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INTRODUCTION

We have entered into the 215t century which is an era of
information technology. New knowledge is coming every cay from
various sources. Our children are facing tight competition in
) different fields. So they should be properly trained to tune with the
fast moving and quick developing world. Knowledge and usage of
mathematical skills enable them to cope with the contemporary

situation.

The subject Mathematics is an ancient discipline. It was
studied systemr.atically by students even in Pythagorean times. It can
be considered as a key to enter into the world of knowledge.
Mathematics is a vehicle of sense making rather than a collection of
arbitrary rules for symbol manipulation. In the contemporary society
mathematics has become a crucial tool for anyone wishing to
participate in public discussion of current social, ecological,

technological and economic issues.

But the subject Mathematics appears as a threat to majority of
students all over the world. Many children have great deal of
difficulty to learn school mathematics. The phenomenon of ‘maths
anxiety’ i.e., extreme lack of confidence in one’s ability to cope with

mathematics, is familiar in virtually all highly educated societies.
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The performance of students in mathematics evaluation is not
satisfactory. Majority of the students are struggling to get minimum
scores in mathematics examination. This is a universal
phenomenon. The situation is not different in our state. In our
state, the state average of mathematics in the SSLC examination is
considerably low compared to other subjects. In national level and
state level public examinations most of the students show poor

performance ir. mathematics.

The educators and psychologists all over the world are tracing
the reasons for the backwardness in mathematics. Many
hypothetical reasons are formulated based on experimentations.
One hypothesis with considerable empirical support is that the
sequential nature of the subject. Mathematics is a sequentially
developed subject. The concepts, operations, principles, skills etc. of
mathematics are interrelated. If a student fail to catch the basics of
mathematics in the primary grades, he/she definitely can not
understand what goes on in the mathematics classrooms at the
higher grades, because primary education is the basis of any
education system. Literary, Numeracy and Reading are the tpols of
education as far as primary education is concerned. Mathematics is
considered as an essential part of general education. Each child
should be skilled to have mathematicalvcompetencies necessary for

daily living. These competencies are expected to achieve by the child
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at the primary stage. Firm foundation in the basic concepts allows

students to move ahead in mathematics.

In examining school textbooks and curricula for the primary
grades, one finds a sequence in which written numbers and
calculations are the primary concern. New topics are usually
introduced with some discussion of basic concepts and often using
pictorial displays to illustrate them. But emphasis quickly shifts to
" practice in memorizing the basic arithmetic combinations and rules
for applying these in longer multidigit computations. Memorization
and written computation are stressed. Children’s informal
calculation methods involving counting are often suppressed very

early.

A new branch was emerged to study about the teéching,
learning and other related issues of mathematics. Mathematics
education as a discipline is very young and originated as an
independent field of research about 35 years ago. But it is a growing
and constantly expanding field of study. Now it is established world
wide as a major area of study. It takes some of its ideas, its
challenges and its orientations not only from psychology but also
from sociology, anthropology, philosophy and history. It focuses its
interest not only on formal learning in school but across all ages

outside as well as inside formal setting.



Introduction 4

After the emergence of mathematics education as an
independent discipline in the west, huge efforts were bring about to
promote the teaching of mathematics. Groups of mathematicians
and educators joined in creating a new mathematics agenda. School
Mathematics Study Group (SMSG) and other curriculum materials
were prepared, published and widely applied. The 1970s were
marked by the feeling of disappointment and extensive criticism
about ‘new maths’. Scholars working in the field of mathematics
education began to understand that publishing new curriculum is
not enough and research is required in to uniting the factors that

lead to failure in learning mathematics.

The second half of 1970s and 1980s were characterized by the
emergence of a new discipline: a blend of psychology, educational
psychology, information processing, artificial intelligence, early
childhood and classroom teaching and learning. Research in
- mathematics education in »1970s and 1980s adopted a cognitive
approach and stressed the need for learning mathematics
meaningfully and problem solving by cognitive schemes. - Many
hierarchical models have originated based on cognitive theory. Thus
to solve a typical mathematical problem, one must first understand
the. semantic meaning of the task and its underlying cognitive
schemes. Next comes dealing with the numerical algorithm. Finally

the implied semantic in the problem must be expressed in the syntax
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of mathematics. Thus schemes, frames, microworlds and semantic
nets used in cognitive psychology were introduced into mathematics
education research with teaching materials also written in the light
of these concepts (Fischebien, 1997). Cognitive researches
performed within the subject matter of mathematics in the 1970s
and 1980s used children’s individual performance to gain knowledge

about their competence.

Mathematics education is now established as a major érea of
study. Numerous journals, conferences, workshops, semirars and
research works are serving the ever growing field of mathematics
education. As it develops, research in mathematics education is
becoming more theoretically oriented with firmer foundations.
Originally mathematics education is rooted in mathematics and
psychology. But now it receives ideas from other disciplines such as
philosophy, sociology, logic, anthropology, history, women s_tudies,
cognitive  sciences, linguistics, post-structuralism and post
modernism. These new research perspectives are providing fresh
lens through which teachers and researchers can view the theory

and practice of mathematics teaching and learning.
1.1. NEED AND SIGNIFICANCE OF THE STUDY

One of the central area of research in mathematics education

has always been the psychology of learning mathematics. This goes
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back to the researches of Thorndike on the trénsfer of learning and
in modern times the theories of Jean Piaget. Piaget’s developmental
psychology and stage theory inspired the development in the field of
mathematics education. But later, there has been a shift away from
individualistic theories of learning that specify a strict sequence of
stages, initiated from within the learner and the development must
pass through these stages. Instead, there has been a recognition of
the importance of the social context of learning including the crucial

.role of language and social artifacts in scaffolding personal
development. In this way the social theories of learning and
development builded in the works of Lev Vygotsky, George Herbert
Mead and others have profound impact on mathematics education.
There has been a move to see the teaching and learning of

<

mathematics as being less concerned with what goes on ‘in

individual heads’ and more to do with relationships between
learners, teachers and the curriculum, linked together in an

interconnected network.

Although desirable innovations are happening in the field of
mathematics education all over the world, the condition in Kerala is
pathetic. We are still stick on the tradifional method of teaching
-mathematics. But the performance of students in mathernatics is
not at all satisfactory. This proves that the traditional method, that

is the transmission view of teaching mathematics is ineffective. In
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early days neither the content of what was taught was seen
problematic nor the pedagogical setting within which teaching and
learning took place. The focus was on the rclationship between the

learners and what they were required to learn.

Associating competence with symbol manipulation is one of
the many undesirable consequences of the traditional approach of
teaching mathematics. This silences the learner and leaves them
dependent on knowledgeable others for validation of their knowing.
Reliance of the teacher or the test as a sdurce of knowledge reduces
students to a passive, accepting role and leaves them to expect that
there must be readily available method or rule for every kind of
. problem. The term problem itself is problematic, as students know
that the practice exercises on which they work constrain them to use
the algorithm most recently taught. A situation arises that not only
highly contrived, but also leaves them helpléss when faced with
genuine problems where the solution methods not immediately
obvious (SQ@@&JQQQL As a school experience such as these,
students equate mathematics with meaningless practice on routine

exercises and learn that mathematics is not meant to make sense.

In the majority of the contemporary classrooms, learning
mathematics is seen as mastering a predetermined body of
knowledge and procedure. The teachers job involves presenting the

' subject matter in small, easily manageable pieces and demonstrating
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the correct procedure and algorithm. Then students work
individually on practice exercises. However reasonable this approach
may appear, numerous research studies (Schoenfeld, 1992) have
~ shown that such mathematics instruction can leave students with
imperfect understanding and flawed beliefs about mathematics.
When student’s activity is limited to imitating the technique
prescribed by the teacher, they can create the appearance of
mathematical competence by simply memorizing and reproducing
the correct way to manipulate symbols. They may even to believe
that producing the correct form is more important than making

sense of what they are doing.

The teacher’s ignorance regarding teaching mathematics is
another major cause of backwardness in mathematiés. Teachers in
- many cases never learn to teach. Their college and university
preparations had turned them into absorbers of pre-digested
information. Ttey had not been encouraged or trained to learn or
create mathemarics by themselves. They had been trained to accept
what was offerec. to them and not to question the criteria underlying
the selection and method of presenfation of the materials. They had

not learned to view mathematics as an ongoing activity.

An effective pedagogy has to be developed and which enable to
overcome the difficulties in the field of mathematics teaching and

learning. Such a reformation agenda should reflect the educational
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concerns about the nature of mathematical thinking and classroom
conditions that will help the students to learn to think
mathematically. In such a reformation agenda, we can employ socio-

}ultural theory. A socio-cultural perspective considers mathematics
not as a closed body of depersonalized, decontextualized and interest
free knowledge to be delivered or transmitted by a knowing teacher,
but as a socic-cultural artifact with different representations in

~different commu.nities.

| Any knowledge is a common representation system and not an
interpretive and subjective one. So knowledge is teachable even it is
acquired individually by each learner. The researches on cognition
in different cultural and social practices proved the claim that
knowledge is cu.turally and socially situated. This is true in the case
of mathematical knowledge also (Nunes, Schlieman et. al.,, 1993;
Saxe, 1991). In the socio-cultural approach, classroom interactions
and social practices replaced individual construction of knowledge.
The 1990s were marked by the influence of this school of thought
advocated by the Soviet psychologist L.S. Vygotsky. Naturally the
mathematics educators were also interested in the theory put forth
}by Vygotsky and efforts were made to make use of the aspects in the

theory to improve the existing mathematics education.

This new approach challenges the assumption that children

can and should learn mathematical skills in school which they will
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be able to apply in the real world and in the work place. But actually
mathematics aopears essentially abstract to the learners because
mathematical skills are usually taught away from the contexts and
social settings. The aim of mathematics teaching according to this
aspect is to enable children to become mathematicians in the
classrooms. Tre developments in mathematics teaching in UK and
USA in the past two decades promoted this aim (Bernstein, 1996). In
Australia, this reformist school of mathematics aim the collaborative
learning and communication skills, the development of problem
solving capacity and the experiences of actual processes (conjectures,
generalizations, proofs and refutations) through which mathematics

-develops.

In the United States, NCTM (National Council for Teachers of
Mathematics) has set new goals for student’s learning including the
need to develop reasoning and problem solving, to learn to
communicate mathematically and to work in collaboration as well as
individually (NCTM, 1989, 1991). The reformation movement
followed by the new perspective has also promoted the notions of
communication, collaborative interaction and group problem solving.

Its goals and practices stands in contrast to those of traditional

instruction.

According to social constructivism, culture and social

interaction are very important in cognitive development. Social
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interaction with knowledgeable others moves development forward.
Language plays a central role in cognitive development. It claimed
that students arrive at what they know about mathematics mainly
through participating in the social practices in the classroorn rather
than through external structures existing independent of the
students. Classroom discussions and peer interactions are important
opportunities to learn especially through negotiation of mathematical

meanings.

Even the subject mathematics is culture free, the domain of
mathematics education can not be seen as being controlled by
culture free laws. It is more reflective, culture bounded and practice
oriented. As a mathematics teacher, the researcher understood that
the conventional method of teaching mathematics emphasizes
individual learning and individual testing and evaluation. This
makes students less cooperative. There is scarce opportunities for
students to reveal their understandings and misunderstandings each
other and thus to share the understandings and rectify the
~misunderstandings about an academic topic. This creates unhealthy
competition among students and they become more selfish. Our

examination system also facilitates this unhealthy trend.

One of the major aim of education is to make students
successful social beings and therefore efforts should be faken to

provide social practices along with formal education. Classroom can
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be considered as a miniature society and opportunities should be
there for conversation, exchange of ideas, demonstrations,
explanations, joint activity, discussions etc. Adoption of Vygotsky’s
socio-cultural theory into classroom practices provide ample

opportunities for the students to become successful social beings.

Therefore it is relevant to take Vygotsky’s socio-cultural theory
to frame a mathematical pedagogy for our classrooms. So the
investigator selected the problem “Development of an instructional
strategy based on Vygotsky’s approach for teaching basic

mathematical concepts at the primary level”.
1.2. STATEMENT OF THE PROBLEM

The instructional design of mathematics education is
constantly in a state reconstruction. The  twenty first century
demands a new mathematical methodology which should reflect the
surrouhding culture. Human beings are basically not isolated but
social in nature. So growth, development and learning happen only
in a social setting. Therefore an instructional design underlying the
'socio-cultural theory advocated by Vygotsky will be approgriate for
the contemporary mathematics classrooms. Hence the title of the
problem is steted as “DEVELOPMENT OF AN INSTRUCTIONAL
STRATEGY BASED ON VYGOTSKY’S APPROACH FOR TEACHING

BASIC MATHEMATICAL CONCEPTS AT THE PRIMARY LEVEL”.
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1.3. OPERATIONAL DEFINITIONS OF KEY TERMS

The key terms in the title that need clarification are given

below.

1. Development: According to Good (1973), development is an
~ extension of basic or applied research through which the laboratory
findings are reduced to practice. For the present study it means that
knowledge gathered by analyzing Vygotsky’s theories are practically

applied in the preparation of the instructional strategy.

2. Instructional Strategy: The term instructional strategy
stands for a method or a technique of teaching. Here it means a plan
or a structure containing a collection of interrelated components that

are designed to attain achievement in basic mathematical concepts.

3. Vygotsky’s approach: In the present study Vvgotsky’s
approach means his theories of learning and development used for

preparing the instructional strategy.

4, Basic mathematical concepts: It refers to those concepts

which are basic for the mastery of the subject, mathematics.

5. Primary level: Any school which comes under the DPI
(Director of Public Instruction) of Kerala State for pupils having age
range from 35 to 12. It is divided into two sections- Lower Primary

(LP) and Upper Primary (UP). The LP section contains pupils having
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age range from 5 to 9 i.e., standard I to IV. The UP section comprises
of pupils having age range from 10 to 12 i.e., standards V to VII. In
the present study only government and aided schools are taken. The

investigator selected only the UP section for the present study.
.1.4. VARIABLES SELECTED FOR THE STUDY

The independent variables, dependent variable and extraneous

variable of the present study are the following.

L Independent Variables: The independent variables selected
for the preseni study are the two methods of teaching the basic
mathematical concepts at standards V, VI and VII. One method is
the newly developed instructional strategy and the other,

conventional method of teaching.

2. Dependent Variable: The dependent variable selected for the
present study is Achievement in the selected mathematical concepts
for standards V, VI, and VII. They are measured by Achievement

tests for the concerned concepts (post tests).

3. Extraneous Variable: The extraneous variable in the present
study is the initial status of students in terms of Achievement in the
selected basic mathematical concepts. It is measured by the

Achievement tests for the concerned concepts (pre-tests).
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OBJECTIVES
The objectives of the present study are

To develop instructional strategies based on Vygotsky’s
approach for teaching the selected basic mathematical

concepts.

To validate the effectiveness of the developed instructional

strategies.
HYPOTHESIS
The hypothesis formulated for the present study is

The developed Instructional Strategies for teaching the selected
basic mathematical concepts are more effective than the
existing Conventional Method of teaching mathematics at the

primary level.
SCOPE AND LIMITATIONS OF THE STUDY

As a mathematics teacher, the investigator has personal

experience that students learn mathematics in an automatic way in

the classrooms. They mechanically memorize formulas and solve

problems by assigning values to the symbols in the formula. At the

practice session, this method is satisfactory. But in the initial stage

of understanding a new concept, this method is not desirable. They
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should make sense in the new concept by joint activity with peers
and the teacher. Then the joint or collaborative learning processes
and the interactions are transformed into mental process which
enable them to use the concept when a new problem arises.
Therefore it is appropriate to take Vygotsky’s socio-cultural theory to
frame a mathematics pedagogy for our classrooms. So the
investigator selected the problem “Development of an instructional
strategy based on Vygotsky’s approach for teaching the basic

mathematical concepts at the primary level”.

