the Usefuloéssathematics to
life and to other subjects.
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The important knowledge of subject matter in teagland learning of

Mathematics has been shown by researchers of Matiesneducation

and psychology to be very important. The Mathematics teacher is
expected to have acquired a sufficiemmount of knowledge in
Mathematics before he/she could really teactttiments of School
Mathematics Curriculum. This is why the natufdlathematics is
extensively discussed in this unit. cBin Mathematics is a complex
discipline, attempts are made to analyske complexities involved.
Further, Mathematics is the bed rock of sciencetadkdnology. Itis a

tool for engineers, architects, agriculitgj economists, geographers,
sociologists, business administrators and compgientists. Hence,

Secondary School students should understaih@ interrelationships
among Mathematics, Biology, Chemistry, Gapyy, Economics,
Physics, Social Studies and other subject However, Dbefore
Mathematics teacher can successfully cdoedéipe such
interdependencies, he/she must have theowlkdge of the nature of
Mathematics.

In the same vein, the Mathematics teacher shoudénsteand the ways

in which adolescents think. At times, the wayss arvariance with

those of adults. The variance affectbe interaction between
Mathematics teachers and their studentsThis may lead to poor
performance of students in Mathematics tasks amdetirning of its

development of adolescents should adequately gneacher in the

selection of curriculum and instructional matksria for his/her pupils.

This implies that the Mathematics teacher trbes familiar with the
Mathematics Curricula that are available in Nigew® the problems of
implementing them.

We shall be dealing with these issues in this unit.

2.0 OBJECTIVES

At the end of this unit you will be able to do tledowing:

1. explain and describe the structure of atimatics and its
implications for teaching and learning of Mathemsti
2. explain adolescent ways of thinking and how ituefices the
teaching and learning of Mathematics at the Seagrsehool
level, and
3. interpret the contents of JSS and SS Mathematicgola
4. give in your own words, correct explanations ofeaist five
aspects of the Nature and Usefulness of Mathematics
5. explain at least one example of the applicatioaawh of the

identified aspects
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6. identify the use to mathematics in other areag®find subjects.
3.0 MAIN BODY
3.1 Study Approach

To get the best of this wunit, youre a advised to follow closely

the
following suggestions:

1. Carry out the activities as and when requestea teosvithout
reference to the suggested solutions first.

2. Read through a paragraph straight on first and épgtying
some reflective thinking the second time and théh w paper
and pencil put down the central idea of the pamagra

3. Think and put down at least one other example ttrdss the
central idea in the paragraph.

4, At the end of this unit carry out the exercises aatvities. Then
check the suggested solutions where applicablesema your
performance.

S. If your score is less than 60% please go througtutht again
repeating all steps

6. Finally check through the objectives to see iftladl objectives

have been achieved.

3.2 Nature of Mathematics

Like other discipline, Mathematics has its own stiwe. There are two
major aspects of this structure viz; (a) Substasivucture (The domain

of Product) and (b) Syntactical Structure (the pes). We shall look at

the two aspects shortly.

Before that, ask vyourself, “What is Kehatics” and what is it all
about. Usually, there is an issue on the natMabhematics. The

issue is whether Mathematics was “invented by Mam¥athematics

might guide your answer choice?

There are two worlds which contain Mattatics: () The world of
Mathematics which is equivalent to th&dea world” and (i) The
Physical world. In each world, we have the produat process aspect.
Remember that a set of another set of processkleadl to a product or

products, products may serve as inpub inanother set of processes,
resulting into products of higher dimensions.
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3.2.1 Products Aspects of Mathematics

Since you will be teaching structure in Algebrap@etry and Statistics

at the Secondary School level, it is relevant lieaethe nature of the

products of Mathematics is made very clear to yo@rhe products are
concepts (define and undefined), postulateakeorems, rules and
principles. These are in the world of Mathematitsch is the idea

world.

In the physical world, we have date, problems @nés. Note the small
number of products of Mathematics in the physicatlede  You might

have come across some textbooks in which authtempt to define

every concept in Mathematics. Euclid did it butngoof his definitions

were not precise. They contain contradiction&or example, Euclid

defined a point, a straight line, set and other§hese are examples of
undefined concepts. Can you find oumore of such concepts in
Mathematics?

However, let us examine some other products:

3.2.2 Mathematical Model

The final product of Mathematics is thenathematical model. A
Mathematical model refers to a set of mathematerahs and statement

which appear to be idealistic in tpaysical worldbut faithful reflection

of data and event discrete product of Mathemasiasi{ as a formula, a

graph, a number system, or collection of pointadine) is called a

Mathematical model of a Kkind. Much of thematics taught in the
junior — senior secondary school classes would twemeaningful to

students if the concept of Mathematical model atr@duced.

It is concerned with the computational model sughtafind the simple
interest we use the model “| = PRT/100".

This is also related to algorithms modeommonly employed in
mathematics. For example to find the mean we husenodel

M

4f(x) The consideration of Mathematical models
«f lead us to the second aspect of Mathematics.

3.2.3 Process Aspects of Mathematics
Remember that, “Mathematics is also a verb”. ¥an Mathematize.

This is what Mathematics do. Deductivprocesses associated with
actions such as assuming, computing, hypuaihgs and proving are



EDU 808 Mathematics Curriculum andtructions in Secondary
Schools

Mathematic processes. Also, we have inductivegsses implied by

actions such as testing conjecturing, ampgkneralizing. Furthermore,
Mathematicians sometimes idealize physical sitaatioy abstracting,
and symbolizing both objects are relaffops among objects. The

language of Mathematics has been a golve historic assest to
developments in knowledge. Consider the Greekaei a2+b2 = (a
+b)(a+b).

When symbols in the above statement had not begsede The Greek
could not easily handle problems involving the squ& a binomial.

Yet they were using this relationship by operatinti the dissection
and rearrangement of square and rectangular sh¥peious problems
in Mathematics are solved by observing, collectiate, and making
inference form the date. These are the proce$ddatbematics in the
physical work.

3.3 Implications for Mathematics Instruction

Although, the concepts and assumptions which fomnbiasis for every
mathematical system are inventions of the humanintirey are not the
thoughtless gibberish which might be assembled fopat. There is a

rationale behind each such product ofatHhdmatics. Sometime  that
rationale takes the form of a motivating force eadhfor a simpler way

of handling a chore. Sometimes, the rationaleitsasot in history, in

common usage, or in the etymology of a word. theotimes, the

rationale for teaching a particular concept atreetand in a particular

way may be explained in terms of its sensible m&idhe previous

learning of your student.

The history of Mathematics as well athe hierarchical nature of its
products is essential to these connecting linksclwviluminates the

Mathematics that you teach. In some cases, canalysis of concepts

and principles will help provide you with ties whimust be embedded

in your teaching. In the use of inductiver deductive processes of
Mathematics, care should be taken nat over-stress each of the
processes. You should let your students see vil@uetion will fail

and where is the necessary and sufficient toolhe dse of induction

leading to generalization is good forhet junior secondary school
students but you should at a point at the JSSotita the limit of the

process. However, the choice of theocgsses you want to teach
depends on the objectives you construct for a tesso
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3.3.1 The Usefulness of Mathematics in &adary School
Curriculum

Mathematics is the science of quantity and spdteis a sytematised,

organized and exact branch of science”. It ireation of the human

mind, concerned primarily with ideas, gsses and reasoning. So
mathematics is much more than arithmetic — thensei®f number and
computation; it is not enough with algebra - lmeguage of symbols

and relations; far more than geometry — the stddhape, size and

analyses oscillation. It involves more than stats — the science of

interpreting data and graphs; more thamlculus — study of change,
infinity and limits.

Why should this subject be taught teverybody? Why  should
everybody learn mathematics? What are the advastaggevoting so

much effort, time and money to teaching of mathéwsat What is the

importance to this subject in life and in schoalrmwlum?  What are

the purposes and aims of teaching mathematics? ddéew it improve

the worth and efficiency of the indivad? What is the place of
mathematics in our system of education? ThesetiQuegertain to the

need for mathematics education in our schools.

A serious teacher of mathematics will be interestefthding answers to
these questions. He must feel convinced abouigb&uilness of his
subject, so that he will be able to convince hisishts to feel likewise.
This will also develop in him a keen interest ie Bubject. His students
in turn, will be affected by his interest. He shibloe able to explain to
the learner why he needs this subject in hi culuiou- the planned
experiences offered to the learner undee tguidance of the school.
Because the education of children and youths alMa§es place in a
particular society, it is evident that any consadien of acceptance of
any subject in school curriculum should take cognée of the goals of
education in that society.

The Nigerian National Curriculum Conference (1968y observed that

the socio-economic development of the viptess decade indicated a
general progress but secondary educatiorust remain a terminal
education for majority. Also, the National Poliog Education (1977)

looks at secondary education as a terminal educfdrosome. The two

basic functions the secondary schools must seneegfore, are

) to prepare children for life, and
1)) to give those with the necessary background themppity to
proceed to higher institutions (Nigeria, 1977:10)
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The rationale behind the selection of these ohjestwas to strike a
balance and to cater for the interests of the ritgjsho may be

unable to go on to the tertiary level, while thstiie adequately

prepared to serve as a nucleus of Nigeria’'s funaapower needs.
Considering the assessment methods ofdestas learning
mathematics in secondary education which ararege toward the
cognitive achievements only, there is an apparemtidation by the

latter function of the secondary course over the @ipreparation

for like.

The purpose of this unit is to show how mathemadaiscation will
help in achieving this dual function.

The National policy on education (1977) hope s by ‘Inculcating

the following values..... (2) faith in man’s ability make rational

decisions.....” (Nigeria, 1977:4), the natibn objective would be
achieved. One, then, sees mathematics educatiamwarthwhile

pursuit based on its intrinsic value.  The abitifyman to reason

logically and think critically is one of the mar&an educated man.

So, the study of mathematics could be an endeiff.itsBut this stand

will expose me to the questions raised by Robinmd=in his book

“Common Sense and the Curriculum”.

“.....that pursuits have to be assessed as wortrewanivorthless by

intuition it follows, so long as intuition judgmeas to what is worth-

while continue to differ, that we have no good gradsifor insisting

that any particular curriculum is worthlgh in that it is not
worthwhile, on the grounds that he cannot see ltegedly self-

evident value fo the pursuit in question. If tleeynot see that they

are worthwhile, how can we claim that it is selident that they

are?” (R. Barrow; 1977,38) so you will read andlfthe arguments

on those areas that seem to involve empirical fadisis unit.

3.3.2 Mathematics as a Science of Numbers and
Measurement

The concept of number is as old as man himselfnbuateric symbol
developed when it became necessary for man toresepds of the
numbers of this belongings, or of objects aroumd dr to solve
some daily problems.

Examples:

. The set of counting or natural numberdy= {E, 2, 3, ...}

developed to enable the ancient Indians and thbsAiacount
and keep records of their sheep and other objects.
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. The set of whole numbers, W ={0,1,2,3,....} becareeassary
to enable the ancient Indians measure whole units

. The set of integers, Z ={... -3, -2, -1, 0, 1, 8, 3,developed to
aid the Greeks solve problems of the form 1+

. the set of rational numbers (of the form p wherg lgon-zero)
became necessary to enable mathematicidlave a sSystem in
which division is always possible.

You will read the details of these and other nundystems from the
primary education studies on history of number typeés of numerals.

Imagine a world without measurements. aWha chaotic world that
would be! There would be nothing like money, andi The drugs we

take will have no doses, speed will either be taimor too slow or not

in existence at all. Historians will not be aldentrite or read history,
magistrates cannot determine the numbers of ydamspoisonments,

lawyer cannot quote pages of law books, and adtrandss will not

know the number of staff nor be able to plan fenth You cannot buy

or sell. Life will come to a stand still”.

3.3.3 Mathematics as Symbolic Universal Language

Mathematics makes use of symbols to represent etsnobjects, words
or expressions, other symbols, abstract ideasrareq. For example,
the concept of twoness is represented by the sygribobddition and
represents a triangle.

The beauty of mathematics as a symbolic languagarithe simplicity
and brevity of the symbolic forms thémpersonal character of the
symbols devoid of emotions.

Examples:

* The beauty of “Mr. Bex, the magistrates on trial for arEDU
robbery” we can write “p is on trial for arEDU rodaty?

. Instead of “Mrs. May, the first ladyis the defence witness

number one”, we can write, “y is DAW

. For the following long sentences: “A nggs master bought 5

rackets and 8 tennis balls from one shop for d sota of N132.
In the second shop he spert N156 to buy 7 racketg dennis
balls. Find the unit prices of a racket and ai®ball. We can
simply write: Solve simultaneously 5r + 8b and 7d-= 156
where r is the price per racket and b is the grgretennis ball.
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From these examples, we see the mathematical sgrab®freely used

in law courts. Other examples are “PH/2” whicmstgfor “prosecution
witness number 2”. Of course in keeping recordsages, of prisoners,

fines terms of imprisonment, dates andecareferences, mathematics
concept are utilized.

In fact, in all science subjects; phgsi chemistry, engineering,
agriculture, biology, integrated science,eography and others
mathematical symbols are freely used. For exairdpién chemistry is

the chemical symbol for water, whidaClis the formula for common

salt. This mathematically shows that e onmolecule of sodium
chemically combines with one molecule of chlorin€he mastery of the

use of this symbolic language by Nigerian studemi#l inculcate in

them the habit of brevity, clarity and precisioneapression and will

bring them nearer to unity with other human beimgghe world.

3.3.4 Mathematics Involves the Study of & metry and
Patterns

Mathematics looks at nature and classifies objactording to their

shapes, sizes and spaces. One-faced solid — #teusistrip or belt is

used as belts in garri-processing machines. t#sefaced solids are

used as belts in automobiles. Mathematics diffitees plane figures

from solid ggapes.  Among the plane shapes arefor triangle, o for

square and for pentagonal shapes. Among tliest@pes ard, the
tetrahedron|’ the cube anjili] the cuboid. Sizes, shapes and space are

very much utilized in housing scheme# building bridges, in
Engineering construction, in surveying and in waskart.

Space perception is necessary for students foestsdo form proper
sense of land utilization for agricultural and atparpose.

It look for order, common properties danconstant occurrences in
objects, numbers or shapes.

Example (i) certain number can be arranged to fegoares such as:
0 uod OUuo oodg
uod OUuo oodg
ood oo
NI
1 4 9 16 etc
These are Square numbers

Other numbers form triangular numbers such as:
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0o
0o
1 3 6 12
Similarly, we have pentagonal and hexagonatbers. @ Some other

number patterns can be forEDU in the form of openathus

10-1=9
100-1=99
1000-1=999
10000-1=9999

The geometric patterns are very much used in lasisels of surfaces,
tiling and carpeting of floors and walls, and indiiand applied and in
envelopes of surfaces and curves.

3.3.5 Mathematics as the Science of Generalisation

The concept of patterns in mathematics alsdsledo the concept of
generalization from the common propertiepatterns of common
occurrences from particular instances. In thisffrsnathematics draws
collusions, inferences, predictions by thapplication of inductive
reasoning is the abstraction of genewtibns by considerations of
common properties of particular cases.

For Example:

1=1
1+3+=2
1+3+5=73
1+3+5+7=4

One can conjecture from this pattern that ‘the séithe first n odd
numbers is n2 or that “the sum of all odd numbers staring friois
always a square numbers”.

Application: All  statistical inference, or predictionsabout rainfall
temperature ranges, demographic surveys, populgtmmth forecasts,
feasibility surveys, agricultural yields and eduma&l projections, all

planning’s including budgeting are on mathematiatistical generating
conclusions.

10
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3.3.6viathematics as the Study of Relations between Twa o
More Quantities

In doing this, mathematics investigates the effettsarious in one or

more independent variables on the other paramietiirgy part in the
relationship. This is used in industrial, econoame social projections.

Example

. In industries, one considers the effects of changjie model of
production to the total income from the finisheddrcts; such as
the effect of changing from Peugeot 404 of Peu§8dtin the

income

. In economics, the government considers the effieicicoease in
salary to the amount of inflation in the cost ofrgoodities.

. In politics, the government considers theffect of creation of
more states to the politics, stability of the count

. In education, the ministry considers the effectt/niversity Free

primary Education to the school primary population.

This functional or relational considerations similar to the “rate of
change” used in calculus in mathematics

Example: In History, the ages of rock fossils, and evendge of the
earth can be determined using the rate decay dodoan model called”

A lot of the past history of mankind has been deieed
using the aspect of mathematics which is the hiastts
imaginations. The world is in pairs. Considenagiof the
concept in mathematical models of base two nunwerati
which made it possible for man to talk to and reeeind
receive information’s from the computers.

Even in languages, the rate of assimilation of botaries

from one language into another, can be determisgdyu

the mathematical model of rate of change. For gtenit

has been established that the Swahibce™, the Igbo
“oche”, the Yoruba “oche” all have the surtax amigind
meaning of the English equivalent “chair”.

4.0 CONCLUSION

11
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In the words of the great educationist Herbert,&Téal finisher of our

education is philosophy”, but it is the office oathematics one is able

to rely on sheer thinking. By eliminating irratality, mathematical

methods produced the realistic school of thouglphitosophy owes a

good deal to men like Pascal, Descartes and LeibHitey were all

great mathematicians first. These aspiratiorseaondary school will

go a long way in fulfiling aspirationsof the National Policy on
Education 1977 in preparation for High Education.

5.0 SUMMARY

The main central ideal in this unit are summarizetbw

. It is not easy to give one definition of mathemsitiout we can
explain aspects of mathematics by what it does.
. The recent emphasis on the National Policy on Boutghrough

the Mass Mobilization for self reliancesocial justice and
economic recovery (MAMSER) is that education shadke our

students self reliant. One aspect of mathematicsaiativity and

creativity is the mother of self rele@n and industrial and
technological development, mathematics is concewitd

number and numeration
symbols

sizes, shapes and spaces
the study of patterns
generalizations
measurements

models

relations and functions

S@roo0 o

Finally, mathematics is utilized by all subjectsluding itself.
6.0 TUTOR MARKED ASSIGHMENT

Attempt the following questions in order to cheduy understanding of
the content of the unit:

1. Define in your own words the mathematical modetesys
2. Explain the physical world of mathematics to a 1S$$udent
3. Explain the idea world of mathematics in your owords.
4, Explain the differences between induction and dadadn the
model of mathematics.
5. Identify and explain five common errorusually made by

teachers in communicating mathematics ideas teestad

12
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6. Do vyou agree that physical models use&d mathematics
instruction do not convey the exact measingf concepts to
students? Give reasons for your position.

7. Make five sentences on “life without mathematics”
8. Go to the following professionals:-

a. a headmaster of a primary school

b. a housewife

C. a motor mechanic

d. an English language teacher

Find out from each person, two aspects of mathes#iat affect
his/her profession or work.

Q. Suggest and explain at least three ways mathengaickelp us
solve the problem of the high cost of garri in Nige

10. Take any subject, write one way, mathematieascare used by
that subject.

Self Assessment Exercises

Self Assessment Exercise 1

Write 3 sentences describing what you consider emastics to be

Self Assessment Exercise 2

Give two other examples in which mathematics utsedfi

Self Assessment Exercise 3

Think of and write down two effects, one on you émel other on the
human race of having a world without numbers.

Self Assessment Exercise 4

1. Examine any textbook on physics find and write a2regles of
the use of mathematical symbols in physics.
2. Name and explain one way in which $nasommunication

utilizes mathematical symbols.

3. Do you think that mathematical symbolism has any jgeplay
in computer programming? Support youmswveer with one
example.

13
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Self Assessment Exercise 5
1. Identify and draw first four pentagonal numbers.

2. Show how to cover a rectangular surfad@ cm by 5 cm
completely with shapes

l1cm

l1cm
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1.0 INTRODUCTION

Before ever one starts a new projebe decides what he wishes

to

accomplish; a suitor does not choose a girl uetihhs defined the type

of girl he wants; the roadside mechanic does rletta tool until he

knows what operation he intends to perform; anuitding a house

one does not buy the materials without knowingsgbecifications in his

plan. The owner of the house can only accepbihfthe contractor if

and only if it satisfies the specifications estsiéid before work on it

was begun. Similarly, you must design your math@asgrogramme to

reflect what you wish to attain. Syou must select mathematics
programme to reflect what you wish tattain. So you must select
mathematics textbooks and instructional saicor teaching methods
appropriate for the programme designed.If the objective of
mathematics instruction is not known, how can yeaigate a learner’s
performance? It is only when your destination iewn that you can

confidently select appropriate material, ntemt, or instructional
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methods. Again, you can evaluate the effect ofilegtruction when you
have seen the effort we have made in attainingetbeals.

What should be the appropriate goals for mathematication? These

must definitely agree with the genergioals of Education. Scopes
(1973) divides these goals under a number of sallihgs- Utilitarian,

Social, Cultural and Personal goals. The questaw is, how do you

select your goals for mathematics instruction taiatthese educational

goals?

Here you may differentiate between thevo words: goals and
objectives, although the border between them ig.hazrou shall take

the word ‘goal’ to represent a larger, i.e, renogeneral domain; and
‘objective’ to represent the more specifiday-to-day aspects of the
larger goals.

You have earlier identified how these goals casdlected to attain the
national goals of Education. You may further wiandliscuss how these

goals are broken down to operational objective.this unit, you will be
introduced to the factors to be conmsde in selection goals and
objectives in mathematics. These factors shaliiklighted under the
following headings.

(a) The need of the society-the Nation
(b) The need of the individual-the citizen
(c) What role can mathematics play in satisfyings#hneeds?

2.0 OBJECTIVES

By the end of this unit, you should be able to:

1. enumerate factors that determine the 8etecof educational
goals and objectives

2. explain what is meant by needs of the society;
3. explain the needs of individual, and
4. state and explain, with examples, what roles magtiesican

play in achieving the selected goals and objectives
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3.0 MAIN BODY
3.1 Study Approach

1. To get the best out of this unit, you are expetvedad the unit
with personal commitment. Reflective thinkingmqmaring and
contrasting with your past experience arthppenings in the
society are recommended.

2. You are expected to jot down and summarise theaddea of
any paragraph you have read.

3.2 Goals of Teaching Mathematics

While some educators/teachers prefer tge uthe two terms
interchangeably, it is useful to distinguish betwgeals and objectives

with a view to facilitating effective edaching and learning in the
Classroom.

Educational goals are the overall foreseen endsioeral targets of
education which are derived from the eds values, problems and
philosophy of the society concerned. In other wpadms communicate
general educational outcomes which are long-range.

The goals of education in Nigeria, for example; are
(1) the inculcation of national consciousness aattbnal unity;

(2) the inculcation of the right typef ovalue and attitudes for the
survival of the individual and the Nigerian society

(3) the training of the mind in the understandifghe world around,;
and

(4) the acquisition of appropriate skills, ilébs and competencies

both mental and physical as equipment for the idds to live
in and contribute to the development of his soc{EfgN 1981,

p.8).

A close observation of the enumerated aimsedotationin Nigeria
suggests that goals are usually broad and abstratthey are of little

imEDUiate value to the Classroom teacher in plagimparticular lesson

in that they cannot assist him in hidecision on content, teaching
strategy and/or evaluation.

Thus Rae and Mcphillimy (1976) remarked that:
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goals are necessary start points, but, as theg,diaey

are not especially helpful to the dasesm teacher
because they do not assist her in iddec what
approach to adopt in her teaching ahat form of
assessment to use (p.16).

However, the objectives of the teachers set fosthdent/pupils in the
classroom should be consistent with the overalsaimreducation.

3.2.1 Objectives of Teaching Mathematics

Educational Objectives are statements of the chamthee behaviour of
the learner which will result from instruction, exddtion treatment or
stimulation. Thus objectives are much more spegifon treatment or
stimulation. Thus objectives are much more specifi

3.2.2 Relationship Between Goals and Objess in
Mathematics

Accurate decision making on any programme is ngy.eat requires a
complete overview of the programme, tlgtou understanding of the
parts that make up the programme, accurate foegastdictions from

past records and projection for the future. luregp proper planning.

In  business, or industrial projects, this called feasibility surveys.
Projections are made as to the success or faitot®pilities of the

business. “Trial and error” in busineser other projects is never
scientific. It leads to failure. Inmathematics education, similar
planning projections are made. These eptmns in education are
sometimes called goals and sometimes called obgsctif a country on

education or on mathematics education.

They take “objective’ to mean specific objectiveainlaily classroom

lesson. In this unit the word goal will not be digdten but when it is

ever used, its meaning will be the same as “gemdjaktives”. For the

word “objectives” we shall use the phrase “speafigective” to explain

the specific behavioural objectives in yandaily lesson plan. The
meaning of these words and phrases will be clef$dcribed later.

General Objective

Objective in education are broadly divided into teaiegories: general
objectives and specific behavioural objectives.geheral objective may

be described as a part of the global objectiveswelhy a nation or an
educational institution for the achievemerdf the national or
institutional goals. For each subject or disciplithe government or the
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institution defines the general objectives in teohthat subject. Scopes
(1973) divided general objectives under rm@umber of subheading:
utilitarian, social, cultural and personagoals. For mathematics
curriculum, general objectives may be found from fibllowing:

(@) From time to time government issues test@nts defining its
policy on education. General objectives for angtipalar area of
emphasis may be stated in the goverbmaolicies or
government gazzattes on education.

(b) Another source of general objectivesiay be the prefaces,

forewords or philosophies behind the formulatiorcofriculum
units. These are normally stated in the front pages dhe
curriculum.

For example in the national curriculum for Juni@c8ndary Schools
volume I, 1985 p.3 part of the general objectivesr

“It is clear from the National Policythat Secondary Education is
expected to be:

(1) Preparation for useful living within the society
(i)  Preparation for higher education

(i) Againa general objective is found irroit of 1978 Teacher
Education = Mathematics Curriculum as approvesy the
National Critique Workshop on  Mathematics.

There it is stated that the objectivef the teacher education

programme is to produce teachers who will promatkachieve
effective and efficient teaching and learning otimeanatics in
primary schools...”

(d) Another source of general objectives is theicwl of the curriculum
itself which has the heading “Objectives”.

In  some curriculum, (such as the J.SWlume |, 1985 Science.
Curriculum on Mathematics) the heading “Performa@bgective” is

used. What the planners of such curricula haveind at this stage is

general objectives. Performance objectives seaéixplained later in

this unit.

General objectives are useful to education becamsmg other things,
they provide general directives. When a persarisbn a journey, he
should have an idea of where he is going to. Ememl objective for
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each school subject points to the general objectitbe nation or the
institution. Again general objectives make forrhany among subjects
and within subjects. They are necessary for thperdefinition of the
contents to be selected to meet the national titutienal objective.

Definitely the objectives stipulated in generalemjves associated with
learning units rather than with daily lessons. Ehespressions shall be
explained in this later. To achieve general objestwe need more than
one daily lesson and so general objectives camddeb down into
several daily lesson objectives.

3.2.3 Factors that Determine Selection of Objectige

Mathematical objectives or goals are never seleatemnstructed in
isolation of the needs of the country making usthefmathematics.
Certain questions ask at this level may be:

() What are the pressing problems of the sociaty the material
point in time? As we know societal problems chawgh time,
people and government in power. Mathematics asamefrom
discussion in the unit on history of mathematies;edlop mainly
to solve the problems of the day. A teacher wagntindevelop
educational goals for mathematics should ask quest such as,
What are the needs of society? Wha the government
emphasizing at the moment?

(i)  Which of the needs of the society camathematics directly
affect?

(i)  What facilities are there for mathematicstazkle those needs?

The key factor or element in stating behaviour ctdyes is “action-

verb”. Teachers are thus encouraged to select sathose verbs that

most precisely specify the student behavi that will be acceptable
evidence that the objective of the lesson has bebieved.

Here are two examples of objectives ttemi in behavioural or
observable terms:

1. At the end of the lesson, the students should letabdentify
and explain__three political factors and two remaic factors for
the partition of West Africa, without areference to outside
material.

2. Using their own words, the students should be &btéstinguish
between cognitive and affective domains of educatio
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The merits or advantages of stating objectivesseovable or
measurable terms are obvious. In short, when tbgscare
stated in behaviour terms, they:

(a) assist the teacher to plan his teaching — for el@ntipey provide
sound basis for selecting appropriate texdn instructional
materials and methods of teaching;

(b) give the teacher a clear sense of directidnsrwork. That is, the
objectives direct instructional activities in tHassroom;

(c) provide a meaningful basis for evaluating studemtqgmance;

(d) provide the learners or students with the ojpypaty to ascertain
their own progress. In other words the studentscoampare their
performance against the specified or stated obgxti

(e) encourage students to progress at their own raganeling their
efforts into relevant activities.

(f) alert the teacher to check whether his pupalgehalready covered the
work he proposes to do.
Despite the merits of specifying objectives in habaral terms,
there are some objections to its use in the classro Some of the

objections or criticisms include the d&oling as observed by
Nicholls and Nicholis (1978), and Rae and Mcphill{f076).

3.2.4 The Needs of the Individual

Societal needs are different from the needs ofmtieidual.

For example at present, Nigeria societal needh@neto succeed as a
nation politically, socially and economically.

Problems to be solved include continued militatgimention, religious
problems, socio-ethnocentric problems; cdromp bribery and

nepotism. These problems affect the ividdal, but the imEDUiate
needs of the individual are how to have sheltedfand drink in the

society. The selector of mathematics algo must ask the following
guestions:

“In what ways can mathematics aid the individuasatisfy these needs?

By going through the mathematics curboul in schools, can the
individual make a successful living-useful to hithsend useful to the
nations?
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3.3 The Reference of Mathematics Curriculum
Some of the questions the mathematician will asklae following:

(i) What aspects of mathematics need to be utilaetiemphasized in
order to satisfy the needs of the idpc and the needs of the
individual?

(ii) To what depths of mathematics content shoutdt@ach to reach
the goals?

(i)  What teaching techniqgues and teaching s aidre available for
mathematics?

(iv)  What human and material resources are availabhandle the

necessary aspects of mathematics necessary fachimvement
of the goals?

(V) If these resources are not available, do wel iseene trainings or
some fundamental foundation works to be done toentlaékm
available?

Now let us discuss how these questions are realhpitant for goal
development as far as mathematics is concerned.

Mathematics cannot be taught in isolation of theetal needs or the

needs of the individuals. A teacher of mathematiost be convinced

that what he is teaching will be useful to the stid and to the society.

With this conviction, he can then convince the sttd. In our modern

society of attachment of high values to matenahtj, every student

will love mathematics more if he undamls in advance what
mathematics can do for him, for his future suce@ssan individual and

as a good citizen. This leads us to the utilitasapects of mathematics.

The history of mathematics in Nigeria shows thefore the sixties,
mathematics was taught in primary schools as aetlomvith emphasis

of the four rules — addition, subtraction, muligaliion and division. The

new curriculum is now emphasizing the teaching athamatics which

should consist of activities — doing lkirg, writing, manipulating
objects and experimenting with them. Ithe words of Johnson and

Rising (1972, p.171).
1. We sort objects, events, or ideas into classeategories.
2. We become aware of relationship within the classesategories

involved.
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3. We find a pattern which suggests relationship rrcstre.

4. We formulate conclusion which seems to describeéttern of
events or ideas involved.

5. We establish the generalization by a deductivefproo

Thus, we see that students make the best use ofteyasee, hear and

do. (Fakuade, 1981, p.11) summarises ogowals for teaching
mathematics in primary school thus:

(1) In view of the inherent utility values of matheneatprocesses in
domestic, business progressional life of each iddad, primary
education will fail... if mathematics isnot taught in
primary
school... so we say we teach primary mathematicsdardo
prepare every individual rightly for life.

(i) Primary education gives the necessary preardor secondary
education... primary education teaching will lay fbendation
of their future advanced studies and in other skbggjects that
require the ‘services’ of mathematics”.

One cannot avoid the utility aspects of mathematicanting, notation,
addition, subtraction, multiplication, divsi, weighing, measuring,
selling, buying, are some of the “need-to know”’damental process of
mathematics in secondary and primary mathematics.

Four main mathematics methods — scientific, inteitdeductive and
inventive are used to investigate, interpret anchéde decisions.

The study of mathematics, therefore, wijo a Ilong way to “equip
students to live effectively in our neod age of science and
technology”. (Nigeria 1977, p.10). As Odili (19863) points it, the

four main mathematics methods “will help us to eadigeneration of

people who can think for themselves, respect teewviand feeling of

others...”

In planning or selecting goals for mathematicsneed to consider all
aspect of the use of mathematics and mathematitteod®in statistics,
in science, in decision making, in logical reasgnin fostering unity
through common symbolism rather than the inhibg&iohlanguage and
philosophical considerations.

For example, members of the Constituent Assembly arke conversant
with the logical reasoning of mathematics will malse of mathematics
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persuasions, logical reasoning, rather than grotgrest, to convince
others and give Nigeria an unbiased,nglo lasting, practicable
constitution. An individual well grooEDU in the arof mathematics will

be very successful in life for he shall definitakyply the precision of

actions, clarity or purpose, brevity of words aedainty of expressions

which are attributes of mathematics to plan andhdas goals. He has
foresight in making correct prediction and inferesic

The power of mathematics in character building &l Wnown through

the ages. Mathematics is a discipline and people pess through its
rigours are patient, disciplined and reasonable.

3.3.1 Reasons for Stating Objectives in Behaviourdlerms
The two operating words in this phrase are “sp&cénd “behavioural”

An objective stated specifically during the plargnfor a daily lesson or

a lesson to last one class period in our schaolgferred to as a specific
behavioural objective. It stipulates exactly whaige in behaviour is

expected of a student by the end of the lessamaksuEDU that the

student in question was not able to perform thhab®ur before the

lesson. A behaviour objectives is specifiwhen it stipulate one
behaviour clearly defined to be achieved by theesti

Classroom learning depends upon both the teacletharstudents. The
teacher presents or creates an environment coredtarivearning in the
classroom and guides the students to perform oeatd#s capable of
changing his behaviour to the desired or mappeadloective. With the
pre-stated objectives, the teacher should focustat he wants the
students to achieve.

Every well stated specific behavioural objectivas hive parts:

(1) Under what condition will the change in behaviake place?
The condition, the classroom environment, the timas to be
given to the students that will make him changebisieaviour
must be stated.

(i)  The who whose behaviour has to change must bentioned.
Usually in the classroom situation, iis the pupill who is the
learner who is expected to change in the behaw@ondmot the
teacher.

However, it is possible that the teachers objedtve test how

effective his teaching methods is, then the objeas state in
terms of the teacher. Objectives may Isated to test the
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effectiveness of the use of a certain text-booteaching aid or

how effective a programme is. In these cases, ltfextives are

stated in terms of the teacher or thgerson testing the
instruments. But in most cases, in the classro@mwtho to be
considered is the students.

(i)  What specific behaviour will the pii exhibit? The specific
behaviour is usually stated in operating verbspBlddasting and
Madans (1971) stated that to define objectiveiabthey are not
open to multiple interpretation we must translae terbs into
action verbs that require direct observation. Sant®n verbs
are: Write, state, recite, identify, dlfig differentiate, solve,
compare, contrast, list. Some verbs thate open to multiple
interpretations are know, believe, enjoynderstand, and
appreciate. These ambiguous verbs shouldt be used for
specific behavioural objectives.

(iv)  What result will the change in behaviour asfei@ This is
known as the performance product or outcome of ghan
in behaviour. For example, when we say the studeites
conditions for congruency: The underline words faha
performance product. This is the result or outcoifrthe
students action.

(V) To What standard is the learner expected to perform for this
performance to be considered acceptabte the teacher? This
requirement means that every well stateghecific behaviour
objectives must be measurable. Examplet well stated
behavioural objective are:

Example: By the end of the lesson, the pupils will be ablédt the
first five multiples of any number from 1 to 5 insive.
Let us schematically write this using the five paegers of
a well stated specific behavioural objectives:

Under what | Who the | What What result | To what level of
condition pupils behaviour  wi|l multiple of any | performance the
be able to list | number first five
multiples
Example ii: By | The pupils Willbe abletof1 to 5 To within a
the end of the estimate inclusive difference of plus
lesson heights ofs |or minus 5
other student centimeter.
in

centimeters
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3.3.2 Types of Mathematical Specific Behavioural Qbctives

(Blooms Taxonomy of Educational Objectives)The most useful

classification of specific behavioural objectiveghat done by B. S.

Bloom (1956) and his associates. They called tlmsstication “The

taxonomy of educational objectives”. Thiss an attempt to arrange
instructional objectives in behavioural groupspirsimple behaviours

easy to achieve to highly complex gmoupof behaviours. Generally,
three categories (Domains) of instructional objeiare identified:

(1) Cognitive Domain;
(i)  Affective Domain; and
(i)  Psychomotor Domain.

Let us explain these terms before going over t@Bi® taxonomy of
objective in details.

3.3.3 Cognitive Domain

The cognitive domain is recognized toe bthe thinking area of the
students behaviour. Generally categorizede tltognitive domain
includes the following:

(1) Knowledge: which includes simple recallf oknowledge of
specific facts, terminological generalizagpn theorems,
structures or algorithms.

(i)  Comprehension; Which includes abilitto translate, interpret,
explain correctly and interpret or extrapolate.

(iif)  Applications: i.e. use of ideas theoriegrinciples or concepts
learnt in other situations.

(iv)  Analysis: which involves identification of relations and
organizations or order in a concept.

(V) Synthesis: which includes organizatioof ideas into reports,
plans or system.

(vi)  Evaluation: which implies passing judgementbasis of internal
or external evidences.
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3.3.4 Affective Domain

The affective domain of behaviour relate® students feelings and
biases. Affective categories are:

() Receiving or attending

(i)  Responding or participating

(i)  Valuing or believing in the worth of a thing
(iv)  Organizing values into a system

(v)  Characterization by value.

This domain is difficult to measure but the Fetd&avernment has

mapped out a system of continuous assessmentidrdes to measure
affective achievement in the classroom.

3.3.5 Psychomotor Domain

The psychomotor domain is easy to identify and meadt involves the
ability to use our locomotor sensory organs suchbégy of a child to
write a number 2, draw a straight line, make anc@eccircle or ability
to use the protractor correctly to measure anglethe first instance, a
child is learning these skills, his behaviour carstated in behavioural
psychomotor terms.

Above examples certainly show that it is NOT trag stated by Johnson
and Rising 1972, p.50, and echoed by Odili G. R8@, p.11) that “a
third domain, that of psychomotor or physical skils generally outside
the province of mathematics education”

3.3.6 Merits and Demerits of Performance Objectives in
Mathematics

Although several investigators have sought to dgvel classification

system of instructional objectives, the most systitrapproaches have

been developed by professor B.S. Boom and asssdialieaxonomy of

educational objective Here they attemptdd arrange instructional
objectives ina hierarchical order from simpte complex classes of
thinking — each category is built upon and dependis predecessors.

They developed a threefold division oihstructional objectives (1)
Cognitive Domain (2) Affective Domain and (3) Psgafotor Domain.

This division roughly corresponds to thinking, fegland acting
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The general categories of the cognitive domain are:

Knowledge — ranging from knowledge of specific &aahd terminology
to knowledge of generalization, theories and stmas.

Comprehension — including translation, interpretatind extrapolation.
Application — use of ideas principle, or theoriesoncrete situations.
Analysis of elements, relationships and organiratio

Synthesis or organization of ideas into a re@oplan or a system
Evaluation on the basis of internal or externatiewnice.

The corresponding outline for affective domain uags:

Receiving or attending

Responding or participating

Valuing or believing in the worth of something
Organizing values into a system
Characterization by value or a value complex

“A third domain, that of psychomotor or physicalllsk is generally
outside the province of mathematics educationchfson and Rising,
1972).