The investigator hopes that the new instructional strategy will
help mathematics teachers to overcome the difficulties in fteaching
the basic mathematical concepts in the upper primary level. The
strategy will help students to grasp the basic concepts of
mathematics meaningfully and that understanding will be an asset

to them in their future education and life.

The investigator expects that the outcome of the present study
will help the resource persons and experts in the fields of educational
planning and development to adopt it as an effective approach for

teaching mathematics. The investigator hopes that this investigation
will help the future researchers to conduct studies in the related

fields.
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In spite of all the precautions taken up in developing the

instructional strategy and validation of the strategy, certain

limitations are there in the present study which are inevitable in the

case of a study of this type. J/

1.8.

The limitations include:

The development of the instructional strategy is based on
Vygotsky’s theories. Only those aspects in the theory which
have implications in mathematics instruction are taken into

consideration.

It was found difficult for the investigator to arrange ecuivalent
groups for experimentation. So two non-equivalerit intact
classroom groups were selected for the present study. This
limitation was rectified by appropriate statistical technique for

the analysis of the data collected.

Only three instructional strategies were prepared in the
present study by taking one basic mathematical concept each
from standards V, VI and VII. Instructional strategy for any
basic mathematical concept can be developed following the

framework of the prepared instructional strategies.
ORGANIZATION OF THE REPORT

The report has been presented in five chapters.
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Chapter I deals with introduction, need and significance of the
study, statement of the problem, operational definition of key terms,
objectives, hypothesis, scope and limiiations of the study and

organization ol the report.

Chapter II contains two sections, the theoretical overview of
-instructional strategy and review of related studies. The theoretical
overview describes Vygotsky’s theories of learning and development
and other theoretical aspects related to his theories which are taken
into consideration for the development of the i.nstructional strategy.
The second section consists of review of the studies relevant to the
present study. This includes researches and studies already done in

the area of the present study.

Chapter IIl describes the methodology followed in the conduct
of the study. This includes the procedures of the study, development
of the instructional strategy and validation of the developed strategy.

In the validation procedure, the tools prepared and used in the

study, sample selected, experiment conducted, scoring and statistical

analysis used are described.

Chapter IV presents the analysis of the data collected and the

results obtained.

Chapter V concludes the present study. It includes summary,

findings and sugzestions.
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REVIEW OF RELATED LITERATURE

Review of related studies is an important step in the planning
of an effective research study. This helps to eliminate duplication of
what has be2n done and provides useful hypotheses for
investigation. Review of related literature is a valuable zuide in
defining the problem, recognising its significance, suggesting
promising data gathering devices and appropriate methodology for

the data gathered.

Best and Kahn (1989) pointed out "familiarity with the
literature in any problem area helps the students discover what is
already known, what others have attempted to find out, what
methods of attacks have been promising or disappointing and what
problems remained to be solved." Research journals, books,
journals, dissertations, theses, internet etc. are the important

sources of information for the review of related studies.
This chapter has two major sections as listed below
Section One

Theoretical Overview of Vygotsky's Theories

Section Two

Review of Related Studies
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SECTION ONE
THEORETICAL OVERVIEW OF VYGOTSKY'S THEORY

Lev Semyonovich Vygotsky was born on November 17th 1f)8/_£ 3
in Orsha, a small town in Belorussia (Western Russia). He graduated
with law degree at Moscow University. After graduation, he started
teaching literature aﬁd philosophy. Vygotsky had no formal training
in psychology but he was fascinated by it. Vygotsky's first big

‘research project was in 1925 with his 'Psychology of Art'. A few years
later, he pursued a career as a psychologist working with Alexander
Luria and Alexei Leontiev. Together they began the Vygotskian
approach to psychology. Vygotsky has written several articles and
books on the subject of his theories and psychology. Vygotsky's
developmental psychology 'has influenced education profoundly in
Russia. After th¢ Cold War, Vygotsky's works were revealed. It was
attracted by educationalists and psychologists all over the world. He

was died in 1934,
Vygotsky's theory of learning and development

Vygotsky's theory is a socio-cultural theory of development. It
emphasizes the interdependence of social and individual process in
the development of human beings. Human development is a socio-
genetic process carried out in social activities. His theory is a

pendulum swings from biologically based understanding of human
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behavior to the social / cultural explanation of human activity. He
explained the mental process taking place in the individual in

relation to the socio — cultural process taking place in the society.

Fig. 2.1 L.S.Vygotsky

Human being is characterized by a ‘primary sociability’. That
is individual is genetically social. In isolation development is not
possible. Every function in the development of a child comes twice
i.e., in two respects. First in the social level and later in the

psychological level. First in relations between people as an
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interpsychological category and then within the child as an

intrapsychological category.

Semiotic Mediation

In early infancy, the most importaﬁt factor for development is
asymmetrical interaction. That is interaction with adults. These
interactions between child and their care givers provide child with
thousands of opportunities to observe and participate in the skilled
activities of their cultures. Through repeated and varied experience
to support routine and challenging situations, children become
skilled practioners in the specific cognitive activity in their
communities. This happens in what Vygotsky termed semiotic
mediation. Semiotic means signs and symbols, including language.
The semiotic mechanisms mediate (ie acts as a link between) the
.social and the individual functioning and connects external and

internal.

Language plays a crucial role in development. Language is a
mechanism for thinking. Heredity is not a sufficient condition for
language acquisition, and a contribution from social environment in
the form of a teaching process is needed. This teaching process is
simply the process of construction of activities involving child and
adults, that is social collaboration. During this preverbal
collaboration, the adult introduces language, which builds on

preverbal communication serves in the beginning as a tool for
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communication and social interaction. Language as an instrument of
social rclations is translormed into an instrument of internal
psychic organization for the child. Regarding this aspect, Vygotsky
proposed three stages in the development in relation to thought and

speech.

Stage I: Here the thought and speech are unrelated. An ability to use

the language is not required for thought in this stage.

Stage II: Thought and speech become connected. The child’s verbal
comments tend to follow the actions to which they relate.
Later the verbalization come earlier in relation to the
actions and they become more accurate descriptions of
action. This stage is characterized by ego-centric speech

i.e., talking to onself.

Stage III: In this stage, ego-centric speech is transformed into
internal speech. That is complex thoughts originated and

they make use of linguistic medium.

Thought and speech are initially independent of one other, but
become more closely connected when child grows older. Language
and thought develop along different lines until children reach a point
where thought becomes verbal and speech rational. Thought itself is
internalized language, beginning as a dialogue in a social setting

becoming a monologue and finally becoming an inner speech.
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The contribution of the teaching process is that it provides the
individual with a powerful tool, namely language. During the
development process this tool become an integral part of the psychic
~ structure of the individual (with the development of internal
language). Tools (such as language) which are of social origin, start
to interact with other mental functions such as thought. This
encounter engenders new functions such as verbal thought. The
crucial factor in development is not the progress of each function
considered separately, but the changing relationship between
different functions, such as logical memory, verbal thought etc. In
other words, development consists in the formation of composite
functions, systems of function, systemic functions and functional

systems.

Development appears twice as social plane and individual
plane. In social plane children’s learning and behavior are guided by
.the knowledge and instruction of others. In the individual plane of
psychological functioning, children’s learning and behavior gradually

come under their cognitive control or regulation.

Development is the conversion of social relations into mental
functions. The transformation of inter psychic phenomena into intra
psychic phenomena. This is the process by which the tools of social
behavior are transformed into instruments of individual

psychological organization. The child converts social relations into
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psychological functions through mediation. Mediation occurs

through linking a tool _cy/ sign.

Tool and Sign

A tool is defined by Vygotsky as something that can be used
in the service of something else. A sign is something that stands for

something else. (Individual, iconic, symbolic)

Mediated activity

e
. \\
/ L

Sign Tool 7|

Fig. 2.2 Mediated Activity

Lower Mental Function (LMF) and Higher Mental Function (HMF)

New born infants already possess certain mental functions.
Vygotsky termed this as Lower Mental Function (LMF). Most LMFs
are genetically inherited and unmediated. Through semiotic
mediation some Higher Mental Function (HMF) are developed from
these LMFs. The LMFs are elementary perception, memory,
‘spontaneous attention dynamic characteristics of the nervous system
etc. As development proceed these LMFs are transformed into HMFs.

The HMFs include abstract reasoning, logical memory, language,
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voluntary attention, planning, decision making etc. This
transformation is taking place by the use of psychological tools in
mediated activities. As a child gains mastery of psychological tools in
mediated activities, he gains intentional regulations of his own
behaviour. Certain type of HMFs such as deliberate attention, logical
memory, verbal and conceptual thought and complex emotions could
not emerge and take form in the development process without the

constructive assistance of social instruction.
Natural Development and Artificial Development

The relationship between development and learning in the case
of language acquisition lead him to define the first model of
development i.e., natural development. In a natural process of
development learning is a means that reinforces this natural
development by making available to it culture generated tools that
extends natural possibilities of the individual and restructure his
mental functions. In analyzing the role of culture in individual
development, Vygotsky focused his attention on the ones that would
subsequently control mental process and human behaviour. That is
the various instruments and techniques (even technologies) that
people assimilate and turn towards themselves in order to influence
their own mental functions. There thus emerge a gigantic system of
artificial and external stimuli by means of which people gain control

over their own inner state. From a psychological point of view part of
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the individual is anchored in other individuals and another part in
his/her works and culture. Culture forms an integral part of the

individual but it is nevertheless out side them.

The development of a person can not be reduced solely to the
changes taking place within himself, it is also an allomorphic
development capable of taking two different forms - the production of
external aids as such and the creation of external tools that can be
- used to produce internal (psychological) changes. These tools include
spoken and written language, rituals, models of behavior depicted in
works of art, systems of scientific concepts, techniques that assists
the memory or thinking, tools that improve human perception. All
these cultured tools are ‘extensions of man’, that is, extensions and
amplifiers of human capacities. Vygotsky quotes several times in his
works, the famous lines of Francis Bacon, “The human hand and
intelligence, without the necessary tools and aids, are relatively
powerless; on the other hand, their strength is reinforced by the tools

and aids provided by culture”.

In addition to external aids, however, there exist in cultural
works psychological tools that are capable of being internalized.
These include all semiotic systems, all those skills and intellectual
procedures and techniques of the media, intellectual operations and

structures and the models of intellectual activities.
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Vygotsky gives the example of a tool such as written language.
An individuallor a cultural group) who has mastered written
language is not just one who also possesses a technical skill. Written
language and bhook based culture have a profound impact on the
ways in which perception, memory and thoﬁght function. This is
because written language contains within itself a model for the
analysis of reality (treatment of discrete units, linearity and
temporality in the organization of thoughts, loss of sense of totality
_etc.) and psychological techniques including an enhanced power of
memory that alters the relationship between memory and thought.
Hence individuals, in gaining access to the written language,
appropriate for their own use the psychological techniques available
~in their culture, techniques that then become internal techniques.
Thus cultural tools take roots in individual and become personal to

them.

The apprcpriation of cultural tools as internal techniques leads
to the formation of concepts - experimental concepts, scientific
concepts and spontaneous concepts. The most important
acquisition during the period when a child is of school age is the
acquisition of scientific concepts. Vygotsky regards the system of
scientific concepts as a cultural tool that is yet another vehicle for
profound messages, and its assimilation by children induces

profound changes in their mode of thought.
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The essential property of scientific concepts is their structure.

They are organized in hierarchical systems when children interiorize
a hierarchical structure. They extend considerably the possibilities of
their thinking process because such a structure enables them to
carry out a series of intellectual operations. The advantage of this
structure become obvious when it is compared with practical
structures. If for example, we attempt to give a logical definition of
the term ‘furniture’, we quickly discovers the limitations of practical
categories or categories based on experience which lack the formal
structure of scientific concepts. Organized systematic education is

essential for the assimilation of system of scientific concepts.

This brings the second model of development. Vygotsky calls
this as ‘artificial development’. Education may be defined as the
artificial development of the child. Education is not limited simply to
influencing developmental process, it restructures in a fundamental

manner all behavioral functions.

In the first model of development education was merely the
means of reinforcing the natural process, in the second model
education is relatively the independent source of development. It is
possible to identify several models of development by focusing on the
period of development concerned, on the nature of cultural tools, on

the extend to which functions are determined by heredity etc.
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His analysis of the second model of development, the model of
‘artificial development’, ic., the process by which systems of concepts
are assimilatec, leads Vygotsky to his discovery of meta cognitive
dimension of development. The fact is that the assimilation of
knowledge systems based on such a degree of generalization, the
interdependence of concepts within a network which smoothes the
transition from one concept to another and simplifies the execution
of intellectual operations and the existence of external models (in
book or demonstrated by the teacher) for the conduct of these
operations, all facilitates the individuals realization (in Russian,
osoznanic) and command (ovkadenic) of their own cognitive process.
This process of deliberate self regulation can be helped by the type of
learning process (verbal learning, explanation of intellectual methods
of apporoach, description of the concept building process, concept
building in common, monitoring of the learning process by the adult

expert etc.)

In these conditions the individual would be able to achieve a
fairly clear understanding of his/her own knowledge acquisition
process and to exert deliberate control — the very essence of meta

cognitive process — over them.

Man is shaped by tools and instruments that he comes to use.
Neither the mind nor the hand alone can amount to much and

neither the hand nor the intellect alone prevails. The tools and aids
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are the developing streams of internalized language and conceptual
thought. They some times run parallel, some times merge cach
affecting the other. Examples of psychological tools provided by
Vygotsky include: Language and gestures, pictures, maps etc.
Mediation through speech, writing and language assist learners in
- the application to internalize social environments. Internalization of
these mediation tools increase the individual's capacity for higher

thinking.

Regarding learning and development, the four major ideas may
be considered and grouped with each inter connected and build up

on each other. They are :

1. Children construct knowledge.
Learning can lead development.

Development can not be separated from its social context.

el

Language plays a central role in mental development.

1. Children construct knowledge :- In active learning children
construct knowledge . Teaching process is simply the process of
construction of knowledge through activities involving child and
adult. That is learning / teaching process is a social collal:oration.
During the collaboration, the adult introduces language which
acts as a tool for communication and interaction. Language as an
instrument of social relations is transformed into an instrument

of internal psychic organization for the child.
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2. Learning can lead development:- Here Vygotsky introduced the
concept ‘The zone of proximal development’ (ZPD). It is defined
as the distance between the actual development level as
determined by independent problem solving and the level of
potential development as determined through problem solving
under adult guidance or in collaboration with more capable peers.
In operational terms, it is the zone defined by the difference
between a child’s test performance under two conditions — with or
w@thout assistance. It determines the lower and upper bounds of
the zone within which instruction should be pitched. Learning /
instruction is useful only when it moves ahead of development.
Instruction should lead the child to carryout activities that force
him to rise above himself. The assistance of competent social
partners is needed to advance a child’s development state. Zpd
can be considered as a necessary condition for human
development. Development can be understood as a process of co
construction mastered by both the child and the competent social
partner. Development is more productive if children are exposed
to new learning precisely in their proximal zone of development.
The zone determines the area in which maturation / development
s currently aking place and suggest the appropriate target for
instruction. Zpd shifts as the individual is capable of learning

more comples concepts and skills.
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Level of Potential Development

Level of Actual Development

Fig. 2.3 ZPD

Scaffolding

VYgotsky used the term scaffolding for achieving higher éone
level. Scaffolding means assistance provided by an adult or more
capable peer. The process of scaffolding brings about abilities that
have been in the process of emerging and developing (have not yet
matured) and thus reveals the hidden potentials of the child. The
conversation teachers have with children in the construction zone is

also called scaffolding.