Some working on this, have tried to pifg the classification. The
international evaluation of achievement study (Temged) 1967; Vol. |,
Ch 4) has five categories of objectives:

A. Knowledge and information recall of definitions, notations,
concepts.

B. Techniques and Skill€omputation, manipulation of symbols.

C. Comprehension: Capacity to understand problems, to ndiate
symbolic forms to follow and extend reasoning.

D. Application of Appropriate concepts to unfamiliar mathematical
situations.

E. Inventivenessieasoning creatively in mathematics.
Performance objective are now making mealde impact on the

teaching of mathematics. They provide a strongdation for a firm
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organization of a teaching programmes by specifynngdetail what we

want student performance to beat at the end ai@hiteg sequence.

Carefully stated objectives help teachers and @ultrm developers to

evaluate their product. In particular, theyovide a framework upon
which accountability could be mounted. u§h our educational
programmes will yield good results to justify thdlimns of naira we

invest in it yearly.

Critics of the wuse of performance obyas argue that by stating
objectives in advance teachers are nmalble to take advantage of
opportunities which occur unexpectedly in the alasm. This is not so,

for teachers can use these unexpected opportubytidsecting them

towards objectives which are considered importadt@esirable. In this

way, unexpected opportunities lead to progreskertéaching rather

than to mere diversion. In fact, aacter with no predetermined
objectives might be accused of usingchsuopportunities for
entertainment purposes.

The fact that performance objectives lenfhemselves to assessment
raises another criticism from some critics. Fumhere, they argue that

there are other important outcomes of educatiordbsshose which can

be assessed. The first is part of the strong fgdfiat is sometimes

expressed against measurement of all skindand yet teachers are
constantly making evaluative judgments ofrth@upils’ abilities and
performance. For the second we can only urge paiand experiment;

lack of current satisfactory measurement tools aaesmply lack of

techniques in the future. We must eithevait for someone else to
develop measuring devices or, better still, trdéwise some ourselves.

Another charge often made against performance tgeis that they

tend to use the language of assembly-line proagsdiproducts, not of

patient observation of students. A chimstic of performance
objective which some teachers find equally distugbis the concept of

‘the one best way’, which seems to be implied. dldy does there

appear to be an implicit belief thaeverything must begin with
objectives, but it is also fairly obvious that thés also a best way of

writing and displaying them.

The difficulty of writing objectives in certain as, especially in higher

conceptual activities, causes some critics réject the whole idea of
objectives. That it is difficult does not mean weusld state objectives

that lead to an overemphasis on triviutcomes of learning with a
corresponding neglect of important outcomes.
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4.0 CONCLUSION

It should be made categorically clear in this timt an objectives in
one domain has a counterpart in the opposite dortrasther words,

each domain is sometimes used as a means to & iibugh the more
common route is from the cognitive to the affectivéhe psychomotor.

The importance of the teacher's knowledger awareness of the
taxonomy of educational objectives cannot be oxessed for it enables

the teacher to:

(@) select his range of objectives and test questions;

(b)  ensure that appropriate balance or weightvsrgto the major
categories of objectives and questions;

(c) structure his teaching so as to ensuteat it covers the more
important types of learning (e.g. thinking skills).

5.0 SUMMARY
This unit has explained to you the following:

. That Goal has the same meaning as r&en®bjective which
stipulate the general global aim of what Governnegmts to do.

. That there are two types of objectives: generpailves and
specific objectives.

. The general objectives can be identifiedh the Government
policy on Education, in the curriculum or in goverant gazette.

. That specific behavioural objectives have five part

. We have given examples of each of sdheobjectives and
identified their importance in educational system.

. Certain categories of specific objectives were algulained. The
Cognitive, Affective and Psychomotor domains.

. These objectives are to be wused ine tmext unit for drawing
learning unit plan and the daily lesson plan.
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6.0

Mathematics Curriculum andtructions in Secondary

In this unit, you have been exposed to some guestiou must
ask in selecting mathematical goals for the courithe emphasis
has been on considerations and questions relatitigetneeds of
the society at present and needs of the individubhs been
emphasized that these needs change from time ¢ tience the
need to plan and change the curriculum from timinte.

For example, Nigeria before independence neededgado

could compute, buy, sell and communicate with tihéevmen.

So arithmetic became included in the rriculum with
independence, these needs changed and mewicula in
mathematics came into use.

The mathematical considerations that neéal be taken are
highlighted in this unit. These mainly hinge arouhd utility

aspects of mathematics as a discipline.

TUTOR MARKED ASSIGNMENT

(&8 Whatis an ‘educational aim'?

(b)  What is an ‘educational objective’?

(c) Distinguish between ‘aim’ and ‘objective’.

What are the purposes of writing educational objestas given
by Davies (1981)7?

(@) What do you understand by ‘behavioural objective’?

(b)  Writefive behavioural objectives in your teaching
subject(s).

Self Assessment Exercises

Self Assessment Exercise 1

Give an example of an intended specific behavioolgctives

which is not specific. Note that theew term for specific
behavioural objectives is “performance oftiyes. But for the
purpose of this wunit we shall keep tthe name specific
behavioural objectives.

Self Assessment Exercise 2
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Refer to the document prepared by the Federal Gawent on
Continuous Assessment and find one tecleni for measuring
affective domain.

Self Assessment Exercise 3

When a student in mathematics is sglvimm problem on
multiplication of two digit number by two digit nurer, what
domain of objectives is he using?
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1.0 INTRODUCTION

The most pressing issue as far as theesent state of
education is concerned, is that of dieg what should constitute

mathematics curriculum to be disseminated in schant how it should
be taught. In this unit, the various aspects oficular issue will be
discussed.

2.0 OBJECTIVES
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At the end of this unit, you must have been expdsdte:

Basic Definition of Curriculum.
Determinants of A Viable Curriculum.
Process of Mathematics Curriculum
Patterns of Curriculum Organisation

PODNPE

3.0 MAIN BODY
3.1 Study Approach

Student are expected to:

1. read each section of the unit slowly and undersiand
2. attempt all the assignment and activities indicatietthe end of
the unit.

3.2 Basic Concepts of Curriculum

We are confronted by different views on what ‘ccutum’ is. In other

words, there are many meanings attached to the \sondculum’. It is

a term that is often used to denote “the rangébof subjects” on a

school’s programme; “a group” of school subjectantdo be taught to

the learner”; the ‘course of study’ or a ‘syllabushich is only part of

the total curricuum - all these arparts of what we mean by
‘curriculum’. The modern concept of curriculum, tefore, emphasises

not only the academic subjects but other activittbgh are planned

and guided by the school. However, here are sortteeadefinitions of

the word ‘curriculum’:

1. A programme or course of activities which is exlijcorganized
as the means whereby pupils may attain the desbgttives
(Hirst and Peters 1980, p.60).

2. A Curriculum is a plan for learning (Wiles and Boid84, p.
19).

3. The planned experiences offered to thearner under the
guidance of the school (Wheeler 1967, p.11).

4. By ‘curriculum’ is meant the sum total of all theperiences a
pupil undergoes (Bishop 1985, p.1).
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5. All that is taught in a school including the tinable subjects and
all those aspects of its life that exercise arugtiice in the life of
the children (Farrant 1980, p.24).
6. All  the learning which is planned omguided by the school,
whether it is carried on in groups or by individsjahside or
outside the school (Kerr 1968, p.16).

3.2.1 Determinants of Curriculum

In any curriculum planning process, we must nosésight of the fact

that it must go in the context of many pressuremfboth within and

without the school itself. Therefore, by determitsaot curriculum, we

mean “those forces that influence andaps the content and
organization of the curriculum (Zais 1976, p.18)other words, the

determinants of curriculum are those factors wihifact or determine

the curriculum (Bishop 1985, p.2). Determinantswifriculum are also

referred to in the literature as theources or the foundations of the
curriculum (Zais 1976). Thus, the determinantsuwficulum include

the following:

3.2.2 Society and Culture

Society and its culture exert an enormous influesrcéhe curriculum

(Zais 1976). A society is a collection of individsiavho have organized
themselves into distinct group... the rbems of the group must
perceive themselves as having things in “commontivienable them

to “belong” (Zais 1976, p.157). On the other handture is defined as

“an accepted way of life: it includes a vast arshgasily observed

facets of living, such as material prod, political and social
organizations, characteristic vocations, modesess] foods, games,

music, child-rearing practices, and religious aattiptic rituals (Zais

1976, p.15). Thus, Bishop (1985) asserted thatracalum must be

designed in the light of the major trends and dgwelent within society

and it must also reflect the major social and caltneeds of society (p.

6). In essence, the educational objectives of atipm (like Nigeria)

should reflect the cultural values ofhet society. For example, any
curriculum designed for Nigerian School Childreodld reflect the five

main national objectives of Nigeria, which are:

1. a free and democratic society.

2. a just and egalitarian society.

3. a united, strong and self-reliant nation.
4, a great and dynamic economy.
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5. a land of bright and full opportunities for allizgéns (FRN 1981,
p.7).

It is, therefore, the responsibility ofeducational planners to obtain
information about values predominant irhe t society for which any
particular curriculum is being developed (Lewy 19@.249).

3.2.3 Philosophy of Education

Philosophy endeavours to define the nature of tivel dife or the good

society. Bishop (1985) remarked that one must demghilosophical

guestions such as what knowledge is considered warghwhile, what

are the permanent human qualities one wants tertrio the younger
generation, what is the purpose of education? Eiffesocieties will

differ in their answers to such questio (.55-6). The philosophy of
education of a given nation like Nigeria will theree, influence the

content, objectives and strategies of hechool curriculum either at
primary, secondary or tertiary level. Nigeria'slpeophy of education,

for example is based on “the integration of heviutlial into a sound

and effective citizen and equal educational opptites for all citizens

of the nation at the primary, secondary and teriiewels, both inside

and outside formal school system” (FRN 1981, p.7).

In essence, therefore, the educational philosoplayy nation would
help or serve to:

(@) Clarify objectives and learning activities;

(b)  Guide and select appropriate content;

(c) Guide the selection of resources (human and mteria
(d)  Guide the selection of instructional strategies

(e)  Suggest evaluation devices.

3.2.4 Nature of the Subject Matter

Subject matter refers to the content afhat is learnt by the
learner (Obanya 1980, p.21). Since there is knoydezkplosion,
there is need to attend tlareebasic questions:

() what content should be selected?

(i)  what content should be mandatory for all stude
(i)  what content should be considered as elesfive
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The answers to these questions wouldapesh the content of

the

curriculum. The curriculum planners should, in fimal analysis, select
and incorporate in the curriculum the content thatild meet the needs
of the society and/or facilitate the attainmenedéicational aims of the
nation. In essence, the content chosen or seleuist

(@) be relevant to the society in which the learnet kvig;

(b)  be meaningful to the learner;

(c) be activity-based, with the child himself invedl in the process
of inquiry and creativity.

3.2.5 Psychology of the Learner (or the child)

Man is capable of learning only what his genes alibw him to learn

(Zais 1976, p.15). It is, therefore, important &aetmine whether the

content and tasks or activities the curriculum emgasses are within the
developmental scope of the pupils who are to déat.vin other word,

in planning a school curriculum we must take tla®es of development

of the Ilearner into account. Piagetseothh or stages of cognitive
development, for example, has very imguurt implications for the
curriculum — Piaget identified four stages of coigei development: the
sensorimotor (up to two years of age approximatéihg pre-operational

stage (2-7); the concrete operational gesta(7-11); and the formal
operational stage (11-15/17). These stagesnnote the notion of
readiness which is a very important factor incurriculum planning.
Therefore, the intellectual development of thed/lelarner should be

taken into consideration by:

(@) providing a flexible curriculum i.e. providing widnd varied
learning opportunities to cater for individual @ifénces;

(b)  providing for different learning rates;

(c)  providing variations in the methods of teachamgl instructional
materials.

3.2.6 The Learning Theory

Notion about how human beings learn | wiaffect the shape

of
curriculum (Zais 1976, p.16). Zais (1976) also retad:

Whether conscious or sub-conscious, ideas aboutatuge of

the learning process always influence the curriculu Clearly, a

sound and effective curriculum dependsaviheg on a well-
founded theory of learning (p.244).
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Therefore, theory of learning or psychology of teag will enable the
curriculum planner to ascertain or determine thedd@mns requisite for

learning of certain types of objectivessmake proper placement of
attainable  objectives at the appropriate gradellev

3.2.7 The Process of Mathematics Curriculum Develapent

The process of planning learning opportunitiesridez to bring about

certain changes in pupils/students and the evaluafi the extent to

which these changes have taken place, what is referred to in
educational literature as ‘curriculum dewshent’. Thus, curriculum
development is a continuous process which stattssituation analysis,

continues with the formulation/selection abjectives, selection (and
organization of content; selection of Inogls/learning activities; and

then is put into action in the classroom (i.e. atinplementation) and

then evaluation as contained in the diagram below.

Selettion of
Objectives

Situation
Analysis

Selection and CIPP
Organisation\of Content

Eyaluation

Methods
3.2.8 Situation Analysis

It involves a review of the situation and an anislys the external and
internal factors constituting it. Factors to be sidered include: changes

and trends in society, expectations amdquirements of parents,
employers, the changing nature of thebject matter to be taught;
education system requirement, pupils —eirth abilites, values and
defined educational needs; material resourceshégae- their values,

attitudes, skills, knowledge, experience, spediehgths and weakness,

their roles.

Essentially, situation analysis involves identifyitasks and problem,
seeking possible solution, anticipating the diffi@s and possible areas
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of resistance, planning the resources amdanizational changes that
will be needed (Bishop 1985, p.133).

3.3 Selection of Statement of Objectives

Having carried out a thorough analysis of the situia one is now in a

position to select the objectives to beealized. Objectives can be
described as statements of the change in the mhasfi the learner

which will result from instruction, educational &tenent or stimulation.

Generally, educational objectives fall intdghree major categories or
domains; the cognitive domain, the affect domain and the
psychomotor domain.

If objectives are stated clearly, they offer corsable guidance in the
selection of appropriate content and methods. Tihesselection of an
appropriate set of objectives is probably the nmagbrtant stage in
curriculum development.

3.3.1 Selection and Organisation of Content

Content can be considered as that which is presentstudents or that

which is made available to students for possibé&e Tikerefore, content

may be described as the knowledge, skills, concpptiples, attitudes
and values to be learned.

(@) Criteria for Selecting Content

Curriculum objectives operate s the final arbitfrsontent selection —
in other words, the primary basis for content $@eamust always be
the stated objectives of the curriculum

However, a number of other criteria has been ifledtfor selecting
content — the criteria include: significe, validity, utility, human
development, feasibility.

() Significance: refers to theessentialness of the content to be
learned Content to be learned is significant only to degree to
which it contributes to basic ideas, naept, principles,
generalization etc. Significance also pertainsaw khe content
contributes to the development of paléicu learning abilities,
skills, processes and attitude formation.

(i)  Validity: refers to theuthenticity of the content to be selected
In this time of information explosion, the contsetected can
quickly become obsolete, and even incorrect.
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There is another aspect of validity — the contesglected should
provide the learners with the experiences that pubmote or

effect the desired change in behaviowr the content must be
related to objectives.

(i) Utility: the criterion of utility attends toontent usefulnes3he
content should be considered necessary for efee@tinctioning
in the society.

(iv)  Human Development:content selected should be appropriate for
the particular development level of thetudents; it should be
within the capabilities of the students to procésather words,
content must be available in forms which are appatpto the
pupils’ development level because ‘it isinrealistic to specify
content calling for a high degree of abstractiohnsieas when
pupils are not developmentally ready fasuch cognitive
processes” (Lewy 1977, p.68).

(V) Feasibility: addresses the question can the content seleeted b
taught in the time allowed, with the resources latée, with the
expertise of the current staff?

(b)  Criteria for Organisation of Content

Content should be organised in ways that will feat# student learning

— thus, the prime reason for organizingontent is to render it
comprehensible. Therefore, after the cdnteto be included in a
curriculum has been selected, it has to be orgdnizeuch a way as to

produce major changes in the learnemrs the direction of stated
educational objectives.

Content may be organised in two major ways: Verr@anization and
Horizontal Organization.

(1) Vertical Organisation

Vertical organization refers to arrangement ofri@ay opportunities (or
content) within the subject area so that what fedias slightly deeper

and more complex than the previous task vertical organization is
deepening of knowledge — it is an arrangement doogrto stages — it

deals with relationship of learning experiencethmsubject area over

time.

Sequence: is another aspect of vertical relattops in  curriculum
organization. Sequence often is referred to aSvrtical” organization
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of content to distinguish it from the “horizontalfganization, which

concerns the arrangement of content at a givern ¢téwestruction (Zais

1976, p.340). Sequence is defined as ‘the ordehioh curriculum

content is presented’. In other words, sequendessreo the placement

of learning in subject matter and pes3Es in such a way that
development can occur in a sensible order (Curd<Baoshmell 1977, p.

138). Four types of sequence have been identified:

(@) The simple-to-complex;
(b)  Known to unknown;

(c) Concrete to abstract;
(d)  Visible to invisible.

Here, sequence is defined as progressisom simple subordinate
components to complex structures.

(@) Prerequisite learning: This is common to subjdtds depend for
their exposition on laws and principles. In otherds, one set of
ideas or operations builds naturally upon precedimgs.

(b)  Whole-to-part: The rationale here is thainderstanding of the
whole, makes possible the understanding of pgtiahomena.

(c) Chronology: Chronological sequence is zdidi in a subject
which has traditionally been perceived @& structure of
chronologically recorded events. In other wordstdand ideas
are arranged in a time sequence so that thingstadéesd as they
are related to one another in terms of time.

Whatever organizing principle one chooses in otdeequence
content, the main concern should be that the tapitse content
be sequenced to maximize learning by pupils (Le@%71 p.68).

(i)  Horizontal Organisation

Horizontal organization (sometimes referred tocgps and integration)

is concerned with the side-by-side aresmgnt of curriculum
components. It is an attempt to develapterrelationships between
various subjects at the same grade l.leven other words, horizontal
organization is concerned with showing how #&leand skills inone
subject are related to ideas and skills in othbjez — for example,

when what is learned in geography ielated to what is learned in
history in the same year, we say there is a hot&oalationship.
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3.3.2 Selection of Teaching Methods

The method aspect of curriculum development imphags/manners of
presenting the content to the learners. Pupilsaddearn best through

the same methods. Therefore, a variety of metreodssirable with a

view to increasing the possibilities of learning fioe pupils. It should

also be borne in mind that certainndki of objectives can best be
achieved through the use of certain methods, sh#lhé objectives may

influence the methods.

3.3.3 Evaluation Procedures

Curriculum evaluation is the final phase of deveblemt in which results

are assessed and successes of both the learndhegrdgramme are
determined (Oliva 1982, p.25). Evaluatiorefers to the process of
determining the degree to which the objectivesnoéducational activity

or enterprise have been achieved (Bishop 1985,)pB28ther words,
evaluation is a process of finding out the extenwhich the stated

objectives of the curriculum have been attainearé&tare two types of
curriculum evaluation — formative and summative.

Formative Evaluation: refers to the gathering of evidence during the
process of forming or developing parts of the auiim. Here, the task

of evaluation is to determine what kinds of evidenan be used by

members of the curriculum team to deiee the adequacy of the
materials in general as well as the kinds of ewéehat can be used to
determine in some detail what needs to be revisededl as why and

where the revision is needed (Lewy 2977p.85. In other words,
formative evaluation is used for the improvement davelopment of an

ongoing programme or curriculum.

Summative Evaluation: refers to the gathering of evidence or data that

would be used to determine the overall effectiveraasl quality of a

new curriculum. The basic concern of summative watadn, therefore,

is the determination of the overall cegs of the entire programme
including all its components.

3.3.4 Patterns of Curriculum Organisation

We have to organize the learning opportunitiesrdento facilitate the
learning of students with a view to achieving tlagianal educational
objectives. Thus, the way and manner a curricukigesign, organized
and developed for practical implementation is mef@to as ‘pattern of
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curriculum organisation’. The main patterns or gasiof curriculum
organization include the following:

3.3.5The Subject Centred Curriculum (Subjet-Centred)
Organisation

The subject design/pattern is the oldest and mimilywemployed form

of curriculum organization. The subject design aiges the curriculum

into a variable number of subjects, each of whigipprtedly represents

a specialized and homogeneous body afowledge - e.g. Physics,
Chemistry, Biology, Geography, History and Econa(i€ais 1976).

The subjects themselves are sometimes subdividedlivisions.

Most teachers (especially at secondary and higivettd) are trained

along subject lines and some teach only one oristipgects (Obanya

1980, p.28). Therefore, the subject centred cuoriaus uniquely suited

to take advantage of the teacher's esibj matter expertise. Thus,
teachers can easily plan, organize and teach jecurea. Another

advantage of the subject-centred curriculum istisebooks and other

teaching materials generally are organizdyy subjects so that the
material to be learned is clearly laid out. Funthere, class scheduling

can conveniently be compartmentalized torrespond to subject
requirements: forty minutes each for English andHdmatics, eighty

minutes for chemistry and home economics.

The major weaknesses attributed to tlseibject-centred curriculum
include the following:

(@ It tends to fragment knowledge and thenderstanding of the
pupils or students — no integration of knowledge;

(b)  The subject-centred curriculum gives inadequatesideration to
the needs, interests and experience of students;

(c) Its tendency to proliferate subjects;
(d)  Narrows down knowledge to specified areas.
3.3.6 The Broad Fields Curriculum Organisation

This pattern of curriculum “represents aeffort to overcome
fragmentation and compartmentalization of subjectted curriculum
by combining two or more related subjects intorgls broad field of
study (Zais 1976, p.406). (In other dmr it is an attempt at
interdisciplincrity) — for example, Physics, Chetnisand Biology are
combined as Integrated Science; and History, GebgreEconomics,
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Government and Sociology combined as social studrasna, music
and art constitute creative arts.

The broad-field curriculum integrates separ subjects, thereby
enabling learners to see relationships ammagious elements in the
curriculum. In other words, it enables the learriersee the relationship

between the subject and another. Howevevhere teachers have not
been specifically trained for the broad-fields aurum, they tend to

emphasise or stick to their respective areas.

3.3.7 The Core Curriculum Organisation

This pattern of curriculum is intended to proviaeranon learning, or

general education, for all students. That is, itstibutes the segment of

the curriculum that teaches the commomcepts, skills, values and
attitudes needed by all individuals foeffective functioning in the
society. The core curriculum may be in form of:

(@) The Separate Subjects Core

It is a series of required individual subjects safey taught by subject
matter specialists. In other words, the separdigests core implies the
separate subjects that all students are requirekéo for instance, all
the students at JSS level (in Nigeria) are expetctéake English and
Mathematics.

(b)  The Fused Core

This is based on the total integration or ‘fusiohtwo or more separate
subjects e.g. Integrated Science and social stadipsacticed at JSS
level in Nigeria.

3.3.8 The Learner-Centred Curriculum Organisation

The child-centred pattern of curriculumrganization emphasises
individuals development of the learner. That iterdtion is given to
individuals’ development, their needs antheir interests, needs and
problems of the child.

In actual practice, a school’s curriculum organ@atannot be purely
subject-centred, or child-centred, for epdan Therefore, it is
appropriate for the organization to be based upamescombination of

the above patterns (lyewarun, 1988:27).
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4.0 CONCLUSION

To conclude this unit, the following questions sldoe reflected upon:

1. What is the scope of content for secondary scha@ahematics

curriculum?

2. How is this content organized and sequenced?

3. What attention is given to conceptualevelopment of
mathematics processes?

4. Which alternative content should be included indbegiculum?

The consideration of those questions will affectiraanatics teaching
and learning during the gTentury.

5.0 SUMMARY

In this unit, you have been taught that the fouiodadr determinants of
curriculum are:

1. The emerging needs/values of contemporary society.

2. The philosophy i.e. educational aims of the nation.

3. The nature of the subject matter.

4. The learners themselves.

5. The learning theory.

6.0 TUTOR MARKED ASSIGNMENT

1. What do you understand by ‘Curriculum Development’?

2. What is meant by ‘situation analysis’?

3 Why is it important to have objectivesn curriculum

development?
4. (a) What is meant by ‘evaluation’ in curriculum ééspment?
(b)  What are the functions of the following typdswualuation
in curriculum development?

S. What do you understand by ‘pattern of curriculurgamisation’?

6. State and explain four designs (Patternsj curriculum
organization.

7. Compare and contrast ‘the subject centred curncuéind the

‘broad fields curriculum’ organizations.

SELF ASSESSMENT EXERCISES

Self Assessment Exercise 1
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What do you understand by the word ‘curriculum?
Self Assessment Exercise 2

Give and explain clearlfive determinants of curriculum.
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1.0 INTRODUCTION

This unit surveys the highlights of thelevelopment of school
mathematics in Nigeria since the introduction ofsféen education. It

exposes the achievements, trials and tribulatiosg@ondary school

mathematics with emphasis on the dynamics of autrim change in

mathematics education in Nigeria.

In this unit you will be exposed to various changesle in mathematics

curriculum from the pre-independence era, throbghfitst and second

Republic and through the military regimeto present day Nigeria.
Emphasis will be placed on the chang&s Primary and Secondary
mathematics curriculum and necessary mbee wil be make to
changes at the higher education level.

To bring our ideas to focus, we shall discuss nra#igs curriculum
developments under the following headings:-

1. Early pre-independence mathematics curriculum Nigeria
before 1960.
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2. Mathematics curriculum in the first Nigeria Repglli961-1969

3. Mathematics curriculum reforms in Nigeria during il boom
period (1970 — 1976) — The modern mathematics cwetsy in
Nigeria

4. The Benin (Mathematics) Conference of 1977

5. Mathematics curriculum developments from the entMaddern”

mathematics (1979) to the present time.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

1. state the type of mathematics curriculum in operain different
parts of Nigeria in the pre-independence era and af least two
reasons for the use of such curriculum;

2. explain the need for a change of the pre-indepearedbligeria
after independence in 1960;

3. explain the various mathematics curriculuchanges and the
agents of these changes from 1961 to 1969 in Nigeri

4, give at least two reasons for the romiction of modern
mathematics in Nigeria in the early seventies;

5. analyse critically the problems associated withitiieduction of
modern mathematics in Nigeria;

6. narrate accurately the steps that led to the aborgaf modern
mathematics in Nigeria in 1977; and

7. trace the efforts so far made in rneathtics curriculum

development from 1979 to now.
3.1 MAIN BODY
3.2 Study Approach
1. You are expected to study this unit with persomahmitment,

since the events of this study affected you diyectithe past, are
affecting you now and will affect you in the future

2. Make notes of important milestones inated and characters
involved in the curriculum changes in Nigeria.
3. Write out clearly the mathematics curuen differences

between the pre-independence era and 8exond republic oil
boom mathematics development efforts.
4. Refer to newspaper cuttings of the periods refaiwad this unit
and make notes of mathematics curriculum eventsneotioned
in this unit particularly the civil war effects dhe curriculum.
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3.2 Criteria for Selecting Curriculum Content

Curriculum objectives operate as the final arbitdrsontent selection
-in other words, the primary basis for content ctgd@ must always be
the stated objective of the curriculum.

However, a number of other criteria has been ifledtfor selecting
content — the criteria include:

(1) significance

(i) validity

(iii)  utility

(iv)  human development
(v) feasibility

(1) Significance - refers tothe essentialness ofthe contenéto b
learned. Content to be learned is significant @althe degree to which

it contributes to basic ideas, concepts, princigeseralizations, etc.

Significance also pertains to how theontent contributes to the
development of particular learning abilities skiffsocesses and attitude
formation.

(i)  Validity — refers to the authenticity of the content to Heded.
In this time of information explosion, the contaetected can
quickly become obsolete, and even incorrect.

There is another aspect of validity — the contetected should
provide the learners with the experiences that dpubmote or
effect the desired change in behaviour — the comberst be
related to objectives.

(iif)  Utility — the criterion of utility attends to content usek8s. The
content should be considered necessary for efee@ivctioning
in the society.

(iv)  Human development —content selected should be appropriate
for the particular developmental level of the satgeit should be
within the capabilities of the students to process.other words,
content must be available in forms which are appatgto the
pupils’ developmental level because “it is unreaalito specify
content calling for a high degree of abstractiohisi®@as when
pupils are not developmentally ready fasuch cognitive
processes” (Lewy 1977, p. 68).
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(v) Feasibility —addresses the question can the content selected be
taught in the time allowed, with the resources latée, with the
expertise of the current staff?

3.2.1 Methods of Organisation of Curriculum Content

Content should be organized in ways that will ftatié student learning-

thus, the prime reason for organizingontent is to render it
comprehensible. Therefore, after the eeont to be included in a
curriculum has been selected, it has to be orgamissuch a way as to

produce major changes in the learnemrs the direction of stated
educational objectives. content may be orgaimséow major ways:

Vertical organization and Horizontal organization.

() Vertical Organisation

Vertical organization refers to arrangement ofri@sgy opportunities (or
contnent) within one subject area so that whaovadl is slightly deeper

and more complex than the previous -teskical organization s
depending of knowledge — it is an arrangement aiegrto stages — it

deals with relationship of learning experiencethimsubject area over

time.

Sequence is another aspect of vertia@lationship in curriculum
organization. Sequence often is referred to aSvidrical” organization

of content to distinguish it from the “horizontadfganization, which

concerns the arrangement of content at a givern ¢téwestruction (Zais

1976, p. 340). Sequence is defined as ‘the ondehich curriculum

content is presented'.

In other words, sequence refers to the placemeetohing in subject
matter and processes in such a way that developraertccur in a
sensible order (Curhs and Bidmell 1977, p.138).urfgpes of sequence
have been identified:

a. The simple-to-complex — here, sequence defined as
progression from simple subordinate component®mhoptex
structures.

b. Prerequisite learning — this is common to subjdws depend for

their exposition on laws and principles. In othards, one set

of ideas or operations builds naturally upon prewgdnes.
C. Whole-to-part — the rationale here is that undediteg of the

whole, makes possible the understanding of pgtiahomena.
d. Chronology — chronological sequence isilizad in a subject
which has traditionally been perceived as a strecbdi chronologically
recorded events. In other words, facts and idemaraanged in a time
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seguence so that things are studied as they ateddb another in terms
of time.

Whatever organizing principle one chooses in otdesequence content,

the main concern should be that the topics in tmtent be sequenced
to maximize learning by pupils (Lewy 1977, p.68).

(i) Horizontal Organisation — Horizontal organization (sometimes

referred to as scope and integration) is concewittdthe side by side
arrangement of curriculum components. It ian attempt to develop
interrelationships between various subjects aséime grade level in

other words, horizontal organization is concdm&h showing how

ideas and skills in other subject. For examplesmwvhat is learned in
geography is related to what is learned in hisiorhe same year, we

say there is a horizontal relationship.

3.2.2 Pre-Independence Mathematics Curriculum in Nyjeria
before 1960

Before the advent of the foreign powers, Nigeris wat a political

entity. Various ethnic groups enjoyedheit traditional ways to
transmitting knowledge — political, sociabnd mathematical - from
generation to generation.

With the amalgamation of Northern Nigeria and SeuthNigeria by
Lord Luggard, and increase in contact betweeniteeEuropeans and
Nigerians, some education of the natives to justigh language and
mathematics to enable them act as escorts, messenmgkinterpreters
in the white man’s trade and expeditionary missions

Europeans started penetrating Nigeria from thetSwuarge numbers
by 1842.  They came not only as traders and rhadwentures or
explorers, but also as religious missionaries.

Then it became necessary to establisbrmdl Western Oriented
education as they moved from South to the North.

The white man needed the natives who could reatk @mnd calculate.
And so, Arithmetic was one of the three R’s introed in the early
schools. Books used were all of foreign origirBadmus (1977, p.15)
stated that early mathematics books used werei&ifig Arithmetic, a
shilling Arithmetic and Larcombe Arithmetic. Be#1960, the only
subjects compulsory in Higher Elementary CollegesenEnglish and
Arithmetic (Lassa, 1972, p.2).
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By early fifties, the concept of mathematics agetthin schools has
developed in Christian Missions Schools in the Bduuit the subject

was done in three different sections asithmetic, Algebra and
Geometry. These had different periods in thetiinle. The books

commonly used were Durell and Channon and Smith eathe three

volumes.

By 1956 mathematics became one single subjectiftbst African

School Certificate Examinations. But arithmetimeened as a separate

subject to mathematics in Teacher TragninColleges. The move to
make mathematics one was supported by the arguirent

the integral mathematics emphasizes the
important process and concepts in mathematics,
rather than routine calculation. It \odes
alternative to solving the problem in more than

one way, hence it reinforces insight into and the
understanding of the problem.

Alternative B was for students commercially inctinend Additional
mathematics which had topics from Pure Mathemalites;hanics and
Statistics, was for students who were mathemayicadilined.

While mathematics was being emphasized in secorstduyols, there
was no effort to prepare the pupilor f mathematics in the primary
levels. Primary mathematics remained arithmetic.

Most of the teachers of mathematics in the Colleger® whites or a

few Nigerian grade two or “pivotal” teachers (i®$e who did grade

two after passing the West African Siho Certificate). After
independence, there was need to train Nigeriamieieims, engineers

and teachers who will take over fronthe foreigners. There was
population explosion in schools. The mathematissiculum as existed

was no longer suitable to satisfy these influemeelse South. In the

Northern part of Nigeria, the Arabic uedtion emphasized supreme
obedience to Allah and constituted authority, amthere was no need

for western type of mathematics. Western educaiophasized in the

South freedom of thought and speech aadicdl reasoning through
mathematics. After independence the imbalaneglutation between

the North and the South became clear and thereees for change in

the curriculum.

3.2.3 Mathematics Curriculum in the Period (1961-189)

A call for curriculum changes during isth period was made at the
International Conference on Science in the Advarssgraf New States
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of Rehovoth, Israel in July 1960. Buthe call was for

curriculum
change throughout the developing African nations.

The African Education Programme was then initigtethe Endicott

House Conference held at Delham Massaelgis in  1961. Nigeria
participated at this conference. There were pdsticipants from the

United States. The aim was to help African Cdastto mount their
reforEDU mathematics curricula.

The African Mathematics Group (AMP) then took offlwworkshops

held in Entebbe and Mombassa. The most succeSsfBl project in

Nigeria was the Lagos workshop which started irudan 1964, with

Professor Grace Alele Williams as Director.  Tleel€&al Government

of Nigeria. commissioned an organizationallecl Nigeria Education
Research Council (NERC) to write a new mathematicsculum for

the country in 1969. The modern maikiics curriculum was the
result.

3.2.4 Mathematics Curriculum Changes from (1970-19%)

By January 1971, modern mathematics watarted in all Primary
schools in Lagos. The programme wouklbt be introduced in the

Eastern part of the country because of the warlpnoda  However by

1974 modern mathematics has started @lmos all states of the
Federation.

The modern mathematics programme was faom Dbeing successful

particularly in the Northern States which had tnained teachers to
handle the curriculum.

Modern mathematics curriculum was also prepareth®isecondary

school with emphasis on making mathematieneaningful. In
September 1973, a national workshop drew up a madathematics

for the country. People started to talk of 6-Mshwdern mathematics.
Modern mathematics makes mathematics maoreaningful. The
curriculum of modern mathematics intended to us¢hemry to make
mathematics concepts meaningful. But very fewheescould do this.

The efforts of NERC were augmented by theor&df of professional
bodies like the Mathematical Associatioof Nigeria (MAN) and
Institutes of Educations in Universitiesand the West African
Examinations Council (WAEC).

The WAEC included modern mathematics dwmatton among the
papers in the school certificate examinations 419 results were very
poor.
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The wind of change to modern mathematics also taffiethe Teacher
Training curriculum. Money was not the problem. eTiresent teacher

training mathematics curriculum was produced indl&ystake care of

the newly introduced Universal Primary Educatiothat year.  With

the Universal Free Primary Education (YPBhere was population
explosion in schools in the country. Adequate piag were however

not made before embarking upon this noble venturoliticians just

used the UPE to win elections. Toope with the primary school
population explosions, market women andopéuts from secondary
schools were give two years crash programmes ataéheher Training

Education to enable them teach in Primary Schools.

There were mass failures at all levels. “Expo%tudent cheating at
Examination became the order of the day.

By 1975 people started crying over the mass failuraathematics.

Accusing fingers were pointed at modern mathematibkany called for

the abolition of modern mathematics anfdr the re-emphasis of
traditional mathematics. Before people knewsét fluge controversy

over the continued use of modern mathematics lzatedton pages of

newspapers. Some Nigerian mathematicians incluginégessor Chike

Obi — the father of mathematics in Nigeria — atiagd the call to

abolish modern mathematics. Their main reasons:wer

1. that it was impossible to teach the abstract casosfjpmodern
mathematics to primary school pupils.

2. that the “modern mathematics is a repressive canpabunted
by imperialist against African scientificand technological
development” (Obi, Chike Feb. 21 1976)

A change of mathematics curriculum was therefornaiment.
3.1.5 The Benin Conference of January 1977

The Federal Government felt concerned not only ighfailure rate
but also with the modern mathematics controverfythe midst of all
these, the Federal Ministry of Education invitedreant mathematics
educators from all over the country ot a confereatd@enin on 6 and

7th January 1977.

The main purpose for the conference, as statdtkitetters of invitation

was for these experts on mathematics to advic&twernment on the
path to follow as regards mathematics in the cquntr
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At the Conference, the Federal Minister for EdwatiCol. A. A Ali
gave the participants and the natione tlgreatest EDUical shock that
changed mathematics education in the country.

Rather than seek for advice, the minister in hdr@ss announced with

military finality that with imEDUiate effect, thedéleral Government has
abolished “Modern” Mathematics and has cidled to introduce
traditional mathematics in schools. He supportesidecision with the

common arguments against modern mathemataws the pages of
newspapers and coming from highly plageathematicians in the
country. (Nigeria Herald, 1977)

There was confusion and shock among ymaparticipants at the
conference. The problems created by this radimabancement will be
discussed in the next part.

3.1.6 Recent Mathematics Curriculum Development frm the
End of “Modern” Mathematics to now (1979 — Date)

One of the good outcomes of the abolition of modeathematics was

the impetus, it gave a Task Force forEDU in 1976hgyNERC to

“make concrete proposals for the “develept of appropriate
mathematics curriculum for the different levelsliaing suggestions

for implementation” (Akintola, 1977). This Taskir€e which did not

meet in 1976 then found it necessary to meet atddsity of Ibadan

February 1977. At this first sessiothe Task Force resolved to
introduce not just arithmetic but mathematics.

The Force agreed:

1. that there would have been no controversy in tts¢ filace if
there had been adequate information apdblicity about the
rationale behind the modernization of mathematics

2. that the core of mathematics is the same in batsthcalled
“traditional” and “modern” mathematics

3. that the task to teaching mathematics had beeneiuaggravated
by the inadequacy of teachers and increased emmbkmé¢he
primary and the secondary levels of the systene@ally due to
the introduction of universal education .

4, that most of the arguments against the “new” matigs have
been based on sentiments, personal besm isolated cases.
(Odili G. 1986 p.45)

Meanwhile, the National Policy on Education (NPEswirst published

in 1977 and secondary education was separatethirge years of junior
secondary and three years of senior secondary. NERC produced a
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new curriculum for both junior and senior secondagthematics. A
national critique workshop on mathematics curriouimet at Bolingo

Hotel, Onisha in March, 1978 under the distinguisbleairmanship of

the eminent mathematician professor Ezeilo, thee\Ghancellor of

the University of Nigeria.

The products of the Bolingo workshop were subsetiyieecommended

by the Joint Consultative Committee oBEducation to the National
Council of Education which approved them. Theyewiien published

in March 1978 in the form of primary school mathéicgcurriculum,

primary teacher education mathematics cuwluim, and secondary
school mathematics curriculum by the Federal Gavemt of Nigeria.

The curriculum in further mathematics foscience and technology
students expected to run parallel witthe senior secondary school
mathematics curriculum was finalized in 1986.

4.0 CONCLUSION

Another independent effort, dealing with th@roblems of the school
mathematics curricula, had been organizéy the Comparative
Education study and Adaptation Centre (CESAC) at.thiversity of

Lagos. Starting as early as August 7619 CESAC held a series of
conferences and workshops alEDU at deielp a new syllabus for
secondary-level mathematics and organizireg carefully planned
timetable of text writing, trial testingof the material and teacher
training.

In October 1977, the National Council of Educatioet to coordinate

the various activities. The NERC was asked tovdrp primary and

teachers’ college syllabuses while CESAC was tdicoe its work on a

secondary syllabus. The works of these two grovgre presented at a

National critique workshop held in Onitsha in Ma®78. the Onitsha
Conference adopted the NERC primary bylla with only minor
modification. However, ti was observed that theoselary syllabus did

not follow the new structure as containgd the National Policy on
Education — a three-year junior secondary schdlmvied by a three-

year senior secondary school. The juniour secgrgidiabus was to be

a general one having a dual function — cater fos¢hwho would end

their schooling after that level, andhoge who would continue.
Consequently, two syllabus were worked out forjtimeor and senior

level, drawing ideas from both the CESAplan and the NERC
recommendations.

The new syllabuses were approved by the Federabiiirof Education
in 1978. The contents cant be said represent something of a
compromise between the “traditional” antimodern” positions (if,
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indeed, any real dichotomy existed). Some of thedern” content and
terminology is dropped (e.g., set theory as siechot taught till the

fourth year of secondary school), butangn of the “modern” ideas
remain. Geometry is included throughout the primaogramme and

remains intuitive geometry in the junior secondsylyabus, with formal

proofs given a broader treatment (to oihv memorization of certain
“required” proofs given a broader treatment (toidwvaemorization of

certain  “required” proofs) in the seniosyllabus. Statistics is  well
covered from bar charts in Primary 4 to standardati®n and ideas of
correlation in the senior secondary syllabus. Fhtssfies the aspiration

of both “modern” adherents and those owhwant practical utility in
mathematics. Computation  skills remain pamant with pronounced
discussion on estimation, approximation, and dagidfi answers are
reasonable.

With the approval of the new syllabuses by the Faddgovernment, the
syllabus crisis of the 70s has been resolved. Buithmvork remains to
be done to bring these syllabuses to success&drdam use.

5.0 SUMMARY

1. This unit has documented the developmeot mathematics
curriculum from the pre-independence era to theenogeriod.

2. In the beginning the mathematics curdoul in school was

Arithmetic and books used were foreign. Between 1956 and
1960 mathematics was taught as one single sulj¢lceicountry.

3. Between 1961 and 1969 major curriculum changes érated
such as the Entebbe Mathematics Expetimemd the School
Mathematics Projects (SMP).

4. By 1974, these changes brought about the Moderhamsdtics
era in Nigeria.

5. Modern mathematics gained momentum andcause of oll
boom, the Federal government introduced the Unalétamary
Education. The explosion brought in bthe UPE in school
population, in untrained teachers and iexpenditure, brought
down the standard of performance of théudents. But most
people blaEDU the poor performance on the modethenaatics.

6. On Januaryif 1977 the Federal Minister of Education Col. A. A
Ali delivered an address at the Benin Conferencehlvabolished
modern mathematics. 1979 saw the birth of thegoes-3-3-4
mathematics curriculum an experiment whose resunéiget to
be tested.

6.0 TUTOR MARKED ASSIGNMENT
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1. What was the nature of mathematics curriculum miosNigeria

before independence in 19607
2. Write and explain two facts about the Entebe matims?

3. ‘Modern’ mathematics brought with it a lot of comtersies in
Nigeria, write five facts about these controversies

4, Write one sentence to explain the majabjective of the
“Modern” mathematics.

S. Name two important characters that gathe last blows that
brought the downfall of “modern” mathematics

6. State 3 facts aboutthe role NERC in mathemaitcsriculum
changes in Nigeria.

7. What one contribution to the mathematics curricuhefiorms in
Nigeria would you attribute to CESAC?

8. In what year was the 6-3-3-4 mathematics curriculammched in
Nigeria?

Q. Compare and contrast the 6-3-3-4 mathematics cilumnc with

the “modern” mathematics curriculum.
10. State and explain the objective dhe 6-3-3-4 mathematics
curriculum.

SELF ASSESSMENT EXERCISES
Self Assessment Exercise 1

Compare and contrast pre-independence Northerrribliged Southern
Nigeria regarding mathematics curriculum ithe elementary and
secondary schools.

Self Assessment Exercise 2

Explain one good effect of the introduction of moedmathematics in
schools in Nigeria.
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UNIT 1 DEVELOPMENT OF A MATHEMATICS
SYLLABUS AND A SCHEME OF WORK
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1.0 INTRODUCTION

Success in any activity is determined by how farglanning was done.
The pastor spends more than three hoymeparing a thirty-minute
sermon; the lawyer spends the whole of his evemitngs chambers, the

engineer spends more time on his dmwidboard planning than he
spends at the site executing his plansSimilarly, the mathematics
teacher needs to have time to prepare his worle, tinarrange his work

in advance, so that the translation of theory praactice is successfully

carried out in the classroom. The teacher who tieesame lesson plan

every year without preplanning is unpesgive. An experienced
teacher must have some time to reflect on the sgeseor failures of

lessons he has taught several times. So the satigfa teaching in the
classroom should not be left for each day to Idtératself. Planning

involves consideration of the whole school curticnland breaking it
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into an operational plan. Planning includes previdw year's work,
units that may be taught in a period of a weekwoath and daily
lesson. In this unit therefore, you will be exposed

(1) the basic meaning of a syllabus

(i)  the meaning of scheme of work

(i)  professional roles of mathematics teachesyitabus and scheme
of work

(iv)  how the mathematics teacher can draw schermned{

2.0 OBJECTIVES
By the time you finish studying this units you slibhe able to:

() define and explain the meaning of a syllabus aschame of
work

(i)  identify the roles of mathematics teachersliawing a syllabus
and a scheme of work

3.0 MAIN BODY
3.1 Study Approach

You are expected to get hold of eacosdary school mathematics
curriculum and study the arrangements of its cdatéliry to observe
the main topics, contents, activities and mategatstained in it.

3.2 SECONDARY SCHOOL MATHEMATICS
SYLLABUS IN  NIGERIA

A syllabusis defined as:

(1) a condensed outline or statement of the main poirdiscourse of
study, springing up from the broad mmwum of the school
(Bello 1981, p.20).
(i)  awritten summary in which information abodl e main points
from all the subjects in the curriculum is presdr(fRobinson
1980, p.42).
(iif) aconcise written outline of a course @idy; a list of items
which have been written down to be taught and tdfaom year
to year, a blueprint enabling teachers to carryagparticular part
usually a formal part of the curriculum (Nwagu 19p&6).
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The teacher has certain roles to plag the implementation of the
proposals  contained in the syllabus. The professionroles/duties
include the following:

1. the teacher should make a thorough study of tHalsyd so as to
have an adequate knowledge of what is to be taught.

2. the teacher should acquaint himself dwerself with what the
students have done in the previous sclaand the work the
students will do when they move on toe the nexdsclahis step s
necessary because “in order for the current sydlabue well
understood, the teacher must build updhe foundation of
knowledge gained in the previous yeand a work towards
preparing a good foundation for the students’ worthe next
class (Bello 1981, p.22).

3. the instructional and learning materialthat would be
needed/required to achieve the objectives a given syllabus
should be sought for by the teacher and used atppmpriate
time.

4. there should be modification of the syllabus whemeccasion
calls for such e.g. adjustment of thsyllabus to community
resources. In other words, the syllabus shouldaatgarded as
a rigid handout to be studied and obeyed indiscraeily.

5. the syllabus should be broken into scheme of wbhlat is, the
teacher should make a clear and logicateakdown of
the

6. syllabus yearly, termly and/or weekly topics.

evaluation of each stage of the syllabus is thearsibility of the
teacher in order to ascertain two basic elements:

(@) Achievement of the stated objectives; and
(b)  The effectiveness of the teacher’s instruction.

3.2.1 Scheme of Work in Mathematics

A given syllabus is only a indication of contermidadoes not prescribe
specifically the order in which topics should bedht. It is from the

syllabus that the teacher will work a detailed platicating what he

will do in each term, and then break it down euwenhier and show what
ground he will cover in each week of the term. Aesoe of work is
therefore described/defined as follows:

1. it is a list of sub-topics or units drawn from thk@ad topics in
the syllabus (Robinson 1980, p.46).
2. in a scheme of work, the broad oe8in of the syllabus are

developed in much greater detail to show the tojniegeacher
intends to deal with and in what order, what work be given to
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the pupils in the form of exercises or other assignts, and what
books and equipment will be used (Nwagu 1970, p.27)

3. it involves listing a series of topics to beghtin the course of a
term in the order in which they are to be taughigya 1980, p.
30).

Here, the content that is to be covered during/éas is outlined. Since

in mathematics each new step depends on the tHotmadgrstanding of

what he has done before, the content should begedain a logical

sequence. We also consider what teaching technareds be needed

so that teachers’ and pupil’s notes, workbooksaarpiired and rooms

and timetables are well arranged. Theay wthe programme may be
evaluated is put into consideration. Whether thélebe weekly or

monthly test is determined. In some schodlse scheme of workis
prepared by the Head of Department himselr at a meeting of all
members of mathematics department. The lattekadylito yield better

results.

In essence, a scheme of work is a clear statenfiéi avork the teacher
proposes to do in a given period of time. Howetles,teacher should
not be afraid to deviate from the scheme of wodusth this become
necessary. In other words, the scheme of work shoeiflexible so that
there could be room for adding, deleting or reagitaa the topic if there
is need for such.

As far as possible, an attempt should be madeeis¢cheme of work to
indicate:

(a) the objectives of each topic;

(b)  the instructional materials and methods/teaesgto be used for
the teaching of different topics;

(c) the evaluation devices or techniques tm®e employed/used in
finding out the attainment of the stated or stipedeobjectives.

There are certain guidelines to be considered vendeving up a scheme
of work — the guidelines include the following:

1. the teacher must wundertake a carefuldyst of the prescribed
syllabus so that he does not deviateom laid-down subject
requirements — the teacher should avoid the temptatther to
digress too far or overemphasise certain aspectedyllabus.

The pupils’ previous experience should baken into
consideration.

2. the teacher should consider how long the termdisth@ number
of periods devoted to the subject. (i.e. time altam).

64



EDU 808 Mathematics Curriculum andtructions in Secondary

Schools

3. the different periods or the year during which aertopics are to
be taught should be considered - fexample, adjustment
modification of the syllabus to community envirommenay be
necessary, taking into consideration availableusss.

4, there should be taken into consideration the sespiehthe topic
e.g. the simple to complex, prerequisite learning &hole-to-
part, taking into consideration pupils’ bilday or intellectual
level(s).

3.2.2 Reasons Why Teachers of Mathematics Need toai
Scheme of Wrk

A scheme of work is desirable because:

1. it serves as a guide for the teacher to know howtnie or she is
expected to cover and then strive to cover it +ithat serves as
a useful record of a teacher’s forecast of the worke covered
in each week.

2. it helps the teacher to know when a topic is comipgnd when
to gather the necessary instructional emss that would
facilitate effective teaching of the topics.

3. it helps to guarantee some measure adntinuity in pupils’
learning since each topic is suppose to relateegdearning of
previous ones.

4. it serves as a basis of evaluation — this is,eéheter will base his
evaluation of the pupils on the topics outlinedha scheme of
work.

S. it affords the principal/head teacher and the skbopervisors an
idea of what the class has been doing.

6. in a case of change of teacher, the successor kexawesly how

far the work has been covered and where he shioalddfi©om.

4.0 CONCLUSION

In this unit basic concept of mathematics sylladng a scheme of work

have been discussed. The students have been expdsedechniques

of drawing up a syllabus and a scheme of work gfiécific references

to secondary school mathematics. The unit was adedl with different

reasons why teachers of mathematics at the segosclanols should be
knowledgeable about the syllabus and mehe of work operational
components.

5.0 SUMMARY

In this unit, you have leant the meanings of aatyls and scheme of
work. You have also been exposed to thehaust of drawing up a
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mathematics syllabus and a scheme orrk.woWith these relevant
experience you are expected to be alite guide secondary school
teachers in the rudiments of mathematics syllalbdssaheme or work.

6.0 TUTOR MARKED ASSIGNMENT

1.(a) What do you understand by the word ‘syllaBus’
(b) Discuss five professional duties a secondary schaoslacher
should carry out to ensure that a given ‘syllabsisised to the
best advantage of the learners.
2.(a) What is a ‘scheme of work’?
(b) Discuss five reasons to justify the need to draw up a scheme of
work in your teaching subject(s).

SELF ASSESSMENT EXERCISES

1. Take a secondary school mathematics a®ektb and break the
content into its relevant syllabuses.
2. Proceed further to break the mathematisyllabuses into

appropriate scheme of work.
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1.0 INTRODUCTION

Educational planning is of many types dependingherduration of plan
and nature of objectives.

One such plan is the course plan. nceO the curriculum has been
constructed, the classroom teachers first tagk fiseak the curriculum

into learning units, organize the learning unite itermly plans. Here it

is assuEDU that the curriculum had already mappedhe content into

years, in what is called yearly plan. Actuallystaspect of work is that

of the curriculum planners.

In a course plan certain questions must be aske@m@swered. How

many terms are there in the academic year? How manking weeks
are available for the academic term? Are the wdédferent from term
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toterm? Do we anticipate holidays, strikedpsare of school? How
many lesson periods are available in schools pek@e

The teacher must reasonably predict answers te tingsstions.
In general, it is safer for you as the teacher aftramatics to understand
Course plan, Unit plan, Weekly plan and Daily lesptanning.

In the contents of this unit therefore, you will égosed to

() the importance of educations planning

(i)  how to draw course plan

(i)  the meaning of unit plan;

(iv) the meaning and examples of a daily lesson;pla
(v) features and format of a lesson note

2.0 OBJECTIVES

By the end of this unit, you should be able to:

(1) define and explain the meaning of ceursplan, unit plan,
weekly and daily lesson plans;

(i) list the features of a lesson note; and to study yau can

(i) write a standard lesson note.

3.0 MAIN BODY
3.1 Study Approach

Get hold of a primary school or junior secondaryas curriculum and

study it. Try to observe the vertical and honizb structures of any
page of the curriculum.

Note: that the \wvertical structures arthe broad topics while the
horizontal structures are the main tgpicebjectives, content,
activity/materials and remarks.

3.2 The Importance of Educational Planning

The saying “well planned, half finished summarigesimportance of

planning in any endeavour a person undertakeseaéher is a leader in

the class. As a leader, he needs poise and canéde be a role model

for the students. He needs to have purpose, airednowledge of the

topic on hand and an understanding tfe students. All  these
characteristics, the teacher acquires in planmiygesson, with these

characteristics, the teacher is easily loved, otbeyel given attention by

student. Gagne (1970) suggests that rnmifgy students of what s
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expected of them serves as directionat thcan facilitate students
achievement. Planning helps the teacher to stieartile content of his
teaching, making it not too much or too little tbe time available.

Planning helps the teacher to identify the sequehteought, sequence

of activities and content development dhe topic. Planning helps
teacher prepare ready- made questions that helplingtt the pupils to

the right objectives.

3.2.1 Basic Concept of a Course (Termly) Plan

After breaking the syllabus in to course termlynplae next stage is for
the teacher to further identify learning units witthe termly content. A
leaning unit is a broad unit of a base conceptldapaf being broken
into more than one daily lesson content. An exaropkelearning unit
from the primary curriculum is “Addition of Fractig”. Certainly this is
a concept which cannot be taught effectively in l@sson.

It is best if one learning unit fits into the numlod lessons in one week.
In this case the learning unit can then be caledcburse plan.

The phrasscheme of workseems misunderstood by teachers. It is not
synonymous with the weekly lesson plan. The scheimeork entails

the entire labour of breaking the contents of aiculum into yearly

plan, termly plan, and learning unit apl and even subdividing the
learning unit lesson into its component daily lesptans.

3.2.2 Weekly Plan

It may be better to plan lessons in learning urantin weekly plans.

This is so because if a learning unit plan is xblaeisted in one week, it

can be carried unto the next week. isThmaintains continuity of
coverage. However, with proper planning, it is jdassto make every

learning unit plan coincide with the ekly plan for supervision
purposes.

3.2.3 Unit Plan

A unit plan is usually prepared for a@aumber of lessons to cover a
particular topic or set of related ideas. Its npainpose is to put the

daily lessons into broader perspectived arat the same time force a
deeper analysis of the content to be taught.dtallthe teacher to ask

for special teaching aids. Such aids may requieeiapfunds which

may take some time to get from the bursary departme

The following questions are considered when writing plans:
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(&) Why is this unit important? What are the objectioéshe unit?

What does it have that will appeal to the stud&udlich are the
keys to future progress?

(b)  What are the central ideas and unifying corscepbund which
activities may be organized? What should be stoessest? How
should the class time allocated to this unit bedsateed?

(c)  What teaching strategies are appropriate?dgtie first time
students are meeting these ideas or is it to gidenperspective
to ideas previously introduced? Can students dpvible ideas
themselves? What materials are availalie provide a varied
attack on the unit?

(d)  What previous concept, skills and experiencesnaeded for this
unit? How can the content be modified for studemtgarying
ability? What extra practice can be provided foalvetudents?

What special teaching techniques may be used hatm? What

can other students do whenever studeméxeive special
attention? What enrichment topics shoulbe included for all
students? What activity should be assigned to begldents?

(e) What teaching techniques will best suit this clasgfat are the
difficult spots that require special attention? Haow | teach this
material previously? Should | change mgpproach or
techniques? What lessons require practical work?

)] What teaching aids wil this unit require? Whatgementary
books or pamphlets would be helpful for students®awvnodels
are appropriate? What should the bulleting boasgldy? Are
any excursions suitable? Who might be a suitabilsid® speaker
or class participant?

() What kind of evaluation should | use? What wases best suited
to the content of this unit and this class?

(h) What kinds of assignments should theudesits prepare? Are
long-term assignments appropriate? Can the stutkars part of
the material independently?

These questions help the teacher toapesc from the textbook. They
provide the basis for developing a careful plaattdck that may be put

into operation through the daily lesson plans. & plan should contain

these elements:

(1) Statement of the objectives;

(i)  Description of the skils and the poms knowledge of the
students;

(i) Content outline to be taught and the baskills and important
ideas selected for mastery;

(iv) Selection of possible learning activitesd stating briefly the
teaching procedures and techniques;
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(v)  Alist of materials to be used,;
(vi) Description of the assignments and evaluainstruments.

3.2.4 Daily Lesson Plan

The lesson plan may vary in format but, in genetahould answer in
greater detail the same question as asked in thelan. Similarly, the
lesson plan has the element as the unit plan exieafpit is focused on

the objectives and content of a single lesson. didteducationists.
Psychologists and mathematics teachers agree éllaplanned lessons
give confidence to the teacher which is shown enpdrformance of the
class. The lesson plan should answer questionsasuttie following:

What are you going to teach?

Why is it important for students to learn theseagfz
How are you going to introduce the lesson?
What activities are you going to make pupils do?

coo o

How are you going to get students to discovéine important
ideas of the lesson

e. What materials are you going to use?

How are you going to evaluate pupils learning gain?

g. How are you going to end the lesson? What assigtswewsuld
you provide for further practice and study?

—h

Alternatively, these questions can be mpawssed into three
questions What, ‘Why’ and ‘How’.

The lesson plan may have any convenigiormat. Ordinarily it is

arranged in the order in which activities are teetplace. One suggested
format is provided to guide you in this unit addals:

3.2.5 Format for Lesson Plan

Every unit plan (or weekly plan) should contain tbowing pieces of
information:

I. The topic to be planned for

. The Class for which the topic is being planned

lil. General objectives. These can be identified froenctirriculum.
They are necessary to focus the attention of thehtr to the
stages and parts of development in the conteneslal@went.

V. Entering behaviour: This is a set qgbast experiences of

students necessary for the new concept or uni tedrnt. The
entering behaviour helps the teacher to plan fer twoaddress

the students, and what new content toodhtce and give the
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teacher the point of entry into the student. Thesans that the
teacher utilizes the entering and starts from ihtaduce the

new concept.

The daily lessons involved in the learning unitisTis the most
important aspect of this format. To be able to bithe@ learning
unit into a suitable number of daily lessons enotagtover the
unit is an art every teacher must acquire. Thehraqust be
able to judge what quantity of contents is suitdbieone lesson
period. One general criterion that aids the teashtinis: “Teach
one concept at a time”. In other words, let onecgijgeobjective
do depending on the relative intelligence of ttessl But in most
case one objective is enough for a lesson of at@utinutes (in
most case 35 minutes) in primary school.

Some suggested teaching aids may be identifidtedearning
unit plan level. This makes the planning of thdydiEsson plan
easy.

Above are the essential six parts of a learningplan. Please
note that evaluation and teaching techniques daraeuessary at
this planning level, but these are necessary im#ily lesson
plan level.

From above format we see that the main purposdedraing

unit plan is to identify number of ilga lesson to cover a
particular learning  unit or a set of relatedaslelt then help us
in putting the identified daily lessons into broagerspective and
at the same time forces a deeper analysis of theatmtent to
be taught.
3.2.6 An Example of Lesson Plan
I. Topic: Addition of fractions
. Class: 5
ii. General objectives: By the end ohist unit. The students
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should be able to:

a. add fractions with common denominators accuwratel
b. explain why fractions with different denominatoemnaot
be added directly - there is need thange them to
common denominator
C reduce fractions with different denominators tmenmon
denominator
eg. 1 + 2 =5+ 4
2 5 10 10
d add correctly fractions with different denominatasd
e add correctly all types of fractions — mixed wittoper

fraction and mixed with mixed fraction.
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v Entering Behaviors : Students have dealt with:

a equivalent fractions

b least common multiples or LCM

C addition of whole numbers

d representation of fraction using charts.

V. Daily Lesson Involved

a. Addition of fraction with common denominators

b. Reducing fractions with different denominatoatoommon
denominator

c. Addition of fractions with different denominasoof the type

1 + 2
2 5
d Addition of all type of fractions
Example
1 mixed with proper fractions such as 11/2  +2/3
2 mixed with mixed fractions such as 11/2 + 2/3/5

Vi Teaching Aids

a. Fraction boards showing equivalenttioas
b Fraction charts for addition.

3.2.7 Features of a Lesson Plan

What do you mean by a Note of lesson? Note of lesatay mean
different things to different authors, For the mse of this unit, a note
of lesson is taken to mean the same things adyaldsson plan.

A daily lesson plan is a write- up that spells detarly, the specific

objectives of a lesson, the entering haveor, the teaching aids, the
activities involved, the evaluation techniques, tdeching strategies and

the closure of the lesson.

The main areas of interest are the objectivesetitering behavior and

the content development of the Ilessomhe teacher and the student
performance acts help to focus attention to whatty is being done

by the teacher and the student to achieve the tolgsc

3.3 Needs for Writing Note of Lessons
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The reasons we gave for the need of writing legroimt plans also
apply in the writing of notes of lesson. Specifiga note of lesson or a
daily lesson plan helps the teacher to:

(1) Focus his attention to the realization of the dpeobjectives

stated,;

(i)  identify the teaching aids necessary for teagtihe lesson;

(i) identify the entering behavior- thoseexperiences and past
knowledge of the pupils which will help the teah@roduce the new

concept;

(iv)  define the sequence of thought and actiongssary to develop

the content and to direct the pupils to achieveotijective; and

(V) anticipate questions both from himself and fribra student and

get ready for the answers

3.3.1 A SAMPLE LESSON PLAN FOR MATHEMATICS

Topic: Parallelogram

Objective: Given a parallelogram, the student should be abigentify
its properties in ten minutes.

AssuEDU Knowledge: The definiton of a quadrilateral. Theangles,
sides and diagonals of quadrilateral. Thgpes of quadrilaterals:
generally, rectangle, square and parallelogram.

Learning Activities

1. Introduction: Name some shapes which are parallelograms.
From what you know about parallel lines cut byaasiversal,
what angle relationships do you know?

2. Content

(a) The sides which are opposite to each othee@ual in length.

(b) The angles which are opposite to each otheeaguel.

(c) The diagonals bisect each other.

(d) The diagonals bisect the parallelograso that two congruent
triangles are forEDU.

3. Method and Procedure:Measure the angles and sides of several

parallelograms. How do these measures paoe? What
generalizations can you state based trese measurements?
(lllustrate these relationships with the Geo-board)
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4. AssessmentThe students are given many different figures on a
work card and asked to identify those that arellzdograms.

5. Materials: Geo-boards with elastic thread, work-cards and
mathematics set.

Assignment:  Write the proof of this theorem: A adonal of a
parallelogram divides the parallelogram into twoagent triangles.

3.3.2 Different Formats For Daily Lesson Plans

Generally as Odili (1986p. 50) puts ithe daily lesson plan should
answer the following questions:-

(@) what are you going to teach?

(b)  why is it important for students to learn thedeas?

(c) how are you going to introduce the lesson?

(d)  what activities are you going to make the pugdid? How are you
going to get the students to discover the imporitdeds of the
lesson?

(e) what materials are you going to use?

) how are you going to evaluate pupils learning gain?

() how are you going to end the lesson? What assgt would
you provide for further practice and study?”

There are many formats now availableher& are however general
guideline steps which every format must include:

() The content itself

(i)  The class must be stated

(i)  The specific behavioural objectives

(iv)  The entering behaviour or behaviours

(v)  The teaching aids, if any

(vij The development of the content whicimust include the
sequential development of the teaching strategies ekills
used

(vii) The evaluation questions

(viil) The closure or the ending of the lesson

Explanation of Format

For effective daily lesson plan you should put icbmsideration the
following three words that start with letter C-tGentent, the Child and
the Curriculum.

(@) Content
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The teacher must be conversant with the contewhef he is to teach.

No teacher teaches effectively what he sdo@ot know. In order to
understand the content fully the teacher must dohsuself: How

much of the content does he know? Can he explaimérening of the

concept in relation to other concepts or expressiommathematics?

.Can he explain the meaning in relationship toréetierent or referents
i.e objects or ideas for which the mathematics ephwhich may be
different from what others may have about the cptt@he teacher
should be able to give honest answer to theseiquest

(b)  The Child

Knowledge of the child also identifies his clasdf the teacher knows

the child, he can then plan for the type of teaglaiias that child will

love and appreciate, that will not distract or haine child. The teacher

also psychologically prepares himself tbandle the child. He even
identifies the depth of content the child can ustierd because knowing

the child enables him to speculate on the matofithe child.

(c)  The Curriculum

Many teachers rarely consult the curtoul But the 6-3-3-4
mathematics curriculum at any level contains a theaflinformation

for the effective teaching of any concept.  Thkiem for objectives
identifies the necessary general objectives that ine achieved. The
teacher can then write his own specific objectibhes will lead to the
general objective; the content column gives otbpics relating to the
concept under treatment and makes for relationat@mess on the part
of the teacher; the column for materials activisaggest the method to
be used, activities to be carried out in classtehehing aids to be used
and experiments to carry out. The column for ndemapells out the
depth to be reached for any concept, the areamniphasis and areas
not to be treated and special teaching strategiagls to be used.

It is recommended that every teacher should thioduaithe three C's
before looking at the textbooks.

3.3.3 Textbooks and Teaching Aids

The teacher should be conversant with the usextddeks. From the

foregoing, it is clear that the teacheshould not be a slave to the
textbook. He should wuse the text-bodkat has the most content,
arranged in  order and depth suggested the curriculum and with
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exercises and activities suitable in giyantand quality for the class
identified.

The teacher needs not follow the text-book pagpdge blindly. He

should feel free to consult other texts that treatspic better in his own
judgement than the prescribed text.

It is not necessary that every concept mathematics should have
cognitive, affective and the psychomotor domaifeafning objectives

unless these three are there in thessoh. Mostly in all lessons in
mathematics we have cognitive domain @pecific objectives. The
affective is now becoming necessary bseauof the continuous
assessment requirements.  But the psychomotomnotaye necessary

unless the child is learning for the first time htmawrite numbers, make

strokes, draw curves, or shapes or nleahow to bisect or construct
shapes.

Almost every concept in the primary @ah mathematics requires
teaching aids. This is necessary because detlgsthe pupils are

operating in what is known as concrete level. Mpeprimary section

may use semi concrete teaching ids, ie. Diagramsabfobjects but

where real objects are available it may be begséothem. Every aid

must be suitable for the class and topic beingdtea

The teacher should set out clearly step by stesagdential treatment

of the concept. What exactly the teacher doeseatestep should be

spelt out as well as what the students do. Actmrectivities for the

students are emphasized and not passive listeninghort the note will

be dynamic enough to show that every student paates in the lesson.

Also to be indicated in this section are the terglsitrategies and skills

to be utilized by the teacher to bring the studémthe stated objectives.

3.3.4 Importance of Entry Behaviour (Previous Knowédge)

This is a part of the past experience (previousik@dge) of the child
which are necessary for the introduction or unéading of the new
concept.

Every entering behaviour identified must be uttize the new lesson.
3.3.5 Evaluation and Feedback

The teacher should include in his pladiagnostic exercises and

formative exercises to identify areas of need,sacfaveakness on the
part of students, the programme or theaching methods depending
upon the stated objectives.
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These exercises should be similar to the onesasedample by the

teacher, and should be graded from Isishp to the hardest. There
should be sufficient exercises to keegverybody including the fast
performers, busy.

4.0 CONCLUSION

The teacher should think out during the planniregtibst way to end a

lesson. It might be the use of more practice egescfor take home, a

summary of the lesson or the working of the evadumagxercises. This

closure varies from teacher to teacher but it & bspecially in the spirit

of the 6-3-3-4 of education to givessignments that will require
application of the concept learnt in the lesson.

A Sample Lesson Plan on Addition of Fraction

Topic: A first lesson on addition of fractionwith different
denominators.

[ERN

+2
5

N

Class: 5

Specific Behavioural Objectives
By the end of this lesson the students should eetaladd correctly
two fractions with different denominators.

Entering Behaviour

I. The students have students have studied equiviedetions and
how to find them.

. They can add fractions with common denominators.

lil. Pupils can change improper fractions to propettitvas.

iv.  They can also write fractions in their lowest term.

Teaching Aids

I Fractions charts
. Equivalent fraction board
Content Development and Learning Activities

Step |

Introduction or set Introduction: Quickly find odithe pupils can add
fractions with common denominator. Thus write balkboard
5+4=
10
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Let each child write the answer. Go round and chieek answers.
Step lI

Write on chalk board the problem 1 + gl and demand an answer
from the 2 5

pupils. Pause a little for them to think. Exptchear from some of the
pupils that this cannot be done straight on. Asidthe question why?

The pupils should reply it is becausthe fractions have different
denominators.

Step I
Open up the equivalent fraction chart

Teacher: Write out at least five eglémd fractions for each of the
fraction”

Teacher goes round to supervise and help thosedbat not do this.

Teacher: Identify the equivalent fractions with nemon
denominators in the sets.

Pupils:' 5 and 4 D

10 10

Teacher arranges on the chalkboard the new problen? =5+4 E

2 5 1010

Teacher: Now write down the required sum.
Pupils copy in their notes 1+ 2 =5+4

2 5 1010
Teacher goes round to check answers. Another dgamfhen given
1+3=
3 4
Teacher asks students to follow the same methati@sge to arrive at
the answer. Evaluation: Add the following fracson

1. 1+1=
2 3
2. 3+1
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5 4
3. 1+2 =

2 3
4. 3+5=

4 6

5.0 SUMMARY

As the pupils are working teacher goes round tkmeach individuals,
Closure: Solve this problem at home with your parents:

“If Ihave 1 of my school fees from my father anti of it from my

mother. 3 5
What total fraction of my fees have | now got?

We shall look at your work when you report to sditomorrow.
6.0 TUTOR MARKED ASSIGNMENT

Write one main difference between unit plan andsadn plan.
Explain the term learning unit.

Write 2 main characteristics of an entering behawio
Identify a learning unit and state one reason wig a learning
unit.

PwODN P

SELF ASSESSMENT EXERCISES
Self Assessment Exercise 1

Suppose you want to teach a lessomm fr your years of experience
without planning. State two problems you may facelass.

Self Assessment Exercise 2

Carry out the following experiment: paybservation visit to four
classrooms in the primary schools in your area.e®lasthe goings on in
the classroom on lessons on mathematics. Take antefll this chart:

School

Class/Teacher Action by the teacher Action by
the student

A WN PR
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Answer this question for each teacher; Who is nacteve, the teacher
or the students?
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1.0 INTRODUCTION

Educational psychology is generally concerned withstudy of human
behaviour. For class teachers, educational psyghaidll enable them

cope with problem of how children learn and undeatconditions

maximum learning can take place. In sthiunit you will see how
educational psychology can be applied tainfullly teaching and
learning mathematics.

In this unit and also in unit 2 of this module ywill study the cognitive

aspect of learning mathematics and tlentributions of three
psychologists-Piaget, Bruner and Gagne to the ileguof mathematics.

They are, not the only contributors but they repn¢s selection whose

choice for further reason will become apparent@asngad the unit.
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2.0 OBJECTIVES
By the end of this unit you should be able to:

(1) name at least five areas of psychological studesiathematics
education;

(2) watch questions, and problems on mathematlearning and
teaching with the appropriate field of educationalpsychology
research;

3) give three stages according to Burnemhen a child attains
cognitive learning;

(4) associate a given strategy for solving problem with the
appropriate stage;

(5)  identify Gagne’s contribution to the study of mattegics; and

(6) distinguish between Bruner's and Gagne’s contidimstt the
learning of mathematics.

3.0 MAIN BODY
3.1 STUDY APPROACH

(1) Read each of this section slowly to undersiand

(2) Do an activity as you come across it. Do not rbfesk to the text
when doing the activity .

(3) Check the answers as soon as you finish thratsictf you do
not get them right re-read the texinda then go through the
activity again

(4) You wil probably need a good dictioparto help in
understanding new words.

3.2 PSYCHOLOGICAL CONSIDERATIONS FOR
MATHEMATICS INSTRUCTION

With educational psychology always in search fgeaerally acceptable
instructional paradigm and with the history of nettatics education

having divergent views on the developmeiif mathematics its
curriculum and instructional strategies the dismusson the bases of

educational psychologists in this unit taie an uphill task for the
mathematics teachers. In order to allow you to tstdad the content of

this unit clearly .The contribution of this educetal psychologists will

be taken in turns.
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3.2.1 The Contribution of Jerome S. Bruner

Jerome Burner worked on the process of thoughénerl. Later he

applied this to the process of learningpathematics. He devised
experiments to help him observe how mathematigakithg in children

develop. The investigation concerned the individiiedtegies by which

a child tries to discover a given logical relatibips

The procedure in most of the experiments was tegorea number of

cards to the child. Each card has its diagramearidle, circle or square

separately or a combination of these. Each cardregsr green or blue.

So there were three variable- number, shape andreehch with three

values. A concept such as red trianglegas thought of by the
experimenter and the subject chose carids which the experimenter
answered either Yes or No: if the card was redhautitriangles on it.

and No if not. Subjects were asked find the concept, which the
experimenter had in mind in the least number afdriSometimes more

variables were used, sometimes the numbers of €lwgece restricted.

From this single procedure, Bruner was able torckhiat learning in
general depended on four factors.

() the structure of the concept that is to be learnt:
(i)  the nature of the learner’s intuition:

(i)  the desire of the learner to learn:

(iv) the readiness for learning- (biological readis ).

Thus Bruner considered adequacy of both the subjatier and the

learner himself necessary for the leaning of Matht#rs. By this he

meant that the learner must be intelfiv ready to learn and the
materials to be learnt must be presented in a {ormtructure ) that

matches the learners “readiness stage” This leédstoontroversial, but

yet popular, assertion that” Any concept can bghiaeffectively in

some honest form to any child at any age provideth & concept is

introduced at the child’s language level”.

This sort of reasoning let him to attempt a clasaiion of these levels
or stages. The following are the three stages giravhich Brunner says
a child goes through in cognitive learning.

I. The Enactive StageAt this stage the child thinks only in terms
of action. This stage is characterised by the nuddepresenting
past events through motor responses. The child/emgnching
and manipulating objects as teaching proceeds.ifgjadly no
serious learning occurs at this stag€opics can however be
introduced to a child at this stage using conanedéerials. The

84



EDU 808 Mathematics Curriculum andtructions in Secondary
Schools

child’'s methods of solving problems arémited because he
cannot “act the solution” — he cannot solve protldem

. The Iconic Stage: This is the stage of manipulation of images.
Here he builds up mental images of things alreaghgeenced.
Generally, such images are composite goeifiorEDU from
a
number of experiences of similar situations. Leagrat this stage
is usually in the form or in terms of seeing anctyming in the
mind any object which transforms learningThe child uses
thinking thereby making transfer of learning coesably easy.
Bruner emphasised that before any image is foret¢present a
sequence of acts, certain amount of motor skilks@actice have
to take place.

1l
The Symbolic StageAt this stage child possesses the ability to
evaluate learning. Logic, language and mathemadigabols are
used to discuss what has been learnt. Acquiredriexpes are
translated into symbolic form The three stagesbmillustrated
this way, wusing the concept of additioof positive whole
numbers. Consider the problem: 3+2=5. First th&lahust work
with block, marbles, counter or other real objettske the three
first, take another two mix them up and then cdhat mixture
(or union) At the second stage he | wbe able to work
with
worksheets containing pictures of objects(imagesyead of the
physical objects he is now able to recognise iheage and can
solve something like it while not nesmsly requiring the
production of the ducks physically. At the finahgé he can solve
the real’ problem 3 + 2 =5 using symbols 3 anth@ & Bruner’'s
three stEges, in brief of the sequence

Action

Image

ord
and correspond approximately to Piaget,s
sensor Tnotor

Perceptual
Abstract

modes of cognitive functioning. Also Burner, likeget, believe that all
mathematics could be learnt by discovery approachigied that search
is started early enough in the life of thobild by presenting to him
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concrete materials relevant to the concept we Wwento learn at a

higher stage. For example properties of a trianglédd be taught by

making sure children play with triangular shapescbpt the pre-school
(Kindergarten ) stage, draw enough imagd# triangles at the at the
primary school and by the junior secondary sclioey would have

been sufficiently equipped with various terms tecdver for themselves

some, if not all the properties of a triangle.

3.2.2 The Contributions of Robert Gagne

As a behaviourist psychologist. Gagne devotediims to study the

conditions of learning. He believes that learnicgus as a result of

interaction between the learner and the environnigzarning is known

to have taken place when we notice (observe) Gagretains that the

stages described by Piaget are not necessarilpehitable result of an

inborn  “timetable” but are instead a @msence of children having
learned sets of rules that are progress more complex. How do
children acquire these sets of rules? Accordingdgne children are

“taught “ the rules by their physical and sociavieonment.

Notice the differences in what Piaget and Burnercdaiming on one

hand and what Gagne is saying. If wellow Piagets (and Burner)
assertion we will assume that children will devedopnplex concepts.
Understanding and problem solving skills when taeyready. That is

when their nervous systems have maturedfficienty and they had
enough experiences with simpler more elementariglenas.

Mathematics teachers who see learning as a protesscovery are
likely to borrow heavily from Piaget and Burnerh@ts who will see
learning as produced primarily by children envir@mnare likely to
take their cues from Gagne. The following illustsaGagne contribution
to the learning of mathematics.