3. Development cannot be separated from its social context:-
Cultural teaching influences human learning. All higher rﬁental
functions are internalized social relationships. Hence development
is a socio genetic process cafried out in the social activities of
children with adults. Learning is a shared or joint process in a

responsive social context. Understanding is social in origin.
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Individual's cognitive development is a process related to
transforming  socially regulated and mediated knowledge.
Cognitive development is lirrﬁted to a certain range at any given
age. Full cognitive development requires social interaction. These

interactions are mediated by language and other tools.

4. Language plays a central role in mental development:-
Language is the mechanism for thinking. Through language the
zones extends and individuals can move towards an array of new
knowledge expressed within already known social and
environmental standards. Language is a means for expressing

what is learned and understood.
More about ZPD

The zpd can be considered as the central concept of Vygotsky's
theory. Zpd is a necessary condition for human development. This is
relevant to teaching and learning in school, where development can
be understood as a process of co-construction, mastered by both the
~child and the competent social partner. There are three different
situations that can create zpd. First, intentional instruction can
provide the pre requisites of further development if it takes place
within the child’s zpd. Second, a zpd can be created by providing a
stimulating environment (such as books, play materials, materials

for painting and sculpturing etc.). Third, play can create a zpd. In
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- play the child tries as if to accomplish a jump above the level of his
ordinary behavior. In all three of these situations, it is the child who
construct (with help) his/her learning, some times with unexpected

results.

Zpd also constitute a moral challenge. Competent partners are
responsible for enhancing development functions at the best possible
time. Neglecting the benefits of zpd means giving away chances for
development. If the child’s endeavor to construct and change the
world according to his/her own developmental goals is supported

within the zpd, optimal development is guaranteed .

In the zpd, the learner first initiates, then act with support and
later act alone. The establishment of zpd is depending on the

orientation of goals, motives and need of participation.

Learning and teaching in the zpd is clearly dependent on social
interaction and in educational setting this involves face to face
interaction mediated by speech. Speech has an important rcle in the
child’s learning in the zpd and hence in the associated process of
instruction and collaborative assistance. Vygotsky says “ thought is

born through words.”

In addition to deliberate instruction or assistance of others
who are deliberately present in the situation, all artifacts — both

“material and svmbolic can be used as sources of assistance.
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Symbolic artifacts such as written texts, charts and mathematical
formula also can be used in appropriate situation provided that the
learning that is required is within the potential user’s zpd. For those
who read them or use them, they can provide a powerful means of
self instruction as the reader/ user appropriates the thoughts of

others and makes them his/her own.
The salient features of the zpd concept are the following.

1. Rather than being a fixed attribute of the learner, the zpd
constitutes a potential for learning that is created in the
interaction between participants as they engage in a particular
activity together. The zpd emerges in the activity and as
participants jointly resolve problems and construct solutions,
the potential for further learning is expanded as new

possibilities open up that were initially unforeseen.

‘2. Aé an opportunity for learning, with-and from others, the zpd
applies potentially to all participants, and not simply to the less
skillful or knowledgeable . From this it follows that it is not only
children who can learn in _the zpd , learning continues over the
life span and can at all ages and stages be assisted by others

including those who are younger and less mature.

3. The sources of guidance and assistance for learning are not

limited to human participants who are physically present in the
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situation, absent participants, where contributions are recalled
from memory or encountered in semictic artifacts such as
books, maps, diagrams and work of arts can also function as

significant others in the zpd.

4. Zpd involves more than cognition alone. Learning in the zpd
involves all aspects of learner - acting , thinking and feeling. It
not only changes the possibilities for participation but also
transform the learner's identity. Therefore the effective quality
of interaction between the participants is critical. Learning will
be most successful when it is mediated by the interaction that

- expresses mutual respect, trust and concern.

S. To teach in the zpd is to be responsive to the learner’s current
goals and stages of development and to provide guidance and
assistance that enables him/her to achieve those goals and at
the same time to increase his/her potential for future

participation.
Internalization

Vygotsky said internalization to be the end for which
interaction in the zpd was conceived as the means. All higher mental
functions are internalized social relationships. Higher mental
functions are first social and external, in the sense that they are

already implicated in ongoing social activity before any particular
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_individual enters into the activity and gradually becomes able to
organize his or her participation in terms of an individual
construction. Also an individual’s participation changes over time,
from a stage in which assistance and guidance are needed to a stage
in which the same individual is generally able to function
‘autonomously’ and even to provide assistance and guidance to
others. Vygotsky termed this transformation as internalization. He
proposed a temporal sequence on the micro genetic plane such that,
in learning there is a stage at which higher mental functions are
external to the learner and a subsequent plane at which they are
internal. Then learning can be considered as the inner

transformation that takes place as a result of learner’s participation.

The concept of zpd enables to adopt the above perspective. It
highlights the reciprocity with which the participants adjust their
manner of participation to take account of each other’s current levels
of knowledge and skills in carrying out the activity. Zpd also
highlights that in the process the transformation takes place as a
result of the ways in which new participants take part, both the
purpose and the means of joint action are themselves constantly

undergoing transformation.

Development can be seen as transformation and learning in
the zpd also can be seen as transformation. Internalization

transforms the p:rocess of development and changes its structure and
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functions when an individual engages in tackling and solving a
problem with the assistance of one or more others; there are multiple

transformations. They are,

There is a transformation in the individual in terms of his/ her
capacity to participate more effectively in future actions of a related

kind and hence the transformation of his / her identity.

When the problem demands a novel solution, the invention of new
tools and practices or the modification of existing ones transforms

the cultures, tools and its repertoire for problem solving.

There is a transformation in the activity setting brought about by

the problem solving action which in turn opens up further

possibilities for action.

If one or more members of the group has changed the nature of
his/her participation, there is also transformation in the sole
organization of the group and in the ways in which the members

relate to each other.
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SECTION TWO
REVIEW OF RELATED STUDIES

Studies collected by the investigator related to Vygotsky's

theories are arranged under the following heading.

Studies based on Vygotsky's Theory of Learning and

Development

Vygotsky's theory of learning and development are used by
| educational researchers all over the world to irhprove the theory and
practice of education. Vygotskian framework is used by’ researchers
of mathematics education with the issues of socially and culturally
situated knowledge and the pedagogic problems related to transfer of

mathematical knowledge from context to context.

Davydov (1975) and his research group developed and tested
an approach to the development of early mathematics concepts
based on Vygotsky's theory. This approach was a programme for
teaching mathematics grounded in the theoretical perspective of
Vygotsky. This mathematics pedagogy considers mathematics as a
conceptual system rather than a collection of discrete procedures,
-and provides intense coverage of advanced topics that in traditional
approaches are reserved for higher level classes. This programme
includes diagnostic tests to test student's conceptual knowledge. It

was found that Russian students taught by this method have a
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profound grasp of mathematical structure, confidence and the
- ability to extend their knowledge well beyond the levels at which they

hadl been instructed.

Case (1978) developed an approach to school learning based
on zpd. This approach advocates assessment of the learner's initial
state in terms of a strategy that he applied to the criterion task. All
components of zpd were taken into consideration in this approach.
The initial developmental state, the consideration of zpd (what can be
developed as a next step) and the organization of teaching processes
that involve individual's developmental and constructing activity,
were taken into consideration while designing this new approach. He
proposed two developmental principlés and techniques for planning

instruction.

1) Analyze children's spontaneously generated strategies as well

as the strategy to be taught.

2) Design the instruction so that the limitations of the
spontaneously applied strategy will be apparent and the

advantage of the strategy to be taught will therefore be clear.

Scriber and Cole (1981) studied Vygotsky's examination of the
role of literacy in the transformation of children's learning when
they enter school and analyzed the relationship between literacy and

cognitive development. They found that literacy can be acquired
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independently of schooling and that literacy practices used in

different contexts will have specific effects on cognitive competencies.

Heath (1983) identified socio-cultural explanations of school
failure. He found that socio cultural causes of school failure are
discontinuities between culture (values, attitudes and beliefs of the
home and school), mismatches in communicative practices between
non-main stream children and main stream teachers, which leads to
miscommunication and misjudgments and the internalization of
negative stereotypes by minority groups who have been marginalized
and often see school as a site for opposition and resistance. Children
- whose mode of discourse is different from that used in school
instruction find themselves as disadvantaged and drop outs or are

forced to go out of school.

Frauenglass and Diax (1985) studied Vygotsky's hypotheses on
universality and self regulatory significance of private speech. In a
laboratory setting they compared the frequencies of pre schooler's
private Speech in perceptual versus semantic task with or without
instructions that permitted and encouraged the use of overt

verbalizations.

Tharp and Gallimore (1988) developed a highly effective and
culturally sensitive approach based on socio cultural theory for

teaching Hawaiian children in their Kamehameha Early Education



Review 43
Programme (KEEP). They found that groups of 4 or 5 students of
mixed sex and ability produce maximum peer interaction and
learhing cooperation. It was also found that they produce better

outcomes of learning.

Carraher's (1988) study of children's mathematical skills in
different context revealed the contextualization of cognition in social

practices.

Lorsbach and Tobin (1990) developed a constructivist teaching
method in which teachers used problem solving, cooperative
learning, experience based learning etc as learning strategies.
Constructivist classrooms are student centred and activity oriented.
They found that students produce better outcomes in this type of

~classrooms than conventional classrooms.

In relation to Vygotksy's opinion that drawing and play acts as
preparation to literacy, Mc Lane (1990) found in a study of writing by
children in an after school day care programme that "children will,
with adult involvement and support use writing as a resource for
extending their interests in drawing, in pretend and exploratory play

and as a means of exploring and conducting social relationships.

Judge (1990) examined peer collaboration and zpds using a
Piagetian framework. In a study he asked individual students (and

later in pairs) to predict the solution of a problem concerning weights
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and balance beam. He found that the results indicate a surprising
amount of regression for all students except lower partners.  [e
concluded that peer collaboration develops confidence and
motivation among the partners. The effects of peer collaboration on
cognitive development is multifaceted. Peer collaboration and
performance beyond the zpd enhances cognitive development of

students.

Ratner and Mac Carthy (1990) conducted an experiment on
memory of colours ‘which demonstrated that the best predictor of
colour memory is whether th.e colour matches objects that have been
. experienced in one's culture. The cultural relevance of colours is a

better predictor of memory than physical properties of colour.

Cobb et al., (1991) conducted a study to examine the effects of
a standard based elementary problem solving curriculum on student
outcomes. They evaluated the impact of a grade II problem solving
curriculum for addition and subtraction based on NCTM (National
Council for Teachers of Mathematics) standards. This apprcach was
based on Vygotskian use of social interactions through small group
learning. They found that students participated in this method of
instructior. out performed control groups on state administered
mathematics assessment and curriculum based assessment. These
- students also reported valuing collaboration more than control group

and did not identify competitions as much as the control groups.
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In an ethnographic study looking at how the knowledge that
existed in Mexican American student's household could be used to
bring about innovative instructional practice, Moll and Greenberg
(1991) found a variety of funds of everyday knowledge. This
knowledge was socially distributed and that a reciprocal relationship
existed between every day knowledge used to understand school
material and classroom activities used to help students understand
social reality. To facilitate this interaction an after school lab was
created. They found that this lab setting acts as a mediating
structure that facilitate strategic connections and multiple paths

"~ between classroom and household.

Boero (1992) used the notion of 'fields of experieﬁce' and
explained the domain of meanihg around a cultural tool such as a
calendar. Field of experience means a sector of human culture
which the teacher and students can recognize and consider as
unitary and homogenous. In the light of the concept 'field of
experience' he found that the teacher designed classroom tasks leads
io scientific mathematics. The field of experience is sufficiently close
to student's every day experience and enable them to bring meanings
to the classroorn problems. He claimed that the idea of 'field of
experience can be used to bring mathematics into the classrooms

and take it from the classroom to mathematize every day experience.
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Hiebert and Wearne (992) studied the effects of conceptual
based instruction on the performance of sub urban/rural first
. graders on problems involving place value and two digit addition.
These investigators developed instructional approach based on
Vygotsky's ideas. This helped students‘to make connections through
several principles including the use of (a) external representations
(physical, pictorial, verbal and symbolic) as tools (b) practice in order
for students become familiar with these representations and
(c) representations to solve problems and class discussions to focus
on how to use, compare and contrast different representations.
Students learned in this way performed significantly better than
control group on place value and two digit addition and subtraction,

as well as using the tens and ones structure of the number system.

Moll (1992) studied the social situatedness of concept
formation and u.sed Vygotsky's analysis to gain insight into providing

effective education for linguistically and culturally diverse students.

Brown and her collaborators (1992) have developed and
implemented educational programmes based on the concept of zpd.
They suggested that the active agents within the zone of proximal
development can include people, adults and children with various
degrees of expertise but it can also include artifacts such as book,
videos, wall displays, scientific equipments and a computer

environment. They examined the role of reciprocal teaching and



Review 47

collaborative learning which encourage the co-construction of

knowledge.

Changwells and Wells (1993) used Vygotsky's works on
learning and development and spontaneous and scientific concepts
to examine three dimensions of change in mental functioning that
can be ascribed to formal learning. They are 1) intellectualization of
mental functions bringing them under conscious and voluntary
control, (2) decontextualization being able to detach a concept from
the context in “which it was first encountered and (3) a movement
towards integration and systematization. Using these dimensions
they analyzed the use of effective instructional discourse in two class
rooms designed to present literacy instruction in the student's zone

of proximal development.

In a study of Latino house holds in California, Gallimore and
-Goldenberg (1993) identified meaningful settings which provide
literacy activities for novice learners in reading and writings such as
letter writing. They focused on the cultural experiences in every day
life and on the active participation of young learners in literacy
events. This helps teachers to understand their student's attempts
at literate ways of thinking and helps to provide learning

opportunities which facilitates literacy acquisition. for all students.
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Nunes, Schliemann et. al., (1993) conducted a research on
street mathematics. They used the theoretical aspects proposed by
Vygotsky to give a theoretical explanation to the differences and

similarities between school and street mathematics.

Forman and Mc Phail (1993) in their study on collaborative
learning examined the ways in which learners assist each other.
They conducted study on dyads engaged in problem solving activities

and found the complementary pattern of collaboration.

The family pattern of collaboration was revealed in the Moll
" and Whitemore's (1993) study of bilingual classroom in the South
Western United States in which reading and writing of two languages
were integrated in a project oriented literacy activity. This study
using the socio-cultural approach examined the interactive and
contextual character of cognitive change as students created and
participated in communities of learners. The patterns of shared
responsibilities in the collaboration have contributed to a broadened

understanding of the zpd.

Matuga (1994) in a study to examine the effect of collahoration,
talk and interaction among the students in their art work, found that
collaborative processes enabled the students to perform beyond their
" individual capabilities. It is possible to foster artistic growth through

peer interaction. She also found that performing an activity in
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'collaboration' with peers and beyond the zpd can foster artistic

development.

Panofsky (1994) studied the role of parent-child book reading
in early literacy socialization focusing on the functions and uses of
language; building upon Vygotsky's distinctions. Illustrating the
roles of scaffolding and the zone of proximal development, she found
that there is a shift in the use of functions from a predominance of

parent initiation to a predominance of child initiations.

Engestrom (1994) in his study of teachers found that in the
process of curriculum innovation, the collaboration which include
mutual dependence of teachers engaged in collective activity and

dialogue gave benefit for their activities.

Forman (1995) developed a socio cultural perspective on
human development that accounts for the transaction between the
active, developing capacities of individuals and the semiotic
mediators, social institutions and social partners available in their
cultural context. Her research also focussed on children's learning
and development in mathematics and science in two different social
contexts - small group problem solving and whole class instruction.
She found that small group problem solving is more effective than

whole class instruction.
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Lima (1995) proved a powerful example of collaboration. In

their efforts at educational reform, the Brazilian teachers who
worked together with community activists to educate the previously
excluded population. Their local initiatives broadened and
strengthened through the socio cultural theories of Vygotsky. This

was applied city wide and the effect was powerful.

Nunes and Bryant (1996) exalhined the performance of
individuals or groups using different sign systems. They compared
the problem solving of two groups of children-one using rulers and
the other using bricks, in the task to calcuiate and compare the
areas of shapes both rectangles and parallelograms. They concluded
that the system of signs that is available to pupils when they solve
multiplicative reasoning problems has a significant impact on their
.thinking. If the sign system is familiar and from the cultural
contexts then children can meaningfully solve the problems. They
reported that in their experiments where children can not operate
meaningfully with abstract fractions but can solve the same problem

~ when the task is set in the contexts of sharing pizzas.

In a project named IMPACT Campbell (1996) developed
mathematics strategies based on Vygotsky's ideas and constructivist
approaches. The strategies were applied in minority elementary
schools. The major tenants of the programme were (a) a policy of

understanding in which each student receives equal expectations
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and support in learning mathematics and (b) a constructivist
approach that focusses on the active constructions of knowledge
through problem solving and collaboration with peers. Evaluation of
data revealed that students in IMPACT schools scored significantly
higher on achievement tests, particularly on areas of greater
mathematical abstraction compared to students enrolled in other

schools.

Jonassen (1997) in his 'Model for Designing Constructivist
Learning Environments' used the application of dialectical
constructivism. In his work Jonassen explained how constructivist
- learning environments (CLE) that employ student centred projects,
coghitive tools, social interactions and other knowledge constructing
strategies can be used to produce effective learning experierices and

positive learning out comes.

Krauss (1997) developed a mediation mode! for dynamic
literacy instruction. This model is based on two principles derived
from Vygotsky's ideas. The first idea is that the primary function of
language is social for communication and the second is the zpd. The
first idea leads to view literacy as a communication form using
printed signs as the medium for sharing meanings. The zpd leads to
view the school literacy instruction as sign mediated activity nestled

within socially mediated activity.
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Dennis et. al, (1997) conducted a Project Based Mathematical
investigation for prospective K-8 teachers. In this investigation
students produce original approaches to the generation of
Pythagorean triples. The learning environmental mathematics class
was based largely on the constructivist framework with elements of
“social Vygotskian theory. The main goals of this investigation were
to create a balanced dialogue between grounded activity and
systematic inquiry and to bring student's voice and perspective to the
foreground. Tlr.ese goals were achieved through the implementation
of a series of weekly projects where the students engaged with
challenging methematical investigations, all stemmed from direct

physical situatinns.

Ginsburg and Fantuzzo (1998) developed and evaluated two
instructional methods for enhancing the mathematics achievement,
academic motivation and self concept of low achieving urban
elementary students. The two methods, problem solving and peer
collaboration were also based on the NCTM standards. Problem
solving required students to share problem solving methods in a
small group, identify multiple strategies and solutions to problems
and make use of manipulatives. Peer collaboration consisted of a
structured peer tutoring format and a student managed group
reward contingency. The study was conducted to evaluate the

effectiveness of these methods for third and fourth grade students at
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an urban elementary school. One hundred and four low achieving,
low income, predominantly minority students were assigned to four
groups - control, problem solving, peer collaboration and Peer
collaboration and problem solving. The results indicated that
students who participated in either problem solving or peer
collaboration methods significantly out performed their peers in
mathematics word problems and computation, academic motivation

and perceived social competence.

Computer Supported Collaborative Learning (CSCL) is a
computer based network system that supports group work in a
common task and provides a shared interface for groups to work in
an educational setting. This supports students in learning together
effectively. The CSCL (2000) is based on Vygotsky's inter
subjectivism, zpd, situated cognition, cognitive apprenticeship,
problem based learning and cognitive flexibility theory.
Collaborative learning Environment and collaboratory note books are

the tools used in CSCL programme.

Cecilia and Bacelarski (2003) developed computer rmediated
communication (CMC). Vygotsky's methods of analysis and
. conclusions about the development of human thought and language
are successfully employed in the study of CMC. The Vygotskian ideas
of mediation, semiotic means, internalization, the three phases in the

development of speech, the idea that social interaction enables
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constant individual growth and development, zpd and spontaneous

versus scientific concepts were used in CMC.

The review of studies based on Vygotskian theory shows that
all over the world Vygotsky's major theoretical aspects such as zpd,
semiotic mediation, internalization, the three phases in the
development of speech etc are used in various educational issues.
The studies related to Vygotsky's theories reveals that the application
of the theories in different phases such as curriculum development,
development of pedagogic designs, testing, evaluation, technology
based education etc are very effective, in the case of various
disciplines.

A number of studies have conducted in the field of
mathematics education, based on Vygotskian approach, Effective
efforts were done all over the world to improve mathematics
instruction on the basis of socio-cultural theory and other theoretical
perspectives put forward by Vygotsky.

Review shows that not many studies are conducted in India on
Vygotsky's theory. The condition is not different in our state also.
Hence the investigator felt a need to develop an instructional design
based on Vygotsky's theories for teaching basic mathematical

concepts at the primary level.
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METHODOLOGY

Methodology is the description of techniques and procedures
adopted in research study. The success of a research depends upon
the suitability of me'ghods adopted. The method should always be
appropriate to the problem under investigation, feasible, preplanned

and well understood.

The methodology of the present study is classified and

presented in the following headings.

1. Design of the Study

2. Experimental Design Selected

3.  Variables of the Study

4. Design of the Instructional Strategy

5. Tools Developed and Used in the Study
6. Sample Sclected for the Study

7. Experiment Conducted

8. Statistical Techniques Employed.
3.1. DESIGN OF THE STUDY

The main objective of the present study is to develop an
Instructional Strategy based on Vygotsky's approach for teaching

basic mathematical concepts at the primary level. The investigator
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-studied and analyzed Vygotsky's theories of learning and
development and other instructional approaches based on Vygotsky's
theories. In the light of the analyzed theories a framework for the
strategy was developed. Some aspects from the socio-cultural
~ theories and other instructional approaches were selected which
have direct implications in the teaching of basic mathematical
concepts at the primary level. Then five assumptions were
formulated and considering the aspects selected and the
assumptions formulated, criteria of an effective pedagogy was
selected and annotations were prepared. As the model, three
Instructional $Strategies were prepared for the selected basic

mathematical concept at standards V, VI and VIL

The second objective of the present study is to validate the
effectiveness of the developed Instructional Strategy. The
experimental method was selected for the validation. Experimental
. method means the way of understanding something by varying some
conditions and observing its effects on something else. An
experiment involves comparison of the effects of a particular
treatment with that of a different treatment. Here the effectiveness of
the new Instructional Strategy was validated by comparing it with

the Conventional Method of teaching mathematics.
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3.2. EXPERIMENTAL DESIGN SELECTED

The experimental design is the blue print of the procedures
that enable the researcher to test hypothesis and reach at valid
conclusions about the relationship between independent and

dependent variables (Best, 1996).

The experimental design selected for the present study is
Quasi Experimental with pretest — posttest non equivalent groups.
Due to the inconvenience of random assignments of students in the
experimetnal and control groups, intact class room groups were

selected for the study. The design of the study is illustrated as

follows.
0, X O,
O, C O,
Where, O, O3 - Pre tests
Oz, O4 - Post tests
X - Application of experimental treatment
C - Application of control treatment

The experiment was conducted at three standards V, VI and

VII. The experimental group was taught by the newly developed
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Instructional Strategy and the control group was taught by the

Conventional Method of teaching.

Since the design selected for the present study was pre test —
post test nonequivalent group design, the investigator prepared and
standardized Achievement tests for those basic mathematical
concepts selected for standards V, VI and VII. These Achievement
tests were treated as pre tests and post tests in the experiment

conducted.

The detailed description of the construction of Achievement
tests are given under the heading 'Tools developed and used in the

study'.
3.3. VARIABLES OF THE STUDY

"Variables are the conditions or characteristics that the
experimenter manipulates, controls or observes. The independent
variables are the conditions or characteristics that the experimenter
‘manipulates, controls, or observes in his/her attempt to ascertain
their relationship to observed phenomena. The dependent variables
are the conditions or characteristics that appear, disappear or
change as the experimenter introduces, removes or changes

| independent variables” (Best, 1996).
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The independent variables, dependent variable and extraneous

variable of the present study were the following.
3.3.1. Independent Variables

The independent variables selected for the present study are
the two methods of teaching the basic mathematical concepts at
standards V, VI and VII. One method is the newly developed
Instructional Strategy and the other Conventional Method of

~ teaching.
3.3.2. Dependent Variable

The dependent variable selected for the present study is
Achievement in the selected basic mathematical concepts for
standards V, VI and VII. They are measured by Achievement tests

for the concerned concepts (post tests).
3.3.3. Extraneous Variable

Extraneous variable are those variables that are uncontrolled
by the experimenter and may have significant influence on the
results of the study. The extraneous variable in the present study is
. the initial status of students in terms of Achievement in the selected
basic mathematical concepts. It is measured by the Achicvement

tests for the concerned concepts (pre tests).
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3.4. DESIGN OF THE INSTRUCTIONAL STRATEGY

The present study is intended to develop Instructional Strategy
for teaching the basic mathematical concepts at the primary level.
~ After developing a frame work of the Instructional Strategy three
Instfuctional Strategies were prepared as models for three basic
mathematical concepts at the primary level. The investigator
considered the mathematical concepts at the upper primary level.

The upper primary level comprises of three standards V, VI and VIL

So, three Instructional Strategies were prepared and validated
by the investigator for the three selected mathematical concepts from
standards V, VI and VII. The Instructional Strategy for teaching the
concept 'Decimals’ at standard V, the Instructional Strategy for
teaching the concept 'Average' at standard VI and the Instructional
Strategy for teaching the concept 'Negative numbers' at standard VII
~ were developed. Following the structure of the models, Instructional
Strategies can be prepared for teaching any basic mathematical

concepts at the upper primary level.

The procedure of the preparation of the Instructional Strategy

is presented below.

Since the present study is based on Vygotsky's approach, the
investigator thoroughly studied and analyzed Vygotsky's theories of

learning and development. The instructional approaches, pedagogical
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attempts and evaluation techniques based on socio-cultural theories
were also analyzed. Then some Aspects were selected and
Assumptions were formulated in the light of the theories analyzed.
Criteria of an effective pedagogy for mathematics were fixed and
Annotations were developed based on the selected aspects and

assumptions.

Guidelines for teachers were prepared and Instructional
- Strategies were constructed for teaching the concepts 'Decimals),
'‘Average' and 'Negative numbers.' A response sheet is attached along
with each Instructional Strategy to record the student's reactions

about this new Instructional Strategy.
3.4.1. Aspects Selected from Socio-Cultural Theories

The following aspects selected from Vygotsky's socio-cultural
theory were taken into consideration for the development of the

Instructional Strategy.

In socio-cultural perspective cognition is considered as a social
and cultural phenomenon. Cognition is not located purely within the
- individual, but in the functional system which includes the

individual, the cultural tools, the activity and its contexts.

Learning is considered not simply as.the accumulation of

internal mental processes and structures but as a process of
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appropriating cultural tools that transforms tasks and the
relationship of individuals to the tasks as well as the other rnembers

of the community.

To explain how learning occurs and how pupils come to
appropriate the cultural tools that transform their relationship to
each other and the world, Vygotsky introduced the concept 'zpd'. He
 analyzed zpd in different ways. These different explanations are used
in the preparation of the Instructional Strategy. The goal of class

room instruction is to reach at the higher levels of zpd.
(i) Zpd as scaffolding

This notion of zpd highlighted the productive role peer tutors
can play in scaffolding the learning of their fellow students. The
teacher's role is to support students in becoming more self regulating
participants in class room activities. Initially the teacher and peer
tutors act as the guides who scaffolds and support the performance
of the less expert partners by directing their attention to key aspects
of the task, simplifying the task, monitoring ongoing performance
and adjusting the degree of assistance depending on the partner's
competence in completing the task. The self regulation requires the
more expert partner to withdraw support as competence grows and

to provide opportunities for independent task completion.
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(ii) Zpd in egalitarian partnership

This emphasizes the egalitarian relationships of the groups, i.e.
equal rights, benefits and opportunities for the group members. We
can see learning potential in peer groups where there is incomplete
but relatively equal expertise. Each partner possessing some
knowledge and skill but requiring other's contribution in order to
make progress. Contexts of uncertainty of the “solution of the
problem leads such groups to exploration and speculation. They
strive to go beyond the established boundaries of their knowledge,
and will receive a more authentic experience of doing matheraatics in
uncertain contexts. Another advantage of such groups is that when
removed from the direct influence of the teacher, the students take
personal responsibility for the ideas that they are constructing. So
the authorship of mathematical knowledge given to themselves and

their partners.

‘(iii) Zpd as the interweaving of every day and scientific

knowledge

In terms of zpd, the child's everyday knowledge represents
their established competencies whereas the challenge presented for
using and understanding the scientific knowledge defines the upper
limits of the zpd. The scientific concepts must be linked to the

fabric of children's existing concepts. In the zpd, the teacher and
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students need to weave together the two conceptual forms, so that
the every day or previously acquired concepts are transformed to
more general and abstract concepts. Also scientific concepts are
tested and more accessible to student's experience and represented

in a way that is relevant to them.

A mathematics teacher should have an expert grasp in the
discipline of mathematics and have a capacity to see student's ideas
and to link it to more general forms and conventions of mathematics.

'The teacher has to establish the conditions in the class rooms where
students become engaged in the process of enquiry and are willing to

share their insights.

_(iv) Zpd is created by the challenge of participating in the

class room culture

This version of zpd advocates the establishment of
participation frame works such as peer tutoring sessions, reciprocal
teaching, episocdes of teacher led lessons, individual and collaborative
problem solving sessions etc. in the class rooms. These provide a
challenge for students to move beyond their established

competencies and enter into disciplined and scientific modes of

enquiry.
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The following instructional aspects which are based on

Vygotsky's theories were taken into consideration in the preparation

of the Instructional Strategy based on Vygotskian theory.

a)

b)

d)

Reciprocal teaching:- This is an application of Vygotsky's
theories used to improve stu@,é_nt'_s ability to learn from text. In
this method, teacher and stu-_""&l‘eh‘tf"s, E’:éﬂéborate in learning and

practicing for key skills - summarlzmg, questioning, clarifying

and predicting.

Scaffolding and apprenticeship:- These concepts are used in
the sense that a teacher or a more advanced peer helps to
structure or arrange a task so that a novice can work on it

successftlly.

Collaborative learning :- A teaching method in which the
pupils are divided into different groups and the group
members should have at different levels of ability so that more
advanced peers can help less advanced members operate
within the zpd. Group activities and problem solving
environments challenge the learner and provide linkages

between effort and out come.

Co-operative learning:- In this method, students sit in
groups, they discuss, argue, present and hear one another's

arguments and view points. Through mutual feed back and
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debate peer motivates one another to abandon misconceptions
and encourage to search for better solutions. The experience
of peer communication can help a child to master social
processes such as participation and argumentation. It also
develops cognitive processes such as verification and criticism.
Collaboration between peers can provide a forum for discovery
learning and creative thinking. Peer interaction help children

in the processes of generalizing ideas.

Situated cognition:- Situated cognition is the notion of
acquiring knowledge and skills in the contexts that reflect the
way the knowledge will be useful in réal life. The situated
cognition frame work maintains that cognition is not confined
to the individual but is connected to the activity and

environment in which it was developed.

Dynamic assessment:- This type of testing procedure is an
interactive procedure that follows a test - intervene — retest
format focusing on the cognitive and meta cognitive
characteristics of the child. Through an analysis of a child's
pre test and post test performance following test embedded
intervention, an evaluator can derive important information
about the child's cognitive modifiability, responsiveness to an

adult's mediation and amenability to instruction and guidance.
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Dynamic assessment leads the child to the point of his/her

achieving success in joint/shared activity.