We have already mentioned that he emphasised ¢laeoidpre-requisite
knowledge in learning mathematics. That is the ith@ one cannot

master complex concepts without mastering the foredeal concepts

necessary for such complex concepts. FHostance. a child can not
successfully add fractions without the knowledgérading common
denominator of fraction. That is,

A child cannot do 1 + 2 unless he has been

w
(62}

Leadtolearnthatl= 5 and 2= 6
3 15 5 15
therefore 1+2=2+ 6= 11

3 5 15 15 15
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Besides there is an interEDUiate step whicle Wwave ignored in this

sequence: That is the fact that fractions with sdem@minator could be
added as like terms.

Thatisn + m =m+ nfor A's Which are reahmers for instance;
A A A

2 + 5 =2 +5
3 3 3

3.2.3 Gagne on ProgramEDU Learning and Learning Set

Gagne is also noted to have applied the methodogif@mEDU learning

to the analysis of mathematical learning. He extended the idea of
“learning set” to mathematics. This is the ideat fearning a series of

similar but not identical tasks brings more tham dlequisition of so

many discrete  skills. The learner acepir in addition a generalized
readiness to learn similar and even different blated materials. We

say if this happens, that the learning has gerexdlio produce a “set”

for learning related and more general task.

We will use one of Gagne’s example to illustrats th

We start by analysing the steps required to salsienple algebraic
equation in one unknown e.g. 4x + 5=x+ 11

Solution 4x +5=x+ 11

4x—x=11-5
3X=6

3X = 6

3 3

X=2

We now trace back from the final step to the beigigifior the process,
asking the question, what would the individual hevknow in order to
be able to perform the new task, being given omdyruction?

X =2 Basic Concept

3X = 6 ... Division by coefficient of x 2  a real number
3 3

3X=6......... Addition (Subtraction) of similar terms

4x —x=11-5......... Collection of like terms

........... Transpositions in an equation
............ Directed numbers
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Thus at some stage in solving linear equationsletdwamer would have to

(1) Collect like terms

(i)  Add (subtract) similar terms (Learning sets)
(i)  Transpose

(iv) Divide by a real number

Gagne built up a programmne in which each of #e&ts in the hierarchy
leading to final solution was taught and he thdarasiself the question

how far learning a lower-order set made for invglearning of a

higher-order one. His hypothesis wereonficEDU, that the lower
supporting set was required to be mastered bdferaéxt one would be

achieved.

3.2.4 Gagne on Teaching Method

The problem of learning by discovering methodsteen mentioned

the earlier that Piaget and Burner supported mé&other psychologists

hold a different view. Gagne held aompromising view which he
referred to as guided discovery. Guided discovesylteen shown to be

best in the field of elementary mathematics

3.2.5 Robert Gagne’s Theory of Learning

The research of the psychologist M. Gagne intgtieeses of a learning
sequence and the types of learning is particutatvant for teaching
mathematics Professor Gagne has used mathematdsidium for

testing and applying his theories about learnird)lzas collaborated

with  the University of Mary land Mathatits project in studies of
mathematics learning curriculum development.

The Objects of Mathematics Learning

Before examining Gagne four phases of a learniggesece and eight

types of learning, it is appropriate to discussdhgcts of mathematics
learning, which are considered in hiheary. These objects of
mathematics. Learning are those direct and indtresgs which we

want students to learn in mathematics. The dirbats of mathematics
learning are facts skills, concepts, and [pies: some of the many
indirect objects are transfer of learning, inquahylity problem solving

ability self-discipline. and appreciation for theusture of mathematics.

The direct objects of mathematics learning —fakiltssconcepts. and
principles-are the four categories in to which reatlatics content can

be separated.
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Mathematical facts are those arbitrary conventiomeathematics such
as the symbols of mathematics. It is a fact thattBe symbol for the

word two. that + is the symbol of the operatioraddlition. And the sine

is the name given to a special function in trigoetm

Facts are learned through various techniques efleatrning such as
memorization drill. Practice tiEDU tests, games aadtest people are
considered to have learned a fact when they cém tsta fact and make
appropriate use of it in a number of different gitons.
Mathematics skills are those operations and puresdvhich students
and mathematicians are expected to carry out \witled and accuracy
Many skills can be specified by setsf rules and instruction or by
ordered sequences of specific procedures calleditijs. Among the
mathematics skills which most people are expededdster in school
are long division addition of fractions dan multiplication of decimal
fractions, constructing right angles, bisectinglasgand finding unions
or intersections of set objects and events. Thesexamples of other
useful mathematical skills which are feat through demonstrations
and various types of drill and practice such askaloeets, work at the
chalkboard, group activities and games Students haastered a skill
when they can correctly demonstrate the skill dyisg different types
of problems requiring the skill or byapplying the skill in various
situations.

A concept in mathematics is an abstract idea wiiables people to

classify objects or events and to specify whetherobjects and events

are examples or non-examples of the tratis idea. Sets, subsets,
equality, inequality, triangle, cube, radius anganent are all examples

of concepts. A person who has learned the corafdpaingle is able to

classify sets of figures into subsetsf driangles and non-triangles.
Concepts can be learned either througlefinitions or by direct
observation. By direct observation and experint@ra/oung children

learn to classify plane objects into sets of trlaagcircles, or square,

however few young children would be able to deflmeconcept of a

triangle. A concept is learned by hearing, sedwaggdling, discussing,

or thinking about a variety of exampleand non-examples of the
concept and by contrasting the examples and namges. Younger

children who are in Piaget’s stage of concrete atpmrs usually need to

see or handle physical representations of a conodgarn it: whereas

older formal operational people may be able toneancepts through
discussion and contemplation. A person has leaarehcept when he

or she is able to separate examples of the cofreptnon-examples.

Principles are the most complex of the mathematibpdcts. Principles
are sequences of concepts together witlationships among these
concepts. The statements, “two triangles are e@mgrf two sides and
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the included angle of one triangle arequal to two sides and the
included angle of the other and, the square ohyip@tenuse of a right

triangle is equal to the sum of the squares obther two sides are

examples of principles. To understand th@inciple about congruent
triangles one must know the conceptsangle angle, and side.
According to Gagne (1966) in a chaptappearing in the book
“Analyses of concept Learning” edited by Herberals, Meier and

Chester W Harris:

It would appear then that principles can be distisiged from what have

previously been called concept in twoays« First the performance
required to demonstrate that a concept has beerelkés simply an

identification. That is a choice from a number kkémoatives: a principle

in contrast must be demonstrated by means of pe#ioces that identify

its component concepts and the operation relatiagtto one another.

Second, this means that the inference Ibe made about EDUiating
processes is different in the two cases. A conisegpsingle EDUiator

that represents a class of stimuli (or objectsemas a principle is a

sequence of EDUiators, each one of which is isedncept.

Principles can be learned through processes afitfa@anquiry, guided

discovery lessons, group discussions, thee of problem solving
strategies and demonstrations. A student hasddamprinciple when

he or she can identify the concepts included irptineciple, put the

concepts in their correct relation to one anotard apply the principle

to a particular situation.

It probably would not be a very precise or usettivity to classify all

the objects of secondary school mathemwatiinto the four object
categories-facts, skills, concepts and |pies. Even the experts in
mathematics and learning theory would aglise about the proper
category for many mathematical objects.

In  general, the objects progress in eordof complexity from simple
facts, to skills and concepts, througbomplex principles. Also the
classification of many (may be even thosmathematical objects s
relative to the observer’s own view-point, whictaisimportant fact (or

is that a principle!) for every mathematics teadbeknow. A student

who merely memorizes the quadratic formula knoaca A student

who can plug numbers into the quadratic formula@ode up with two

answers has learned a skill. A student who cassdly 5,3, and 4 as

constants and x as a variable for the quadratiatemu5x2 + 3x+4=0 is
demonstrating acquisition of a concept. And a perghbo can derive (or

prove) the quadratic formula and explain his deidrato someone else

has mastered a principle. Consequently, the quadeainula which is a

principle may be regarded as either a fact a | ek concept by a
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student whose viewpoint of the quadratic formulaasas sophisticated
as that of a mathematician

As a mathematic teacher you should develop tesimagobservation

techniques to assist you in recognizinggudents view points of the
concepts and principle which you are teaching Ali®have at time

memorized the proofs of theorems, witho understanding of the
concepts and principle involved in the proof inartb pass tests. While

this subterfuge is a form of learning, it is notavkeachers hope to have

student learn by proving theorems. The point t@gaize here is that

many times when teachers are teaching what they agemathematics

principles, students are internalising dact or skills the information
which is being presented.

The Phases of a Learning Sequence

Gagne has identified eight sets of d@mws that distinguish eight
learning types, which he «calls Signakarhing. Stimulus response
learning. Chaining verbal association. Discrimioatiearning, Concept

learning, Rule learning and Problem solving Gageleetes that each

one of these eight learning types occurs in thenieg in four sequential

phases. He calls these phases the apprehending geascquisition

phase, the storage phase and the retrieval phase.

The first phase of learning the apprelmegy phase is the learners
awareness of a stimulus or a set of stimuli whiehpgesent in the

learning situation Awareness or attentiowill lead the learner to
perceive characteristics of the set of stimulustvina learner perceives

will be uniquely coded by each individual and v registered in his

or her mind This idiosyncratic way in which eacarleer apprehending

a given stimulus result in a common problem in ié@g and learning.

When a teacher presents a lesson (§timhe or she may perceive
different characteristics of the content of thestesthan are perceived

by students and each student may have a somevitesedt perception

than every other student. This is to say, thaniegris a unique process

within each student and as a consequence eachstadesponsible

for his or her own learning situationThe uniqueness of individual
perceptions explains why students will interpretet$, skills, concepts,

and principles differently from the way a teachargl learning some

what imprecise and unpredictable. It does have naagntages for

society. Each person is able to apply his or hequsmperceptions of a

problem and its solution to a group discussiorhefgroblem which

results in more appropriate solutions of probleroun society.

The next phase in learning is the adtois phase. Is attaining or
possessing the fact skill, concept, or principlecihs to be learned,
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acquisition of mathematical knowledge? nCait be determined by
observing or measuring the fact that m@erson does not possess the
required knowledge or behaviour before amppropriate stimulus is
presented, and that, he or she attaindked required knowledge or
behaviour imEDUiately after presentation of thenstius.

After a person has acquired a new capability, isinme retained or

remembered This is the storage phase of learnimg hliman storage

facility is the memory, and research indicates thate are two types of

memory short-term memory has a limited capacityiritormation and

lasts for a short period of time. Most people catain seven or eight

distinct pieces of information in their short-tememories for up to

thirty seconds. An example of how short term menuogrgrates is our

ability to look up a seven digit telephone numibemember it for a few

seconds while we are dialling, and &brgthe numbers as soon as
someone answers our call. Long term awgmis our ability to
remember information for a longer period of timarthhirty seconds

and much of what we learn is stored permanentbumminds.

The fourth phase of learning, the retrieval phag@e ability to call out

the information that has been acquired and storéldei memory. The

process of information retrieval is verymprecise, disorganized, and
even mystical At times desired information suclaaame can not be

retrieved from memory upon demand but will pop aiei when one is

thinking about something that appears to be comlylenrelated to the

moment when the name was wanted. Othernrdtion is stored so
deeply in memory that special techniques sucheagradal stimulation

of the brain or hypnosis are required to initistieval

These four phases of human learning apprehendopgsation storage

retrieval have been incorporated into the desigroafputer systems

though in a much less complex form than they appelanman beings.

A computer apprehends electronic stimufiom the computer user.
Acquires these stimuli in its control ropessing unit, and stores the
information upon demand. The infinitely more complearning process

in people is illustrated every day in mathematiessrooms if students

are to learn a procedure for finding an approxioratd the square root

of any number which is not a perfect square. Thagtrapprehend the

method acquire the method, store it tie memory and retrieve the
square root algorithm when it is needed to aidesttich progressing

through these four stages in learning tleguare root algorithm. The
teacher evokes apprehension by working throwgh example on the
chalkboard facilitates acquisition by hayineach student work an
example by following by step, evokes retrieval byirgg a quiz the next

day
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Types of Learning

The eight types of learning which Gagnkas identified and studied
(signal learning, stimulus response, laayni chaining, verbal

association, discrimination learning, concept lesgnrule learning and

problem solving ) will be presented and explairedow. Some of the

conditions appropriate for facilitating each leamtype will be found

under the referenced materials.

3.2.6 J.P. Guilford Structure of Intellectual Model

While Jean and other have studied tlstages of intellectual
development, J.P Guilford and his colleagues haveldped a three

dimensional model containing 120 distinct typestéllectual factors.

These 120 intellectual factors appear to encompass of the human

mental ability which can be specific and measureidimulating this

model. Guilford and his associates hawtempted to define and
structure general intelligence into a ietgr of very specific mental
aptitudes Their findings verify what many percepteachers have

observed: even very intelligent students may haffieulty carrying out

certain mental tasks: whereas other siisdewho have attained low
scores on general intelligence tests may do sumghswell at some

types of mental activities it is quite important feachers to understand

that individual student may possess a variety et#igc mental strengths

and weaknesses. Tests have been designed to measuaey of these

factors of intelligence and it is possible to sebgupropriate tasks to

assist people in strengthening their specific cidgminadequacies.

When a teacher finds that a student seems to i#euttaattain even a

minimal level of mastery of certain skills the sohpsychologist may

be able to determine which intellectual ability poorly developed in

that student and may suggest activities to impthese abilities. Even a

teacher who works in a school where the servicespsychologist are
unavailable or are available only for students ws#heral intellectual or
emotional handicaps, can recognise certaimadequately developed
mental skills in some students and can assist thetaveloping those

skils Teachers can have a significamositive influence upon the
formation of each student self image and everyheashould recognise

and encourage those unique talents whieach individual possesses
Teachers can also negatively affect sttede some teachers indicate
through covert and overt actions that students arbeanot particular

proficient and interested in the teacher specladtye little prospect of

leading a useful and happy life. Evergnathematics teacher should
appreciate the value of mathematics, however essdher should be

objective enough to understand that mathematialis small, and in

some cases unimportant, concern in the lives ofyrsancessful people
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3.2.7 Guildford Intellectual Variables

Guildford model of intellectual aptitudes, whichcilled: The Structure

of Intellect Modelwas developed at the University of Californiangsa

statistical procedure called factor analysito identify and classify
various mental abilities. The model was substaatdidy testing people

varying in age from two vyears througldulthood. The Structure of
Intellectual Model, which has been useds a tool by researchers
studying the variables in intelligence,haacterizes learning and
intellectual development as being composed of thagbles. The first

of these variables,operations, is the set of mental processes used in

learning. The second variablepntent, categorises the nature of the
material being learne®roducts,the third variable in intelligence, refers

to the manner in which information is organisedhia mind.

Operations of the Mind

Guilford has identified five types of mental opévas which he calls

memory, cognition, evaluation, convergentodoiction, and divergent
production. Memorys the ability to store information in the mind atad

call out stored information in response to certdimuli. Cognition is

the ability to recognise various forms of infornoatiand to understand
information.Evaluationis the ability to process information in order to

make judgments, draw conclusion, and arrive atsitats.Convergent
productionis the ability to view given information in a nevay so that

unique and unexpected conclusions are the conseguarstudent who
imEDUiately answers ¥2 when asked to give the sfr@dois using his

or her memory. A child who can separate a mixeel giilsquare and

triangles into separate piles of squaresid triangles is exercising a
degree of cognition. When a member q@iry sits through a trial,
deliberates in a closed session with other jury bens) and concludes

that the defendant is guilty as charged, that pehss used his or her

mental ability of evaluation. An algebra studenviimds the correct

solution to a set of three linear equations inghreknowns has used his

or her convergent production ability. A mathematiciwvho discovers

and proves a new and important mathenatitbeaorem is exhibiting
considerable ability in divergent production.

Contents of Learning

Guilford, in his Structure of Intellect Model,dantifies four types of
content involved in learning. He calls the thinlgattare learnefigural,
symbolic, semantic and behavioral contents. Figural contentare
shapes and forms such as triangle, s;ub@arabolas, etcSymbols
contentsare symbols or codes representing concrete olpeetisstract
concepts? is a symbolic representation for a woman, and-aisdthe
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mathematical symbol for the operation of additBemantic contentsf
learning are those words and ideas which evokerdahenage when

they are presentedas stimuli. Tree, dogyn, war, fear, andred are
words which evoke images in people’s minds wheg tiear or read

them. The behavioral contentsof learning are the manifestations of
stimuli and responses in people: that is, the weppfe behave as a

consequence of their own desires and the actioothef people. The

concrete shapes and forms (figures), tloharacter representations
(symbols), the spoken and written words (semantfsyl the actions of

people (behaviors) combine to make up the inforomatihat we discern

in our environment.

Products of Learning

In Guilford’s Model, the six products of learnindpé information is

identified and organized in the mind)re a units, classes, relations,
systems, transformations, and implications. A i single symbol,

figure, word , object, or idea sets of units afléedaclasses, and one

mental ability is that of classifying nits Relations are connections
among units and classes. In our minds we orgamiie and classes into

interrelated structure so that we are aware ofalaionship among

these two product of learning. A systens a composition of units,
classes, and relationship into large anmdore meaningful structure.
Transformation is the process of modidyin reinterpreting, and
restructuring existing information into newinformation. The
transformation ability is usually thought to behaacteristic of creative

people. An implication is a predictioror a conjecture about the
consequences of interactions among units, clasdasipns, systems,

and transformation. The way in which ethreal number system is
structured, illustrates how the mind organizesrmigtion into the six

products of learning. Each real number can be densd as anit, and

the entire set of real numbers is@dass Equality and inequality are

relations in the set of real numbers. The set of real numtmgyether

with the operations of addition, subtraction, nplitation, and division

and the algebraic properties of theseerations is a mathematical
system Functions defined on the real numbeystem are
transformationsand each theorem about functions on the real nismbe

is animplication.

The 120 (5x4x6) distinct intellectual lidkds defined in  Guilford’s
Structure of Intellect Model result from taking ptissible combinations

of the five operations, four contents, and six picid. For instance, the

intellectual aptitude, memory for figural unitstie ability of a person

to remember figural objects which he or she has.ske example of

this aptitude in mathematics is a sbhide ability to reproduce a
geometric figure after he or she has been shovexample of that
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particular figure. The following list of operatignsontents, and products
indicates how the 120 intellectual aptitude camobEDU by combining

any operation, with any content, with any prodteform an ordered

triple.

Guilford’s Factors of Intellectual Ability

Operations Contents Products

1. memory 1. figural 1. units

2. cognition _> 2. symbolic _>2. classes

3. evaluation 3 semantic 3. relations

4, convergent production 4. behavior 4. systems

5. divergent production 5. transformations

6. implications

Although this model of human intelligences useful in identifying

varables in learning and helps to explain vari@asriing aptitudes and

abilities, one limitation of the Structure of Iiesdt Model should be

noted. Any attempt to structure and categorize deripuman abilities

into a model must result in an oversimplificatidireality. Most of the

facts, skill, principles, and concepts which teasheach and students

learn require complex combinations of elilectual abilities. When a
student is unable to construct proofs in plane gggmit may be quite

difficult to determine which mental aptie (or set of aptitudes) is
causing this learning problem. Proving theoremglame geometry may

require a unigue combination of a large subsett®fl20 intellectual

abilites, and most mathematics teachemsive neither the skills nor
resources to identify and measure these specifitaheariable in each

student. Even though the services of teined psychologist may be
required to determine precisely the Iatdbal deficiencies in a
particular student and prescribe reEDUial actisitievery teacher should

learn to recognize certain general learnirigsufficiencies and assists
students in overcoming some of their learning potd. The first step in

dealing with these natural human intellectual \taotes is to recognize

that every student's intellect is comgds of many different factors
which may be present in varying degrees in eaafesiiu The next step

is to observe each student’s individual performancgecified areas of
mathematics and attempt to identify his or helimliststrengths and

weaknesses. The third step is to pmovidndividualized work (as
students’ needs require and time permits) for sttgdeo that they can

both apply their stronger intellectual abilitiedé@arning mathematics

and improve their weaker intellectual aptitudess™tep suggests that

there are two approaches to overcomimgarning handicaps. One
approach is for the learner to bypass his or hekwesses and apply his

or her intellectual strengths to each task. Ano#ipgroach is to attempt

to strengthen intellectual deficiencies. tiBo methods of attacking
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intellectual shortcoming are useful andothb can be employed
simultaneously in the classroom. Finally, everyctea should strive to

learn more about the nature of intelige and learning by reading
professional journals and participating in in-seewvorkshop, college

course, and post baccalaureate programs.

3.2.8 Dienes on Learning Theory for Mathematics

Zoltan. P. Dienes, who was educated in Hungarypdegand England ,

has used his interest and experience rmathematics education and
learning psychology to develop a system for teaghiiathematics. His

system, which is based in part upon the learniygtpsiogy of Jean

Piaget, was developed in an attempt toake mathematics more
interesting and easier to learn. In his bo&kilding up Mathematics,

Professor Dienes summarized his view of mathematicgations as

follows:

At the present time there can hardly be a singlenbez of the teaching

profession concerned with the teaching of haatics atany stage,

from infants upwards, who can honestly say to hifrikat all is well

with the teaching of mathematics. There are famt@amy children who

dislike mathematics, more so as they get older,nazuwly who find great

difficulty with what is very simple, let us face the majority of children

never succeed in understanding the reakanings of mathematical
concepts. At best they become deftchneians in the art of
manipulating complicated sets of symbols, at wibrsy are baffled by

the impossible situations into which th@resent mathematical
requirements in schools tend to place them. Ndbalcommon attitude

is ‘get the examination over’, after which no fuathhought is given to
mathematics. With relatively few exceptionsthis situation is quite
general and has come to be taken for granted. Muitties is generally

regarded as difficult and tricky, except in a fewslated cases where

enthusiastic teachers have infused lifatoi the subject, making it
exciting and so less difficult.(p.1).

Mathematical Concepts

Dienes regards mathematics as the study of stesstthie classification

of structures, sorting out relationshipwithin  structures, and
categorizing relationships among structureble believes that each
mathematical concept (or principle) can be propenglerstood only if it

is first presented to students through variety of concrete, physical
representations. Dienes uses the term cegin to mean mathematical
structure, which is a much broader definition obnecept than Gagne’s

definition. According to Dienes there'rdawo types of mathematics
concepts-pure mathematical concepts, and appliecepts.
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Pure mathematical concepts deal with classifioatiaf numbers and
relationships among numbers, and are completeBpeddent of the

way in which the numbers are represented. Fornostasix, 8, xii, 1110

(base two), andA AA are all examples of the concept of even number;

however each is a different way of representatiaa garticular even

number.

Notational concepts are those properties of numiubish are a direct

consequence of the manner in which numbers aregepted. The fact

thatin  base ten, 275 means 2 hundreds, plussy péus 5 units is a

consequence of our positional notation for représg numbers based

upon a powers-of —ten system. The ect®in of an appropriate
notational system for various branches of mathersadian important

factor in the subsequent development and extemdiorathematics. The

fact that arithmetic developed so slowlis due in large part to the
cumbersome way in which the ancients representetbars. We have

already mentioned the problems which occurrethiéndevelopment of

mathematical analysis in England as @&nsequence of the English
mathematicians’ insistence upon using Neigto cumbersome

notational system for calculus, rather than theewadficient system of

Leibniz.

Applied concepts are the applications gfure and notational
mathematical concepts to problem solving in math@msand related

fields. Length, area and volume are liagp mathematical concepts.
Applied concepts should be taught to students #fer have learned

the prerequisite pure and notional mathematicatepts. Pure concepts

should be learned by students before notiooahcepts re presented,
otherwise students will merely memorizeattgrns for manipulating
symbols without understanding the undedyinpure mathematical
concept. Students who make symbol maaimrd errors such as3x
+2=4 implies x+2=4 -3, x+2=Xpa 3= 5 and xt5 2

are attempting to apply pure and notational cotscepich they have

not adequately learned.

Dienes regards concept learning as @atie art which can not be
explained by any stimulus-response theory suchaam&s stages of

learning. Dienes believes that all abstractiondased upon intuition

and concrete experiences; consequently Iigstem for teaching
mathematics emphasizes mathematics labagatpri manipulative

objects, and mathematical games. He ¢shinkhat in order to learn
mathematics (that is, to be able tdasgsfy structure and identify
relationships) students must learn to

(1) analyze mathematical structures and their kdgelationships

98



EDU 808 Mathematics Curriculum andtructions in Secondary
Schools

(2) abstract a common property from anumber of different
structures or events classify the structures ontsvas belonging
together,

3) generalize previously learned classes of nma#itieal structures
by enlarging them to broader classes iclwh have properties
similar to those found in the more narrowly defirdasses, and
(4) use previously learned abstractions to consimare complex.
higher order abstractions.

3.3 DIENE’S STAGES OF LEARNING MATHEMATICAL
CONCEPTS

Dienes believes that mathematical concepts areddan progressive

stages which are, somewhat analogous to Piagagssof intellectual
development He postulates six stages teaching and learning
mathematical concepts(l) free play, (2)amgs,(3) searching for
communalities, (4) representation,(5) symbolizatemd

(6) formulization.

Stage 1: Free Play

The free play stage of concepts learning consfatastructured and

undirected activities which permit studentso experiment with and
manipulate physical and abstract repretena of some of the
elements of the concept to be learned. This sthgenzept learning

should be made as free and unstructurad possible: however, the
teacher should provide a rich varietyf onaterials for students to
manipulate. Even though this unregulatqueriod of free play may
appear to be of little value from the point of viefva teacher, it is an

important stage in concept learning. Here studiinstsexperience many

of the components of a new concept through intémgavith a learning
environment, which contains concrete representatidrnhe concept. In

this stage students form mental structures anmiddss which prepare

them to understand the mathematical concept.

Stage 2: Games

After a period of free play with representationgiafoncept, students

will begin to observe patterns and regularitiesoliare embodied in the

concept. They will notice that certain rules govewents. That some

things are possible and that other things are isiples Once students

have found the rules and properties which determusats, they are

ready to play games, experiment with altering thes of teacher made

games and make wup their own games.me&Sa permit students to
experiment with the parameters and variables witmenconcept and to

begin analyzing the mathematical structuf the concept. Various
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games with different representations of the conaelphelp students
discover the logical and mathematical elementi@iconcept.

Stage 3: Searching for Communalities

Even after playing several games usirdifferent physical
representations of a concept, studentsy maot discover the
mathematical structure which is common in all repreations of that

concept. Until students become aware of the compnoperties in the
representations, they will not be abl®o classify examples and non-
examples of the concept. Dienes suggests thateesichn help students

see the communality of structure in thexameples of the concept by
showing them how each example can be slated into every other
example without altering the abstract propertiegctviare common to

all the examples. This amounts to pointing outdtsmon properties

found in each example by considering several e¥@snmt the same

time.

Stage 4: Representation

After students have observed the common elememadh example of

the concept, they need to develop, or receive ftwreacher, a single
representation of the concept, which embodiehalcommon elements

found in each of the examples. Thiepresentation could be either
diagrammatic representation of the concept, a Veeipaesentation or

an inclusive example. Students need a represemtatiorder to sort out

the common elements which are present in all exasnpll the concept.

A representation of the concept will usually be enabstract than the

examples and will bring students closer to undadstay the abstract
mathematical structure underlying the concept.

Stage 5: Symbolisation

In this stage the student needs tormdéate appropriate verbal and
mathematical symbols to describe his &er representation of each
concept, however, for the sake of ciesicy with the textbook,
teachers probably should intervene in detts’ selections of symbol
system. It may be well to permit students to finstke up their own

symbolic representations, and then haveemt compare their
symbolizations with those in the textbook. Studeshtsuld be shown the

value of good symbol systems in solving problemsyipg theorems,

and explaining concepts. For example, the Pythagotleeorem may be

easier to remember and use when it is representelddically as &’

+ bz = ¢, rather than verbally as “for a right trianglee thquare of the

hypotenuse is equal to the sum of the square afttier two sides”.

One difficulty caused by some symbolicepresentations of rules,
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formulas, and theorem is that the coodg8i under which each rule,
formula, or theorem <can be wused ar®t nalways apparent from the
symbolism. Our symbolic statement of the Pythagoteaorem does

not state the conditions under which the theorembeaused; however,

the verbal statement does specify thdte theorem applies to right
triangles. Many students who are quite good at rebeging rules have

no trouble matching the appropriate rul® each specific problem-
solving situation.

Stage 6: Formulization

After students have Ilearned a conceptd athe related mathematical
structure, they must order the properties of thcept and consider the
consequences. The fundamental properties in a matieal structure

are the axioms of the system. Derived propertiestas theorems, and

the procedures for going from axioms to theoremastae mathematical

proofs. In this stage, students examine the corses of the concept

and use the concept to solve pure and applied mattnes problems.

Games

Dienes believes that games are useful vehicldedoning mathematical
concepts throughout the six stages of concept dprednt. He calls the
games played in the undirected play stage, whadests are doing
things for their own enjoymenpreliminary gamesPreliminary games
are usually informal and unstructured and may béemup by students
and played individually or in groups. In the middlages of concept
learning, where students are sorting out the elésngrthe concept,
structured gameare useful. Structured games are designed foifgpec
learning objectives and may be developed by thehtreor purchased
from companies which produce mathematics curricutoaterials. In
the final stages of concept development, when stsdee solidifying
and applying the concepiractice gamesre useful. Practice games can
be used as drill and practice exercises, for revigwoncepts, or as
ways to develop applications of concepts.

Principles of Concept Learning

Dienes (1971), in his bookBuilding up Mathematics,summarizes his
system of teaching mathematics in four generakjplas for teaching
concepts. His six stages in concept learning diger@ents of these four
principles:

1. Dynamic Principle. Preliminary, structured and piccand/or

reflective type of games must be predid as necessary
experiences from which mathematical concepts cantesally be
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built, so long as each type of game introduced at the
appropriate time. We shall see that this breakarphbe further
refined.

Although, while children are young, these gamestrhasplayed

with concrete material, mental games can gradimlyntroduced
to give a taste of that most fascinating of all gammathematical
research.

2. Constructive  Principle. In  the structuringpf the games,
construction should always precede analysis, wisiehmost
altogether absent from children’s learning untd dge of 12.

3. Mathematical Variability Principle. Concepts invinlg variables
should be learned by experiences involving thedstrgossible
number of variables.

4. Perceptual Variability Principle or Multe@l Embodiment
Principle. To allow as much scope as possiblerfdividual
variations in concept-formation, as well as to icelghildren to
gather the mathematical essence of abstraction, the same
conceptual structure should be presented in the @dras many
perceptual equivalents as possible. (pp. 30-31)

3.3.1 Applying Dienes’ Theory in a Mathematics Lesm

In applying Dienes’ six stages for oepic learning to planning a
mathematics lesson, you may find that one stages(ply the free play

stage) is not appropriate for your student or #udivvities for two or

three stages could be combined into single agtiltimay be necessary

to plan unique learning activities for each stadgemvteaching younger

elementary school students; however older secorstdnyol students

may be able to omit certain stages in learning soomeepts. Dienes’

model for teaching mathematics should serve asdegand not a set of

regulations to be followed slavishly.

The concept of multiplying negative willbe discussed here as an
example of how Dienes’ stages can be duss a guide in planning
teaching/learning activities. Since nearlgll students learn to add,
subtract, multiply and divide natural numbers, tmddd and subtract

integers before learning to multiply integers, wi# assume that these

concepts and skills have been mastered by our hgpoal students.

For students who are in sixth or seventh gradeconé& begin the free
play session by informally discussing the arithmeperations on the
natural numbers and the algebraic properties afrabbumbers. The
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teacher might also discuss adding andbtracting integers and the
commutative and associative properties faddition. He or she may
even choose to substitute an informal review fee fplay. Or the free

play and game stages could be combined into seganaés such as the

following simple play and game stage§he teacher should prepare
enough decks of standard playing cards with the €acds removed so

that there is one deck for every fivetudents in the class. Students
playing in groups of five would each be dealt foards. Each student

would group his or her cards into pairs, then téleeproduct of the

numbers showing on the cards in each pair of higeorcards to obtain

add the two product-sum is the winner of that hianis or her group.

The numbers on black cards (clubs and spadespastdered to be

positive numbers, and numbers on red cards (haadtsliamonds) are

negative numbers. Consequently students ldvoumEDUiately be
confronted with the problem of how to group negatards to get large

positive products and sums. Various groups mayeagpen different

rules for handing the product of two negative nurabEor instance, a

black 2 and 4 and a red 7 and 5 could be used ke i2x4) + (-7x-5) =

43, ifthe correctrule thatthe product of megative integers is a
positive integer is formulated. If not, then negathumbers would be of

no help in organizing a winning hand. Some studetitcertainly ask

each other or the teacher about how to score megategers.

To decide how to handle the producf @®wo negative numbers, the
teacher could present a series of pmbl involving a search for
communities. For instance, these problems couldigm®issed in class:

1. Assume that bad people are negative agdod people are
positive. Also assume that moving into commursty ipositive
act and leaving community is a negative act. Viie net
effect of five bad people leaving two different coomities? The
class should decide that these evenwnstitute ten positive
happenings.

2. What is the effect on your cash balance of subtrgdour, three
dollar debts from your newspaper route account B&dkveral
students should imEDUiately observe that the effepbsitive
twelve dollars.

3. Finish this table:

- 3X3 =-9
-3X2 =-6
-3X1 =-3
-3X0 =0
-3X-1 =?
-3 X -2 =7
-3 X -3 =7

4. BX(7+-2)=(BXT)+(-3X-2)=-21+2
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but
-3 X (7+-2) =-3X5=-15
SO
what number is| ? ?

As a mathematics teacher, you may be able to aarigither examples
showing that the product of two negative integera positive integer.

In the representation stage of forminthe concept of multiplying
negative integers, students should be e altb observe a diagram
representing the concept and describe theneral property of
multiplication of two negative integers. The follmg diagram, shown
in figure 3.3, is one way to represent that thedpod of two negative
integers is a positive integer.

In the symbolization stage, each student shoulableeto explain
the diagram in figure 3.3 and use it to show exaspf the concept.
Each student should also explain that the diagtasws that the product
of two negative integers must be a tpesi integer in order for the
distributive property to be true for Itplication and addition of
integers. Finally, the class should adopt the syrajstem that for any
natural numbers a and b, (-a) (-b) = +ab; and figriategers X, y, z, X(y
+2) = Xy +Xxz.

Oxa 1110 » 1{[ O [
| |
- Q X<:>] = -[O XA ] +CP XD ]

Is any natural number
Is any natural number

Is any natural numberﬁwger ﬂﬁ

Is any natural number

> 0O

Figure 3.3 A representation of the concept thaptioeluct of two
negative integers is a positive integer.

This concept can be formalized by recognizing thatstatement, “the
product of two negative integers is a fesi integer,” is an axiom.
Theorems such asy X z =z Xy and x(y+z) = xy ¢an also be stated

and proved.
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Diene’s approach to teaching and learningathematics can be
summarized in the following list of subprincipleghich are inherent in
his four principles for concept learning.

1. Al of mathematics is based wupon egignce and students learn
mathematics by abstracting mathematical conceptstinctures out
of real experiences.
2. There is a fixed natural process that students oarsy out in order
to learn mathematical concepts. The process makide:
(a) A play and experimental period involving cortermaterials
and abstract ideas.
(b) An ordering of experiences into a meaningfubleh
(c)A flash of insight and understandingghen the student
suddenly comprehends the concept.
(d) A practice stage to anchor the new concept salleagtudent
can apply it and wuse it in new neathtical learning
experiences.
3. Mathematics is a creative art and it must bghttand learned as an
art.
4. New mathematics concepts must be blateo previously learned
concepts and structures so that there is  tranéfad learning to
new learning.
5. In order to learn mathematics, students musidbeto translate a
concrete situation or event into an abstract symolfoimulation.

3.3.2 Ausubel’s Theory of Meaningful Verbal Learnirg

During the nineteen fifties many mathematics edasatame to believe

that the prevailing lecture method foteaching mathematics was
resulting in rote learning which was not meaningfustudents. As new
mathematics programs with an emphasis upon unadelisgaof concept

were developed and implemented in schools duriagitheteen sixties,

verbal expository teaching began to fall into disite. Many people felt

that expository teaching resulted in role learnangd models such as

discovery learning, inquiry, and mathematics latmtas were thought

to be more appropriate method for faste meaningful learning.
However there were people who still idedd that since the lecture
method of teaching had worked reasonable wellerpidst, it should not

be discarded as a bad teaching stratdgyoughout this period, the
learning theorist, David P. Ausubel argued thabsxpry teaching was

the only efficient way to transmit theaccumulated discoveries of
countless generations to each succeeding generAtonthat many of

the recently popular methods were not only inegfiti But were also

ineffective in  promoting meaningful leargin Ausubel's theory of
meaningful verbal learning contains a proceduresftective expository

teaching resulting in meaningful learning. To Ausiiithe lecture or
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expository method is a very effective teachingtetrg, and he believes
that educators should devote more effort towarelbging effective
expository teaching techniques.

Now that studies of mathematics skills in childeamd young adults (for

example, studies conducted by the National Assessafidducational

Progress, NAEP) indicate that all is t novell in applying arithmetic
skills, many people are beginning to esfion the new mathematics
programs and the new teaching methods. A study stethin 1975 by

the NAEP and reported indicate that young adultaéen the ages of

26-35 could not solve simple consumer arithmetabf@ms. An earlier

NAEP study found that people in theseame age groups were
reasonably proficient in solving textbook-typélanetic problems, so

there appears to be a problem in hiegc meaningful, real-world
applications of arithmetic. This unfortunate dilemfor mathematics

education may lend some support to ABebs contention that the
popular non-expository teaching methods do notsszndy result in the

learning of meaningful problem-solving procedures.

4.0 CONCLUSION

Gagne’s division of learning into eight types frtime simplest(signal

learning) through the progressively moreomplex types (stimulus
response learning chaining vernal associationridigtation learning

and concept learning ) to the higherder types (rule Ilearning and
problem- solving )is a useful and valid way to vilarning However ,

learning does not usually progress | a sequeneasly definable and

identifiable steps, and the various lesgn types do not occur in
chronological sequence as do Piaget of intellecteaélopment All of

these eight learning types can, and so occur neamlyltaneously in all

but a few people through most of their lives Asacther you should

understand Gagne’s different types of rieg and select teaching
strategies and classroom activities which ptemeach learning type

when that particular type seems to [Isppropriate for learning the
mathematics topic that you are teachingost teaching /learning
sequences will require several of these eight tgbésarning which

may interact in very complex ways

5.0 SUMMARY

The seven theories which are presented and distus#eis chapter are

attempt by their developer to structure and explagnvery complex

processes of in structure and learninblo single theory provide a
complete model of either teaching, in spite oflilmtation of these

theories, each has applications for teaching adileg@ secondary school
mathematics.
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Piaget and Skinner have formulated two very difieraodels of human

learning. Piaget has developed a theory of intelldanaturation and
development, whereas Skinner has studied the éonslitnder which
human behaviors take place. Although they are miffeapproaches to
the study of learning and behavior, these two fleeato complement
each other; each has many applications in teachathematics.

Guilford has determined what he believes to bel@mental abilities

which comprise general intelligence, anldis findings can be of
considerable use to teachers in identifyinand dealing with specific
learning problems in individual students.

Bruner's theory of instruction is wusefuto teachers in helping them
formulate general approaches to teaching, and mubts work has

been shown to be directly applicable to teachintheraatics.