Apprenticeship learning:- In this type of learning, skills are
learnt in a community of practitioners through observation,
coaching and successive approximation. After observing an
expert executing an activity (modeling), the learner tries it with
teacher guidance (coaching). The expert provides reminders
(scaffolding) which are removed (fading) once the task can be
approximated. Some times the social context in which
apprenticeship takes place includes a variety of expert models

and other learners.

Instructicnal methods based on Vygotsky can solve some of

the academic problems by emphasizing the need for social

interaction and expert guidance within the zone of proximal

development. Vygotsky considered zpd as a condition wherein

students perform challenging tasks with a support from other

competent peer. By taking part in activities, individual learners

internalize the goals and methods of more expert problem solvers.

The child's zone can be bridged by opportunities for practice with

external suppert.  Vygotsky emphasized the role of dialogue.

Dialogue is the two way interactive exchange between two speakers.

Dialogue is naturally conceived in terms of human conversations.
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3.4.2 Assumptions formulated

The following assumptions were formulated which incorporates

“mathematical instruction with socio-cultural theory put forth by

Vygotsky.

a)

b)

d)

Mathematical thinking is an act of sense making and rests on

the processes of specializing and generalizing, conjecturing and

~ Jjustifying.

The procssses of mathematical enquiry are accompanied by

habits of individual reflections and self monitoring.

Mathematical thinking develops through teacher scaffolding of

the process of enquiry.

Mathematical thinking can be generated and tested by
students through participation in equal status peer

partnership.

Interweaving of familiar and formal knowledge helps students

to adopt the conventions of mathematical communication.

In the light of the selected aspects and formulated

assumptions, five criteria of an effective pedagogy for mathematics

were fixed. Dimension of each criterion was also identified.
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3.4.3. Criteria of Effective Pedagogy

According to Gallimore and Thrap. (1992) learning occurs hest

when,

a) Collaboration between teachers and students is accompanied
by discussion.

b) Instructional activities are meaningfully connected to student's
prior experience and knowledge.

c) Instruction is dialogic and occurs within the learner's zone of

proximal development.

On the bhasis of these propositions, five criteria for effective
'pedagogy for mathematics were formulated. The details of the five

criteria and the dimensions of each criterion are given as follows.
(i) Joint Productive Activity (JPA)

It involves teachers and students working together on a
common product or goal with opportunities to converse about their
work. The teacher and small groups of students collaborate on a
joint product. Participants collaborate to generate a product or
achieve a comron goal. During such goal directed collaboration
participants with varying levels of skills and expertise interact,
exchange inforraation, share their views and perceptions, rationalize

and share problem solving or thinking strategies.
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The dimension of JPA is collaboration. The teacher's role in

JPA is to participate as a full collaborator, model language, skills and
problem solving strategies. Teacher assesses and responsively
- assists student's performance. For assistance to be effective it must
be understandable to students, suitable to their needs, correct and
sufficiently elaborated. Elaboration refers to the internal processing
of new and prior knowledge in a meaningful context. Elaborative
strategies for new information result in better learning and recall

than do strategies focused on more superficial characteristics.
(i) Language and Literacy Development (LLD)

It develops competence in the language and literacy instruction
and develops competence in the academic disciplines through out all
instructional activities. The development of effective and appropriate
language use is fundamental to learning, thinking, problem solving
and co-construction of knowledge. Discourse generate more
elaborate conceptualization and strengthen connections between new
information and prior learning. The most effective instruction is
therefore that which generates language use and requires students

to gain sufficient mastery of language to complete the learning task.

The Dimension of LLD is language use. The teacher's role in
LLD is to assist student's language development through

questioning, rephrasing and modelling.
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(iii)  Contextualization (CTX)

Connect educational content to student's personal lives and |
provide instruction in familiar and every day contexts about which
they have prior knowledge. This enable‘s students to make sense of
new information and to construct new knowledge. Integrating new
information in familiar contexts faciiitates the organization of new
information into long term memory making it a more available and
associated knowledge. The increased availability of associated
knowledge results in a more conceptual form of processing, improves
retention and facilitates recall. Even incidental connections between
the formal concepts of the learning situations and every day concepfs

can make a new information more relevant and meaningful.

The Dimension of CTX is connected learning. The teacher's

task is to build on what students already know.
(ivy Challenging Activities (CA)
Challenging activities require

~a) Approprizte levelling of tasks so that all students are stretched

to grow within their zpd.
b) Opportunities to use and apply new information.

c) A balance between challenge and assistance to advance

student's understanding to more complex levels.
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Challenging activities teach higher order thinking skills such

as analyzing, categorizing, evaluating, generalizing, synthesizing and
summarizing, exploring patterns, determining casual relationships
and problem solving. Challenging standards and feed back on
performance are essential elements of challenging activities. When
both standards or goal enhanced motivation and feed back are
"present, self evaluative mechanisms motivates learners to modify

their performar.ce to attain the standards.

The Dimension of CA is cognitive complexity. The teacher's
- role is to provide challenging standards and proper feed back. The

teacher has to assess and assist student's understanding.
(v Instructional Conversation (IC)

The amount and quality of teacher-student academic
interactions are the most important factors in student learning.
Student teacher dialogue is the most effective means to assist the
development of basic skills and the ability to form, express and
exchange ideas. ICs enable the teachers to (a) assist all student's
conceptual elaboration of new content. (b) contextualize instruction
in the learner's experience base and (c) individualize instruction to
match student's varied ability level, assess and assist learning and

‘maintain appropriate cognitive challenge.



Methodology 73

The Dimension of IC is student teacher dialogue. The critical

task of the teacher is to elicit and extend student talk on academic,

personal, social and cultural experience in relation to an academic

topic.

The Dimensions underline in each criterion and the teacher's

role specified in each criterion leads the investigator to develop some

annotations in each criterion. These annotations gives direction to

the teachers in their class room activities.

The following are the annotations identified in each criterion of

the effective pedagogy.

Criterion I
Dimension

Annotations

Criterion 2
Dimension

Annotations

Criterion 3
Dimension

Annotations

Joint Productive Activity (JPA)
Collaboration

Participates as a full collaborator, models
mathematical thinking, models mathematical
language, skills and problem solving strategies,
assesses and assists student's performarce.

Language and Literacy Development (LLD)
Language use.

Assists student's language development through
questioning, rephrasing and modeling, provides
systematic assistance in activities that generates
extended language use and development of
content vocabulary.

Contextualisation (CTX)
Connected learning

Integrates new information with what students
already know from home, school or community,
connects student's informal understanding to
more abstract levels of understanding, makes
incidental connection between the formal
concepts and every day concepts.



Criterion 4
Dimension

Annotations

Criterion 5
Dimension

Annotations
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Challenging activities (CA)
Cognitive complexity

Fixes challenging standards (goals) and provides
feed back to advance student's understanding to
more complex levels, encourages higher order
thinking skills such as analyzing, categorizing,
evaluating, generalizing, synthesizing,
summarizing, exploring patterns, determining
casual relationships and problem solving,
assesses and assists student's understanding,
sense making and authorship of knowing,
structures student's thinking.

Instructional Conversation (IC)
Student - Teacher dialogue.

Encourages students to use purposeful
conversations, fully inclusive conversations
between teacher and small group of students,
elicits and extends student's talk on academic,
personal, social and cultural experience in
relation to an academic topic, provides
individualized instruction to match student's
varied ability levels, provides clarifications
through questioning and conversation,
encourages student's academic discussions,
assesses and assists students to maintain
appropriate cognitive challenge.

The investigator developed three Instructional Strategies based

on the five Criteria, Dimensions and Annotations. For standard V

the Instructional Strategy was prepared for the concept 'Decimals’.

The strategy is given as Appendix I and its English version is given as

Appendix I

Instructional Strategy for the concept '‘Average' was prepared

for st

andard VI. It is given as Appendix III and its English version is
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presented as Appendix IV. For standard VII, the Instructional
Strategy of the concept ‘Negative Numbers' was prepared

and presented as Appendix V. Its English version is given as

Appendix VI.
3.4.4. Guidelines for teachers

The investigator prepared the following guidelines for teachers

who wish to apply this newly developed Instructional Strategies in

their class rooms.

a) Before applying this Instructional Strategy, all students in the
class rooms should be divided into different groups having five
or six students. Each group should contains above average,
average and below average students. The division of students
in different groups should be based on the average mark
obtained in mathematics in the quarterly, half yearly and
annual examinations of the previous academic year. For
example for standard VII students, the average mark in
mathematics obtained in the quarterly, half yearly and annual
examinations in standard VI were taken. The students having
average mark above 70 percentage can be considered as the
above average students. Those students whose average mark
lie between 40 percentage and 70 percentage can be taken as

the average and those who have average mark below 40
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percentage can be included in the below average group. But a
teacher can decide the above average, average and below
average students according to the academic level of the
students in his/her class division. In each group, an above
average student who is very good (grade A) in the evaluation
under part Il can be selected as the competent peer (CP).
Character, conduct, group working skills, leadership quality
and communication skills should be taken into consideration

while selecting the CPs.

Teacher should act as a full collaborator in each group.
Teacher should go from one group to another, sit with them,
participate actively in their discussions, mathematical
processes, explanations, clarifications etc. So it is desirable for

the teacher to have her/his own note book and pen.

Teacher should encourage each of the group member to
actively participate in group activities. If any student keep
silent, the teacher should ask them to explain or show how to
reach the solution of the problem. In a socio cultural class
room, every one converse. They explain, argue, justify, clarify,
demonstrate etc. But the teacher should make it sure that the

discussions must purely be academic.
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All activities given in each segment of the Instructional
Strategy should be done by students themselves with their
group members and if necessary with other group members. If
a student solves a problem correctly by himself/herself, then
teacher should encourage others to congratulate him/her.
"Well done Neethu," "oh! Your answer is absolutely correct,

Manoj," like that. Teacher should also congratulate them.

The formative evaluation is based on the concept 'Dynamic
assessment.' Teacher asks questions to a student. If he/she
do not know the answer, he/she can seek the help of CP to
reach at the correct answer. But teacher should make it sure
that the CP is not simply providing the answer but guide
others through the processes that lead to the solution of the

problem.

Teacher can provide activities given in the text books (TB) but
make it sure that they are familiar and within the

surroundings of the students.

The desirable classroom arrangements of a socio-cultural class

room is as shown in the Figure 3.1.
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Fig.3.1 Classroom Arrangement

Teacher has no fixed place. She/he should be with groups
through out the teaching processes. Teacher moves from one
group to another. This type of arrangement is suitable for

maximum interaction within the groups.

The above average students in each group should be selected
as the competent peer (CP). The communication skKills,
sociability, co-operative attitude and leadership quality of the
students should also be considered while selecting students as

CP.

In the beginning of an activity, the averages and below
averages do problems with the assistance of CPs/teacher. But

later they can do problems by themselves. Teacher should
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make it sure that the averages and below averages do

problems independently.

) In a socio cultural class room, teacher always acts as an active
participant in the group activity. In this participation, she/he
can do continuous evaluation. She/he can assess the
student's performance at every segment of the Instructional
Strategy. Remedial measures can readily be provided in the

light of evaluation.

Text boolk:s, handbooks and other reference books were used in
the preparation of the instructional strategies. The strategy contain
two parts: The activities which are used for interaction are presented
in the first part. The interac'tion with annotations and blackboard
work are included in Part II. The interaction section is divided into
~ different segments and each segment contains the activities given in
the first part. A response sheet is there at the end of each
Instructional Strategy. The opinion of students about this new

approach were collected and recorded.
3.5. TOOLS DEVELOPED AND USED IN THE STUDY

The second objective of the present study is to validate the
effectiveness of the developed instructional strategies. The

Instructional Strategies for teaching the concepts 'Decimals’,
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'Average’, and 'Negative numbers' were validated by experimental

method.

The investigator constructed all the tools used for validation of

the instructional strategies. They are:

1. Achievement Test for the concept '‘Decimals'.
2. Achievement Test for the concept 'Average'
3. Achievement Test for the concept 'Negative Numbers'.

3.5.1. Achievement Test for the Concept 'Decimals’

The investigator constructed and standardized an Achievement
test for the concept 'Decimals' in the validation of the Instructional
Strategy prepared for the concept 'Decimals'. This test is treated as
the pre test and post test in the experimental design selected for the

validation of the Instructional Strategy.

A test is said to be standardized when the rules for taking the
test are made sufficiently clear and all students are given essentially
the same task. The time allotted for the test, total marks, mark for
each test item and method of answering are given in the test itself

(Nunnally).

The test is prepared in accordance with the scientific
procedure for preparing an Achievement test in Mathematics. It was

decided to follow the Bloom's Taxonomy of educational objectives
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(Bloom, 1979) lor the test construction. The categories of objectives
Knowledge, Understanding and Application under the cognitive
domains of Bloom's taxonomy were taken for test construction.
Neither too easy nor too difficult items differentiate the above average
students from the below average students. So it is decided to give

relatively high weightage to average difficulty of the test items.

The investigator decided to construct only objective type items
so as to avoid subjectivity. Among themi multiple choice items with
four alternatives were preferred by which answering for the students

and scoring for the investigator will be easy and time saving.
(i) Planning of the Test

The first step in the construction of an Achievement test is
planning of the test. Here decisions regarding when to test, what
kind of questions to use, total marks and mark for each item etc.

were taken.

The investigator decided to prepare 20 multiple choice test
items, carrying one mark each. The duration of the test was fixed to
be one hour. The content of the test is the basic mathematical
concept 'Decimals’. A blue print was constructed based on Bloom's
Taxonomy of objectives. A blue print is a three dimensional chart
showing the weightages given to objectives, content and difficulty

level of test items in the Achievement test. It gives a summary of all
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necessary information about the design of the test. The weightages
given to objectives and difficulty levels are given in Table 3.1 and

Table 3.2 respectively.

TABLE 3.1
Weightage to Objectives

I\?(l)' Objectives Marks % of marks
1 Knowledge 4 20
2 Understanding 8 40
Application 8 40
Total 20 100

TABLE 3.2
Weightage to Difficulty Level

1\?})' Difficulty Level Marks % of marks
1 Easy 3 15
2 Average 14 70
3 Difficult 3 15
Total 20 100

The blue print of the Achievement test is given in Table 3.3.
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TABLE 3.3

Blue Print of the Achievement Test

bjectives | Knowledge | Understanding | Application | Total
Difficulty Level

Easy 2 1 -- 3
Average 2 6 6 14
Difficult -~ 1 2 3

Total 4 8 8 20

Note: Number in the cells indicates the number of questions. All questions
carry one mark cach.

(i) Item Writing

The investigator prepared 35 multiple choice test items for item
analysis. While preparing the test items, the suggestions and
advices of th= supervising teacher, primary and high school
mathematics teachers and other experts were taken into
consideration. Nine items were discarded in the first scrutiny and 26
items were selected for item analysis. The selected items were
written in the proper order with necessary instruction. Each test

item has four alternatives A, B, C and D.
(iiij Method of Answering

Separate answer sheets were prepared. The students were
asked to put a 'X' mark against the alphabet of correct answer of

each test item. A scoring key was also prepared.
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(iv) Item Analysis

Item analysis refers to checking the quality of the test items. It
involves estimating the difficulty index and discriminating power of
each test item. The draft of 26 items has been tried out on a
representative sample of 100 students of standard V from
Government Higher Secondary School Vettilappara and St. George
High School, Pariyaram. The question papers and separate answer
"sheets were provided to all students. The question paper contains all
necessary instructions about the test, additional instructions were
provided by the investigator. The investigator with the help of

another teacher administered the test.

All answer sheets have been scored and the scores were
selected for estimating the difficulty index and discriminating power
of each test itemn. The answer sheets of 100 students were arranged
in the descencing order of the total marks obtained. The scores
obtained by top 27 students (27 percentage) and bottom 27 students
(27 percentage] were taken as the upper group and lower group
respectively. Iri order to select items for the final test, the difficulty
index and discriminating power of the test items have been

estimated.
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Difficulty Index (D.I)

Difficulty index of a test item refers to the easiness percentage
of the test item. The following formula suggested by Ebel (1979) was

| used to estimate the D.I.

U+L
DIl= ---teeeen
2N
Where: U = the number of correct answers in the upper group.

L = the number of correct answers in the lower group.

N = the number of students in each group.
Discriminating Power (D.P)

Discriminating power of a test item refers to the degree to
which a given item discriminates among students who differ sharply
in the function measured as a whole. It is the ability of the test item
to disvcrirninate between high achievers and low achievers. The
higher the average discriminating power of the test items, the more
variable the scores are likely to be and more reliable the scores are
expected to be (Ebel, 1979). The investigator used the following

formula to estimate the discriminating power.

Where: U = the number of correct answers in the upper group.
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L = the number of correct answers in the lower group.

N = the number of students in each group.

The D.I and D.P of the 26 test items are given in Table 3.4,

TABLE 3.4

D.I and D.P of Test Items of the Achievement Test

I?cl)'. u L D.I D.P sellfcrtl:::d
1 18 5 0.42 0.48 *
2 16 2 0.33 0.51 --
3 25 8 0.61 0.62 *
4 22 11 0.61 0.41 *
S 24 10 0.63 0.52 *
6 19 7 0.48 0.44 *
7 20 8 0.52 0.44 *
8 13 0 0.24 0.48 --
9 24 13 0.68 0.41 *
10 19 6 0.46 0.48 *
11 22 5 0.50 0.62 *
12 18 7 0.46 0.41 *
13 27 20 0.87 0.26 --
14 21 8 0.54 0.48 *
15 17 6 0.43 0.41 *
16 27 22 0.91 0.19 --
17 18 S 0.43 0.48 *
18 20 9 0.53 0.41 *
19 21 10 0.57 0.41 *
20 20 8 0.52 0.44 *
21 25 19 0.81 0.22 --
22 23 8 0.57 0.56 *
23 16 6 0.41 0.31 --
24 28 4 041 0.52 *
25 23 12 0.64 041 *
26 19 5 0.44 0.52 *

(Note: * indicates the selected test items)
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(v Selection of Items

From the total 26 items of the draft test, 20 items were
selected for the final test having difficulty index between 0.4 and
0.65 and discriminating power more than 0.4. The final test was
prepared with 20 multiple choice items selected from the draft. All
instructions were given in the test regarding the method of
answering, total marks, time, mark for each item etc. The final
Achievement test for the concept '‘Decimals' is given as Appendix VII.
Its English version is presented as Appendix VIII. The scoring key

and answer sheet are given as Appendix IX and X.
© (vi) Validity of the Test

Validity of a test is defined as the accuracy with which the test
measures what it supposed to measure. Validity of this Achievement
test was estimated by correlating the scores of the test with the
marks obtained for the students in mathematics in the half yearly
examination. The correlation between two sets of scores was

estimated by Pearson's Product Moment Method (Gareet, 1979).

The obtained value of 'r' is 0.728, indicating that the test is

valid.
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(vii) Reliability of the Test

The reliability of a test is defined as the degree of consistency
with which the test measures what it does measure. Reliability is
expressed as a coefficient of correlation which is called reliability

coefficient. The coefficient was estimated using Split Half Method.

The twenty items were split into two halves, odd numbered
items (1, 3, 5. ... 19) and even numbered items (2, 4, 6 . . . 20).
The scores of these two sets were counted and recorded. The
coefficient of correlation between these two sets of scores were

calculated by Pearson's Product Moment Method.

The reliability coefficient of the whole test was estimated by

Spearman — Brown prophecy formula (Garret, 1979)

2r1721/2
rnn = ==mesmmeeo---
1 + ri/21/2
Where,
' = the reliability coefficient of the whole test.
'riy2172 = the reliability coefficient of the half test.

The reliability coefficient of the whole test was 0.768. It shows

that the test is a reliable one.
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3.5.2. Achievement Test in Mathematics for the Concept

'Average'

The investigator constructed and standardized an Achievement
test for the concept 'Average’. This test was used as the pre test and
post test in the experiment conducted for the validation of the

Instructional Strategy for the concept 'Average'.
(i) Planning of the Test

The first step in the construction of an Achievement test is
planning of the test. Here decisions regarding when to test, what
kind of questions to use, total marks and mark for each item etc.

were taken.

The investigator decided to prepare 20 multiple choice test
items, carrying one mark each. The duration of the test was fixed to
be one hour. The content of the test is the basic mathematical
concept 'Average'. A blue print was constructed based on Bloom's
Taxonomy of educational objectives. A blue print is a three
dimensional chart showing the weightages given to objectives,
content and difficulty level of the test items in the Achievement test.
It gives a summary of all necessary information about the design of
the test. The weightages given to objectives and difficulty levels are

given in Table 3.5 and Table 3.6 respectively.
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S(l)' Objectives Marks % of marks
1 Knowledge 3 15
2 Understanding 9 45
3 Application 8 40
Total 20 100
TABLE 3.6
Weightage to Difficulty Level
SL -
No Difficulty Level Marks % of marks
1 Easy 4 20
2 Average 14 70
3 Difficulty 2 10
Total 20 100
The blue print of the Achievement test is given in table 3.7
TABLE 3.7
Blue Print of the Achievement Test
bjectives | Knowledge | Understanding | Application Total
Difficulty level
Easy 1 2 1 4
Average 2 ) 7 14
Difficult - 2 - 2
Total 3 9 8 20

Note: Number in the cells indicates the number of questions. All questions
carry one mark each
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(i) Item Writing

The investigator prepared 35 multiple choice test items for item
analysis. Suggestions and valuable opinions of the supervising
teacher, mathematics teachers and resource persons were taken into
consideration while preparing the test items. Ten items were
discarded in the first scrutiny and 25 items were selected for item
analysis. The selected items were arranged in the proper order with

necessary instruction. Each test item has four alternatives A, B, C

and D.
(iii Method of Answering

Separate answer sheets were prepared. The students were
asked to put a 'X' mark against the alphabet of correct answer of

each test item. A scoring key was also prepared.
(iv) Item Analysis

Item analysis refers to checking the quality of the test items. It
involves estimating the difficulty index and discriminating power of

each test item. The draft of 25 items has been tried out on a

representative sample of 100 students of standard VI from

Government Higher Secondary School Vettilappara and St. George

High School Pariyaram. The question papers and separate answer

sheets were provided to all students. The question paper contains all
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necessary instructions about the test and additional instructions
were provided by the investigator. The investigator with the help of

another teacher administered the test.

The D.I and D.P of the 25 test items are given in Table 3.8.

TABLE 3.8
D.I and D.P of Test Items of the Achievement Test
Sl U L D.I D.P Item
No. selected
1 23 10 0.61 0.48 *
2 17 4 0.38 0.48 *
3 23 9 0.59 0.51 *
4 25 21 0.85 0.14 --
S 18 7 0.46 0.40 *
6 20 8 0.52 . 0.44 *
7 19 7 0.48 0.44 *
8 24 19 0.79 0.18 -
9 10 0 0.19 0.37 --
10 21 11 0.59 0.37 *
11 23 13 0.66 0.37 *
12 19 5 0.44 0.51 *
13 23 ' 12 0.64 0.40 *
14 20 10 - 0.55 0.37 *
15 18 11 0.53 0.25 --
16 24 13 0.68 0.41 *
17 23 11 0.62 0.44 *
18 19 9 0.51 0.37 *
19 17 3 0.37 0.52 *
20 1& 9 0.50 0.33 *
21 21 11 0.59 0.37 *
22 6 0 0.11 0.22 --
23 20 8 0.52 0.44 *
24 23 10 0.61 0.48 *
25 23 11 0.63 0.44 *

(Note: * indicates the selected items)
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(v) Selection of Items

20 test items were selected from the draft test for the final test.
The items having difficulty index between 0.3 and 0.7 and
discriminating power more than 0.3 were selécted for the final test.
All instructions were given in the test regarding the method of
answering, total marks, time, mark for each item etc. The final
Achievement test for the concept 'Average' is given as Appendix XI.
.Its English version is presented as Appendix XII. The scoring key

and answer sheet are given as Appendix XIII and XIV respectively.
(vi) Validity of the Test

Validity of a test is defined as the accuracy with which the test
measures what it supposed to measure. Validity of this Achievement
test was estimated by correlating the scores of the test with the
marks obtained for the students in mathematics in the half yearly
examiﬁation. The correlation between two sets of scores was

estimated by Pearson's Product Moment Method (Garret, 1979).

The obtained value of 'r' is 0.682, indicating that the test is

valid.
(vii) Reliability of the Test

The reliability of a test is defined as the degree of consistency

with which the test measures what it does measure. Reliability is
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expressed as a coefficient of correlation which is called reliability
coefficient. The coefficient was estimated using Split Half Method as

explained in the case of the previous test.

The 20 test items were split into two halves, odd numbered
items (1, 3,5..... 19) and even numbered items (2, 4,6 .. .. .. 20).
The scores of these two sets were counted and recorded. The
coefficient of correlation between these two sets of scores were

calculated.

The reliability coefficient of the whole test was 0.749 showing

that the test is reliable.

3.5.3. Achievement Test for the Concept 'Negative Numbers'

The investigator constructed and standardized an Achievement
test for the concept 'Negative Numbers'. This test was treated as the
- pre test and post test in the experiment conducted for the validation

of the Instructional Strategy for the concept 'Negative Numbers'.
(i) Planning of the Test

The first step in the construction of an Achievement test is
planning of the test. Here decisions regarding when to test, what kind
of questions to use, the total marks and mark for each item etc. were

taken.
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The investigator decided to construct an Achievement test
having 25 multiple choice items with four alternatives. Each test
item carries one mark and total mark is 25. The duration of the test
was fixed to be one hour. The content area was the basic
mathematical concept 'Negative Numbers'. The blue print was
prepared based on Bloom's Taxonomy of educational objectives. It
gives a summary of all necessary information about the design of the
test. The weightages given to objectives and difficulty levels are given
in Table 3.9 and Table 3.10 respectively.

TABLE 3.9
Weightage to Objectives

g(l)' Objectives Marks % of marks
1 Knowledge 3 12
2 Understanding 8 32
3 Application 14 S
Total 25 100
TABLE 3.10
Weightage to Difficulty Level
]\?(1) Difficulty Level Marks % of marks
1 Easy 4 16
2 Average 18 72
3 Difficulty 3 12
Total 25 100
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The blue print of the Achievement test is given in Table 3.11.

TABLE 3.11
Blue Print of the Achievement Test

Qbjectives
Knowledge | Understanding | Application | Total

Difficulty leve

Easy 2 1 4
Average 2 4 12 18
Difficult -- 2 1 3

Total 3 8 14 25

Note: Number in the cells indicates the number of questions. All questions
carry one mark each

(iij Item Writing

The investigator prepared 40 multiple choice test items for item
analysis. Suggestions and valuable opinions of the supervising
teacher, mathematics teachers and resource pérsons were taken into
consideration while preparing the test items. Nine items were
discarded in the first scrutiny and 31 items were selected for item
analysis. The selected items were arranged in the proper order with
.necessary instruction. Each test item has four alternatives A, B, C

and D.
(iiij Method of Answering

Separate answer sheets were prepared for marking the correct

answers. The students were asked to select the correct answer from
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the four alternatives and put a 'X' mark against the alphabet of the
correct answer. A scoring key was also prepared for scoring the

answer sheets.
(iv) Item Analysis

Item analysis is the process of checking the quality of the test
items. The difficulty index and discriminating power of each test
item has been estimated. The draft of 31 items were administered on
a representative sample of 100 students of standard VII of
Government Higher Secondary School Vettilappara and St. George
High School Pariyaram. The question papers and separate answer
sheets were provided to all students. The question paper contains all
'necessary instructions about the test and additional instructions
were provided by the investigator. The investigator with the help of

another teacher administered the test.

The D.I and D.P of the 31 test items are given in table 3.12.
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TABLE 3.12
D.I and D.P of Test Items of the Achievement Test
Sl
No. v L D.1 b.P sellteecl?ed
1 19 9 0.52 0.37 *
2 20 8 0.52 0.44 *
3 21 9 0.56 | 0.44 *
4 23 10 0.61 0.48 *
S 19 S 0.44 0.52 *
6 20 12 0.59 0.29 --
7 20 10 0.56 0.37 *
8 23 12 0.65 0.41 *
9 20 8 0.52 0.44 *
10 18 7 0.46 041 *
11 21 9 0.55 0.44 *
12 17 4 0.39 0.49 *
13 21 8 0.54 0.48 *
14 25 21 0.85 0.15 --
15 23 12 0.65 0.41 *
16 8 0 0.15 0.29 --
17 24 13 0.66 0.41 *
18 19 7 0.48 0.44 *
19 3 9 0.59 0.52 *
20 7 25 0.96 0.07 --
21 21 11 0.59 0.37 *
22 26 23 0.91 0.11 --
23 1¢ 9 0.52 0.37 *
24 20 9 0.54 0.41 *
25 21 12 0.61 0.33 *
26 17 3 0.37 0.52 *
27 28 20 0.83 0.19 --
28 23 10 0.61 0.48 *
29 23 12 0.65 0.41 *
30 20 9 0.54 041 *
31 18 6 0.44 0.44 *

(Note: * indicates the selected items)
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(v)  Selection of Items

FFrom the 31 test items in the draft test, 25 items were selected
" for the final test having difficulty index between 0.35 and 0.65 and
discriminating power more than 0.35. All instructions were given in
the test regarding the method of answering, total marks, time, mark
for each items etc. The final Achievement test for the concept

'Negative Numbers' was prepared with 25 multiple choice test items.
(vi) Validity of the Test

The validity of the test was estimated by correlating the scores
of 100 students with the marks obtained in the half yearly
examination. The estimated coefficient of correlation is 0.81

indicating that the test is valid.
(vii) Reliability of the Test

The number of test items is an odd number. So the reliability
of the test was calculated by test — retest method, with an interval of

two weeks for 50 students.

The obtained value of 'r' is 0.83. This indicates that the test is

highly reliable.

The 25 test items were written with four alternatives. All
instructions were given in the test. The final Achievement test for

the concept 'Negative Numbers' is given as Appendix XV, its English



Methodology 100
version is given as Appendix XVI. The answer sheet and scoring key

are given as Ap»oendix XVII and XVIII respectively.
3.6. SAMPLE SELECTED FOR THE STUDY

It was difficult to get two equivalent groups in the experimental
design for the validation of the instructional strategies. The
investigator conducted the experiment on two non-equivalent intact
class room groups. One intact class room group was randomly
selected as the experimental group and the other as the control group.
The details of the sample selected for the present study are described

as follows.

In the experiment conducted for the validation of the
Instructional Strategy of the basic mathematical concept 'Decimals’,
standard V students were selected. A class division having 30
students of Model Residential School, Chalakudy was selected as the
experimental group and a class division having 30 students of
Government Girl's High School, Chalakudy was selected as the control
group. These two schools are in Irinjalakkuda Educational district of

Thrissur District.

In the experiment conducted for the validation of the

~ Instructional Strategy of the basic mathematical concept ‘Average’,
standard VI students were selected. A class division of 30 students

of standard VI from Model Residential School, Chalakudy was
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selected as the experimental group. A class division of 30 students
of standard VI from Government Girl's High School, Chalakudy was

selected as the control group. NB 4710

In the experiment conducted for the validation of the
Instructional Strategy of the basic mathematical concept 'Negative
Numbers', standard VII students were selected. A class division of
35 students of Model Residential School Chalakudy has been
selected as the experimental group and a class division having 35
students of Government Girl's High School, Chalakudy has been

selected as the control group.