Based, in part, upon Piaget’s theory of intellectigvelopment, Denies

has developed a theory of teaching ematiics which contains a
sequence of strategies for teaching mathematicseptsr He has also

described how specific topics from secondary schathematics can

be approached by wusing his six stagas concept development as a
general model for teaching and learning mathematics

Gagne and Ausubel, while concerned with refinirgpties of learning
and instruction, have developed techniques antkgies for classroom
teaching. Both of the men have formulated modeistimcturing the
content of a discipline such as mathematics. Gagsdaken a bottom
to top approach to structuring content into leagrirerarchies which
build upon simpler, prerequisite facts skills, aodcepts to learn more
complex skills, concepts and principles. Ausubeal theveloped a theory
of meaningful verbal Ilearning which came used by teachers when
presenting material in a lecture or expository mmdstudents. Since a
large proportion of mathematics teaching carried out in a lecture
mode, Ausubel’s procedures for structuring infolioraso that it can be
learned in an efficient and meaningfuvay can be very useful to
secondary school mathematics teachers.
The various theories of teaching and learning @anded as a basis
for designing and presenting mathematics lessotisso provide a
rich background of information which teachers caa in developing
and improving the effectiveness of theiclassroom strategies for
teaching mathematics to students in secondary &hoo
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6.0 TUTOR MARKED ASSIGNMENT

Who holds what view? Write B for Burner and A foaghe against the
following statements.

1. Learning depends on the structure ofe tlconcept. Nature of
intuition aid desire of learner of learner and reads for learning.

2. The three stages Enactive, Iconic ar@ymbolic consists of the
seguence action, image and words respectively.

3. How far a child learns depends on the set ajngssively complex
rules he has learnt.

4. All mathematics could be learnt through discgver

5. Children learn complex sets of ruleBy interaction with their
environment.

6. At the enactive stage learner repitsserevents through motor
response only.

7. Specifically no learning occurs in the firstgaaof development.

8. Learning lower order sets is a pre-requisitarfgproved learning
of a higher order one.

SELF ASSESSMENT EXERCISES
Self Assessment Exercise 1

According to Bruner, a theory of instruction shob&lboth prescriptive

and normative. Explain what he means by these éwog and why it is
necessary for instructional theories toe bboth prescriptive and
normative. Discuss the four major features whiaspribe the nature of

the instructional process, and which Bruner bebesieould be contained

in any theory of instruction.

Self Assessment Exercise 2

Define each of the eight types of I@agn which Robert Gagne has
identified, and give an example from mathematiascaton of each

learning type. Suggest some teaching tegfies which would be
appropriate for promoting each one of eight leagriypes.

Self Assessment Exercise 3

J.P. Guilford has identified five operations ofrl@ag, four contents of

learning, and six products of learning. Define givdt an example for
secondary school mathematics of each of theseffiftharacteristics of
intelligence.
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Self Assessment Exercise 4

Zoltan Dienes has categorized three types of mathesnconcept pure
concepts, notational concepts, and applied cascepefine and give
several examples of each type of concept, and stggching/ learning
activities which would be appropriate for each type

Self Assessment Exercise 5

Discuss Ausubel’'s two preconditions for meaningégdeption learning
and explain how they can be applied tmeaningful teaching and
learning.
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1.0 INTRODUCTION

Jean Piaget (born in 1896 and died in 1980) wageopious adolescent

who, at 15, published a research article on mafluskie later changed

his interest from shell creatures toterest in the development of
knowledge in humans. After his doctorate degremfthe University of

Lausanne, Piaget worked in Alfred Binet's laborat8chool in Paris.

There, Piaget became interested in what lies bethildren’s answers,

particularly  their incorrect answer. Heegan to use a semi clinical
interview to uncover the basis for children’s babauv.

To appreciate Piaget’s works, it is necessary ttetstand his position

about knowledge. To Piaget, knowledgs ihe transformation of
experience by the individual, not justhe accumulation of pieces of
information. With that view about knowledge, Piageught evidence

of the nature of that transformation in the behawiaf infants when an

object is hidden from them and in the behaviouaddlescents faced

with a complex solutions task.

One aspect of Piaget's theory designated as thje-stependent theory
resulted from the appearance of qualgdti different intellectual
abilities in sequence of stages related age characteristically. For
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example, the ability to engage in logical clasatificn was observed in

the performance of children beginning at age sewvesider. Piaget’s

analysis of a host of responses to tasks resultdeeiidentification of

four major stages which form an invariant sequen@éese four stages

in order of appearance are: the sensory motopréngperational, the

concrete operational and the formal dpmmal stages. The second
aspect of Piaget's theory designated tlstage-independent theory,
includes Piaget's explanation of the dewment of intellectual
structures and his views on the nature of knowledgéthe nature of

knowing.

Educational psychology is generally concerned withstudy of human
behaviour. For class teachers, educational psggkiolill enable them
cope with problem of how children learn and undeatconditions
maximum learning can take place. In sthiunit you will see how
educational psychology can be applied to gainfathéng and learning
of mathematics.

In this unit and also in Unit 2 of this module ywill study the
cognitive aspect of learning mathematics and tmgritutions of three
psychologists-Piaget, Bruner and Gagne to the ileguof mathematics.
They are not the only contributors but they repmeseselection whose
reason for further choice will become apparentasngad the unit.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

1. name at least five areas of psychological studiesiathematics
education.

2. watch questions on problems on mathesatitearning and
teaching with the appropriate field o&ducational psychology
research.

3. recount at least one study by Jean Piaget to itest ¢he concept
of conservation of number or the concept of invacea

4. watch various terms used in the unit with themrect meaning

as used by Piaget. And
5. select by the aid of a checklist. Mathematics iz a suitable
stage in Piagets stages of development.

3.0 MAIN BODY
3.1 STUDY APPROACH
1. Read each of this section slowly to understand it.

2. Do an activity as you come across it. Do not refak to the text
while doing the activity.
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3. Check the answers as soon as you finish the actl¥iyou do
not get them right.

4. You will probably need a good dictioparto help in
understanding new words.

3.2 PSYCHOLOGICAL BASIS FOR MATHEMATICS
INSTRUCTION

You can consider the problems of mathematics ethurc#irough such
guestions as:

I. why is pupil A learning mathematics faster anddxetthan pupil
B even though they are of the same age and iratine glass?

il. Why is a pupil not producing comparatively gooduteas he did
when he is younger even though he worked as hard?

iii. Why is a child not learning mathematics while, inés/brother is
doing very well? And so on.

In other words we can analyse intellectual and tivgnactivities in a
systematic way be considering differences follows: difference
between individuals at a given age or time; anfikdéhces in the same
individual between different times based on leagnateveloping and

thinking.

Differences between individuals at a givetime lead us to study
mathematics ability by use of such tools as mearidl scholastic tests

(e.g. aptitude test, prognostic tests, intelligetest) referred to generally

as the tests of special ability. Although theséstaad their results are

important: studies on the differences inthe eamdividual between

different times are considered very digant for the teacher of
mathematics.

It was rationale of two kinds of difeerce that led psychologists to
direct their research in mathematics ation to the following five
major fields:

(@) Intellectual abilty and individual diffenees in mathematics
aptitude and attainments.

(b)  Experimental study on the growth of thinkingytacularly with
reference to number, spatial relations, geometagsification,
the development of mathematical concepts and apasaand the
nature of mathematical experience.

(c)  The nature of concept, productive thinking anoblem solving

(d) Mathematics learning with reference tmethods, programEDU
learning, learning sets (learning to Mmarand the spread of
learning.
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(e) Curriculum studies aiEDU at revising andmproving the
mathematics curriculum.

Piaget, Burner and others who were eormed with studying

the

development of thinking of the individualalong a span of time are
referred to as developmental psychologists. Gagpeesents the group

which drew conclusions about how children thinkdmgerving their

behaviour (responses) to simple tasks (stimulud)aae referred to as

the behaviour (S-R) psychologists. S-R standstionulus response

Piaget, Burner and Gagne are representatives iofsttteools of thought
who have contributed in one way or the other tohmiatatics education.
You can now see why we have chosen to discussitinéms module on
psychological basis of mathematics education.

3.2.1 Contributions of Piaget to the Learning of M#éhematics

Jean Piaget was a French-Swiss psychologist whovigisally trained

as a biologist. For more than fifty years he stddiad analysed the

growth and development of children’s thinking. d&hool in Geneva is

noted for the study of psychological problems ulyieg the learning of
mathematics. His work has the greatesignificance for teachers of
mathematics especially at the primary level.

This applies to his study of children’s generagilgictual development
and specifically to the development of mathematcaicepts. You will
now study this in more detail.

Piaget view cognitive development in terms of wdfined sequential
stages in which a child’s ability to succeed ied®ined partly by his
biological readiness for the stage and partlyiBy lkexperiences with
activity and problems in earlier stages. The agey@ars is knows as the
Sensorimotor stage where the child relates to its environmehtalugh
its senses only.

Towards the end of the second year of life, childreve rudimentary
understanding of space and are aware that objaetsdn existence
apart from their imEDUiate experience of them.

The pre-operational stage, (2-7 years) iciwh generally cover the
cognitive development of children duringhe pre-school
(KINDERGARTEN) years, is marked by the ability tead with reality

in symbolic ways.

The thought processes of children in this stagetareever, limited by
Centering (inability to consider more than oneharacteristics of an
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object at a time). Children at thistage also have difficulty with
reversibility (The ability to think back to the caes of events).

Because of these deficiencies, they canionserve (retain) important
characteristics of objects and event, am@&nnot engage in logical
thinking in any concrete sense. The Idchiis said not to posses the
concept of conservation of number, volume, qualitgpace.

Piaget demonstrated the lack of conservation inexmeriments
The following is an account of the experimentalgaedure:

The child was presented with two rows of five glastjuares each row
arranged (as show below) in one-one correspondédiake squares
are equal in size.

Child’s

D D D D D Experiementer’s

The experimenter then says to the child. The fogt is yours and the
second row in mine.

Question:  Have we both the same number of squares
Child’s response: Yes (Both the same)

The experimenter later arranges the @guaras shown below by
spreading out one row (the child’s).

Child’s

Experimenter’s

He then repeats the statement and iquestto the child. The child

responded by saying he (the child) has more-thielg are no longer
both the same.

The child at the pre-operational stage is influeniog the perceptual

features of the stimulus (i.e plastic squares)lddks the ability to see

that movement has not altered the iplassquares. Conservation of
numbers is a fundamental requirement in the unaiedstg of numbers,

for without it a child cannot match sets by pairtogestablish equivalent

114



EDU 808 Mathematics Curriculum andtructions in Secondary
Schools

sets. For instance, for the child who is learningimber sentence such
as:

3 + 2 = 5

000 + 00 = 00000
and forms a union of disjoint set of three coungerd another set two
counters, the physical movement of the countecsanmew pattern may
mean: they change in their number characteristiod;though they may
recite 3 plus 2 equals 5, he lacks understanding.

The implication for the mathematics teacher is thista waste of time

(and probably harmful to children) to tryotell children things that
cannot be experienced through their sense¢hat is, through seeing,
feelings as well as hearing. Abstract mathematitesds should therefore

not be introduced at this stage. Children at ttaiges must be permitted

to manipulate objects and symbols, so as to betalappreciate reality.
Mathematically oriented recreational facilitiesg(games, play blocks,
counters, marbles etc) are important tools fomiea mathematics at

this stage.

The period of concrete-operational stad€-12 yrs) is particularly
important to the primary school teacher because prasary school

children are in this stage of developme This stage marks the
beginning of what is known agico-mathematical aspect of
experience. It is illustrated by the sea of the child who learn that
counting a set of objects leads to the same regdther he counts from

front to back, backto front, or whatever nfiguration in which the
objects are arranged. Also logico-mathematical B&pee underlies the

physical act of grouping and classifying in whakim®wn as the algebra

of sets.

Piaget studies the concrete operationdahges using the concept of
conservation of invariance, which is a basic charigtics in this stage.
For example a child is shown two identical glassggaining the same
amount of water as illustrated in Figure 2.5(a).

The water in one glass is then poured into a tgless with smaller
diameter as shown in Figure 2.5(b).
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If the child understands the amount of water istbiie same no matter
the nature of the glass container and rejects pésaeption tells him

(one look like it contains more water), he is udogjc and has arrived

at the concrete operational thought level for bisoept. The amount of

water is conserved and remains invariant (unchgraféet the transfer

into another container. This is referretb as theconcept of
conservation of invariance The child realizes that the process can be
reversed- that if the liquid is poured back inte thitial container, the

amount should remain the same.

Another example is the process of agldione number to another
number. In thought, this would be: if | want to adltb 3, | would take a

collection of three marbles, physically and fourrenand then determine

the result. But in practice | wouldepresent the process internally.
Reversibility would imply that if | recognize tha8+4 = 7 then | would
recognize that 7-4 = 3.

The psychological condition for a revblsi operation is that of
conservation, i.e + A is reversed by —A.

The concrete-operational stage is therefore impbfta mathematics

learning because many of the operations a chihlis to carry out at

this stage are mathematical in naturBor example the operation of
classification, ordering, construction of the iddanature, spatial and

temporary operation. This includes all thendamental operations of
elementary logic of classes and relations of eléargmqmathematics,

geometry and even physics.

There is however one limitation at this stage. @kih have difficulty
from hypothetical assumptions. Care mube taken in the type of
materials that is included in their mathematicaticulum.

Children can reason abstractly if they are notcadfe by the limitations

of the concrete-operational stage. They can prote#t fourth stage

of Piaget’s process of cognitive developments. Thisiown as the
formal-operational stage, from about 12earg. Only one-fourth of
adolescents and one-third of adults, however, edigrfunctions at the

formal operational level as shown by results oéagsh.

At this level, the child now reasons or hypothesi&éth symbols or

ideas rather than needing objects in the physioalovas a basis for his

thinking. He can wuse the procedures die logician or scientist, a
hypothetic-deduction procedure that no #@ngties his thoughts to
existing reality. He has attained new mental stngs and constructed

new operations.
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3.2.2 The Stage-Independent Theory of Piaget On lataction

Piaget holds that individual intelligence develtm®ugh the person’s
interaction with his or her environment. Piagetdtssthat knowledge is

active, for her/him to know an idea or an objequiees that the student
manipulates physically or mentally and erdby transforms it. At
different developmental stages the activities ahs$forming knowledge

takes on different forms.

The construct of interaction may be theost important of Piaget's
contributions.  According to this conceptwhen you want to solve a
problem, you will spontaneously and @alijv interact with those
characteristics of the real situation that you pmes as relevant to your

problem.

3.2.3 The Stage Independent Theory of Adoptation

Piaget provides us with other construct that exgléne functioning of
interaction and suggests the parameters teaching behaviours most
likely to result in interaction. Just consider yawn mental activity as

you read these paragraphs. Each of yoomes to the reading with
different experiences, differing degrees of underding of Piaget, and
different retention of past school learning. Yoad¢he same words.

Some of the words are familiar, but may be useashightly novel way;

the same ideas might present a totally new nolioassence, you are

trying to get a cognitive understanding of the gleathe paragraph. In

so doing, you are carrying on a matching patchasg.tYou may try to

match the inferred ideas (new ideas) to the onagpssess that seem

to be similar or you may patch previous cognitimewledge on the

basis of new ones.

Piaget has specific labels for the match patchtionaescribed above.

He labels the process where an individual interaits an experience (a

real object, a situation, inferred ideatirough reading listening or
seeing) adaptation. Piaget describes atilaptain terms of two
concurrent functions assimilation and accommodatiothe illustration

above, the reader assimilates (matchele tideas inferred from the
paragraphs as he or she simultaneously accommdgatefes) prior

cognitive structures to the new input.

Notice that when adaptation (matching- patchingues, the individual
is changed (in a cognitive sense) while he or $lamges the experience.
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3.3 The Stage-Dependent Theory of Cognitive Development

The last two of the Piagetian Stagee adesignated as Concrete
Operational and Formal Operational. These arettges that span the

age range from 8 to 15 (16) an age range thatdeslyour mathematics

students.

3.3.1 Characteristics of the Concrete Operational t8ge

Operations are mental actions that are reversitie first indicator of

the stage “is the ability of the child to consemuenber i.e. to realize that

the number of objects is unchanged Hgas of their arrangement.
However, the same child may assume that the lesfgtpipe cleaner is

changed when it bent or that the amount of clegy iaund ball is altered

if the clay is made into a long nthipipe. In other words, ability to
conserve numbers, length, mass, volume etc. arallnmthieved at the

same time even though, all the schemes requiraldtitiey to consider

several perceptions simultaneous and thbility to reverse a mental
action.

By the end of the concrete operational stage, tbadwlescent is able

conserve all of the preceeding relationships. if ge a physics minor,

you all realize that volume can be a fairly compdercept, because it

includes the ideas of interior volume, liquid volenand displacement

volume. Underlying all the above majoadvances of the stage of
concrete operations are the ability of the childlessify and the ability

of the child to work with relationships which ordeekes a difference.

The ability to classify is perhaps the osin powerful of our thinking
tools. In and out of school, we arasked to learn hierarchies of
classification systems addition, much learning dejseupon the ability

to perform multiple classification i.e. the task gige a child when we

ask him to select an isosceles right triangle feooollection of shapes.

Piaget's data show that these abilitiewe developed gradually
throughout other concrete operation stage as & #Snteraction with

sufficient experiences that require mudipl classification. Ordering
relationships are inseparable parts of learnindassify. For example,

the full meaning of statements such as “6 is grebhsn 4 which is

greater than 3” is not grasped by the pre-concépperation youngster.

But the concrete operational child correctly codelthat “6 is therefore,

greater than 3"and later, is able teverse these relationships and
handies *“less than” statements.

However, all of the above abilities are developedmd) the stage of
concrete operation by interacting with offCrete” content. What is
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essential about the “concrete content” is thaetgeriences be real to

the child and that such experiences lecef in as tangible a way as
possible the concept or rule being developed. Asranus concrete

base of activities, verbal responses, ualis responses, and visual
experiences is required for initial léagh of an idea which are the
instructional modes suitable for teaching concogterational students?

3.3.2 Characteristics of Formal Operational Stage

The mental structures that develop bwe tend of the concrete
operational stage are still available fouse by the adolescent or
preadolescent. They must be used to solve mamnyifegaroblems.

In some cultures the concrete operationsiructures are the most
complex that can be identified.

At the stage of formal operations, thadolescent can deal with the
“form” of the situation and need notesort entirely to the concrete
aspects of the problem. Piaget has identified ébaracteristics of the

former operational stage, all of which depend upoe/another. They

are(1) the treatment of the real as a subset gidhsible, (2) hypothetic

deductive reasoning, (3) Combinatorial analysis @grepositional

thinking.

At the formal level, reality is considered as asgilof the possible, with
the result that hypotheses may proceed from nserebd and non-
experienced phenomena. This characteristics dbtineal stage, i.e. the
ability to imagine the possible as containing thal rthe formal thinker
from the restrictions of his or her sense. Furfbanal operations are
characterized by prepositional thinking. The eletmemanipulated by

the formal thinker are logical propositions, stag@s containing raw
data rather than just the raw data itself.

This is where you use conjunction, disjunction, licgtion, negation
and equivalence. This type of thinkings iwhat Piaget called second
degree thinking operation, that result in statement

The four characteristics of formal opignas, outline the manner in
which the intellectually mature adolescent thirfkesented with a new

situation, the adolescent begins by classifying@w@ring the concrete

elements of the situation. The results of thesem@ia operations are

divested of their intimate ties with aliey and become simply
propositions that the adolescence may combineriowaways. Using
combinatorial analysis, the student regards treditptof combinations

as hypotheses that need to be verified and rejectadcepted.
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3.3.3 Implications of Piaget's Theories for Mathematics
Instructions

Stage Independent Theory

There are some clear signals to theacher in the functioning of
adaptation

First, if assimilation- accommodation is to ocdue gap between the

new experience and past knowledge cannot be tge.l#ryou analyse

the nature of the content and search for prerdqajssome prior needs

will be identified.

Then you can informally diagnose through home vas&ignments or a
shared question/answer period or any number ohieganethods.

If adaptation is such an individual matter andreésulting knowledge is

more heterogeneous than homogeneous, then diagnosise able to

identify differences in individual understanding.

Diagnostic questions or tasks can Dbensitocted to assess recall,
comprehension or the ability to use concepts ioeehway.

The Stage-Dependent Theory

The fact the cognitive structures are nested aaidaine never loses the

mental abilities of earlier stages is significahg task is truly one that

requires formal operations, the student cannotatpem it meaningfully

unless he orshe has had sufficient concretperience on which to
draw. The teacher must analyse the etdntand its concrete
prerequisites. Must diagnose the students intuliakekground and must

plan instruction to close the gap between the tiniand the abstract.

4.0 CONCLUSION

Although it may be difficult or undesirable to attpt to hurry the stages

of development, just described, teachesse important in providing
appropriate  readiness activities and irskirg appropriate questions.
Otherwise, the children may be delayed in achietliegvarious stages

of development. Two of the following ufo basic factors affecting
mental development-experience and sociadnsmission are strongly
affected by teachers.

These four factor affecting mental developmentaschild proceeds

through the stages of development just describedm@anic growth,
(maturation), experience, social interactioor transmission, and
equilibration.
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5.0 SUMMARY

1. Five fields of research in educational psychologyenidentified

2. Of the first four fields, the contributions fromatde working on
problems of the development of thinkings by far the most
significant for mathematics education. The contidiuof Piaget
in this area were discussed.

3. Piaget maintained that children’s cognitive develept follows
a well-defined sequence of stages whetleey acquire an
organized group of perceptions, ideas and undefistgricalled
structures) that enable them to deal with the wdrldhe pre-
operational stage, children begin to deal withrtkeavironment
symbolically, but have difficulty with reversibyit(the ability to
think back to the cause of events).

4, Reversibility is acquired in the concrete operaistage. At
these stage children learn to think logically am@&ngage in
fruitful interactions with others.

S. During the formal operations stage, children aile &develop
and test hypotheses. They can also think and etitgically.

6.0 TUTOR MARKED ASSIGNMENT

Now that you have completed the unit, this assigrimail help you to
determine how much you have learnt from the unit.

What follows is a list of statementsome of which arises from our
discussion in wunit | and are therefordURE (T); others, are wild
statements that have no psychological bases vstieot to what you

have learnt and are therefore FALSE(F).

Read each of these statements carefully. Write Thimse you consider
TRUE and F for those you consider FALSE.

1. child at the pre-operational stage hawdfficulty with

reversibility.

2. The concept of conservation is present at the ed@aperational
stage.

3. Abstract thinking can never be achieved for scleainers in
Nigeria.

4. The psychological condition for a revblsi operation is that
conservation.

5. Piaget viewed cognitive development in terms ofl wWefined
sequential stages determined by biologicedadiness and
experiences.

6. A child’s chances of reaching Piaget’s formal stdgpends on

the size of his brain.
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7. The second stage of Piaget's developmaat marked by the
ability to deal with reality in symbolic ways.

8. The thought process of a child in the pre-operalistage in
limited by “centering”.

0. Absence of conversation of number or volume isrésellt of
deficiency of centering reversibility.

10. Logical thinking exist at the pre-operationalge since children
can deal with reality in symbolic way at that stage

11. Conservation of numbers is a fundamental requent in the
understanding of number.

12.  Without the conservation of numbers a childhcarestablish the
idea of equivalent sets.

SELF ASSESSMENT EXERCISES (SAE)

1. The list A are five major fields ofresearch in educational
psychology as applied to mathematics educatiom list B are
guestions about learning mathematics. Match ¢heect field
with the correct question.

List A

(@) Intellectual ability with special reference to mathatics.
(b)  Study of growth of pupil’s thinking.

(c)  Concept formation, productive thinking & profesolving.
(d)  Learning mathematics.

List B

(i) What should be introduced?
(i) How should new mathematics be taught?
(i) How do the mathematics idea of childdevelop?
(iv) Are there mental factors at certain agiegch can be associated
with mathematics abilities?
(v)  What are the qualities of productive thoughtriathematics?
(vi) How can mathematical task be broken up to muprlearning
of mathematical ideas.

2. Explain one experiment used by Piaget to test tasgmce of the
concept of conservation or invariance in a child.
3. List A contains more new terms you have encountareklis

unit. List B are some definitions.
For each term in A, choose a definition in B whisimearest to
its meaning as used in this text.
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List A

(1) Concept (iv)  Stimulus
(i)  Operation (v) Responses
(i)  Perception (vi) Invariance
List B

(a) An action that can be carried out in thoughivelf as physically.

(b) Any term that can be reorganized as recurrent feature in an
individual’'s thinking to represent a class of expeces.

(c) Our reaction (observable behaviour) as a redudttask.

(d) The ability to observe through our sense atetimete meaningful
understanding of objects, events and asdo that constitute our
world.

(e) A task for which a reaction is expected.

That which is carried out in a hospital theatre
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1.0 INTRODUCTION

Evaluation can be regarded as an iategpart of an instructional
programme of activity regardless of the lengthimietor period the

instruction lasted.  Evaluation is an on goingoess throughout the

period of instruction. It is also thdast activity that completes the
teaching exercise whether the teachingsteth for a year, a term or
whether it is a teaching unit or single periodradtruction.
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In this wunit you will be equipped Wit some knowledge and
understanding of this important educational procegaluation, as well

as be made conversant with its indispensable paspios educational

thought and practices.

As a teacher at any level, this knowledge is bfsigou to be able to
assess your students’ performance effectively.

2.0 OBJECTIVES
By the end of this unit you should be able to

1. define or explain in your own words the term ‘e\aian’.
2. state or describe the purposes of evaluation

3.0 MAIN BODY
3.1 Study Approach
Being the first unit of this module, you need to

1. study it with diligence;

2. attempt the questions in the activities and thegassents with
all seriousness.
3. go through it as many times as possible for effeatecall.

3.2 Meaning of Evaluation

Evaluation is an educational process that helgmihering relevant and
adequate information or data about tretainment or otherwise of
dimensions of behaviour associated witlme t educational objectives
specified by either the classroom teachers or tinéccilum designer for

the purpose of instruction.

A breakdown of this lengthy stipulative definitibas much to convey
to you as a teacher.

In the first instance, one may be tempted to aski®thing that is
being evaluated. Is it students achievement (attant or otherwise)?

Secondly, the fact that achievement involves dinogrssof behaviour,

shows that evaluation goes beyond measurement ughadsignment of

numbers of things (situations) accordintp certain rules. It may
therefore be said simply that evaluation involvakig judgements. Itis

a broad process involving a host of evidence-gatgeechniques to

help in decision-making about the quality of aniwdlbal’s or a group’s
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performance or the success of an instructionalraragie in relation to
stated objectives.

A student’s abilities or progress are being evaldathen his scores are

interpreted in terms of standards ofs hiwon class; in terms of his
educational or vocational plans and aspirationspane other bases for

making value judgement.

Some teachers mistakenly feel that the only wagvatuating is by

setting cognitively based questions for the stuslemsolve. Because of

this anomaly, the Federal Government of Nigerieoohiced the idea of
continuous assessment in her school mystevhich helps in getting
information of the child or student in variety oays. Here, not only the
cognitive dimension is tested, but also the affecéind psychomotor
domains.

Nevertheless classroom tests are more often useddtuation than

other methods. Because of the impodanof evaluation, some
educationists have described it, as the qualityrobaf the educational
programmes.

Evaluation, involves a bulk of activities, rangifigm preparing test

item’s, scoring students scripts, recording scarkarting, interpreting

and measuring the progress the studeh@ve made in the desired
directions.

It is true that it is a time-consuming activityefuent and tedious, yet it

is an indispensable and recurring taskhich becomes increasingly
important when you commit yourself tohet noble consciousness of
having your students achieve their best academicall

For any kind of evaluation to be purposeful, yoawst have in mind

very clearly the instructional objectives of theden or the teaching
programme. Hence the emphasis laid on makinguicistnal objectives

to be specific, clear and measurable.  Whahjectives are stated in
behavioural and measurable terms, it makes evafuathoother and

more meaningful.

3.2.1 Types of Evaluation Techniques

There are diagnostic, formative and summative tyfpevaluation.
3.2.2 Diagnostic Evaluation: involves the assessment of learners’
previous knowledge before any unit of institutiolt.is diagnostic as its

name implies because it helps to identify learnarsas of weakness on
the previous unit of instruction so that the teadfecomes aware of

126



EDU 808 Mathematics Curriculum andtructions in Secondary
Schools

where to start a new unit of instruction and howuade the students in
the process.

3.2.3 Formative  Evaluation: Formative evaluations involve the
assessment of learners’ achievement after a bmiebtiinstruction. It is

a diagnostic tool for learners weakness; to ol#gidence of students’

mastery of the important concepts and ideas afsole thus providing
feedback to the teachers about his teaching methddhe outcome of
instruction.

3.2.4Summative Evaluation: Summative evaluation aims at much
more general or large scale assessment of thetextergree to
which the larger stated aims of instruction hakieen attained
over the entire course or some substantial aspéct Gessional
examinations are examples of summativepedy On the spot
evaluation is of the formative type. Good formattest results
obtained at regular intervals leads to good peréorce at the
summative level which covers wide rangef knowledge and
skills.

This very important educational activity cannotdghout a purpose.
Hence the next section will concentrate on pointmgou the useful
purpose of evaluation.

3.3 Purpose of Evaluation in Mathematics
5.3.1 Decision Making

Evaluation helps in Decision Making: At the end of a lesson, or
course, unit, the teachers, school adwmators and other school
personnel make many decision about tlseudents progress and in
addition lead the students’ to make many decisionthemselves.

But it is necessary to realize that decisions atenmade on scanty or
irrelevant information about a students’ progranrat@er it is on the

basis of a good deal of information. Hence thestkhould keep or

have cumulative and considerable record imformation about each
student.

The relevance of the information is also very digant, in that, the data
that will be helpful to place a student in seniec@ndary technical are
not identical with the data that will be most redavto place him in
ordinary senior secondary school. In the samemskny school too, the
data for placing a student for Further Mathematitknot be identical
with the data for placing him for Agricultural Soiee.
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Note also that before decisions are made they lysnablve prediction
but before the latter, available and accurate stavald be at hand as a
result evaluation.

5.3.2 Predictive Measurement

Moreover, evaluation helps for the purpose of mal. For example

guestions like: “In what mathematics class is $tiglent likely to make

the best progress”. Is she |likely tbe able to offer the courses she
wants?

These questions demand predictions. Yes he ily likedo well in such

a class, he will not or from the records availabhkejs not likely to do

well in that class. He will not cope with the derda These predictions

now serve as prerequisites for individual or ingiitnal decisions. But

it should be emphasized that the aosuraof the judgements and
inferences you make will only b increased by rete\data.

5.3.3 Placement and Promotions

Another important purpose of evaluation is thduelps for placement

and promotion. So, evaluation tests the readiokasstudent or child to

be placed in a new school or promoted to a neve @dathe case may

be. Common Entrance Examination and BAMexamination are all
evaluative strategies for placement of ilgupor students to new and
higher institutions relative to the fomme Sessional examinations in
schools are evaluative strategies for thpmurpose of promotion of
students from one class to a highelassc But better decisions of
placement and promotion can only be enadvith cumulative
considerable and relevant data and naost by one or two single
achievement tests.

5.3.4 Guidance and Counseling

Evaluation also helps in guidance and celimg and career choice.
Choosing a career is a type of decision-making whistudent has to

make by himself and or by parents, based on thaigtiens they can

make or the school helps him to makey making available his
cumulative records.

5.3.5 Assessment of Instructional Strategies

Evaluation helps in the assessment dfe tteaching methods and
materials on how effective they were in the cowfsan instruction.

Therefore, it helps in ReEDUiation purposes. Timglies that if the

feedback obtained from evaluation is unsatisfactiogye will be that
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decision of making up(reEDUying the sitom) what was lost.
ReEDUiation will therefore involve re-teaching amdplanning on the

part of the teacher of the teacher as well asma@lggon the part of the

learner (the student).

As a classroom teacher you can or must have dised\ather purposes
evaluation serves.

4.0 CONCLUSION
Evaluation has been defined in this unit and itppses outlined. Its

components have also been given, nameljagnostic, formative and
summative.

5.0 SUMMARY
In this unit you have studies

1. the meaning of evaluation as a purposeful educaltimmocess

which  helps in gathering relevant anddequate data about

learners’ achievement based on the edunedt objectives
specified by either the teacher or the curriculiesigner.

2. five major purposes of evaluation werhighlighted: decision-
making, prediction, promotion/placement, careedgnce and
reEDUiation.

3. data collected should be relevant and adequate;

4. learners achievement should be on various dimessather than
on only cognitive testing.

5. objectives to be evaluated should be clearly specdnd well
stated.

6.0 TUTOR MARKED ASSIGNMENT

1. Using your own words give a definition of ‘evaluati

2. How does evaluation help in decision kimg? Give three
examples of such possible decisions.

3. Clear and well defined objectives is cessary in defining

evaluation. Discuss.

SELF ASSESSMENT EXERCISES

1. From the definition of evaluation, point out soney laspects that
evaluation must involve.
2. “To evaluate” sounds like “to measure” comment.
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1.0 INTRODUCTION

Ohuche (1981) defines assessment as involvingdtezrdination of the

value and worth of a thing and implies making decis. Assessment in
mathematics therefore implies determinindgie t value and worth of
learning outcomes, instructional situationgrogramme  effectiveness
and related products of learning mathe@sat On the other hand,
continuous assessment points to periodically casionally evaluating

the learner all through his school career and émgtinat all decisions

made contribute to the final decision on his wdrke Federal Ministry

of Education (1980) defines continuous seasment as a mechanism
whereby the final grading of a student in the ctigaj affective and

psychomotor domains of behaviour takes accourat,9ystematic way,

of all his performances during a given period dfasuing. Such an

assessment involves the use of a great varietyodeshof evaluation for

the purpose of guiding and improving the student.

It is usual in any educational system to use tstisexaminations for

the purpose of assessment. But these are not héetruments which

can be used. There are other methoofls assessment which can be
employed to provide a valid evidence needed toavguupon students’

learning and teaching. For instance, there areuim&nts which have
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been developed to obtain information on studeritéude, opinion or
interest in mathematics. Such instruments includgepts, assignments,
observation, questionnaires and interviews. Tdrey to be employed

and the data collected must include theree domains — cognitive,
psychomotor and affective domains. Every decisikes account of all

the previous decisions. As a result continuoussassent requires some
cumulative records on each student.

Classroom assessment is known by itsry venature to be an
approximation having its observed and true comptmdrne algebraic

difference between these two yields an error. Egpee has shown that
decisions based onone short examination hawe several occasions
ruined the career of good students wHell sick during the only
examination. On this note, the application of awnbius assessment in
mathematics education will give a more meaningsuit.

The greatest problem facing the implemgon of continuous
assessment in mathematics is that the preachiitg @dspel has not yet

got to the grassroots of mathematicsarnieg - the primary and
secondary mathematics teachers. Neither do pakeats what it is all

about. As a result of this non-filtering of innoimial educational ideas

to the grassroots, our children haveenbeexposed to a state of
continuous testing in the name of oomus assessment (Obanya,
1984). Some state ministries instruct teachersvi® ‘)X’ number of

tests a term. Students are told in advance whetesite are coming up.

They prepare for the test by the traditional swgttnethod, drugging

themselves with coffee and kola nuts and deviskagrenation success

tricks. Parents on their own part argiven results in two columns,
labeled “Test work” and “exam work”. Obanya (198&#serves that

these results say very little about the affectregts of the child and the

way they are developing. The results of the cowtirsutests are not used

for guidance or for improving teaching andrféng. What we need
therefore, is massive programme of indiserv training for practicing
mathematics teachers on the techniques of contsassessment. This

will aim at improving the attitude of teachers ézord keeping, since

continuous assessment depends on keepitognulative records. Also
definite orientation on the effect of cheating dnsed standards on the
effectiveness of the programme must be carried out.

Since the directive that continuous assessmenighewsed at all our
educational levels for the evaluation of our stuslgib thus becomes
imperative that every Nigerian teacher should djogaderstand it’'s
usefulness and practice its workability.

This unit will therefore give you a great insightd the following. The
meaning and rationale of continuous a&smenst, its importance,
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problems of its implementation, how these problewsn be overcome
and the skills required by every teachéo ensure effective use of
continuous assessment .

2.0 OBJECTIVES

By the end of this unit, you should be able to:

1. Define continuous assessment and give the ratidoalesing it
in schools.

2. State the problems of implementing continuous assest and
how to overcome them: and

3. Spell out the various skills that a teacher reguioe ensuring

effective use of continuous assessment.

3.0 MAIN BOY
3.1 STUDY APPROACH

Being the second unit of this module with a newosgt or idea, you
will need to:

1. Take a careful study of this concept to see hawlates to the
various tests that have been learnt and studiddtiwir uses.

2. Avoid rushing to assimilate the content of thistuni

3. Attempt carefully all the exercises that appeareurile activities

and assignments.
3.2 MEANING OF CONTINUOUS ASSESSMENT

In  general term continuous assessment viewed as that method
finding out the extent of what the pupilsave gained from learning
activities in terms of thinking and reasoning dta8, character or moral
development, knowledge and skill acquisitionfo stress this further,
continuous assessment can also be said to benttiefisemblage of the

pupils grades while taking good cognizance of thgndtive, affective

and psychomotor domains of their behaviour througlize period of

their stay in the school. It shouldlsoa be noted that when such
assessments are given, a great variety of modegabiation are also

employed for the purpose of giving amrate guidance and
improvement to aid the pupils learning activitiesl gperformance in

schools.
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3.2.1 Rationale for Continuous Assessment

As a teacher who will continuously make use of cwdus assessment
in teaching pupils in schools, there is the nee@a&tly know why the
continuous assessment is necessary for use ircbaols. Some of these

are discussed below:

1. With the view that an assessment is an importantgbahe
teaching process, teachers are expected to als@édike part in
the final assessment of the pupils they teach.

2. Contrary to the old single examination system peadtin the
past, continuous assessment is expected to giviendigrades
of all thepupil’s performance throughout the periodhe school.
Such an assessment will give a morealiste picture of the
pupils’ ability than a single examination can do.

3. As teachers, the continuous assessment will proxedewith
useful tool to asses your own teaching performanoeshow to
improve on them.

3.2.2 Problems of Implementing the Continuous #sessment
System in Schools

Although the continuous assessment practice isfathyvpart of our
educational system, it is important to give duesideration to certain
significant problems that go along side with itplamentation and at
the same time propose solutions to them. Thesdgmabare directly for
the educational system in general and for teachegyarticular.

The first of these numerous problems has beeniftkehas the problem

of comparing the quality of the variousests and instruments of
assessment used by different teachers in terious schools. In this
respect it has been noted that majority of oursttasm teacher have not

received adequate and formal training in the canstin of test and the

use of various educational measuring instrumehtepbrts are made

available in the form of written comnen these will bring in the
difficulty of ensuring any kind of com@bility between comments
made by individual teachers even in the same samblparents on the

other hand.

Another problem that require consideration is tfatcord keeping and
continuous keeping of such record since such ped@émands proper
and accurate keeping of records on every puphénsthool.
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3.2.3 Solutions to the Problems of Implesntation of
Continuous Assessment

The following are some useful solutions for thegaoimplementation
of the continuous assessment system

1. A consistent system of record keeping should bentamied by
every school to ensure uniformity of standard.

2. All teachers should adopt a fairly uniform sylldébi each level
of education for their pupils. There should alsaib&ormity in
the setting  of tests and various assessment instrism

3. There is the need for a coordinating committee ¢mitor all the
activities involved in the system to sere uniformity in the
maintenance of approved standards in relatiomhoirgstration
standardized achievement tests and the use ofugaasessment
instruments in all  schools from time to ¢imto ensure a
relative high level of performance by pupils.

3.2.4 Teachers Roles In Implementing continuous Asssment
in School

All classroom teachers are expected to live upédr expectations in

the discharge of their duties to meetp good planning with a
comprehensive view of their functions, them than have a narrow
perspective view of what they are swggoo to teach. ‘Teachers are
expected to be professionally qualifiedknowledgeable, dedicated,
honest and hardworking for them to sthiyo and properly practice
effectively the continuous assessment system irscluools.