The details of the sample selected for the present study is given

in Table 3.13

TABLE 3.13

Details of Sample Selected

StdV Std VI Std VII
Experiment Control Experimental Control Experimental Control
al Group Group Group Group Groun Group
Model | Govt. Girl's Model . Model -
Name of | Residential High Residential C%ovt. Girl's Residential G.OVt' Girl's
High School, High School,
School School, School, School, Chalakud School, Chalakud
: Chalakudy | Chalakudy | Chalakudy Y | Chalakudy Y
Number
of 30 30 30 30 35 35
Students
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3.7. EXPERIMENT CONDUCTED

The procedure adopted for conducting the experiment was as

follows.
1. Adniinistration of the Pre-tests.

2. Conventional Method of teaching of the selected basic
mathematical concepts for the control groups of standard V, VI

and VII.

3. Teaching the experimental groups of standard V, VI and VII by
the newly developed Instructional Strategies of the selected

basic mathematical concepts.
4. Administration of the Post-tests.
3.7.1. Administration of Pre Tests

Before starting the experiment, the investigator conducted pre
tests for both experimental and control groups. The Achievement test
- for the concept 'Decimals’, the Achievement test for the concept
'Avérage' and the Achievement test for the concept 'Negative numbers'

respectively were used as the pretests in standards V, VI and VIL

The investigator herself conducted the pre-tests for the two

groups. The scores obtained by the students in the experimental
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and control group has been collected and subjected to statistical

analysis.
3.7.2. Conventional Method of Teaching the Control Groups

Control groups have been taught by the Conventional
Methodof teaching mathematics. The control group students of
standard V was taught by Conventional Method of teaching the
-concept 'Decimals’. The investigator prepared the Teaching Manuals
for teaching the concept 'Decimals’. It is given as Appendix XIX and
its English version is given as Appendix XX. The investigator taught
the control group with the help of text book. It took eight periods
" each having 45 minutes duration to complete the teaching of the

concept.

In the VI'h standard, the basic mathematical concept '‘Average’
was taught to the control group by Conventional Method. The
Teaching Manuals for teaching the concept 'Average' prepared by the
investigator are given as Appendix XXI and its English version is
presented as Appendix XXII. The investigator taught the control
group by conventional method. Eight periods each having 45
minutes duration has been taken to complete the teaching of the

concept by this method. The investigator used text book for teaching

the control group.
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For standard VII, the control group was taught by the
Conventional Method of teaching mathematics. The investigator
taught the control group, the basic mathematical concept 'Negative
Numbers' by this method. Five periods each having 45 minutes
duration were taken to complete teaching of the concept. The
investigator preparevd Teaching Manuals for the concept 'Negative
Numbers'. It is given as Appendix XXIII and its English version is

given as Appendix XXIV.

3.7.3. Teaching the Experimental Group by the Newly Developed

Instructional Strategy

The experimental groups of the three standards V, VI and VII
were taught by the newly designed Instructional Strategies for the
selected mathematical concepts. The investigator taught the

experimental groups by the new strategy.

First the experimental group was divided into six or seven
different groups each having five or six students. Each group has
above average, average and below average students. This division of
students into different groups was based on the average marks
obtained in mathematics in the quarterly, half yearly and annual
examinations in the previous academic year. In each group an above
average student who has leadership quality, sociability, cooperative

mentality and better communication skills has been selected as the
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competent peer (CP). The different groups were arranged in the class

room as shown in Figure 3.1. (Page No. 78).

In standard V, 30 students of the experimental group has been
~divided in to six groups based on their average mark obtained in
mathematics in the quarterly, half yearly and annual examination in
the IVth standard. The Instructional Strategy for the concept
'Decimals' was applied to this group. Fourteen periods each has 45
| minutcs duration were taken for completing the Instructional

Strategy.

In standard VI, the 30 students of the experimental group has
been divided ir. to six groups based on their average mark obtained
in mathematics in the quarterly, half yearly and annual examination
in the Vtt standard. The experimental group was taught by the
newly designed Instructional Strategy for the concept 'Average’.
Fifteen periods each has 45 minutes duration were taken for

completing the Instructional Strategy.

In standard VII, the 35 students of the experimental group has
been divided in to 7 groups based on their average mark obtained in
' mathematics in the quarterly, half yearly and annual examination in
the VIth standard. The basic mathematical concept 'Negative

Numbers' was taught to the experimental group by the new
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Instructional  Strategy.  Fourteen periods cach has 45 minutes

duration were taken to complete the Instructional Strategy.

The response of students about the new Instructional Strategy

were also recorded, after completing the strategy.
3.7.4. Post Test Conducted

After completing the teaching of the Instructional Strategy for
the basic mathematical concept to the experimental groups and
teaching the control groups by conventional method, the same
Achievement tests were again administered to both groups in
.standa.rds V, VI and VII. The investigator herself conducted the post-
test to both groups. The scores obtained by the students in the
experimental and control groups in three standards were used for

statistical analysis.
3.8, STATISTICAL TECHNIQUES EMPLOYED IN THE STUDY

The secor.d objective of the present study was to validate the
effectiveness of the newly developed Instructional Strategy over the
Conventional Method of teaching. The pre test and post test scores of
the students in the experimental and control groups were subjected to

the following statistical techniques.
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3.8.1. Preliminary Analysis
In the preliminary analysis, the statistical constants such as
Arithmetic Mean, Median, Mode, Standard Deviation, Skewness and

Kurtosis were estimated. The following formulas were used to

estimate these statistical constants.

(a) Arithmetic Mean (A.M.)

AM, = 22
N
where, f = Frequency of each class.

x = Midpoint of each class.

N = Total number of measures.

(b) Median
Ho¥
Median = 1; + | 2 i
where, I = Lower limit of the median class
N = Total number of measures.
F = Cumulative frequency above median class.
fm = Frequency of median class

i = Length of the class interval.
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(c) Mode

Mode = 3 Median - 2 Mean

(d) Standard Deviation (S.D)

SD. = S = {E(X_-%)_z
N-1

where x = Mid point of the class
x = Arithmetic Mean

N = Total number of measures (Ferguson, G.A., 1976)

(e) Skewness

Skewness = 5(Mean éMedlan)

where S = Standard deviation (Garrett, 1981)

() Kurtosis

. m
Kurtosis = —‘21—3

m,
PRY
Where mgqg = ;S_X—X)__
N
v\
m, = 2(x—x)
N

x|

= Arithmetic Mean

N = Total number of measures
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3.8.2. Comparison of Means

The comparison of the Means of the pre test and post test
scores of the experimental and control groups were done by the
statistical techniques 'Effect Size' and "Test of Significance of

’

Difference between two Means
(a) Effect Size

Effect size is the name given to the family of indices that
measure the rnagnitude of a treatment effect. These indices are
independent of sample size. Effect size is measured by the

standardized difference between two means. (Cohen, 1988).
Effect Size = %

where, D = Difference between sample means.

S = Combined standard deviation

g [N +d)+N, (S, +d,)
N, +N,

where N1, N2 = Sizes of the two samples.
S1, S; = Standard deviations of the samples.
d: = M; - Combined mean
d2 = M2 — Combined mean

Mi, M2 = Means of the samples
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NM, +N,M,
N, + N,

Combined Mean =

(b) Test of Significance of Difference Between Two Means

The test of significance of difference between two means was

~ done by estimating the Critical Ratio.

where

Critical Ratio t =

D - Difference in sample means
Si, S; - Standard deviations of the two samples.

Ni, N2 — Sizes of the samples.

3.8.3. Gain Score Analysis

The gain score analysis, comparison of gain scores and

percentage analysis of gain scores were done for the collected data.

. (a) Gain Score Analysis

Ratio.

Critical Ratio =

The gain score analysis was done by estimating the Critical

Gain Score = Post test score — Pre test score

Mean Gain Score
Standard Error of Gain Scores
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. o " d-
Standard error of gain scores = \/é,_

N
where d = Gain score — Mean gain score

N = Number of measures
(b) Comparison of Gain Scores
The comparison of the gain scores of the sample was done by

estimating the Critical Ratio.

Critical Ratio t = M

Nl NZ
where, M, M2 = Mean gain scores of two samples.
S1, S2 = Standard deviations of the gain scores of two

samples.

Ni, N2 = Size of the two samples.
(c) Percentage Analysis of Gain Scores

The total gain scores of students in the experimental group
whose scores are less than and more than 40 percentage of the total
- scores in the pretest were compared by estimating the percentage of

increase over the base total.

Total Gain Score

Percentage of increase over the base total = x100
Total Pre test Score
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3.8.4 Analysis of Covariance

To validate the effectiveness of the Instructional Strategies,
single factor ANCOVA with one covariate .is used. Analysis of
Covariance is a statistical method used to 'control' or 'adjust for' the
effects of one or more uncontrolled variables associated with the
conduct of the experiment. It statistically removes the effects of
.extraneous variables from the dependent variable. In the present
study ANCOVA is used to remove the effects of the extraneous
variable i.e., the initial status of students, as measured by the pre

test.

The ANCOVA is used to remove the bias introduced by the
difference in the initial level of students in the experimental and
control groups and permit the unbiased comparison of the effects of

two methods of teaching.

In the application of the analysis of covariance, the influence of
the controlled variable, sometimes called the co-variate, is usually
removed by a simple linear regression method, and the residual
sums of squares are used to provide variance estimates which in
turn make tests of significance. (Ferguson, G.A., 1976). The

investigator manually done all the calculations involved in ANCOVA.
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ANALYSIS

The data resulting from any experiment are usually a collection
of observations or measurements. Simple direct inspection of the
data cannot ascertain valid conclusions about the experiment.
Statistical analysis provides valid inferences about the data and
helps the investigator to make accurate conclusions about the

~ experiment.

The second objective of the present study is to validate thce
effectiveness of the newly developed instructional strategies. The
three instructional strategies for the basic mathematical concepts
‘Decimals’ at Standard V, ‘Average’ at Standard VI and ‘Negative
Numbers’ at Standard VII were validated by experimental method.
The pre test and post test Achievement scores of the experimental
and control groups of three standards V, VI and VII were collected
and analyzed using the appropriate statistical techniques.

The analysis of the date has been done, classified and

presented as follows,

1. Preliminary Analysis
2. Comparison of Means
3. Comparison of Gain scores

4. Analysis of Covariance
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4.1 PRELIMINARY ANALYSIS

The important statistical constants of the variables in the
study were estimated. For experiment and control groups, the
statistical constants like Arithmetic Mean, Median, Mode, Standard
Deviation, Skew ness and Kurtosis have been estimated for standard

V, VI and VIL

The statistical constants of the scores of Achievement in the
basic mathematical concept ‘Decimals’ of the experimental and
control group in the pre test and post test of standard V are

presented in Table 4.1 and Table 4.2

TABLE 4.1

Statistical Constants of The Pre Test Scores of
Students in Experimental and Control Groups ( Standard V)

Statistical constants Experimental Control
estimated group group
Mean 10.37 8.7
Median 12.50 7.50
Mode 13.00 7.00
Standard deviation 5.09 5.29
Skew ness -0.36 0.05
Kurtosis -1.19 -0.57
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TABLE 4.2
Statistical Constants of the Post Test Scores
of Students in Experimental and Control Groups ( Standard V)

Statistical constants Experimental | Control group
estimated group

Mean 14.5 9.6
Median 16.50 9.00
Mode 17.00 . 7.00
Standard deviation 4.72 4.81
Skewness -0.97 0.30
Kurtosis 0.05 -0.55

For standard VI, the statistical constants of the scores of the
"Achievement test for the basic mathematical concept ‘Average’ have
been estimated in the pre test and post test of the experimental and
control groups. The values are shown in Table 4.3 and 4.4

respectively.

TABLE 4.3

Statistical Constants of The Pre Test Scores of
Students in the Experimental and Control Groups ( Standard VI)

Statistical constants estimated Exp;i)rz;ntal Control group
Mean 10.38 4.9
Median 10.00 4.00

Mode 10.00 3.00
Standard deviation 5.06 4.08

Skew ness -0.02 0.83 n
Kurtosis | -0.66 0.16
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Statistical Constants of the Post Test Scores of
Students in the Experimental and Control Groups ( Standard VI)

Statistical constants estimated Exp;i)rz;ntal Control group
Mean 15 5.23
Median 15.50 4.00
Mode 20.00 1.00
Standard deviation 4.11 5.19
Skew ness -0.59 1.23
Kurtosis -0.47 2.10

In standard VII, the statistical constants of the scores of thc

Achievement Tzst obtained in the pre

test and post

test of the

experimental and control groups have been estimated. The estimated

statistics are presented in Table 4.5 and Table 4.6 respectively.

TABLE 4.5

Statistical Constants of the Pre Test Scores of

Students in the Experimental and Control Groups (Standard VII)

Statistical constants estimated Exp;(i)rfll;ntal Control group
Mean 10.15 9.06
Median 9.00 9.00
Mode 6.00 10.00
Standard deviation 5.62 5.29
Skew ness 0.61 0.91
Kurtosis -0.21 0.61
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TABLE 4.6

Statistical Constants of the Post Test Scores of
Students in the Experimental and Control Groups (Standard VII)

Statistical coristants estimated EXP erimental Control group
group

Mean 15.18 9.79
Median 15.00 9.00
Mode 24.00 6.00
Standard deviation 6.40 5.27
Skew ness -0.18 0.58 N
Kurtosis -1.04 -0.12

The graphical representation (frequency polygon) of the pre test
and post test scores of the experimental and control group have been
drawn. The graphical representation of the scores of students in
standard V are given in Figure 4.1 and Figure 4.2. The graphical
representations of scores of students in standard VI are given in
Figure 4.3 and 4.4. The graphical representations of scores of

students in standard VII are given in Figure 4.5 and 4.6 respectively.
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4.2. COMPARISON OF MEANS

The comparison of the mean Achievement scores of the pre test
and post test of the experimental and control group has been done
by the statistical methods ‘Effect size’ and 'Test of Significance of

Difference between Means'.
4.2.1 Effect Size

Effect size is the name given to a family of indices that
measures the magnitude of a treatment effect. Effect size can be
measured as the standardized difference between two means. The
details of this method and its interpretation are presented in the

Methodology chapter of this report.

The analysis done by 'effect size' for standards V, VI and VII

have been worked out separately and describes as follows.

(i) Comparison of Mean Achievement Scores of Pre Test and

Post Test in Standard V

The mean Achievement scores obtained in the pre test and
post test of the experimental group were compared. The data and

" results are given in Table 4 .7.
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TABLE 4.7

Data and Results of Comparison of Means of the Pre Test
and Post Test Scores of the Experimental Group (Standard V)

Tests Number SD Combined | Combined | Effect
of students Mean ) Mean S.D Size
Pre test 30 10.37 | 5.09
12.47 5.33 0.78
Post test 30 14.5 4.72

The obtained value of effect size is 0.78. This means that thc
new Instructional Strategy for the concept ‘Decimals’ has improved

the performance of the students by 0.78 standard deviation units.

The means of Achievement scores obtained in the post test of

the experimental and control group were compared. The data and

results are presented in Table 4.8

TABLE 4.8

Data and Results of the
Comparison of Means of Achievement Scores in the
. Post Test of the Experimental and Control Group (Standard V)

Mumber Combined | Combined | Effect

G S.D ;
roups of students | Mean Mean S.D Size

Experimental 30 14.5 | 4.72

Group
12.05 5.36 0.92

Control group 30 9.6 |4.81
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The obtained value of effect size is 0.92. This indicates that the
- new Instructional Strategy has improved the performance of students
by 0.92 standard deviation units. 0.92 standard deviation distance in
the n-ormal curve will cover an area of 0.8212 (0.50+0.3212). That is
82.12 percentage of the total area. This means that an average

student in the experimental group had an Achievement greater than

that of 82.12 percentage of students in the control group.