In general, all teachers involved in the continuassessment practice

have to consistently plan and teach continuouslgpkclose observation

of all the attributes that each pupil may manifesike a systematic and
comprehensive record on pupils academicogrpss and learning
outcomes. The teacher is expected to diagnoserahddlutions to each

pupil’s difficulties and then help them as a unignaividual by using

the results of their assessment instruments toyaheaunsel and guide

the pupils always in the classroom learning situati

3.3 Application of Continuous Assessment in &’thematics
Cognitive Outcomes

There are many types of testitems applieéanring achievement.

Since mathematics achievement is not uaitary trait, we therefore
devote this section in considering different comrygres of test items

in mathematics and how to construct thenthere are generally two
types of test items-objective and essay types.objective test items
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are those requiring the student to supply the answi® select the

answer from a given number of alternatives. Theisgamf objective

test is quick, easy and more accurate. Howevegamaot use objective

tests to measure such abilities like led®n, organization and
integration of ideas. To measure these we mustridkpe the essay

guestion. On the other hand, the marking of esgag test is subjective.

Different markers usually give different marks tih@ same solutions

even when the same marking guide isedu Therefore in order to
effectively assess the cognitive learning outcobath the essay type

and objective type test should be used.
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3.3.1 Objective Type Test

(@) True/False Items

In a True/False item, a statement is made andcetited is expected to
indicate whether the statement is true or falsguestion is asked and

the respondent should answer Yes or No.

Example. Circle ‘True’ if this statement is corractd ‘False’ if not.

1. A Rhombus has the interior angles J0ue/False

2. The constant Circumference is a rational numbare/Halse
Diameter
3. The arithmetic sum of deviations fromhet mean is
True/False

Write ‘Yes’ or ‘No’ against the question.
4, Is (x-3) a factor of x7x+12?
5. Does an equilateral triangle have equal sides?

You will observe from these examples that True/&#&st items are
often limited to testing facts. Also they do natrstlate much thinking
since the testee is faced with only two choicesraag, therefore, be
encouraged to guess.

(b)  Matching Items

In order to construct a ‘matching’ test item, tvetssof alternatives are
provided, for examples, the drawings of severapshand their names
may constitute two lists. The tested is then exgeth match one item
from a list to another item in the second listgémeral, the number of
alternatives in one list should be at least oneentioain the number in
the second list, so that someone who knows theam®all but one of
the items will not automatically get the last anse@rect. This type of
test items is usually marked by giving one markaoh pair of items
which are matched correctly and no mark for the which is wrongly
matched.

Examples (1) Match each shape with its name

[ LD ()

Rectangle, Hexagon, Cube, Circle, Parallelogram, Triangle

(2)  Match the proper fraction and the decimal fiact which have
the same value

Zero,
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04 05 06 0.750.8
(3) Match the shape and the number of flat facashwit has

Cube Cylinder Tetrahedron
10 8 6 4 2
Answer to these sho hown like thi
1.
Rectangle, Hexagon, Cube, Circle, Parallelogram,
Triangle
2 3 4 8 ~— 2

75 0.8

0.4 0.5 06 O
3. Cubé\iylinder Wron
10 8 6 4 2

Matching items test the knowledge of facts. Thepaconomize space
because the questions which are asked in one i@yrconstitute three

or four ‘True/False’ or multiple choice items. Rbese reasons it is
recommended that matching test items Ileed during classroom
teaching.

(c)  Multiple Choice Items

A typical multiple-choice test items has stem which may be a
statement or a question and four or five possibivers of which only
one is correct. The options are usually selectetiaathey can attract
pupils who do not know the correct answers. Usuallypils are asked
to indicate the correct answer by circling, undedy writing the letter
in front of their chosen answer or where compubeless are used to
shade the appropriate space.
Examples Circle the letter in front of the corranswer.
1. A cup ‘A’, half full of water, was emptied into arempty cup ‘B’
which then became one third full. Ithe process had been
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reversed, i.e., ‘B’ had been filled half full andyved into ‘A’,
what fraction of ‘A’ would have been filled.

ie. ‘B" had been filled half full dn poured into ‘A’, what
fraction of ‘A’ would have beenfilled. (a)1 (b)2(c)_ 3

(d) 2 (e) 3
3 5 5 3 4
2. If p=.[K xthenxisequalto(apP _2?% _2 _
ep 2 k k k 2 y2
K
3. In the triangle ABC the length of AC is
A. 7Cos48 B.7Sin48 C. 7 D.7tand8 E. 7
Sin Cos 48
48°
7cm

48

4. The mode of this set of numbers 3 3 4 4 54677

8934 4 9 7 6
ISA.3B.4C.7D.5E. 9

5. Which of the following statements is false?
A. All rhombuses are parallelograms

B. All squares are rectangles

C. All squares are rhombuses

D. All rectangles are parallelograms

E. All quadrilaterals are parallelograms

Multiple-choice tests are usually scored bymgvi one mark to each
correct answer. However, students may Ipenalized for incorrect
answers by using the formula.

Score= Right — Wrong where n is the numbers ofongti
n-1

That is, deducting one quarter of the total nundfétlems got wrong

from the total number of items got tighwhere the multiple choice
items have five options. Where there are four atifor the answer,

one third of the number of items got wrong is deeddrom the number
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of items got right. Most teachers seldom apply p&yalty in marking
multiple choice questions.

Multiple-Choice tests are commonly usedh ipublic examinations
because of the ease and objectivity of scoringteuduse they provide
a more adequate coverage of the syllabus than-ggsayests.

Precautions In Writing Multiple Choice-Test

)] The problem should be clearly and concisely statede stem and not
in the options.

1)) One problem only should be included in an item.

iii)  As much as possible the options of an itemwtidoe of the same
structure and of about equal length.

V) One and only one correct answer shoubd included in
normal multiple-choice type.

V) Each option, especially where expressioase involved,
should be listed in a line.

Vi) The correct options should be placed in random miann

Vii) Grammatical cues should not be allowed to givey the

right altemative.
viii) The negative should be used only when vergassary in the
stem. Double negatives should be avoided unle$isyabihandle

double negatives is being tested.
iX) Such phrases as “all of these,” None of thevaljcetc. should be used
with caution.

Item Analysis

Item Analysis is a procedure used in appraisingeffextiveness of the
test Item and building up a filed of high qualitgms for future use.

We shall illustrate this by considering 38 testgrapvhich have been
scored.

First, we rank the papers in order from the higheshe lowest score.
Select the 13 papers in the upper group (approgimane third) and
the 13 papers in the lower group.

For each test item, for example, consider Que&iohthe examples on
multiple choices, tabulate the number in the higiug and low group
who selected each alternative.

Information for item Analysis

Options ABCDE  Omitted
Upper 13 papers0 0 1300 0
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Lower 13 papers 215 2 3 0
From the table we compute the following:

) Item Difficulty: This is done by calculation the percentage of
pupils who got item right.
l.e. Iltem Difficulty = Number who got the item hg
Total number who tried the item

Applying the formula to the above information
[.D =18

This allows the teacher to confine the class dsiomsof the test result
to those items that caused pupils the greatestulify.

i) Item Discriminating Power Here we determine the degree to
which it discriminates between pupils twit high and low
achievement by using the formula:

Discriminating Power =

Upper group who got item right-lower group who got

— . Total numberinciude in the item anatysis

Applying the formula to the above table
D=13-5=8= 0.616
13 13

When this value is 1.00 then all the pupils in upgr@up got the item
right while all those in the lower group failed\¥e say that there is a
maximum positive discriminating power. But when D,~where equal
number in both upper and lower groups got the ftigint, we say there

is no discriminating power.

Finding out how effective each distracter is cambee by inspection.
When an item contains distracter that is not seteat all or by very few
pupils then a revision is needed.

Generally, item analysis calls for reEBUI work on those areas and
helps in curriculum revisions. It increases thdlskn test construction.

(d)  Multi-Facet Items

In a multi-facet question, a pupil is presentechwitsituation and is

required to answer several independent questidng tise given data.
Example 1: This table shows the number o¢hairs produced by a
Furniture Company for six weeks.
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1st 2nd  3rd 4th 5th 6th
week week week week week week
NO. Of ChairS oot e e e e

(i)  Find the mean number chairs
(i)  Draw a histogram to show the data

Example 2: A solid rectangular block has length Sbreath 5cm and
height 3cm
(i)  Draw the block;
(i)  Find the surface area,;
(iv)  Find its volume.

Example 3: Five men can do a piece of work in 2sda
(i)  How many days will it take 10 men?;
(i)  How many days will it take 1 man?

Example 4: Here are two fractions 1% and 1/n

(1) Find the sum;

(i) Subtract the smaller one from the larger;

(iii) Multiply the two fractions;

(iv) Divide the larger fraction by the smaller one.

Example 5: A lorry travels on a road from kilome®&rto kilometer
25 at a speed of 80 km/h.

(1) Find the distance it travels;
(i) Find the time taken by the lorry to travel a dis&of
40km.

In multi-facet items, marks are awarded for coresgwers only and
there is usually no penalty for an incorrect answbe marks which are
given to the separate questions should dependeindifficulty levels.

(e) Completion Item

In a completion item, a pupil is expected to sughbyanswer by filling
in the correct response.

Examples:
1. One prime factor of 27 is
2. A Hexagon has sides
3. A tetrahedron has faces
4. Petrol is measured in
5. Expressing 3+ 4 as a single fraction gives

144



EDU 808 Mathematics Curriculum andtructions in Secondary Schools

B5X 5x

In classroom teaching, it is advisable to use g&taof test items in
presenting mathematics questions to students. atety in format will

stimulate their interest and ensure thttiey do not get used to a
particular format. Students who are used to tastdb may not do well

on test items which use other formats.

The multiple-choice and multi-facet tesitems are more suitable for
evaluating achievement at the end of a seriessebles. The true/false,

matching and completion items are easy to consamdtmay be used

during classroom teaching to test factual detdith® lesson.

3.3.2 Essay-Type Test

As already mentioned, only essay-typet tesan be used to measure
complex mathematical achievement. In addition, \e$gae test gives

room for proper integration and applications of meatatical concept to

original problem-solving situation. The d&mt is not restricted to a
particular method but only required tprovide a complete solution
showing various steps in the solution. In objectasts, the student is

not given any opportunity to score any mark foaaswer narrowly

missed. This is where essay-type tedend to give a more accurate
assessment of level of mathematical achievemerthathie objective

tests cannot give. For example, a boy solved for

XinxX-7x+12=0
-7x+12=0
x-3)(x-4)=0
either (x-3)=0o0r(x-4)=0
x=-3and x=-4

In an objective test, this student will score z&uwt in an essay-type
test, he may score three out of five marks. In ingressay-type items,
the teacher should credit the important stagelsarsolution of problems
so that pupils will be motivated and encouragecatatinue to learn
mathematics. It will also make the students todmwtn their reasoning
in a logical manner and so assist the teacheretatiig their mistakes.
Five example of essay-test items are given below:

Problems
1. (@) Simplify: i) 15x 14
6

i) 3%-Y (15 +2)
6
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(b) Inatown of 5672 inhabitants, there were 8thbiduring

1980. Find the percentage birth rate.
2. (@) Divide 246 in the ratios 1v%: 253

(b)  The length L of a rectangle is given as 6cm thwedarea A
as 20cm, each correct to 1.s.f. between what lidots
the breath B of the rectangle lie?

3. The average height of six trees is 7m 8cm.

(&) Use directed numbers to show how much each ieee
above or Dbelow average when their Hhsighare 7m
3cm, 7m 5cm, 8m, 7m 8cm, 7m 7cm.

() (@) What is the sum of the difference for thee 7m

3cm high and the tree 7m 5cm high?
(i)  Find also the product of the differences in (i
4. (@) Perform the following binary operation:
11110 + 110

(b) A number is written as 25 to the base y. Thtimenumber
IS written as_77 to the base y. Find y.

5. (8)  12kg of tea N3.50 per kg was mixed witkdlL8f another
brand of tea at N4.20 per kg. If the mixture wasl st
N4.00 per kg, find the percentage gain or loss.

(b) A piece of work could be done by 6 men workiog8
days at the rate of 10 hours a day. A contractashwo
groups of men to do the job. The first group cdssi
two men who worked for 12 hours a day for 4 dayse T
second group consists of 9 men who also worked for
days. If the job was completed, for how many hauday
were the men of the second group working.

In setting essay-tests it is essential that thehtrashould be precise in

his choice of words and in the prablehe sets. Many a time the
language in  which the mathematics ist ss more difficult than the
mathematics itself. This should be avoided.

In marking essay-type test items, the teacher ghfingt write down all

the possible solutions stating all thsteps that are important. The
marking guide follows with marks specified for eaplestion and how

they will be awarded. For example, solutions tofthe problems above

are written below. Question 1 will carry eight m&rkuestion 2 eight

marks, Question 3ten marks, Question 4 tearken and Question 5
fourteen marks. The marking guide is also provided.

To prepare a marking guide we use certain typesarks, these include

method marks and accuracy marks. The method meskgi\en for
student’s ability to use a correct method at angesiof the solutions.
The method mark is denoted by the symbol M, sothatmeans one
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mark for the method at that stagez: Mat another stage will mean two
marks for the method at the appropriate stage.

Accuracy marks, denoted by the symbol A, are gieeccurate work

following a correct method. i1Ameans that one mark is given for
accurate work at that stage, while & another stage shows that three

marks are to be awarded for accuracy at the sfdgames, due to an

earlier error in the solution, a pupil works paragroblem correctly but

gets an answer different from the correct one. Manky be awarded to

this answer if it follows from his own working. Agracy marks are

awarded only when the associated method marksareds A mark

should not be awarded if the associated Markmis not gained. If a
student loses the preceding M mark or A mark, hg still gain the

latter M marks and A marks.

There are other types of marks different from thamd A marks. These
are the independent mark, which are given for squaar answer or
statement. They are not given when the answeatgrsent is different
from the required one. These marks are usuallytderay B, so that
B1% means that one and half marks are given far@écplar answer or
statement and no other one.

The solutions of the five problems antheir marking scheme are

provided below. Study the scheme and use it to rielsample; script
of one student A shown imEDUiately after the magkatheme.

Solutions to Worked Examples

1.(@)i) 5x¥%
6 _ 73
=11x4=22=322
6x3= 3
21
10
9
1=7.33

i) 3% - Y4 (15 +2)
= 3 - ¥4 (33)

6
= 3% - Y4 (21)
6
=3%-21
24
=7x21-82-21= 61
2 X 24 24 24
(b) Inhabitants 5672
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Births 87
Years 1980
% Birth rate ~ 87 x100=28700 = 1.53%
5672 5672
2. (a) 246 is to be divided in the ratio 1¥2: % 3

sum of ratio is 3 + 2 + 10
2 3
= 2+9+20

6

= 2+29

65

+4

First share =1%2 x 246
_5_Yy
66 3
_ =3X6X246-246x246 =9 x 6 =54
2 41 1
Second share =2X246=2Xx6Xx 246
=41 1 41 1 1
_=2x36=72
V4 106
Third share =10 x 6 x 246 = 282460
3 463 23
160
138 = 1062
22 22
2. (b) Length of rectangle = 6cm
Area of rectangle = 25cmi
Breadth = 25+6
= 26 =4
6 6
.. Breath b = 4cm

X T (- )

Height of tree Average Diff. (4 - A)
7m 3cm 7m 8cm -5cm
7m 1lcm 7m 8cm 3cm
7m 5cm 7m 8cm -3cm
8m 7m 8cm +2cm
8m 8cm 7m 8cm Ocm
7m 7cm
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4. (a) 11110 +110 110V 111 /11
110
110 1110 +110=11

(b) 25y
(2y +5)3 =77y
6y +15 =7y +7
7y - 6y= 15-7
y = 8
5. (a) 12kg of tea was brought at N3.50 per kg.
.. Total expenditure for the 12 is 12 x 3.50
i.e. 7 X'12=N42.00
/2 1
18kg of another brand was bought=at N4.20 per kg.
.. Total expenditure is 18 x 4.20—= N75.60
.. Total expenditure for the two is (42.00 + 75.6@%117.60
Total income for the expenditure is (N4.00 x (182
= 30 xN4.00 =N20.00
.. Profit is<N(120.00 — 117.60)= N4.40
% profitis**x*=240 _ =2400=2
117.60 117.60 1176 49%
(b) 6 men worked 8 days at 10 hr/day
1 man will work 8 days at 10 x 6 hr/day
1 man will work 1 day at (10 x 6 x 8) hr/day
i.e. 480 hrs.
Now for 2 men working 4 day at 12 hrs/day
1 man will work 1 day at (12 x 2 x 4) = 96hrs.
Also let x hrs be for the 9n men
9 men working 4 days at x hr/day
1 man working in at 9 x hr/day
1 man working 1 day at 36 x hr/day.
Thus 96 + 36x = 480 hrs.
36 x =480 — 96
=384
X =384=1%
36
Student should score a total of 34 marks +~Mn Question 1
@@ (i), M2%0in1 @) (i), BM*, in (b), M*1%r %0 in 2
(@ BoMo™in 2(b), Bin3(a), M  3(b) (i) M*1in 3
(b) (ii) Mo
Aoin 4(a), BB1M2%2in 4(b), BB M1A1M1%1in 5(a), BB
B1M2% in 5(b).

Note that although the student wrote wmlo wrong answer for the

subtraction (120-117.60) in Question 5(a), yetdwes the accuracy
mark for the next step shows that ‘he has recovered
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You will notice that different teachersscore differently in essay
guestions and even the same teachers differendijfatent times. This

is mainly experienced where evaluation of answess not guided by

clearly defined outcomes, it tends to be baseass $table intuitive

types of judgment. Although, the subjeeti nature of scoring essay
guestions will always involve some uncoltable variations, the

scoring reliability can be greatly increased byaperoach discussed

above.

Another limitation of essay questions is the amairiime required for

scoring the answers. In fact, where ss#a are large, conscientious
scoring becomes practically impossible. The likaigictical solution is

to reserve the use of essay questicils measuring complex
mathematical achievement, which cannot be measyredher means.

5.3.6 Use of Test Results

Marks scored in mathematics test serve a varietyraftions in the
school. These include the following:

(1) Assessing the degree of mastery of sorspecific in order to
permit a decision on what to teach or study next.

(i)  Rendering reports to the students, parentstaedchool on how
well the student has been progressing acquiring the broad
range of skills, knowledge and understanding tbptasents the
objectives of the course.

(i)  Helping the students make educational andational decisions.

Guidance counselors and teachers Kkeep aiilize these test
results to know a student’s past achievements,ratatal better

his present strength and weaknesses, thigng in a better
position to predict the areas in which he is likigyoe successful

in the future.

(iv)  Modifying the test items in order to yield neovalid information
in future use.

3.3.4 Criteria for Desirable Tests

In test construction, there are certain criteriagcatisfied. The most

essential of these can be classifieddeun the heading of validity,
reliability and usability. We now examine eachluége criteria a little

more closely.

(@) Validity

The perennial problem of predicting future perfonte of a student
entering secondary school from entrance examinagisualt can only be

150



EDU 808 Mathematics Curriculum andtructions in Secondary Schools

solved if the mathematics testscores prediatcess in mathematics
class. Does the test measure a repgetsen sample of the entry
behaviour expected of a Form One student? Thislaado the idea of

validity- that a test should really measure whaets out to measure. It

follows that mathematics test in the tramce examination, being a
prognostic test, should reveal potentiality. A fatime evaluation, used

as first aid treatment for simple leagn problem, should reveal
weaknesses that can be put right. Somst we use only school
certificate results (which is basically an achieeattest) as a basis for

selection procedures either for further educatioenoployment. In fact,

these are not valid uses of these examination score

(b)  Reliability

If mathematical tests were 100% reliable then desttiwould score the
same if he took the test today as if he took itgresy or tomorrow or
next week. But this is not practically possibleeTiest is to reduce the
variation in scores by avoiding the factors thatilsfihve perfect testing
situation. In our mock examination our studentgedoghly, yet the
same students about four weeks later score lowsnankathematics in
school certificate examination. So any score shaotdoe regarded as
absolute, but a measurement which is accuratettonra given margin
of error.

(c) Usability

In addition to mathematics test beingalidr and reliable, it is also
important to consider how easy it is to adminidtiene required, how

easy it is to score and how easy it is to interpanet apply. For easy

administration the instructions should be clear sintple. Otherwise,

we may have errors that will have adverse effedhervalidity and

reliability of the scores. Many subjects are cormaein the secondary

school as a result we shall always favour the shdirhe test, this will

help us utilize well the small time period for tlege content we are

given in mathematics. Nobody likes to wait veryddor the result of

any test, so teachers should give prompt attemticgeoring of test.

Furthermore, the results of a test maywshthata wrong answer is
obtained by a majority of pupils, especially in altiple-choice test.

The teacher should find out why most pupils setbet&rong answer.

This can be done by discussing the test item \mghctass and going

through the question andthe various optians order to check their
corrections or otherwise. Occasionally, it is fodhdt the students are

right or the <choice of a wrong optionn a multiple choice is not
attracting any pupil or is selected more by pupif® are strong in
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mathematics, then such an option should be droppddeplaced by a
more attractive one.

4.0 CONCLUSION

In  this unit, you have come to wuntlerd the meaning, rationales,
problems and solutions to issues of continuoussaasent in secondary

schools. The unit also discussed teachers’ roldsimmplementation of
continuous assessments. The unit is concludedtyp#s of tests and

criteria for desirable tests.

5.0 SUMMARY

1. Continuous Assessment is the overall ssssent of pupil's
learning activities in terms of his intellectuabcgal, physical and
moral development. It is aiEDU at ass&s pupil's academic
progress and as well give him appraeriaguidance and
improvement in all his learning activities in sckoo

2. The goal of continuous assessment peactic to help the

assessors conduct all appropriate assessmentithiag whe basis
of good planning of all educational programmesaibschool-
age pupils.

3. The comprehensiveness of continuous assessmetitprsicow
that it takes adequate care of all area of humamileg. Some of
these are school attendance, behaviougaltth habits,
participation in school activities, selfroept values etc. All
these are to be measured with the academic progfesgpils.

4. Continuous assessment practice require thee of many
assessment instruments to determine therformance of

individual pupils in the schools. Somef these assessment

instruments are assignments, test, project, etc.

5. Under the system, all teachers are expected to syatematic
and comprehensive records of assessmeht popils’ learning
experiences, diagnose and find the solutions tdgwfficulties
and individually help them to improve their acadenmoral and
physical standards.

6.0 TUTOR MARKED ASSIGNMENT

1. Mention two defects of using single mxaation or a paper-
pencil test to determine academic achievement.

2. Explain the use of three of the assessment institewehich will
help to determine the performance of your pupilthaschool.

3. Clearly explain two of your expectations as a pcaug teacher

towards the use of continuous assessment prantgehpols.
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Continuous assessment in the mathematics coguidiirein raises three
major questions:

() At what intervals shall the tests be given?

(i)  What kinds of test should be used?
(i)  What will be the weighting of the results @lrted for each year
of the J.S.S. programme?

Test could be given on bi-weekly basis. Each testisl include both

objective and essay type questions. Assignmentidhi@ugiven at the

end of each instructional situation while classgasaent takes 35-40%,

it is suggested that bi-weekly testsketa 60%. A comprehensive
examination is conducted at the end of each tegaimthe overall

result for the term is shared in thproportion, 35-40% of class
assignment and bi-weekly tests, and 6®-650f the end of term
assessment. Finally, the results of students’ aehient at the end of

the year should be the average of the three teronk. w

SELF ASSESSMENT EXERCISE
Self Assessment Exercise 1

As a practicing teacher, give two otheeasons why Continuous
Assessment should form an integral part of our atioical system.

Self Assessment Exercise 2

1. Mention two other important abilities thathe Continuous
Assessment practice require of you as a practieiagher that
will aid your teaching.

2. Mention four (4) good qualities of an effectivedhar.
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1.0 INTRODUCTION

No teacher in Nigeria concerned with the teachingn@thematics at any
stage, frominfants upwards and, particulatlgexondary level, can
honestly say to himself that all is well with tleathing of the subject.

There are far too many students today who leavegbendary school

wit a dislike for mathematics. Those who teach pisyshemistry or

other subjects requiring the application of math&geeacomplain of the

odious task they face. My student teachers comk toathe College

from teaching practice with reports of their expades which point at

the same awareness. There exist manpblgmms in the teaching of
mathematics.
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Great anxiety has been expressed by governmentogeng of labour,
parents and teachers about the fact that large ensnab students, after a
secondary school course, are unable pgerform many of the simple
arithmetical and mathematical operations needekeim everyday life

and work. One reason we can advance is that a yapbistudents

never get thorough understanding of the real mgamiiimathematical

concepts. In most cases, they are only cleverarathof manipulating
complicated sets of symbols, or theye adazed by the unpleasant
situations into which the present mathematical ireguents in schools

tend to place them. Eventually, they develop a comattitude — ‘get

the examination over’, after which forget about Ineaatics. This is the

position in our country now. Mathematics is gerlgredgarded as a

very difficult subject everywhere in the world. Bbe serious problem

in Nigeria is that very little is being done toeaalthis state of affairs.

There has lately been however, a certain feelirgjssfomfort among

those concerned with the teaching of mathematiss.rifumblings of

discontent have been getting louder and louderthgst have remained

only on newspaper pages without any omrated plan of attack.
Similarly, there are different viewpoints about trexessity of different

types of reforms in its teaching. Some take delagtly in criticism for

the sake of criticism. It is the joint responsityilof those concerned to

bring about necessary improvement and changessulfject has to be
popularised at all costs. With the bsetkk’ by the then Federal
Commissioner for Education at the Benin Confergd®&7) and also

with the newly-approved syllabus introducedve now hope that the
Mathematics Association of Nigeria will awake te tthallenges of the

day. Encouragement should be given thosd interested in finding
solutions to these problems at all times in terfrfsieds for workshops,
seminars, conferences and useful researches. gagaxernments have

been expressing their intentions to establish tyuatlucation. | believe

that a thorough analysis of these problems andigeseEDUies will

place them on the correct line.

In doing so, you will be expected to consider ti@agions as they exist

in our schools today wunder the headingsistorical, political, socio-
cultural, economic, academic mathematicgledagogical and
psychological.

In this unit, you will be exposed to some probldatsng the teaching

and learning of Mathematics not only in the Primangl Secondary

level but also in all levels of mathematics eduratn Nigeria. Some

possible suggestions as to the solution§ these problems shall be
included.
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These problems shall be examined form the histippaditical, socio-
cultural, economic and academic perspectives.diilshbe stressed that
these problems are not mutually exclusive.

2.0 OBJECTIVES

By the end of this unit, you should be able to:

1. identify at least one historic problenfacing the teaching of
mathematics in Nigeria.

2. identify at least one political problemassociated with the
teaching/learning of mathematics.

3. state and explain at least one problefacing the teaching of

mathematics arising from the social or culturaigfication of
the country.

4. state and explain at least two problems facingehehing of
mathematics emanating from the economiduattons of the
country.

S. identify and explain at least six problems of acadeperspective
facing the teaching/learning of mathematics; and

6. suggest at least one solution to each of the ieshgproblems.

3.0 MAIN BODY
3.1 STUDY APPROACH

For you to get the best out of this unit, the fallog procedures are
recommended:

1. Read through a suggested problem once, using gflactive
thinking to associate this problem with your pagieziences.
Jot down other problems associated with this resmtoblems
in this unit. At the end of the unit, send a lissach unrecorded
problems to NTI and demand their comments and/oitisa to
them.

2. Make a list of all problems about mathematics lidd in our
dailies which you come across. Compare them wihptioblems
set out in this unit.

3. Note that the problem of teaching and learning eragtics in
Nigeria is a dynamic one. It grows and changes fiiome to time
and as such not all of its ramifications will betéen down in
this unit.
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3.2 SOURCES AND SOLUTIONS TO SOME
INSTRUCTIONAL PROBLEMS IN MATHEMATICS
IN NIGERIA

The problem of teaching/learning mathensatian Nigeria has many
dimensions. These dimension are not nedBssamutually exclusive.
Each problem identified has effect in and is a#ddby many other

problems. For clarity of thought, however, let oasider the problems

using the following headings:

3.2.1 Historical Problems

0) The imbalance in development of mathersati education in
Nigeria. was brought about by the intrcitbn no Western
Education in the North. This differentialdevelopment of
education in the country created many problembiencountry.

The problem of uniform planning, the olplem of uniform
curriculum, the problem of over produatioof teachers of
mathematics in the South, the quota system of aiomsnto

Colleges, all stem from the differential curriculul®velopment

in the country.

The following suggestions are made. The Federak@Guuent

should make available money for provisionf teachers and
necessary facilities in those states thate backward in
mathematics.

Another suggestion is the inter-state cooperaticenployment

of over produced staff. The mathematideachers excessively
produced in the South, should be eragest to take up
employment in the North.

(i)  Another historical contribution to our problens the fact that the
Colonial masters started a curriculum dArithmetic in the
country. Human nature abhors changes. And so, \igsvi or
modern mathematics was introduced many peoplejdintg the
products of Arithmetic were vehemently opposed.tiVie have
seen the controversies arising from thetroduction and
subsequent abolition of modern mathematigs the seventies.
Nigeria is still groping with the problem.

3.2.2 Political Problem

One of the worst problems that militate againstcational growth in

Nigeria is political. Nigeria is running a Fedesgktem of government

but the bulk of the revenue is centrally contrallBdt it should not be

since education is State controlled imany areas. Radical political
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decisions militate against the growth of mathensagiducation. We all

know the effects of the Federal Ministry of Ugdtion’s decision on
January 7th, 1977 to abolish over night the modeathematics from

schools. The effects of this one rddicpolitical decision is well
summarized by Odili (1986, p.44) thus.

There was confusion as mathematics edugat State Ministries  of
education, textbook publishers, and especiallyossrminded classroom
teachers were caught by this bombshell of an arceuant. Some
reluctantly continued with whatever programmes tieye using, while
others scrambled to find twenty-five years old ditmnal textbooks”.

One other radical political decision, wHi rocked educational
foundation in Nigeria, is the introductio of the Universal Primary
Education (UPE) without proper planning in the gagventies.

This brought with it the population explosion irethrimary schools

without corresponding expansion in infrastructéeechers, book and

money in the secondary level to take caod or absorb the primary
outputs. Standard of education was brought dowrstudents resorted

to cheating in examinations or what was populangw as “Expo”.

One of the suggested solutions to thimish-hush programmes in
education is proper planning and consultationldee¢ls. Fundamental

issues must be developed and properdespark done before the
launching of the new programme.

Another solution is to apply the method of piecasavimplementation of

the programme. This method is being applied nothénphilosophy of

pilot schools being organized by the gdédia Educational Research
Development Council (NERDC).

Political interference in  Universities isrobbing the Universities the
innovative leadership as an instrument @hange. The Government
should allow the Universities a free ntha to continue their research
undertakings.

Military  intervention in governments andconstant changes in the
government and functions of arms of the governmaemtset backs to

growth of education/programmes. For examplan two years in one
State, there were two changes in military govesntwo changes in
commissioners. Each commissioner comes with hisieereducational

plans. There is no continuity. Textbooks are chdragewill.
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3.2.3 Socio-Cultural Problems

The diversity in ethnicity in the country createlieational problems.
Values and priorities vary from ethnic group torethgroup. One group
may prefer Arabic, nomadic or cultural educationlgsanother group
would introduce formal classroom western educafidre outputs of

these systems would definitely be different and thilitates against the
much desired unity and uniform development of thentry.

Some cultural differences bring about student un&tsident unrests are

also propagated by religious difference§he consequences of the
students unrests are:

() closure of schools.

(i)  loss of property, loss of life, loss of acaderyear and loss of
manpower.

Some other social problems are createg the get-rich vales by

all

means in our country. This permeates all our siesieStudents want to

cheat in examinations for best grades and best jobplaces in the

University. Parents give heavy sums ohoney to get their children
admitted into Universities or obtain good gradesxaminations.

Some suggested solutions may be for the Federa@ment to ban
religious politics and ethnic politics on campuses.

One of the social problems facing mathematics eghurcan Nigeria is

the type of job a student who studies it in Nigeaa do to earn a good

living. The only job open to a good mathematicgigede (1st class

Honours) is lectureship, Civil Service, industmairk or banking. In all

these, he would depend upon his salary only fouireg and this salary

is impossible to give him a decent living. His Imess counterpart is

swimming in money. He cannot employ himself or hermot practice

self employment like the engineer, EDUicaloctor, or a pharmacist.
Thus, many students feel (genuinely) that as madtieians they have

no future.

A solution to this is for the goveremm to make the study of
mathematics very lucrative, give scholarship tdhematics students

and make the conditions of service for mathemat&is lucrative as

those of EDUical doctors. Science allogean should be restored for
mathematics teachers. However, in the long ruretteeno substitute for
self-sufficiency and self-actualization. In thahse MAMSER was the

answer.
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3.2.4 Economic Problems

Economic problems are so real that in some stiitesxample, Imo
State, the enrolment in schools is less than ang e what it was in
1976. With the introduction of schools fees untterguise of many
names — education levy, equipment levy, educatte Parent-Teacher
Association levy — many parents were forced unidethen economic
crunch to withdraw their children from schools.

In the sixties, education benefited frontarge government budget
allocation and foreign aids and oil revenues, antheney was not the

problem. For the present the governmeist even poorer than some
individuals and because of instability in the coyntoreign aids and

foreign investments are not coming as quickdpd as largely as we
would like. And even the emphasis is not on foreagis but on self-

reliance by all Nigerians and Nigeria. This is thessage of Structural
Adjustment Programme (SAP).

What we need to do now is keep costs of our edutatplanning low
but the qualities high. To do this effectively, gopement must intervene
and make conditions of service (not salaries) afkers correspond to
the essential food price indicts.

3.2.5 Academic Problems

There is a group of problems, which we shall cedidemic problems.
They include:
Poor student quality;
Student indifference to mathematics;
Poor teacher quality;
Teacher dis-satisfaction and indifference;
Unavailability, expense or inappropriateness ofiteaks;
Non-application of appropriate curricular;
Poor leadership on the part of headmaster/headisssts and
principals;
Non-appreciation of mathematics teachers by thefdgsociety

These shall be discussed briefly. Many Nigeria estisl are defeated in
mathematics from their first year in primary schale can blame this

on poor handling of the subject by many primaryostteachers. After

their first three years those teachers who inhlegise students receive

mostly students of poor quality in retlatics. The best of these
teachers are able to do some reEDUial work. Ottiespair.

In any case most students become indifferent tsulgect by the time
they reach the junior secondary schodfou should listen to those
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teachers who show some dedication toachieg mathematics at this
level tell their tales of woe.

Student indifference is compounded by poor teaghality; especially
at the primary school. The beginning point in teaglsubject well is
knowing the subject. Unfortunately, many primarfieal teachers and
some NCE and degree holders in our secondary scdoahot know
enough school mathematics. Some who know mathesreticnot able
to teach it. They frighten students through callimgm idiots, fools and
all kinds of names.

Then there is teacher dis-satisfaction arising fomth the low status of

teachers in the society and the poteatment of teachers by those
responsible for their welfare. For this and otle&asons some of which

are economic many teachers have become indiffésehe jobs and

carry out their teaching functions half-heartedly.

Moreover, the unhealthy work environment of teashers to be pointed

out as a problem for all teachers igeneral and mathematics in
particular. The classroom are unexciting and uniimgp Some basic

equipment which may be used to foster some mathesrmaincepts and

process are not available.

The textbook problem has many dimensions. Firlgweof the more

popular primary and secondary school books nowherstene were

written ahead of the curriculum and do not compjeteflect the said

curriculum. Second, the general econom@ondition makes some
parents less able to purchase books aat time when prices seem to
increase daily. Third, some books are not availalilen needed. It is

also the case that in many schools if copies o¥/#mus curricula are

available they will be stuck away in the headmasteprincipals office.

Many who teach mathematics would neithérave seen or used the
appropriate  curriculum. In a study ofonme states, copies of the
curriculum were in the Ministries of Education Imatt in the schools.

And then our schools are poorly led. Principaleddmaster waste much

time on routine administrative matters danmoving between their
schools and ministries of education / school boartiey do not pay

enough attention to providing academics leaderishipeir schools. In

particular, mathematics and science teachers rawplained of lack of

financial and other support of their classroom el activities.

The final problem which we may discus under thiadieg is that both
mathematicians and mathematics teachers amd appreciated in the
Nigerian  society, indeed, the societyoesl not pay due regard to
teachers. In the case of mathematics and sciehesvieachers are few
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this lack of appreciation has had serious advefsets. Teachers who
have the opportunity quit at short notice for ‘greepastures;.’

Many of these problems have obvious solutions.tRequality of the

students and the ultimate improvement of the pynsahool teacher,

mathematics should be taught as a alsci subject in  the primary
school. To increase teachers satisfactiamd motivate them more,
greater attention has to be paid to improving tinerenment of work of

the teachers-classrooms and working conditions.

Government is already looking into the issue oftierks. A solution
lies not in the production of books by governmauttib regulating the
activities of publishing companies and providingessary subsidies on
raw materials.

3.2.6 Mathematical Problems

The mathematical situation can be subdivided intwee distinct point
of view (i) the acquisition of techniques (ii)thaderstanding of ideas,
and (iii)the contents

3.2.7 Acquisition of Techniques

One may feel that a great deal has been done topebple are working
hard to improve the efficiency of the acquisitidritechniques. Also,
many studies have been conducted by catidmal psychologists on
alternative methods of teaching arithmetical precaad many textbook
writers have this in mind.  But one unfortunateghs that all these
have been happening in developed countries andakenork on this
based on local materials and culture. The textboak use are written
by foreign authors who base their work on resutimfstudies carried
out in their own environment. These textbookaventheir materials
presented in a ready-made form which goes agdimsting, discovery
and originality. We need to develop teaching md#hthat will agree
with our own setup. Here we have larger classddauk equipment.
Our approach must be to improvise and adapt methods

3.2.8 Understanding Ideas

The situation in the field of understanding of isean be described as
desperate. We talk of the need for the understgraf mathematics.
Unfortunately, the present system of teaching nmattieal information
fails to involve this in most cases. Consider gt&gement made by an
elementary five lady teacher-one of the producthefone-year UPE
course in a reply to one of my question: “I carroed the teacher’s
instructions but the why and therefore was harabr elear.” Again,
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most students in JSS Three could solo simultaneous equations
when written in this form:

2X + 3y = 45; 5 + 4y = 74

But they could not solve the same bmm put this way: Find

two

numbers such that twice the first added to thmeegithe second is
equal to 45 and also such that five times the éidsted to four times the
second is equal to 74.

Again, a student may be conversant with all tharealities of linear

equations without having much idea what sort aigha linear equation

is. Thatis, a student may feel that he understamathematics when in

fact he does not. Such a student will not apptedtee interconnection

of the wvarious processes he knows. e Theacher may also have the
impression that a student understands something whectual fact he

does not, as students have a quick way of giviagdstrd answers to

standard questions and this gives asefalimpression of knowing a
concept. A simpler question reveals different state of affairs.
Although the question of the measure of understandf mathematical

concepts is mainly an expression of nigpi since, at the moment,
understanding cannot be tested or measured oattedbout it placed

on a statistically valid scale, it is my impresstbat most pupils do not

understand the mathematics they are taught.

3.3 CONTENT OF MATHEMATICS

Many people feel that the mathematics syllabugfeative because it is

heavy and lengthy.  This could be true of thesyithbus especially

when we were using the compartmentalizeystem, but the newly
approved secondary school syllabi cannot be chlbedyy. The greater

shortcoming of the syllabus is that itloes not provide hints and
instructions for teachers’ guidance. So withoutsdetails the teacher

is placed in a (difficult situation intrying to wuse the syllabus very
effectively. It is necessary for the curriculunpers who develop these

syllabi to suggest the centers of concentratiordiiberent topics, the

use of aids and devices, the connected practicad, wooject work, etc.

Any such syllabus has to be comprehensive, sahbakeachers all over

the country can get some help fromit. The statgrof curriculum

should not only be a collection of topics, but ddadefine the actual

procedures to be adopted for their effective teaghi The application

and utility of mathematical content iractual life should also be
mentioned side by side.

The confusion caused by the use of the terms “nmochethematics”
and “traditional mathematics” during thdate 1960's are both
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unfortunate and misleading. For most schoolsigeha were neither

running the traditional mathematics sylebunor the modern
mathematics syllabus. Some work on set theorynanaber bases only

were taken as modern mathematics while the rentacontent was still

being introduced in the traditional way. Yet these students were
expected to sit for an examination based on theemmoohathematics

syllabus. Nevertheless, the new syllabus for thelerFederation had

been prepared to take care of this misconception.

3.3.1 Pedagogical Problem

Considering the pedagogical problems one can sgéntlalmost all

schools in spite of the much talkedtgbomodern approach, the
traditional classroom approach prevails. Inla tlasses in schools

around, much of the teaching is being directedhat\aerage ability or

rather at a level slightly above average: too éasace for the slower

student and not enough scope is offered to thialtiichild.  In an

attempt to solve this problem, | suggest a newaeggr with emphasis

on group and individual work. For it is clear tlaat essential factor in

any learning process is the child’s own readinéssig particular stage.
Furthermore, the section on teaching woukthgives a variety of
approaches that will help in overcoming the pregeablems.

3.3.2 Teaching Aids

There is a serious lack of mathematical teachidg i our schools.
According to the fingers of Piaget, up to the afjabmut twelve or
thirteen (in our own culture up to fifteen) mostidren need the help of
concrete materials to accompany their thinking. tuAtobjects have an
appeal for the young student. He must be prowdéu things to see,
touch and handle. There should be an adequatesjmo of concrete
materials in the classroom.  Without it, the sabjeill become very
abstract. The establishment of a mathematicak&tbry will remove
this defect. Although it is mainly the job of tMeanagement and higher
authorities to provide all this, the adbers’ enthusiasm towards its
establishment is also wanting.

3.3.3 Classroom Organisation

A number of factors complicate the problem of alasm organization,
such as, the number of children, the size of teerahe furniture, the
availability of space near by and facilities.

In all our schools, no class has fewer than fifidents, one wonders

how a single teacher could take care of fifty shig@t a time. In most
cases the rooms are too small and poorly ventilatikdecomes difficult
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for the teacher to establish any closedividual contacts with the
students. Two major problems emanate from the@luaw to arrange

the children into suitable learning groups and howrovide them with

materials with which to explore.

It may be advisable to Ilimit the nwmb of children exploring
mathematics to half the class, while the other isaticcupied at one side

of the room with some written or other quiet worKhis has the double

advantage of creating more floor space, and haewgr students to

supervise. A flexible timetable is required fhistarrangement as, of

course, the two halves of the class will changegsddater during the

day. Better still is the need for providing modéahles or fixed work

benches along one or more walls. Thehildren’s  books can  be
accommodated in locker trays.  This arrangemesntheoutstanding

advantage that the student’'s deskis no longesidered a personal

possession or fixed forms and benches: he doeseeokto work at a

particular desk but can do so at any surface whést suit a teacher’s

arrangement. Tables should be light, easy to nmodewithout shelves

or drawers. Easy access to all eqgeigm is an important factor in
classroom organisation.

3.3.4 Teacher’'s Competence

It is a common defect in our educational setup, thast of the subject

teachers are not adequately qualified in the stubjmtcerned. It is worst

in the teaching of mathematics. Without proper ifigations and proper

training, they fail to do justice to the subjectte@acher may be able to

show good examination results in spitgf his weak standing in the
subject generally, but even that is not a sufficeziterion to allow him

to continue with the teaching of matldéns. An adequate, high
gualification developes self — confidence in thecteer and serves as a

source of inspiration to his students.

The teacher’s burden is usually great and, asualty he may tend to
follow the way of least line of resistance. He aatredopt and prepare

for effective methods as he has very little timaikable for him. His
teaching load should be lightened to enable hishtaw his originality

and initiative. The economic position of the teadeenot good enough.

He is always worried about his financial positioda worried teacher
cannot give of his best to the learners. He is tethp engage in part-
time activities to supplement his income. Consetjye@aching suffers.

He is a frustrated, discontented and half-heartedker.

About ninety-five percent of the practicing teashlechat with during
my teaching practice supervision show no interesté teaching of
mathematics. Some said that they were forced loymistances to take
up teaching. They were always on the lookout foeter job and ready
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to leave the profession as soon as they got anrtyoiy to do so. As a

result, they were not at all enthusiastic about therk and are not

willing to consider new idea or question past tieor develop any

personal approach of their own. How thean csuch teachers arouse
interest in the pupils?

I, therefore, suggest thatthe Federal artdteS Government’s should
address themselves seriously to the question attiematics teachers.

A careful analysis of the statistics as they relatstudents in secondary
school who should be taught mathematics antktineher that are

available to teach them in a meaningfwbay will, | hope ,convince
anyone that there is need to tackibe problems in the following
consideration . First ,there should be a crasgnamme for training

large numbers of mathematics teacherdor secondary school.

However, this should not be like the UPE teactaning programme.
It is good to note that the National Teachers tati(NTI) has taken up
this work creditably.

Secondly, there should be regular weekend vacatidnonger-term
courses for teachers to update their knowledgdeawhing methods.
These courses should, wherever possible, leadtificades or diplomas
and there should be some means of rewarding dageeachers either
on obtaining certificate or diploma or after anpestion of their work or
both

Thirdly, teachers who are qualified to teach mathiges and who have
proved their worth should be retained as “classrteachers” but given
whatever promotion is due to them.

Finally, the professional training for the matheicgteachers as of now

has its own shortcoming. One would expect our gekeof education

and universities training mathematics teacherpémd more time in

curriculum development and methodology dheir subject than with
courses in educational foundations. Buhe t contrary exists now.
According to S.T Bajah, “At the University of Ibatdaligeria, physical

science pre-service teachers spend what amounésatty four-fifths of

their professional training as foundation courg@sijah, 1975). A lot of
improvement is required in this area, so that sadpcts will be able to

tackle the multiple problems arising from the teaghof mathematics.

3.3.5 Psychological Problems

We shall now examine the psychology situation anwhole process of

teaching mathematics. The classroom teachwill notice that the
solution to most of the problem he encounters endlass could be

found from researches conducted in thield of psychology. It then
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follows that the teacher should know something &psychology as it
applies to mathematics education.

3.3.6 Individual Differences

The growing awareness of the presencé siudents’ individual
differences in learning potential and performareugh the years has

been, and may continue to be, a major curriculuoblem secondary

school programme in mathematics educatiolh. is clear that this
problem intensifies on arrival at the secondarysthnd becomes more
marked as they progress. Here these differencdsamd in mental

ability, the ability to reason or think reflectiyeland to solve problems.

This problem classified the students intthree major divisions-slow
learner, the average and the academically-talesitetbnts. Besides the
so-called 1.Q., it is known that there exist sopecdic mathematical
factors-the ability to use symbols, to do logi@dsoning, to compute

with accuracy and speed and to appreciate spatalanships.

The question now is how can every student be dgiveropportunity to

display his abilities as fully as possible, be hguick or slow learner

and what mathematics programme is the most signif for each of

the three groups? Is there a close similarity widee differences in the

content of the programme for each gRudBoth psychologists and
educational experts tend to agree that basic cbntast be the same for

all three groups. But they must vary in amount,iradtof organization

and presentation, and attention. This equirement is not specific to
mathematics teaching alone, but it is of great ingmnze as the effect is

more marked here.

Here are some ways of providing for individual ei#nces

I. Students should work individually or in small greugn more or
less different tasks. Each student should be atloweshoose
what to do and given enough freedom to do it thg mawishes.
The role of the teacher is to control and corresenrors. This
encourages the students to be independent, autasoamal self-
reliant at work. Their morale is increased becaheg are given
room to make their choice. They are more likelptogress at
their own pace.

Alternatively, students of similar ability are gpmed together. At
times, groups are mixed and one child in each gmeppected
to act as a leader. Friends can be grouped togsithes the gifted
is rarely patient enough to help his slower leatndess they are
friends.

i, The class may be divided by the teacher into ttvegt  or four
groups, based on their ability or achievement. @/thike teacher
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is busy with one group the rest dhe «class are engaged in
individual or group work. The division is made filete to enable
adjustments from time to time.
lii.  The streaming of pupils into special classesaoading to ability
has a similar aim. In some schools the best stad@stplaced in
form A while the second best group in Form B andisoBut
some schools prefer to use interest. For exantipé science-
inclined students are placed in one class whils stidents are
in another.

3.3.7 Motivational Variables

The problems of motivation arise fromhet attempt to create and
maintain interest in the teaching of mathematicseicondary School.

Motivational factors can be divided into those thg intrinsic or self-
imposed and those that are extrinsic externally-imposed. Some
mathematics educators have described teernally-imposed
motivation as exerting an unfavourable influencdtennatural process

of mathematics learning. Unfortunately, the pres#ogation attaches

importance to rewards and punishment. We are ativie€ ... to use a
teacher-imposed external reinforcement scheduletermine what a

child thinks, how he answers a question or howttalks a problem”.

(Davis, 1964).

The most powerful and enduring source of motivattberefore, lies

within the intellectual curiosity of the studenur@sity leads him to

discover answers to questions. The ialernurge to discover
mathematical relations, principles and dactarise from intellectual
curiosity about them. Discovery, in turn, arousashfer curiosity. Two

forms of reinforcement emerge from this (i) intimsewards derived

from solving a problem, and (ii) the reward derivezin being able to

tell your classmates or your teacheroudb what you have just
accomplished. But the discovery method has somigalions for not all
mathematics can be taught in this way. So we hawe bther sources

of motivation.

According to Polya: “The interest of the mater@bie learned should be

the best stimulus to learning and theleasure of intensive mental
activity should be the best reward fosuch activity. Yet, where we
cannot obtain the best we should try to get thersgédest, or the third

best...” (Polya, 1965, p.103). So we may consid&rést as having its

source both within and outside mathersaticStudents could derive
interest in mathematics as a career. Before 1840 twere not much

business or industrial job opportunitiefor the professional
mathematicians. But presently the demaridr professionally-trained
mathematicians in business and industry is greélager the supply. So a
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variety of rewarding careers that are now availablmathematics will
arouse interest in secondary school students.

Furthermore, the teacher can stimulateterést in mathematics by
pointing out its applications in many fields of WoAs mentioned in

above, student must be made to understand thenatlgematics will

play to influence opportunities and reqoients in different fields.
Mathematical recreations can help to relieve baredbhis can take

many forms: puzzles mosaics and tessellationseclissis and paper

folding, etc. Mathematics clubs provideood environment for
stimulating student interest. The programmes otthbs activities are

planned to satisfy the student’s interest.

Teachers of mathematics, unlike their nterparts in English,
Geography, Science, History and the Social Stutiesgg been slower in
utilizing the ‘eye and ear’ appeal as a meangiwfudating interest. The
chapter on teaching aids discusses fully the udecantributions of
multi-sensory aids to mathematical learnindHowever, from the
standpoint of motivation alone, its importancedgyseat that it must not

be overlooked.

Finally, we have agreedthat the most iaiff problems the teacher
encounters is on motivation. We have alsscu$sed the means and
devices which will be of help in tackling these Iplems. But the most

important factor in solving these probfemis a sympathetic, well-
inforEDU, competent and inspiring teacher.

3.3.8 Backwardness

These lead us to two types of backwardness — (e Backwardness

and (ii) Particular Backwardness. General Backwasdn This means

all-round backwardness. This is as a result oktiealled low 1.Q.

which may be between 50-70. supporters of thisncthat it could be

raised by about 20% (Durojaiye). The removal of thia combined

responsibility of all the teachers inhet school. But the mathematics
teacher will be expected to pay specialersion to his subject. The
Russian psychologists who have rejected the ilé®ohave a better

approach to this problem. They consider teachirzeta direct attack on
teachability. Students of low teachability attdie required level of

mastery of school material if they are given sup@atary exercises.

Particular Backwardness-Here the student is backwamathematics

but fairly intelligent in other subjects.The removal of particular
backwardness is easier than that of general badkweas. The student’s
performance in other subjects is a source of cenfid and inspiration

for him. This backwardness is the  sole camoéthe mathematics
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teacher. More serious cases may have to be treasegharate classes
whereas borderline cases may be tackled in therclas itself.

It becomes necessary, therefore, thatchega should have good
knowledge about the causes and possibeEDUies. The backward
student may have some physical deficiencies, lda pyesight, defect

in the hearing, headache or any other physicalesitravhich invariably

does not allow the student to concentrate on bdies. Mathematics

requires special concentration. The solution te¢hsauses lies with a

doctor or physician but some sort of physical eisercould be of help

to the student. It is the responsibility of thectear to refer the student to

the hospital, depending on the nature of the dasease of a serious

physical deficiency, the teacher should try to pade the parent to get

their ward admitted to the school for the handiemppupils.

Another possible cause of backwardnessenof mentioned may be
mental. These causes are either inherited or inflee by environmental

factors. The students may be of low teachabiithave some mental
ailment,.psychological dissatisfaction, donestiproblem, mental

conflict, sense of insecurity, inferioritycomplex lack of interest in
mathematics or the interest is dominated by somegthise. When the

mental problem is simple, the teacher can tackiatit some probability

of success. But serious complex casdsould be referred to a
psychologist or a psychoanalyst for thorough diagntor the pupil will

go a long way in helping to treat such cases.

Furthermore, a students that has a distaste fauiyect is likely to be
backward. This could be acquired as a result ehalter’s attitude. If he
fails to establish a rapport between his studedtramself, the student
tends to have a distaste for the subject. The gyaritwork and how it
is presented to the students may also tend to peothis distaste. A
good taste for the subjects could be developedigirohe teacher’'s
patience and persistence. We should avdidsty conclusions about
student’s performance. At times the influence efitiome may also
create this distaste. Some parents would somesmethat they never
liked mathematics or they never wanted to study that failure in
mathematics has been a tradition of their familgréby giving negative
suggestions to their children. Parents should atlegdand should be
made conscious of their duty in this matter bytdeacher.

The way the teacher maintains discipline@ the class may cause
backwardness. If he is too lenient, then some clard mischievous

ones may take undue advantage of ¥ bot paying attention, the
resultant effectis backwardness. Where hevésy strict, the feeble-
minded students may get unhappy and discourageyy. ilay develop a

negative affection for the teacher ancbnsequently for the subject.
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Again, the teacher should not hesitate to explenfindamentals of the
subject over and over if required. If not the snideay develop some

doubts about the fundamentals which may lead tevaness. The
mathematics teacher’s personality in the schoolreighbourhood may

also affect some of the students adversely.

A change of school by the student as result of
parents’/guardians/transfer or even a changn subject teacher may
affect the student’s performance. Whenever tlamga of school is
unavoidable, the parents and the teachers musttkeegtudent under

close watch for the adjustment periodchool administrators should
avoid changing the teacher in the middle of a sesas far as possible.

Enough attention must be given to the slow learserthat they will not

feel they are being disowned or beingft behind. At times it may
require a teacher devoting extra time and atteniia@uch students. The

teacher should not overlook their need.

A student may develop some backwardnei§s he is continuously
irregular or absent for a long time. Provision coioé made for extra

coaching for some time to give such students tp@pnity to fill up

the gaps and come up with other students of thes ciuch temporary
backwardness should not be allowed tast| very long. Where the
students involved are many, extra classes coultriamged for them.

This has vyielded positive results in smoof the schools where the
practice is to organize extra classes during thieldngs or close to the

examination.

4.0 CONCLUSION

In this unit, you have Ilearnt some dahe problems confronting

mathematics instruction in secondary schools. Sewhgions to these
problems were also suggested to guide the studedtthe teachers

50 SUMMARY

In this unit, you have been exposed to some opthblems facing
mathematics education in the country. &onsuggestions have been
made as to their solutions

- A few problems identified in this unit are:

(@ The inmbalance in rate of mathematics educatiowtjrbetween
the North and South. Solution suggestedilow the states
sufficient fund to develop at their own rate.
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Political problems included constant changeh@governments
among the governors and in the comongss. This breeds
discontinuity, waste of resources and corruption.

Socio-cultural  problems include, enthnicityand its attendant
nepotism, quota system and distrust, and lackavhtive jobs for
mathematics graduates in the country. The soabetysl down on
mathematics graduates because “they are poor”

Economic problems include inability of paretdsuy textbooks,
pay school fees and feed the childrewell. Poor economic
situation is also affecting the progon of textbooks and
teaching aids.

Academic problems include poor, insufficienteachers, poor
infrastructure  poor teaching/learning envimamt, nature of
mathematics as a language and poor adethof teaching in
schools.

TUTOR MARKED ASSIGNMENT (TMAS)

State and explain one problem facing thematics before
independence in Nigerian.

Effects of “modern” mathematics in Nigeria is NOJ adverse as
the introduction of Universal Free Primary Educatiblake two
sentences to support or oppose this statement.

Name and explain one political problem in Nigeria

Suggest one solution to the problem of text boaksigeria

State one problem posed by the nature of mathesnggef

Suggest two ways we can employ MAMSER to solve sofme
our educational problems in mathematics

Suggest one problem facing the teaching of mathesnlatft out
in this unit.

SELF ASSESSMENT EXERCISES (SAE)

Self Assessment Exercises 1
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Suggest one solution to the problem d@hbalance in  mathematics
education brought about by introduction of Westlncation in the

Southern and Arabic education in Northern parhefc¢ountry different

from the one suggested in this unit.

Self Assessment Exercise 2

Suggest one adverse effectit might have if thederal Government
allows total freedom to the institutions of highearning in the country.
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MATHEMATICS

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Body
3.1 Approach to Study
3.2  Discovery on the Bases of Discipline/Courses
3.2.1 Thales of Miletus (624-548)BC — Geometry
3.2.2 Pythagoras of Samon (580-500)BC — Geometry
3.2.3 Euclid of Alexandria (300BC) — Geometry
3.2.4 Napier John (1614-1420 B.C.) — Logarithm
3.2.5 Fermat Pierre De (1560-1450B.C.) — Diffeisnt
Calculus
3.2.6 Blaise Pascal (1850-1818B.C.) — Probability
3.2.7 Popular Mathematics Quantitative
3.3 Aristotle (384-322BC)
3.3.1 Proclus (410-485BC)
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4.0 Conclusion
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6.0 References/Suggestion for Further Reading
7.0 Tutor Marked Assignment and Class/Individuati¥ites

1.0 INTRODUCTION

In this write-up, it may not be possible to writeoat the contributions
of all or even most of the great mathematics imolnys

You will, however, be exposed to theontributions of eminent
mathematiccians whose work greatly affected thénemattical concept

being commonly used in our secondary, primary aadher training

schools today.

You will be introduced to the great mathematiciinales of Miletus

and his deductive geometry; Pythagoras of Alexaaddhhis geometric
theorems; Euclid and his postulational orgetry; ArchiEDUes of
Syracus and his calculus; John Napier and his vef Logarithm:

Fermat and Paschal and their modern theory of prlbtya

2.0 OBJECTIVES
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By the end of this unit, you should be able to:

1. write and explain at least one impadrtarcontribution to

mathematics of each of the following; Eucid, ThakRgthagoras,
Napier, Fermat and Pascal; and

2. describe accurately the historical origin and depelent of the
following mathematics concept: number andumeration,
postulational and axiomatic geometry, logarithng aalculus,
and theory of probability.

3.0 MAIN BODY
3.1 STUDY APPROACH
In learning this unit the following point may beskly followed:

1. Read through the paragraph straight on jotting doex words
unfamiliar to you.

2. Read through the paragraph once more.
3. Close the page and write at least owentral idea about the
paragraph.
4, Go back and check your central idea. If correctagiine next
paragraph.
5. After going through the whole unit, then answerdhestions at
the end and check the suggested answers and snoself.
6. If the score is too low (lower than 60%) go throulgé unit once
more.

3.2 DISCOVERIES ON THE BASES OF
MATHEMATICAL DISCIPLINES

The study of the history of mathematics is very am@nt. It is not an
overstatement to say that the history of mathemagithe history of

civilization. Its study can teach us about histatyput mathematics,

about modern civilization and about maBut one sad thing is that
history of mathematics has not got its rightfulgalan the curriculum,

just because no time is given to it for there asmyrheavy courses to be

covered in mathematics.

| believe that once introduced, it will become arse of fascination to
the learners. To study previous mathematics demaiestthat modern
mathematics did not suddenly appear in textbook fdaut has evolved
through a series of inspiration, errors, sidetrauks practical need. It
shows that all the branches of mathematics wereldpe&d in relation to
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one another. So it makes the learner avoid compartmentalization.
Also in mathematics we can learn about the evalutibideas, the unity

and the status of mathematics. It creates the aaseof the interplay

between mathematics and society. Mathematics vilaented by the

changing needs of society but recentthis has been reversed and
mathematics dictates the pace of civilization.

Teachers will present mathematics as dgnamic and progressive
subject, full of human interest. It does not ordynind us of what we

have, but will teach us how to increase our stbtenowledge. It also

warns the learner against hasty conclusions. Soatkamatics topics

are better introduced in the class by discussiag thistory. Students

will be made not to attack an unsolved problemhgydame method

which has led other mathematicians to failure.

3.2.1 Thales of Miletus (624-548BC)

Thales is popularly referred to as the first of $kgen wise men. He had
advantage of travelling to the centers of ancignlization. In Egypt he

learned geometry, in Babylon, Thales came in cantéb astronomical

tables. The success of Thales’ predictiasf the eclipse of 585BC
brought him to fame. He was unusually regarded@ewer man and the

first philosopher.

Thales made proposal which is now known as the rEmeof Thales —
that an angle inscribed in a semi circle is a ragigle. He was the
originator of deductive organization of geometrizalles proved many
theorems among which are the following:

1. A circle is bisected by a diameter.

2. The base angles of an isosceles triangle are equal.

3. The pairs of vertical angels forEDU by two inteitsag lines are
equal.

4, If two triangles are such that two angles and a sidone are

equal respectively to two angles and a side obther then the
triangles are congruent.

There is no document from antiquity to certify thiatles did all these,
but tradition attributed them to him.

Evidence of his wisdom is recorded b#ristotle who reported that
Thales made fortune by “cornering” the olive pressea year in which

the olive crop promised to be abundant. He waktsanave calculated

the distance of a ship at sea through the prigpatity of sides of

similar triangles. Thales was the founder of thgad schools.
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3.2.2 Pythagoras of Samos (580-500 BC) Pythagoraasithe
“Father of Greek Geometry”

Pythagoras traveled to Egypt and Babylon and t@aladd absorbed not
only mathematics but also astronomicalformation. He settled at
Croton and established a secret society in whiclvdgea prophet and a

mystic. He established the Pythagore®@chool with strict order of
secrecy code of conduct. In this school, Pythagyasent in pursuit of
philosophical and mathematical studies. The vesyde “philosophy”

and “mathematics” are believed to haveeen coined by Pythagoras
himself to describe his intellectual activities.e I8 said to have given

two types of lectures. One for members of the schporder only and

the other for those in larger community or outssdedt was to the inner
Pythagoreans, he revealed most of his mathemaisedveries.

Pythagoras was many things to his aehsir the philosopher, the
astronomer, the mathematician, the abhorref beans, the saint, the
prophet, the performer of miracles, the magicibe,durifier of souls.

The motto of the Pythagoreans is that “All is nunilzend their emblem

is a figure of a five pointed star. Some of thenber works by the
Pythagoreans are:- the classification woumbers into odd and even,
prime and composite, perfect and deficient numisasse sum of their
divisors are equal to the numbers themselves. mila 6 is a perfect
number because its aliquot divisors arel, 2, aadd31+2+3=6.

Note that 6 can divide 6 but it is not an aliquivisbr of 6.

28 is a perfect number because 28 = 1 + 2 +4 +Z. #Wo numbers are
amicable if the sum of aliquot parts of one gives dther number.
Example: 220 and 280 are amicable number. Thegmbla numbers

are built into talismans and used for love charspnghle Pythagoreans.

On discovery that gave the Pythagoreans shock that rocked their
beliefs that all could be explained in terms ofgopnumbers was their

discovery of irrational numbers. Pythagors discovered that it s
impossible to express2 as the ratio of two integers. They even proved

this in this way.

Proof that>2 cannot be written in the form p/q. Let it be fibke that

-2 can be expressed as a ration of two integerse/lgt~2 =p/q where
p and g have no common factor except 1.

Squaring both sides we have

2 = gz and so 202

Then 2y is an even number

.. pis also an even number.

Let p = 2 wherer is an integer,

thenpz = 4n = 2
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or 2*=(

.. By similar argumenq is also an even number.

.. pandg are even and so must have a common factor, cgritrdine
assumption.

.. 22 cannot be in the form/q

The discovery of these incommensurable magnitudeskept secret by

the Pythagoreans. Legend had it that Happasusatdi€who revealed

its discovery was drowned by the Pythagoreans. Withdiscovery of
incommensurable magnitudes, the Greek maties concentrated

from then, on almost entirely on geometry to thgl®eet of algebra and

arithmetic. It is still the belief of the Pythagares that the essence of

absolute truth is in geometry. Even eblg was transforEDU into
geometric facts of simple equations, like = abwherea, b and nare
constants were solved by geometric constructions.

One everyday concept that was discovered by tHeaBgteans was the
Pythagoreans theorem:

that in any right angled triangle, the square @nhypotenuse is equal to
the sum of the squares on thegther two sides.

Example: From the figure.

5=%+4 1

In geometry, there are infinite sets of Pythagoiteighes. Examples are
(6, 8, 10); (9,12,15) and (5, 12, 13).

3.2.3 Euclid of Alexandra (300BC)

Very little record was kept about Euclids’ life. &vhis birth place was
not recorded. His fame came from his books on Gégrmeublished
when he was a teacher in schools in Alexandra.

One of his most successful books, in fact, a vamgdus book is the
book called “Euclid’s. Elements: He is an authootifer publications
such as “The Data”. The Division of Figures, the®&momena and the
optics. But of these the Elements gave us the @acligeometry in our
schools today.

The Elements is divided into 13 books or chaptiesfirst six are on

elementary plane geometry; the next three on theryhof numbers.
Book 10 is on the incommensurables and the lasetare on solid
geometry.
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Euclid’s theories on elementary geometry are basefive postulate
and five common notions or axioms. Examples of yagts are:
Let the following be postulated:

1. That a straight line is completely determined by points.

2. That a straight line can be produced infiniteloth directions.
3. That a circle is determined completely by any ttpemts not in
a line.
4, That all right angles are equal.
5. That if a straight Iline falling on dw straight lines makes the

interior angles on the same side less than twa &agples the two
straight lines of produced indefinitely meet ontthide on which
the angles are less than two right angles.

The common notion (or axioms) are:

1. Things equal to the same thing are equal.

2. If equals are added to equals the wholes are equal.

3. if equals be subtracted from equals the remainalergqual.

4. Things which coincide with one anotheare equal to one
another.

5. The whole is greater than the part.

Euclid elements reigned without any challengesiiany centuries. For
2000 years mathematicians tried in vain to proesfifth postulate of

Euclid. Attempts to prove the fifth postulate, whis commonly called

the parallel postulate, led to the discovery byadaievsky (1793-1856)

— a Russian mathematician, of the non-Euclideamegéy.

Most of the propositions in Book 1 of the Elemeants well known to

any student who has had a high school course imgeg. In it are

congruent theorems, simple constructionsingus straight edge and
compasses inequalities concerning anglesd asides of a triangle, on
properties of parallel lines leading to the faetttbum of angles of a

triangle is two right angles, and parallelograntse Book 1 closes in
propositions 47 and 48 with the proof of the Pytiragn Theorem and

its converse.
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3.2.4 Napier John (1614-1420BC) and the ndention of
Logarithm

John Napier was the first to publish his book (RtriLogrithmorum
Canonis Descriplio i.e. A Description othe Marvelous Rule of
Logarithms in 1614A.D. Johnst Buegi of Switzerlamarked also on

logarithms about the same time as John Napier bpted's book came

out first. Napier was not a professional matheneti@s such, but his

interest in writing certain aspects of mathaosat— those relating to
computation and trigonometry was high. pids “role” or “bones”
were sticks on which items of the multiplicatiobltzs were carved in

forms ready for multiplication. His otherworks were the “Napier’s
Analogues” and “Napier’s rule of circular parts” mwh are devices to

aid memory on spherical trigonometry.

Napier has no concept of a base for his systemgafrithms is different
from our logarithm of today. Napier'soghrithms is explained in
geometric terms as follows:

| S |
Al - P 'B

¢ | > > P
Q

Let line segmentAB of length 10, 000,000 and a ragD be given as
shown in diagram. Let a P point staftom AB with variable speed
decreasing a proportion to its distance flBnAt the same time le&D

start fromC and move alon@D with uniform speed equal to the rate

with which P began from A.

Ifwhen P isat P then Q isat Q, then the variable distanc€Q is the
logarithm of the distancéB.

From this log 10,000,000 = 0 since at the d?ag atA whenQ is atC.

From this definition, CQ increases asPB decreases i.e. for Napier, his
logarithm increases as his number decrease. Butriown base 10
logarithms, the logarithm increases as the nunmeeases. This is so
because Napier worked using a base 1/e whichsshes 1.

In 1615, professor Henry Briggs — a professor angetry at Oxford

visited Napier to discuss Napier's Logarithms. 817, the year Napier

died Briggs published his book on base 10 logarithhis include a

table of logarithms for numbers from 1 to 1000.sTwas extended to

include common logarithms for numbers nfor1 to 2000 and from
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90000 to 100000 in a separate pubbtcatiof 1624, from this later
publication the words “mantissa” and “charactetiséire derived.

3.2.5 Fermat Pierre De and Differential Calculus

Fermat was a lawyer by profession, but by 1629 A&hégan to make
discoveries of capital importance in mathematias di$covered many
theorems in analytic geometry one of which wasG86lthat “whenever
in a final equation two unknown quantities are fdwve have a locus,
the extremity of one of these describing a lineight or curved”. Most
of his works were however published after his death

Fermat had not only a method of finding the tangermurves of the
form y=xm but he also in 1629, hit upon a theorem on tka ander
these curves — the theorem that Cavalieri publighd®35 and 1647.
Fermat’'s method may be simplified as follows:
Let the curve bg —
Let the area required be from

Xx=0tox=a

Fermat subdivided the area into infinite small aegle by taking the
points with abscissa, akE, aEaE... whereE is a quantity less than one.

The sum of all these rectangle is approximatelyaétputhe area under
the curve.

These areas aeé (a-aE), a (E“(aéal‘:’), aE" _dE?/)

The sum of infinity of these terms i$'@-f)|

14Eh+L 4+

OR [— an >
1+E+E+E’+.. . +E'

As E tends to one, the sum of these areas approachtalim
n+1
which is the area under the curwe= x for x = 0 to x = a.This work is
the same as the process now known as differenti&tioit is equivalent
to finding.
Lim F(X+E)-F(X)
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3.2.6 Blaise Pascal and the Discovery of Probabilit

Pascal Blaise was a gifted child in mathematicsljlis his father, but
he abandoned mathematics for theology. But higfaghcouraged him

in mathematics. At the age of sixteen in 1640 yoBagcal published

one of the most fruitful pages of history in “Es$zyur Les Comques”.
This in essence states, that opposite sides ofagbe inscribed in a
conic intersect in three collinear points.

In 1654, his friend Chevalier de Mere, gave Paaqabblem to solve

thus: “In eight throws of a die, a player is teeatpt to throw a one, but

after three unsuccessful trials, the game interrupted, what is the
probability of winning for each player?

Pascal wrote to Fermat on this probleand their resulting
correspondence become the effective startipoint for the modern
theory of probability although neither Pascal nerrkat wrote up their

result. Their results were publication in 1657 hyybHens in a book “De
ratiociniis in ludo aleae” (or “On Reasoning in Gasrof Dice”). Pascal

was not the only person who worked on probabiife had works of

Cardon a century before but these works were ovkeld.

Pascal connected the study of probability withahthmetic triangle

which had been in existence for over 600 yearsrbePascal, revealing

many properties of the triangle. Because of theeroms findings by

Pascal about the arithmetic triangle, i now known as Pascal's
triangle. Pascal originated and proved theoremstahe triangle. In

one of the proofs, Pascal in 1654,vegaan eminently clear
explanation of the method of mathematical induction

Let us examine the Pascal’s triangle a little.

1 3 3 3 1 Row four
1 5 10 10 5 1

Take for example row four as shown. The sum oftlmabers in row
four is 1+3+3+1=8.

If a coin is tossed 3 times (one less than themmomber) the chances

are 1/8 that three heads will occur, 1/8 that dyawaio heads will occur,
3/8 that exactly one that and 1/8 that no headoeitiur.
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The theory of probability attracted many matheniatis in the early
18th century. One of them was Abraham De Moure piidished more
than 50 problems on probability as well as questi@hating to life
annuities. He discovered the theory of permutadioth combinations
from the principles of probability.

Probability theory grew into a very useful subjeaving applications in
engineering, games of chance, science and business.

3.2.7 Popular Mathematical Quotations

This unit contains quotes on Mathematics in general

3.3 Mathematics Is The Science Of Quantity.
Aristotle (BC 384-322)

3.3.1 This, therefore, is mathematics: she reminds yah@invisible
form of the soul, she gives life tder own discoveries; she
awakens the mind and purifies the intellect; shegsrlight to
our intrinsic ideas; she abolishes oblivion andmmce which
are ours by birth.
Proclus (410-485)

3.2.2 Neglect of mathematics works injury to all knowledgince he
who is ignorance ofit cannot know the ewsthsciences or the
things of this world.
Roger Bacon (1214-1294)

3.2.3 The advancement and perfection of mathematicséradtely
connected with the prosperity of the state.
Napoleon | (1869-1821)

3.2.4 The moving power of mathematical invention is rezsoning,
but imagination.
Augustus De Morgan (1806-1871)

3.2.5 In most sciences one generation tears ndomhat another has
built and what one has established HRarot undoes. In
mathematics alone each generation adds a new stotieg old
structure.

Norman Hankel (1839-1873)
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3.2.6 Mathematics started as a useful activity, and taotlsymore than
it ever was. This is, however, an understatememée §hould say:
if it were not useful, mathematics would not exist.

Hans Fraudenthai in 1973
3.3 Popular Mathematics Anecdotes

1. Thales (649-550BC) was an ancient geoometr and
astronomer. A story about him runs like this. Orghty when
walking out, he was looking so intenthat the stars that he
tumbled into a ditch. An old woman who was alsokivag beside
him exclaiEDU:
“How can you tell what is going on in the sky,
when you can’t see what is lying at your own
feet?”

“A short account of the History of Mathematics” W/W.R. Ball.

2. Felix Klein (1849-1925) presided over thenathematics
department at Gottingen for a long time. A favoyitiee bout
him, in circulation during his late years, was tbkowing:

In Gottingen there are two kinds of mathematicigdhese who
do what they want and not what Klein wants, anéé¢hwoho do
what Klein wants and not what they want. Klein @ aither
King. Therefore, Klein is not a mathematician.
Hilbert” by Constance Reid

3. Once when lecturing to class Lord Kelvin (1824-190%ed the
word ‘mathematics’, and then interruptiomimself, asked his
class: “Do you know what mathematics is?”. Staegyb the
blackboard he wrote upon it.

Then putting his finger on what he had writtenfumaed to his

class and said: “A mathematician is on® whom that is as
obvious as that is as obvious as that two plusmakes four is to

you. Liouville was a mathematician.”

“Life of lord Kelvin, “by s. f. Thomoson.

4, The death of Abraham De Moiver (1667-1754), famimughe
theorem that bears his name, has a nertanterest for
psychologists. Shortly before his death he decldratit was
necessary for him to sleep ten or twenty minutagéo
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everyday. The day after he had reached the totalerity-three
hours, he slept exactly 24 hours and passed anslgep.
“History of Mathematics” by W.W.R.Ball.

5. Albert Einstein (1879-1955) and Niels Bohr (188%2pwere
once arquing about quantum theory. The d&rmwould not
accept the probabilistic approach. At best, heas prepared to
accept the existence of quantum theory as a teanpor
expedient. “God does not throw dice” swahis unshakable
principle, to which Bohr retorted, “Noris it our business to
prescribe to God how He should run the world.”

“Physics and Seyond” by Werner Heisenberg

6. Srinivasa Remanujan (1887-1920), Who has beenideddoy
many as the most romantic mathematician of thisucg, was
in love with each integer. When he swalying in a London
Hospital one evening Professor G.H. Herdy (1377#)%sited
him. The latter told him that he came in a cab Wwiiad the
number 1729 with the remark that the numberEBéératter
dull to him. “No”,
Romanujan replied, “it is a very Interesting number

It is the smallest number expressible as a suwaottubes in to
different ways.”

For example 1729 = 121=10 ¢

= 144 (12)+1=1000+81(9)
1728 +1=1000+729
1729 =1729

7. Augustus De Morgan (1806-1871) was explaining tactmarian
what was the chance that a certain proportion wfesgroup of
people would at the end of a given time be aliviet Quoted the
actuarial formula, involving Il, which, in answer & question, he
explained stood for the ratio of the circumferenta circle to
its diameter. His acquaintance, who had so fterisd to the
explanation with interest, interrupted him and ekeDU: “My
dear friend, that must be a delusion; what camckechave to do
with the number of people alive at a given time?”

“Budget of Paradoxes” by Augustus De Morgan

4.0 CONCLUSION
In  this wunit, you have Ilearned someriefb of some reknowned

mathematicians and their areas of sgeat@ns. The unit also
contained some popular quotations made by matheianadi of repute.
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5.0 SUMMARY
In this unit you have been introduced to the follagvhistorical facts.

1. The important historical contributions of Thalesuifetus to

mathematics are many. These include ongoteductive
mathematics with which he proved geometric theorems

2. Pythagoras- “the father for Greek geometry” wasftlumder of
Pythagorean secret society. Some of Hientributions to the
history of mathematics are (a) the Pythagoras #reofb) many
theories of number (c) the irrationalumbers or what they
referred to as the incommensurable numbers sueB asr-5.

3. Euclid: The greatest contribution  of Euclid the History of
mathematics was the Euclidian Elements.

4. John Napier is the founding father of logarithm Bubfessor
Henry Briggs gave us base 10 logarithm.

5. Pierre Fermat did an original work on differentalculus and
from his work the modern use of rate of change grew

6. The theory of probability was originated in an atpe by Pascal
and his friend Fermat to solve a problem of thrapandie.

6.0 TUTOR MARKED ASSIGNMENT
1. State one number fact discovered by Pythagoras

2. Write one set of Pythagoras triples differentrfrthe examples given
in this unit.

3. (a) Who classified number into amicable numbers?
(b)  Prove that 496 is a perfect number.

4. Who gave us logarithm to base 10?
5. Thales theorem states that ... complete this émeor
6. Who originated these two theorems?

(1) A circle is bisected by a diameter.
(i)  The base angles of an isosceles triangle quale

7. Postulational and axiomatic geometry are ngagilar by who?
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8. Using the Pascal's triangle rowGnake wup probability chance
problems similar to the ones using row four in tnt.

9. The greatest contribution to the history of neathtics by Euclid

was the “ Elements”. Explain five factabout this word “The
Elements”.

10. What is one difference between a postulateaaraxiom? Give one
example each.

SELF ASSESSMENT EXERCISES

Self Assessment Exercise 1

Take any history of mathematics book in hiyary and write out
propositon 1 of Euclid elements Comparthis with the distributive

property of today.

7.0 REFERENCES/FURTHER READINGS
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1.0 INTRODUCTION

This chapter is made up of sections in which issuesathematics
teaching and learning are discussed ine lirwith the objective stated
below, Teaching is viewed as a problems —solvisg which involves
knowledge, comprehension. Application, analys synthesis, and
evaluation. As such, the mathematics teacher stsméchim/her-self as

a problem-solver who needs certain tools. The tgbésols needed by

the Mathematics teacher are discussed this chapter. To help the
student-teacher this chapter contains nadder on (1) instructional
methods,(ii) adolescent modes of thinking, (iii) szs and writing  of
instructional objectives,(iv) preparation ofesson notes and (v) peer
teaching versus the real classroom situations.eSime student-teacher
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will definitely teach mathematics at both the jurémd senior secondary
schools in Nigeria, and he/she is a novice, thdesits teacher is asked

to reflect back on his/her days as pupil struggling to learn
mathematics. You would be able to recall that yeacher probably

used various means to teach mathemattestbooks, diagrams,
instruction, audio-visual aids with a series ofigm®ients and tests. As

such you should be able to view mathematics tegchsna complex task

and that there is no readymade formufar solving the complex
problem. Your interaction with the real life siticats will help you to

device the formula you will need to deal with tlteiaion. The material

presented in this chapter will give you a goodghsinto the world of

mathematics teaching and the satisfaction deriviabie the activity.

Before proceeding further, ask yourself theeqjion, “what kinds of

things do teacher do in effort to phelstudents learn the content of
subject matter of mathematics? If you reflect upoar own experience

as a pupil, certain things are sure to come tan¥ou should be able

to recall lecture, discussion, home work, queséind answer, audio-

visual aids, demonstration and laboratory work Heevewhat do we

mean by all these terms? if we are to communitetedeas effectively

we need to give working definitions of the termauasd in mathematics

teaching and learning.

2.0 OBJECTIVES

Students are introduce to the teaching of mathesatiboth the JSS
and SS levels in this chapter. Thus, the followobgectives are to be
achieves after carefully studying the chapter. #mexpected to be
able to: at the end of this unit 1, you should blke 0 do the following:

1. Identify various teaching methods that are ava@ldbf teaching
mathematics at the JSS or SS level

2. Select suitable and appropriate instruetionstrategies for
teaching specific contents of mathematics at tIf®2aISSS level

3. explain adolescents’ way of thinking and how thegyrmfluence
mathematics teaching and learning

4, Select and write suitable instruction objectives

5. Select materials for lessons, prepare lessons aatkgxecute the

notes in mathematics classroom.
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3.0

3.1

Mathematics Curriculum andtructions in Secondary

MAIN BODY

Study Approach

In order to benefic from this unit, you are expéddie doe the following

points

3.2

Research

Get hold of the mathematics curriculum for the @niynschool.
Identified the content used in this unit as an gxamand take

note of the class. Classes will not be indicatethéese lessons.
For each method discussed jot down the main idets, good
point, its faults and precautions to be taken ingithe methods.
Give one more example of the use of the methodextified in
the secondary school-mathematics curriculum.

DISCUSSION OF VARIOUS TEACHING METHODS

findings have shown that thel® no one best method of

teaching”. Johnson and Rising (1971p.143jate that the method

selected depends on “the topic, the ssgla the objectives and the

procedures known to the teacher”. There are, homsme guidelines
that may be considered by every teacher selecting the method or
strategy to be used,

The teacher must be familiar with the method.

The teacher should believe in the importance aacethcacy of
the method.

The method must be easily understood by the @nldr

The method must not leave the children passiviearclass. The
passive student cannot perform or utilize concefgarnt In the
new 6-3-3-4 system of education.

Do as | do “technique to arrive at the answer matybe suitable
for the dynamic nature of the 6-3-3-4 mathematigsiculum.

The “Do as | do technique breeds mathematics stademo can
arrive at the correct answer without inge able to
personally term, the meaning of the cpdure to the
Such students cannot ask or answer *whguestion in
They therefore cannot transfer their knowledgeréative use.

For examples, a student who mechanically learnatwel like terms in

fractio

ns may come up with a right answer to protslesuch as, 16 = 1
64 4

with the demonstrated wrong cancellation. The evdy to discover
such a mistake is to engage the students in agdielo
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Some authors have summarized the principles bedffadtive teaching
methods under three headings:

A The Dynamic principles: A learning concept grows in a
dynamic way in the childs mind. For dearner he needs to
handle, observe, experiment with materialspmpare past
experiences with the newly discovered soneand takes new
decision-amending the old precepts or irdd a new one.
Therefore the child needs concrete nwteri objects, semi
abstract diagrams of the objects, aswell as some form of
directed experimentation to arrive at required ltissu

B The Constructive principle: This is related to the dynamic
principle in that it also requires practical sifoas before the use
of reflective thinking by the child to analysishet patterns or
common properties for generalizations Playing wihterials
first is what this principles implies by the wordsinstrictive”

C Perceptual Variability principle  or multiple embodiment
principle:  this principle requires variatyl in methods,
recognition of individual difference betwee students, The
relational meaning of mathematical symboland expressions
must be emphasized. For example, the formDi2(a+b)should
be recognized as a possible formularr fthe perimeter of a
rectangle. The use oP=2(L+W) should be compared with the
former formular during the lessons on perimeter.

Let us now consider specific example of methods.

3.2.1 Lecture Method

The teacher talks, perhaps with some use of thiklmberd, while the
students listen quietly and sometimes take notegjuently at the end

of such a class period the teacher asked,” AnytouesYour student
may not ask any questions because they are selttimedming.

Uses of Lecture

This method provides opportunity for the teacheagit@ verbal input
that is not available to students in other formgksas textbooks) or at
appropriate level (Such as Vocabulary or concegaphistication). It is
assuEDU that the words of the lecturer convey #mesmeaning to all
the students. It is also assuEDU that the studerttistening with the
intention to comprehend and remember, since iiffisdt for most
secondary-school pupils to remain passive listefugra long period of
time the lecture (teacher) should either keepattstr be a dynamic
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lecture or both. The feedback giving and gettingeptial of this method

is minimal, Because of that short attention spapugpiils. Teachers are

advised to use lecture method sparingly and foy keef time span.

Other problem that are inherent in thiecture method are (a) the
inability of a novice teacher to givea dynamic “Lecture” (b) the
inability of pupils either at the JSSr SSS rapt attention, (c) the
difficulty of identifying those who are confuseddatihe point where

they are confused, and (d) the inabilitof the pupils to completely
comprehend the words of the lecturer. You may ceilgon your own

experience when you were a student of mathemédtite secondary

school levels.

3.2.2 Question and Answer Method

This is one the most common methodsnpleyed at the secondary
school level. Pattern typically begins with thecteer asking a question,

and then recognizing one student who answer. Niextetacher reacts

verbally in some way to the student’'s responseamkd a question of

another students, who then responds.

As in the case with the lecture, the teacher matgwpmething on the
chalkboard and sometimes the students take ndtess, The working
definition for Q/A: The teachers asks a questiam® student answers.
The teacher reacts and asks another question wehiesponded to by a
second student, and so forth.

Uses of Questions and Answer Method

Many teacher believes Q/A is a method that enahkegeacher to find

out who knows what, only one student respondgiatey a sample of

only one out of fifty to seventy studentsThe questions and answer
method is extremely valuable as a way to guide ldpwmeent thinking,

to stimulate creative problem solving. To ingiatdiscussions, and to
stimulate quick recall of requisites needed fer diays lesson. The Q/A
method can be used effectively in combination witkry other method.

The kind of question posed the preamble to thetqueposed and the
variety of ways used to encourage and accept resgare all skills that
makes the differences between thoughtfiteraction and dull
sequences.

There are three major components of Q/A that nepdsial attention
How to apply questions to obtain good responses.
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A The Question:

1. Write down the major question in a developmentgus&ce and
analyse the possible responses ahead of time.

2. Precede a Q/A sequence by a brieftulec or demonstration
designed to set the stage for the sequence.

3. Do not ask frequent yes-no questions or fill in btenk question
such as “Does anyone know the answer to numbe? five

4. Increase the number of question requiring a phassassentence
in response.

5. Do not try to elicit development thinking by thé-ahcompassing
“what about” question, such as “what about thele®t

6. Use a variety of opening question- pbhsa such as “How?”
“What” “why?”

B Getting responses from students

1. Pose the question before you call on someone.

2. Do not call on students innlyo one area of the room for
answers.

3. Ask weak and slower students low- lepetstion

4. Save high-level questions for brightedsnts.

4 Do not direct a series of quick questionsttments row by row
(orinany clear pattern)

5 Wait at least five seconds prior to acceptegponses to high-

level question inform the students you are goindddhis.
6  Tell the students that there is no penalty fooinect or partially
correct answer. Tell them it is not a quiz, buearhing experience.

C Handling Student Responses.

1. Ask another student to agree or disagree and gs/iedn reasons

for doing so.

Take “straw vote” and follow up with a request jostification.

Frown a bit and ask, “Are you sure?”

Ask another student to add to the answer of tis¢ $tudent.

Ask the student to explain how he/she arrived astiiution

Ask if there is another way to solve the problem.

Do not accept mixed chorus responses

If a student cannot answer a difficult questiork, agontingency

backup question on a lower level.

9. Refuse to accept responses that are not audibléstudents

10. Give praise for partially correct pemses to complicated
guestions.

The physical location of the teachereagly influence the nature of

verbal interaction in the class.

N TGRWN
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3.2.3 Discussion Method

Discussion refers to student to studerntalk with occasional verbal
intervention by the teacher.

Note that discussion is among students not betwesfents and the
teacher.

Uses:

Most activities labeled “discussions” areeally lecture or
guestion/answer in a discussion, as ddfin The teacher usually
initiates  the interaction, but is onlyccasionally, the first essential
ingredient for a discussion, a topic a questignadlem, or a situation

in which the students can share ideas and compa@ntrast suitable

topics, or, situations that have been destectively by mathematics
teacher in initialing discussion ?

The following illustrative example can help youldocate more topic in
mathematics.

Topic, procedure purpose, original proofs. Bmaroups seek varied
methods of proof, contrast efficiency, ffidulty level of each,
advantages of one over the other. Each group &orheged by the

teacher to reflect the range of group to discugsrablems on which

any member needs helps. Consider reasons Range/émyngood to

poor, behind errors, pinpoint strategies for cdrestutions

This second major ingredient for a successful disicun is appropriate

student prerequisites. When does a discussion&nd®n the attention

of sub-group members starts wandering,e thliscussion mode had
already continued too long you may call a halt wakigroups have

made in roads on the topic and when starting afsdmems desirable.

After all, students are responsible to the sigoartd the discussion
each spoken-person can report on that group’snysdithen students

from other groups can be asked to indicate agreeanatisagreement.
Finally, the teacher can help all to summarizeslasults.

3.2.4 Demonstration Method
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Typically but not always the teacher owh something, such as a
specimen or a model, while students watch, in sonmestances, one
student may do the showing while others watch.

Uses:
Demonstration is used in combination witkecture, question/answer

laboratory, the following examples illustrate jastew of the ways in
which demonstrations can be used to enhance matiesrrestruction.

Topic Demonstration Purpose
1. Symmetry Teacher cuts orange To show model
of fruit in half radial symmetry
2. Units of measure Teacher holds up tin To get attention
on of milk, box
of washing soap practical
problems
3. Geometry (locus) Teacher stretches and  To illustrate path
shrinks shapes on of moving points
cardboard

To focus students’ attention on a demonstration, mast first be sure

that the object can be seen the specimen mustdedaough to be

visible from the rear, or the teacher must moveuaize room with a

smaller object. White cardboard sheets ¢ne over-head screen can
provide an effective backdrop.

Although demonstration is often used diameously with other
methods, a silent demonstration can hery effective. Such a
demonstration might be used either to set the stage to further

develop a topic.

3.2.5 Laboratory Method

This method does not refer to a place or a speldat period in the

weekly timetable, but to an activity. This activityay occur in a regular
classroom, a specially equipped room, at home Bdoars. The key

idea is that students manipulate concretbjects, specimens, or
equipment under the direction of the teacher.

Uses of Laboratory and Discovery Methods
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Since the students are manipulating equipment ¢enmaain this mode,

they are doing so to «collect data. €fme, you might employ this
method to help students reach a generalizationatdeeory observe the
application of a rule or learn and practice a psyetotor skill.

Examples:

Materials Activity Purpose

1.Strips of Cardboard  Students to fold into To teach
segments Fractions e.g, 1/2

1/3,1/4,1/3,2/5

2. String mater stick tins Students measure T]o %3

of different shapes and circumference and generalization

sizes diameter, record data  that(]is a
and calculate! constant.

This method required careful preparatioof material, instruction
in

safety precautions, organization and possible eevrgtion of the usual

physical facilities in the classroom. @&ition to students must be
planned ahead some teachers write directions @ventead projection

sheet sothat all students can refer to thenmategdly. The teacher can

move systematically to each individual ogroup, listening asking
guestion, and observing the way in which the studesmproceeding.

The teacher should correct IimEDUiate rmsrrocommitted by  his/her
students. This method is gaining poptyarinow mathematics mow
because. of the emphasis on productivppli@ation of mathematics.
Many schools are establishing mathematics labaestor his is in order

because mathematics is a subject which has tcabet ley doing rather

than by listening or seeing.

Essentially laboratory method’ is very agical. The advantages are
many

Every students participates, interest isaroused, and investigative
capacities are developed .

Psychomotor skills are then acquiredchsuas the wuse of fingers in
drawing sawing, cutting or sewing.

Some disadvantages are:

I. it is noisy

. it is time consuming

iii. it is expensive -the equipments may be costly.
vi.  accidents may occur in laboratory lessons.

The teacher should be prepared to tackle thesdepnsb
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Model Lesson on Laboratory Method

Topic: To find the value of pie

Method: Take the pupils to the mathematics laboratory Goveach
child a cylindrical can or an object with circukaurface of
different sizes.

Lets each pupils use any appropriate method tothacircumference c,
of the cylinder and the diameter d of the circead.

Let the pupils record their findings on the disagvehart shown below.

Student C d

o0

1

2

3

The students can use a thread or measuring cabpetser means, such
as rolling the cylinder over a distance , to dortieasurements. After all

the pupils have entered their

Readings get each one of them to calculate his vagind record their

results d

in the chart.

Through question it will be found that the valuettué ration c will be
very to 3, 1, 4. This is the value of pie d

3.2.6 Discovery Method

Guided discovery is an aid to problenolving, the teacher explains
exactly what the students must do, allows thenea lfiland to carry out

the activities, but gives suitable guides to préwtndents from going

astray. In this method, success is often adsuprovided the teacher

gives sufficient hints to the discovery.

Another variation is open discovery: inhis the teacher allows the
students free hand to play with the materials amdecup with whatever
discovery that comes their way.

In this, the discoveries made by the students neaysw to the teacher.
The use of this in our system of mass educatiommsmal.
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Guided discovery should be preferred

Most discovery lessons have discovery charts. Vdé glve example of
this in the model lesson later.

Advantages of a Guided Discovery Lesson:

1. Students who use their energy to discover knowlédcrease
their ability organize  resource in attacking peohs, become
more courageous at problem solving and receivesagiffaction
at the success of discovery. (Burner 1960,p6 12)

2. Most students are likely to retain owhtedge learned by
discovery more than by other methods.

3. They are better able to transfer knowledge

4. Discovery can enhance students participation ateddation in

class.  Students puts in their best. No students is passise
gilded discovery lesson.

Some Disadvantage of Guided Discovery

I. There is tendency for a discovery lesson to beynthe teacher
should note this

i. Discovery lesson is time consuming artthe teacher must be
ready to give hints at appropriate [@into direct students to
discovery and minimize time waste.

i.  The teacher should be aware that not all the stadeitl come
up with the discovery results. As soon #®e majority of the
students do so, he should use their results bring other
students to the results

Model Lesson on Guided Discovery Method

Topic: formular for finding area of rectanglesislitassuEDU that the
other steps in a lesson plan shall be left to théents. We shall go
straight to the content development step:

Contents

Teacher presents to the pupils a serie6 rectangles as shown (all
dimensions are in centimeters)
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Teacher find the areas of rectangles shown by cayttie square and
filling the discovery chart shown:-

Discovery Chart

(1) 2) 3) (4) ()
Rectangle | Length Breadth Area by Area by |a
cm (b) cm Counting short
method

A

B

C

D

E

F

Do not fill column 5 after you have found all thee@as by counting.

Teacher does 1,2 along with the pupils to ensweg timderstand what is
required of them He then allows them to go to #s when all have

finished a,b f the teacher asks the students thifithere is a short

method to arrive at the area without counting, tle¢the students use

the short method to fill column 5.

When the short method is found, ask trtudent to apply the short
method to find
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I. area of a rectangle 23 x 73cm.
. Area of a rectangle whose length is a cm and bindadi cm.

By this it is expected that the area formula shalbiscovery area =
Length x Breadth

3.2.7 Supervised Practice Method

This method involves having students try to perfeome task at their
seats or at the chalkboard while the teacher obseheir progress and
gives help as needed.

Uses of Supervised Practice

The students must be involved in the practice lebaned rule, practice

must follow relevant instruction. Here are a fawggestions aiEDU at
helping you implement supervised practice:

1. Use several short periods rather than one longatiman session
at the end of class.
2. Sequence and cluster your practice examples saftr@atalmost

all students can begin the work and so that naofirished
before you have some time to make a tour of mo#tefoom.

3. Systematically move into the room to edh the work of
individual  students. Use verbal and -wmerbal signals to let
students know you see their hands and will be Wiém in order.

In the meantime, they could try another problerb@directed to
share their question with another student.

4. Be aware of the entire class even while helpingstndent. Turn
to face most of the class.

When should a teacher end a supervispdactice session? Does
everyone need supervised practiced session? Y@adsaiged to attempt
this question.

3.2.8 Home Work Method or Assignment Method

This is any activity relevant to theachievement of objectives that
students perform outside of the scheduled classosesand without the
supervision of the teacher. This definition encasges such potentially
meaningful activities as spending 20 minutes instioee after school to

get data on prices of commodities. It is also ésawom for doing the
even-odd numbered problems from a textbook wherakes sense.

When Giving Homework:
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Choose only a few exercises or activities and nsake the ones you

choose make sense to the students. bt use homework as a
punishment. Homework can be used to introduceéx¢ day’s work to

the student. It can be used to recall the presi#tgsineeded for a new

topic. What do you do with the home work?

When do you collect homework?

How do you collect it?

The teacher should not do the homework for theestted Do not ignore

the homework. How do you deal withhose who fail to do the
homework? —Offenders may be asked to read relewaterial in other

texts instead of participating with their classnsatelThe teacher should

refuse to allow, unprepared students to participatkat portion of the

lesson where the homework is needed.

3.2.9 Use of Audiovisual Aids:

Actually all methods involve hearing, seeing, ottho However, this
method typically means that students are viewirdytegaring a motion
picture, or television, seeing slides, a film stopa film loop, watching
an overhead transparency, or listening to a reagrdf some type.

Uses of Audiovisuals:

Teacher’s preparation is critical if this methodashelp students learn.
There are four major areas of preparation in tleeai#AVA.

(1) Use of the equipment

(2) Quality and suitability of the tape, idsl film, filmstrip, or
transparency,

3) Preparation of the students; and

4) Follow-up and integration of the AVA into other rhetls.

Suggestion for using AVA

1. Use of equipment
(@) check out your school’s rules and regulations atidw them.
(b) Dry-run equipment you will operate in the classraamnwhich it

will be used. Check \visibility and/or udibility from
various areas of the room

2. Quality and suitability of the materials:
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(@) Review all materials you hope to use and do notmesterial
of poor quality or limited applicability.

(b) Be a ruler of, not a slave to, equipment and malteri

3. Preparation of the students:

(@) provide an introduction and an overview. Let thelshts know
where and how AVAS contributes to theubject being
studied.

(b)  Explain to the students their responsibilities) asking question
thereatfter.

4. Following-up and Integration of AVA Method:

(@) Plan alterrative ways of combining this method vathers to get
feedback, to give feedback:: and to keep attertdiothe task.

(b)  Keep the particular AVA Materials alive aftéetlights go off.
Conduct Q/.A or small-group discussions if suiabl

3.3 PROJECT METHOD

This may look like the laboratory method. The cdtidifference are

that here the students are all doing different malative activities or

varied library research, or different peghlsolving task on an
individual basis.

Uses of Individual Students’ Project:

Projects can be students initiated or teacheatisiti. They may be used
to expose some topic in depth, to introduce releapplications of the
subjects being studied, to investigate historieakiground of the topic
and so on.

3.3.1 Group Method

In most city schools particularly in the southeectns of Nigeria, the
number of students in each class exceeds 50. teaicher to prepare
teaching aids for such a number is tedious andesgrouping method is
recommended.

In this method, the class is arranged in groupseaath group is given

something specific to do. When there is equiprhianitation, such as

meter rule to measure objects in clashis method becomes very
necessary. Another advantage in this thotk is that it makes for
student-student interaction within the group. @rterests also breeds
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healthy competition. Each individual in a growglds to add to the
general pool of thinking and so greater discovergdssible.
Association with others is a necessary and usefut&ional objective
which this method utilizes.

Some disadvantages may be noted:-

(1) There may be tendency for noise from groups
(i)  Supervision by the teacher is a little mor#idult.

Generally, however the advantages of mrounethod out weigh the
disadvantages.

Topic: Estimation of length of the school lawn

Method: group 1: estimate the length of the school lawn
group 2: estimate the length of the chalk board
group 3: estimate the length of the goal post
group 4: estimate the length of the class room
group 5: estimate the length of the school building

In each group, each pupil will do his estimatioivaiely but they come
together to record their estimation in a chart thus

Group 3 Goal post

Student | Estimate| Actual | Error: | Errorz
Length, | Length

John
James
Bale
Bob
Ale
Kola
Sun

205



EDU 808 Mathematics Curriculum andtructions in Secondary
Schools

Then they go together to get the actual measureaiehé object. Each
group finds the sum of errars
The group where error is the smallest wins.

3.3.2 Feedback Systems

Many teachers assess their effectiveness in tissroam in terms of

student reaction. Some teachers do thiaphazardly, some do it
systematically. The getting of feedback is impatria the teaching and

learning of Mathematics. What do we mean by feeklbd he student’s

answer either verbally or non-verbally. The teadets feedback when

he or she notes that a student hastten the correct solution to a
problem posed by the textbook, a student gets seddiwhile checking

the results of a solution to a problem.

As such, the working definition of feedback is amfprmation, sent to
the teacher or student, verbal or non-verbal omdhelts of instruction.
This means that both the teacher and the studenttoeget feedback if
instruction (teaching and learning) is to be bdfltient and effective.
You as a Mathematics teacher, must plan to gebfegdand to give
feedback. Then when the teacher employs a seqoémwe or more
methods with the planned intention of getting andluing feedback,
that type of sequence is referred to as a feedsiaategy.

Getting Feedback

Go back to have another look at the various tegctmathods treated

earlier in this unit.  You should note that eastthod does have a

unique purpose in instruction. There are some austhith zero verbal
feedback-getting potential. Such methodsoukh be combined with
those that have positive potential for getting feadk. For example a

short lecture can be followed by quesi specifically designed to
assess the listeners grasp of the lecture. Suggtiqns can range from

the “what did | say” type to “How” or “Why” types.The teacher might

ask students to write the answers to appropriagstopns then and there.

Further, the teacher may use straw votes to gdbfaxk from many
students. The teacher asks to see the handss# wWho agree, who
disagree, who are not sure.
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Straw votes should frequently be followed by aeseaf questions to
members of each faction probing the reason(s) behieir response, or

a student demonstration in defence of rasponse. The following
methods have high potential for gettingnd giving feedback:-
Discussion, laboratory, individual project, supseed practice and home

work.

The question and answer method has potential ftingdeedback from
a few students, while lecture and destration have nearly zero
potential for feedback.

3.3.3 How to Use Feedback System

Sometimes the best imEDUiate use of feedbackgetanore feedback.
More feedback may imply a larger or broader sangptihstudents, or it
may refer to the nature of the responses and tbe toeobtain more
specific or more extensive responses. More exterisedback getting

is essential if instructional strategies are t@ftiectively implemented.
Some of the more common uses of feedback are Instesl

1. After obtaining feedback on the number of stud&rtie possess

the prerequisite learning for the next topic, tt@cher may do the
following:

a) Reteach the prerequisite material if all or nsbstients have
given negative feedback to the teacher.

b) Ask students to try a practice example. If trerems to be
ambiguous feedback.

c) Use appropriate recall Q/A and lectur® weave specific
instance of prerequisites into the ongoing leséonly a few
students give negative feedback on the perquisites.

2. When beginning homework post mortem, the teactsgialys or
reads the answers and then gets feedback on thet extthe
students problems with homework:

a) if only a few students give the teacher negdeeelback, the
teacher may (i) use Q/A with members of the reshefclass,
(i) work with the small group of students whiletfing the
larger group of students to work on other matemaald (iii)
tell the small group of students that they willHedped later
in the class when supervised practice occurs.

How Teachers can Give Feedback to Students:
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a. Gaining and controlling attention. Theeacher gives students
feedback on what to observe, its relevance towask, and so on.
b. Informing the student of expected outes. The teacher tells

students whether they will be expected reproduce a deviation,
apply a rule to typical problems, or write down eh&tions made
during film.

c. Recall of prerequisites. The teacher may tatletts the relevant
aspects of prerequisites needed for the day’s work.

d. Presenting the new material

e. Guiding the new material

f. Providing feedback. The teacher correctgesponses, modifies
partially correct ones, and classifies in caserirs.

g. Appraising performance. As the students chectkhair learning in
supervised practice, Q/A, or discussion, the teagives feedback
as in (f)

Recall reinforcement system taught you in your pejagy of learning.
The feedback system is based on the reinforcerheatyt. If you want
to become an effective Mathematics teacher, you alusys use the
feedback system during your lessons. Next we witisider the types of
instructional objectives you can use to prepare ye@ason notes.

Types of Instructional Objectives

What are instructional objectives?. An stioctional objective is a
statement that describes a desired studemtcome of instruction in
terms of observable performance, under given camdit It is always

phrased in terms of student performancept in terms of teacher
performance. Moreover, student performancemust be described in
terms of observable behaviour. You should viewuetional objectives

as guides to what the teacher will teach in thehauatics class.

Examine the following statements and pout which of them
represent clear statements of instructional ohjesti

1. The teacher will illustrate the wuse ofthe calculator by

a
demonstration on a model calculator.
The students will understand how to use calculator in

2.

3 multiplication work.
The students will observe a teacher’'s demonstratidhe use of

4 a calculator.
The students will write the product ofny pair of 4-
digit

numbers. Given the use of a calculator.

3.3.4 Domains of Instructional Objectives
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The name given to the three major areas of emphsisvhich all

instruction objectives may be classifieds domain. The cognitive
domain deals with recall or recognitioof knowledge and the
development of intellectual abilities and skills.

Changes in interest attitudes, values atite development of
appreciation belong to the affective doma the third domain, the
psychomotor domain , refers to the malafve or motor-skill area

within each of these domains, there ehawbeen attempt to devise
categorization systems called taxonomy. thmurpose of such
categorization are to make more expliche varied levels of
instructional objectives.

Taxonomy is a set of standard classified and thasgories are related

in a hierarchical fashion. Although althree domains are source of
instructional objectives taxonomies in two of tleain, the cognitive

and the affective are particular useful tools fa@ secondary school
mathematics teacher.

The Cognitive Domain

The most widely used taxonomy of cadgait objectives is that of
Benjamin Bloom and colleagues. Blooms taxonomy &iostsix major

levels of classes. It is important to keep in ntimat a taxonomy is a

hierarchy. Therefore a level Il objective implibéat command of related

level | behaviors is assuEDU. For example, if @shtu is expected to be

able to use the formula for the area of a squacemputing areas give

the length of a side of a square. That studesxpgcted to be able to

recall the formula for the area of a square.

The Cognitive taxonomy

Level I: Knowledge the recall of material with little or no
alternation required

Level ii: Comprehension the use of a specific rule, concept,
method in a situation typical to those used indlass.

Level iii. Novel Application the selection and use of a ledrrule,
concept, method in a situation novel to the student

Level iv: Analysis —Breaking down of material into its paststhat
the relationships among its ideas are made explicit

Level v: Synthesis- Putting together parts so as to fornhalev
pattern or structure of ideas not clearly therefef
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Level vi: Evaluation — Judgments about the values of matenidl
method for given purposes.

Examples of how to state instructional objectivedzhon the Bloom’s
taxonomy. The student will be able to

Level | State the formulas for the areas of a square,tangle
given the name of the shape.

Level ii: Compute the areas of a square, a rectangle, atiaper a
general parallelogram, given appropriate lengths.

Level i Solving novel word problems which involve the u$¢he

guadratic formula.
Level iv: List the facts, the relevant relationships anditredevant
information contained in a novel word problem.

Level v: Write a novel word problem which includes the asd of
at least three of the four area rules studiedercthss.
Level vi: Write an assessment of the advantages and disadesn

of two different solution to a word problem, where
accuracy and economy are desired criteria

The above contains example which a awvican use as a guide

to

writing objectives in the cognitive domain. Howeytitrere are certain

steps which should be followed in writing objeetvfor a daily lesson.
Note:

1. Choose the topic or unit to be taught.

2. Study curriculum materials, syllabi and studentlierks with
relevance to the lesson.

3. List the major content items (such asoncepts, formulars,
principles and the like).

4, Write instructional objectives directed oward each of the
designated major  content items

5. Classify the objectives by level and check theselte against

your assessment  of the nature of the teodn and the
intellectual development of the student.

To help beginners, the following performance vetesgiven.

Add c%escribe graph list
Calculate design identify multiply
Cite gi'agram induce plan
Contrast Ivide interpret plot
Deduce explain interpret predict

Derive extrapolate justify prove



select translate  write
solve subtract verify
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You are encourage to look for more rfggenance verbs which are
applicable in mathematics teaching and learning.

3.3.5 Affective Domain

The affective domain was constructed H©pavid Krathwohi and his
associate in 1964. three levels of the versiorgasen below.

Level i: Complying:- Passive acceptance of role assigned by
teacher no overt avoidance of activity

Level ii: Responding:-Voluntary participation in activity or
selection of one activity out of several.

Leveliii.  Valuing:- Commitmentto a value shown by consistent
and stable response to objects, people, phenorarda,
others.

As in the taxonomy of cognitive objees, this taxonomy is also
hierarchical. At the lowest level, the student rfayexample, merely sit

quietly in a conduction of apparent listening dgranlecture, rather than

chatting with neighbors.

Examples of affective Objective

Leveli: Participation in the lab-group role assigned bytdseher.

Level ii: Attempts an optional challenge problem on areas of
regular polygons.

Level iii: Volunteers illustrative examples from non-assigned

outside sources during a class discussion on the

application of geometry to the real world.
Note:

The major difference between the level iii and lavebjectives lies in
the evidence of student initiated interest oveetim

3.3.6 The Psychomotor Domain

Note that the psycho, coveys the notion that mtarscle) learning is
intertwined with mind, soul and spirit, in matheratthe domain deals
with manipulative skills to be learned by students.

You will be given a few of this domain to get ydarsed decide whether
or not each (1) contains a specific performanebs/€2) communicates
clearly (3) places primary emphasis on coordinatedcle movements.
And (4) makes obvious the material and equipmeattwould be made
available to the learner.

a) Measure rectilinear shapes with a metric ruler itivw-5mm
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b) Describe how to operate a hand-held calculatobtain sums,
difference, products and quotients of integers

C) Adjust a georule to illustrate geometrically shajedters of the
alphabet

d) Manipulate a set of cut-out rectangular and sqahaped to
illustrate equivalent algebraic expressions.

You are now be ready to construct a few objectindbe psychomotor
taxonomy on your own, think in term®f the manipulative skills
associated with the use of devices such as comgtaiss), geoboard,

graduated cylinders, stop watch, and pan balalrteen write at least

four objectives relevant to a subject you expeteaeh and submit them

to a critique by a classmate.

You should have observed that we did not deal aittixonomy within

the psychomotor domain. There is a taxonomy fodtiraain, but it

appears much more relevant to the psimaschool age group and
physical education content than to seaondchool mathematics
instruction. However, we can not ignorgarying complexities of
objectives aiEDU at motor skill development in neatfatics. The three

domains are gold mine for instructional objectigeastruction for daily

lesson notes.

3.3.7 Daily Lesson Notes

How can daily lesson notes be designed so asdndtb the students?

What right format is helpful to the beginner? Aaiktd written lesson

note which includes key components ofathematics teaching and
learning is an excellent base for a beginner, $gton notes do not

guaranty success, but their absence correlatelyvigth failure.

The lesson note format given below has stood tteofdime and has

proved workable in the hands of both novices ampgsgnced teacher

of mathematics. Analyse the format and note itsattaristics i.e each

category in the outline some items, such as dapé; tind class period

are simply identified for the teacher or supengsdte remainder of the

headings should make sense as a systhed method, feedback,
objectives and characteristics of students andecdn¥ou should adjust

the spacing to fit your needs.

Under content item are Ilisted the Iabelof the concepts, the rule
statements, use of rules, or ideas and so ongisdfuence in which

you expect to introduce these. Across from eacierd item in column

3 would be a description of the segee of methods designed to
achieved the stated objectives (s) with respetttabcontent item, if

materials other than standard chalk and chalkbasedo be used, these

212



EDU 808 Mathematics Curriculum andtructions in Secondary Schools

are listed opposite the related strategy in col@mim addition, two
columns labeled feedback strategies are addedier tw give particular
emphasis to the need to plan ways to get feedlzmulel as ways give
feedback. These columns should contain the stetggiu have chosen
in order to elicit feedback at critical times andjtve certain kinds of
feedback during the lesson. Finally column 5 shaeolatain your time
estimates for a strategy aiEDU at a particularatbjes. After the lesson
has been taught, these estimates should be chagketst actual times
to assure more realistic planning of time use eftliure. Now turn to
figure 1. and read over the overview given betbeefigure.

TOPIC. ..
Date .....
Class period ..................
Instructiond| Number of
Objectives Students
Other
routines
1 2 3 4 5
content item | SPECIAL instructional | Feedback | Time
Material strategies l,e| Strategies | Estimate
Equipment | methods Get Give

Fig. 1. Daily lesson note format

To help the beginning mathematics teacher, exangblestructional
strategies for key learning items in mathematiespaovided below.

3.3.8 Instructional Strategies

1. Instructional strategy pattern for concepts
show differentiated examples and non-examplesqnesece get
essential and non-essential characteristiédentified, elicit
operational definition, model by analogy elicit geation of the
concept to a variety of specific instance not prasly used.

2. Instructional strategy pattern for vocabulary
Show object (or exemplify idea) then pronounce namet spell
board have students do likewise, repeat (praagjise) name and
elicit statement of idea or description of objeesihave students
use in content
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3. Rule/ Principle Learning
Rules and principles, the heart of reathtics, depend
concept learning, the formula for finding the aoéa triangle
might be memorized without any prior learning armnfula itself
is only a statement of a rule just as the labeidigle” is the
name of a concept.

Guide students to review prerequisitespdicate nature of
expected terminal performance; cue (viauesjons, lab-work,
applications) dates (by student) provide m@model of correct
performance, have students demonstrate instandhe ailes in

a variety of situations, fix students, maintainliskby spaced and

varied drill.

4. Instructional strategy pattern solving

Present problem, teacher may questiondests to elicit
alternatives proaches and will emphasizee desirability of a
variety of some strategies, arranges for individuark or small-

group discussion, resemble class, askdests to weight the
advantages and disadvantages of the sabpowhich resulted
from the group discussion or indebt work. Studyeakample all-

over and attempt constructing a daily lesson notere of the

key items.

4.0 CONCLUSION

In this unit, you have studied materials on theotar teaching methods,
their definition in operational terms and their si980 single method is

adequate or sufficient in the teaching of math@salNone is superior

to the other. A combination of methods in a seqaenorder to achieve

stated instructional objectives is calledn instruction strategy. As a
teacher, you have to combine several tife methods to help you
achieves your stated objectives. Further, you shbaVe noticed the

methods belong to two families:

(1)  Talking methods and (2) showing and doing methbudsither of
the two intensity of teachers or st participation varies
from one method to the other. Can you find oug2tNote that in
discussion, students are very active, while thehteais a little
passive. In lecture methods, Q/A Lies»-between active and
passive participation by both teacher and the siisde

Also in the unit, we discussed the importance etifeack strategies in
the execution of lesson notes. The Ueekd systems hinges on the
theory of reinforcement in learning psyldgy. The provision of
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positive and negative reinforces, and the scleglolf these, by the
teachers, the feedback systems allows the teatthassess the progress

being made in the achievement of already statdcuct®nal objectives

of the lesson. In addition, we discussed the ingyae of instructional

objectives and their sources. The three domaing)ittee, affective and

the psychomotor which are hierarchical in patt&hre cognitive and

affective taxonomies are very embedded in the iegadmd learning at

the secondary school level. The psychomotdomain has a few
application too. Writing instructional objectives,an art the beginning
mathematics teacher should learn and cultivateatta©bjectives guide

the teacher and they are stated irmde of students’ performance.
Usually instructional objectives are taskpecific and the conditions
under which the task will be perforEDU are alwapgeg.

The uses of instructional objectives in daily lessotes were discussed

in the unit. Look at the format of lesson note give figure 1. It may

appear tedious but it is good for a resourceful@edtive mathematics
teacher. The major categories are five- (1) theeard items, topics to

be taught is broken in to bits and organized iaquences till you get to

the last bit, it is close to the step style of ¢orcding lesson notes, (2)

special material or equipment  (note your chal eimalkboard), (3)
instructional strategy to be used to achieve tigective attached to
each content item (bits of topic).(4) Feedbackistias, getting and

giving of feedback and (5) time estiat this to guide you when
executing your lesson note in the class and to ymlpplan subsequent

notes. Try this format during your peeteaching exercise. Ask a
classmate to time you on each item of content yeuesaching

5.0 SUMMARY

In this unit we have explained the meaning, theaathges, and the
disadvantages of the following methods

() Discovery method

(i)  Group method

(i)  Laboratory method

(iv)  Questioning or Dialogue method

(v)  Lecture method

6.0 TUTOR-MARKED ASSIGNMENT

Attempt the following tasks in order tdest knowledge and
understanding of the subject matter of mathematics

1. Name and define nine common teaching methods ihenatics.

2. List at least two uses and two abuses of eachedteidching
methods and provide reasons for your choices
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3. List at least three variables in teache behaviors that could
account for differences in students ‘performanceathematics

4. Design effective feedback strategies that can terporated into
actual lesson you will present to students of matites

5. Define instructional objectives

6. Below are statements purported to bestructional objectives,

React to each only in terms of whether or nottisfas all three
criteria for instructional objectives use antX)ndicate your

judgment.
NO
Uncertain
Yes
(a) identify the primes smaller
than 100
(b)  Knows the Pythagorean
theorem

(c)  Appreciate the symmetry
forms in physical objects
(d)  Derive the formula for the
Sin (A+B). when A.B and
A+B are each acute
(e) Factorise the difference of
Two square is a monomial
) Graph any function of the
Form Y=ax+b,a, not equal
to zero
(g)  List four ways to prove triangles
Congruent
(h)  Explain the “delta process” used
In obtaining the first derivative.

SELF ASSESSMENT EXERCISES

Self Assessment Exercise 1

State two important uses of the Discovery chag discovery lesson
Self Assessment Exercise 2

What is the best way to handle a student who gawesong answer to a
question?
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