(i)

Comparison of Achievement Score Means of Students in

standard VI.

The means of Achievement scores of students obtained in the
pre test and pcst test of the experimental and control groups were
compared. For experimental group, the Achievement scores of the pre
test and post test were compared using effect size. The data and

results are shown in Table 4.9.

TABLE 4.9

Data and Results of Comparison of Means of the
Pretest and FPosttest of the Experimental Group (Standard VI)

N amber Combined | Combined | Effect
Tests Mean S.D -
of students Mean S.D Size
Pre test 30 10.38 | 5.06
12.69 5.16 0.89
Post test 30 15.00 | 4.11
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The obtained value of effect size is 0.89, which indicates that

the new Instructional Strategy for the concept  ‘Average’ has
improved the performance of the students by 0.89 standard deviation

units.

The mearns of Achievement scores obtained in the post test of
the experimental and control group were compared. The data and

results of the ccmparison are presented in Table 4.10

TABLE 4.10

Data and Results of the Comparison of Means in the
Post Test of the Experimental and Control Group (Standard VI)

Number Combined | Combined | Effect
Groups Mean | S.D ,
of students Mean S.D Size
Experimental 30 15.00 | 4.11
Group
10.11 6.77 1.44
Control 30 523 | 5.19
group

The obtained value of effect size is 1.44, which indicates that
the new Instructional Strategy improved the performance of students
by 1.44 standard deviation units. 1.44 standard dcviation distance in
the normal curve will cover an area of 0.9251 (0.50+0.4251). That is
92.51 percentage of the total area. This means that an avcrage
student in the experimental group had an Achievement greater than

that of 92.51 percentage of students in the control group.
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(iii) Comparison of Means of Achievement Scores of Students

in Stanclard VII.

The means of Achievement scores obtained for the concept

‘Negative Numbers’ in the pre test and post test of students in the

experimental and control group were compared.

The mean Achievement scores of students in the experimental

group obtained in the pre test and post test has been compared by

effect size. The data and the results are given in Table 4.11

TABLE 4.11

Data and Results of Comparison of Means of the

Pretest and Posttest of the Experimental Group (Standard VII)

Number Combined | Combined | Effect
Tests Mean S.D .
of students Mean S.D Size
Pre test 35 10.15 | 5.62
12.67 6.53 0.78
Post test 35 15.18 | 6.40

The obtained value of effect size is 0.78. This means that the

new Instructional Strategy for the concept ‘Negative Numbers’ has

improved the performance of the students by 0.78 standard deviation

- units.
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The means of Achievement scores obtained in the post test of
the experimental and control group were also compared. The data

and results are shown in Table 4.12

TABLE 4.12

Data and Results of the
Comparison of Means in the Post
Test of the Experimental and Control Group (Standard VII)

Number Combined | Combined | Effect
Groups of Mean | S.D i
Mean S.D Size
students
gxperlmental 35 15.18 | 6.40
roup
12.49 6.45 0.84
Control 35 9.79 | 5.27
group

The obtained value of effect size is 0.84. This indicates that the
new Instructional Strategy improved the performance of students by
0.84 standard deviation units. 0.84 standard deviation distance in
the normal curve will cover an area of 0.7995 (0.50+0.2995). That is
79.95 percentage of the total area. This means that an average
student in the experimental group had an Achievement greater than

"that of 79.95 percentage of students in the control group.
4.2.2. Test of Significance of Difference between Means

The significant difference in the pre test and post test mecan

Achievement scores of students in the experimental and control
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groups were compared by the Test of Significance of Difference
between Means. In standards V, VI, and VII the mean pre test and
post test Achievement scores of both experimental and control

groups were compared. The details are given as follows.

(i) Test of Significance of Difference between Mean Scores of

Students in Standard V

The pretest means of Achievement of students in the
experimental and control groups were compared by the test of
significance of difference between means. The data and results are

presented in Table 4.13.

TABLE 4.13

Test of Significance of
Difference between the Mean Achievement Scores
of Pre Test in the Experimental and Control Groups (Standard V)

Numb
Groups er Mean | S.D t-value 'Le.vel of
of students Significance
| gxPenmental 30 10.37 | 5.09
roup
1.34 Not
) Significant
Control group 30 8.7 |5.29

The tabled value of 't' for df 58 at 0.05 level of significance is
2.00. The calculated value of 't' is not significant at 0.05 level of
significance. Therefore there is no significant difference between the

pre test means of the experimental and control group of standard V.
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This indicates that the pre experimental status of the two groups are
almost similar as measured by the pre-test. But the difference in the

means shows that the two groups are not equivalent.

The post test mean scores of students in the expcrimental and
control groups were compared by test of significance of difference

between means. The data and result are given Table 4.14.

TABLE 4.14

Test of Significance of
Difference between the Mean Achievement Scores
of Post Test in the Experimental and Control Groups (Standard V)

Numb
Groups “ Mean S.D t-value | .. Leyel of
of students Significance
Experimental 30 14.5 | 4.72
Group
3.99 0.01
Control 30 9.6 | 4.81
group

From the 't' table, the value of 't' at 0.01 level of significance for
df 58 is 2.65. Therefore the calculated value of 't' is significant at
0.01 level of significance. There is significant difference between the
post test mean scores of students in the experimental and control
groups. The higher value of mean Achievement score of the
experimental group indicates the better performance of students in
the experimental group. This is due to the treatment (teaching the

concept 'Decimals’ by the new Instructional Strategy) given to the
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~ experimental group. The control group was taught by Conventional

Method of teaching.

(ii)  Test of Significance of Difference between Mean Scores

of Students in Standard VI.

The pre test mean Achievement scores of students in the
experimental and control groups were compared by test of
significance of difference between means. The data and results are

presented in Table 4.15.

TABLE 4.15

Data and Result of
Comparison of Mean Achievement Scores of
Pre Test in the Experimental and Control Groups (Standard VI)

Number Level of
Groups of students | Mean S.D t-value Significance
Experimental 30 10.38 5.06
Group
4.31 0.01
Control 30 4.9 4.08
group

Tabled value of 't' for df 58 at 0.01 level of significance is 2.66.
The calculated value of 't' is significant at 0.01 level of significance.
There is significant difference between the pre test mean
Achievement scores of students in the experimental and control
groups. The pre experimental status of two groups differ significantly

~and are non-equivalent.
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The post test mean Achievement scores of the experimental

and control groups were also compared by test of significance of
diffcrence between means. The data and result are presented in

Table 4.16

TABLE 4.16

Test of Significance of
Difference between Mean Post Test Scores of
the Experimental and Control Groups (Standard VI)

Number Level of
G S.D | t-valu T
roups of students | Mean V&€ | significance
Experimental 30 15 411
Group
8.07 0.01
Control group 30 5.23 5.19

From the table of 't' values for df 58 at 0.01 level of
significance, t = 2.66. The estimated value of 't' is significant at 0.01
level of significance. There is significant difference between the post
test mean Achievement scores of the experimental and control
groups. The high post test mean value of the experimental group
shows that they have better Achievement in the concept 'Average’
than the control group. This difference may be due to the effect of the
Instructional Strategy for teaching the concept 'Average' to the
experimental group. The control group was taught by Conventional

Method of teaching.
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(iii Test of Significance of Difference between Mean

Achievement Scores of Students in Standard VII

The pre test mean Achievement scores of students in the

experimental and control groups were compared by test of
significance of difference between means. The data and results arc

shown in Table 4.17.

TABLE 4.17

Test of Significance of
Difference between Mean Pre test Scores of
Experimental and Control Groups (Standard VII)

Number Level of

Groups of students | Mean S.D t-value Significance
Experimental 35 10.15 | 5.62

Group
Not
0.84 ..

significant

.| Control group 35 9.06 5.29

From the 't' table, for df 68 at 0.05 level of significance,
t =2.00. The calculated 't' value is not significant at 0.05 level of
| signiﬁcance. There is no significant difference between the pre test
mean scores of the experimental and control groups ie., there is no
significant difference between the pre-experimental status of the two
groups. But the difference in the mean values indicates the two

groups are non-equivalent.
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The post test mean scores of the experimental and control
groups were also compared by test of significance of difference

between means. The data and result are presented in Table 4.18.

Table 4.18

Test of Significant of
Difference between Mean Post - Test Scores
of the Experimental and Control Groups (Standard VII)

Number Level of
Groups of students Mean S.D t-value Significance
Experimental 35 15.18 6.40
Group ’ )
3.35 0.01
Control group 35 9.79 5.27

The tabled value of 't' for df 68 at 0.01 level of significance is
2.65. The calculated 't' value is significant at 0.01 level. Therc is
significant difference between the mean post test scores of students
" in the experimental and control groups. The high mean score of the
experimental group shows the higher Achievement in the concept
'Negative number' of the experimental group. This may be due to the
effect of the Instructional Strategy used for teaching the experimental

group. The control group was taught by the Conventional Method of

teaching.
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4.3 GAIN SCORE ANALYSIS

The difference between the post test score and the pre test
score is termed as gain score. In the Gain Score Analysis, the gain
score comparison of the experimental group alone, the comparison of
the mean gain scores of the experimental and control groups and
percentage analysis of the gain scores of the experimental group were
done. The detailed standard wise gain score analysis and comparison
of mean gain scores of the experimental and control groups are given

as follows.
4.3.1 Gain Score Analysis of Standard V

The gain score analysis of the experimental group has been

done. The data and results are shown in Table 4.19

TABLE 4.19

Data and Results of Gain Score
Analysis of Experimental Group (Standard V)

e Mean | gtandard Sl Level of
Group of gain o Ratio Siasin
Students | score o (t-value) ABEESRERee
Experimental -
30 4.2 3.27 1.28 Not significant
Group

The obtained value of ‘t’ is 1.28 which is less than the tabled
value of t’ at (.05 level of significance. Therefore the gain score of

students in the experimental group is not significant.
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The mean gain score of the experimental and control groups
has been compared. The data and results of comparison are given in

Table 4.20

TABLE 4.20

Data and Results of Comparison of Mean Gain
Scores of Experimental and Control Group (Standard V)

Number Mean S.D of Critical
! ; Level of
Groups of Gain Gain Ratio Significance
Students | geore | Scores | (t - value) Ve h
et 30 42 | 327
roup
4.23 0.01
g‘m“"‘ 30 09 | 275
roup

The obtained value of critical ratio is 4.23.1t is greater than the
table value of ‘¢’ at 0.01 level of significancc. That is there is
significant  difference between the mean gain scores of the
experimental and control groups. The experimental group taught by
the Instructional Strategy for the concept ‘Decimals’ gained more
academic ability than the students in the control group taught by the

Conventional Method of teaching.

4.3.2 Gain Score Analysis of Standard VI

The Gain Score analysis of the Achievement scores obtained by

students in the experimental group of standard VI has been done.
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The data and results of the gain score analysis of the

experimental group are shown in Table 4.21.

TABLE 4.21

Data and Results of Gain Score
Analysis of Experimental Group ( Standard VI)

Number Me:fm Standard Cntlf:al Level of
Group of Gain Error Ratio Significance
Students | Score (t-value)
Experimental 30 463 | 3.26 1.42 | Not significant
Group

The obtained value

of t’ is 1.42 which is less than the tablc

value of ¢’ at 0.05 level of significance. Therefore the gain score

performance of students in the experimental group is not signilicant.

The comparison of the mean gain scores of the students in the

experimental and control groups have been worked out. The data

and results of comparison are given in Table 4.22.

Data and Results of Comparison of Mean

TABLE 4.22

Gain Scores of Experimental and Control Group (Standard VI)

Level of

Significance

Number | Mean | S.D of Critical
Groups of Gain Gain Ratio
Students | Score | Scores (t-value)
Experimental
30 4.63 3.24
Group
_ 5.15
Control
30 0.47 3.03
Group

0.01
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The estimated value of critical ratio is 5.15. It is greater than

the table value of ‘t’ at 0.01 level of significance. That is there exists
 significant difference in the mean gain scores of the experimental
and control groups. The experimental groups has high mean gain
score The experimental group taught by the new Instructional
Strategy for the concept ‘Average’ have high gain scores than the
control group which was taught by the Conventional Method of

teaching.
4.3.3 Gain Score Analysis of Standard VII

The gain score analysis of the experimental group and
comparison of mean gain scores of students in the experimental and
control groups were worked out. The data and results are presented

~ in Table 4.23 and 4.24 respectively.

TABLE 4.23

Data and Results of Gain Score
Analysis of Experimental Group (Standard VII)

G e woan | standard C;tlcal Level of
roup ain atio L
Students | Score Error (t-value) Significance
Experimental 35 407 070 83 | th
Group significant
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The calculated value of ¢’ is 1.83 which is less than the table
value of ‘¢’ at 0.05 level of significance. Therefore the gain score

performance of students in the experimental group is not significant.

TABLE 4.24

Data and Results of
Comparison of Mean Gain Scores of
Experimental and Control Group (Standard VII)

Number | Mean | S.D of | Critical Level of
Groups of Gain Gain Ratio o
Students | Score | Scores (t-value) Significance

Experimental
35 4.97 2.71
Group
6.62 0.01
Control
35 0.66 2.75
Group

The obtained value of critical ratio is 6.62, which is greater
than the table value of t’ at 0.01 level of significance. That is there
‘exist_s significant difference in the mean gain scores of the
experimental and control groups. The high mean gain scores of the
experimental group is due to the teaching of the concept ‘Negative
Numbers’ by the newly developed Instructional Strategy. The control

group was taught by the Conventional Method of teaching.

The percentage analysis of the gain scores were worked out in
three standards V, VI, VII. The students in the experimental group

were divided into two categories ie., Low Achievers and High
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Achievers, based on the scores obtained in the pre test. Those
students have got less than 40 percentage of the total score in the
pre test were taken as the Low Achiever's group. The students who
have got more than 40 percentage of the total score in the pre test
‘were included in the High Achiever's group The comparison of these

two groups were done. The details are given as follows.

4.3.4 Comparison of total gain scores of students in the
experimental group whose scores are less than and more

than 40 percentage of the total scores in the pre test.

The total gain scores of students in the experimental group
whose scores are less than and more than 40 percentage of the total
scores in the pre test were compared. In standard V the total score in
the pre test was 20. Therefore total gain scores of students having
scores less than 8 (40 percentage of 20) and more than 8 were

compared. The data and results are presented in Table 4.25.
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TABLE 4.25

Data and Results of
Commparison of Scores Less than and More
than 8 in the Pre Test of the Experimental Group (Standard V)

Number Total Total PCI_'CCntagC
Total Score ) of increase
Groups of Score Gain
students | (Pre test) (Post test) Score over base
' total (%)
Scores less
than 8 12 56 122 66 117.86
Scores more 18 555 309 54 118
than 8

The total gain scores of students whose scores are less than 8
in the pretest is 66. This group has increased the total score from 56
to 122. There is 117.86 percentage increase over the base total (pre
test total) where as students whose scores are more than 8 in the pre
test marked an increase of 54 from the base total 255 to the post test
total 309. The increase over the base total (pre test total) is only
21.18 percentage. The treatment (teaching the concept 'decimals’
through the Instructional Strategy) has helped the Low Achicvers
(below 8 group) significantly at a higher level (more than 5 times
higher in percentage increase) than it helped the High Achievers. The

treatment is highly recommended for Low Achievers in standard V.

In standard VI the total score of the pre test was 20. Therefore

total gain scores of students whose pre test scores are less than
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8 (40 percentage of 20) and more than 8 were compared. The data

and results are presented in Table 4.26.

TABLE 4.26

Data and Results of
Comparison of Scores Less than and More
than 8 in the Pre Test of the Experimental Group (Standard VI)

Number Total Total Percentage
Total Score . of increase
Groups of Score Gain
(Pre test) (Post test) Score over base
students total (%)
Scores less 11 55 131 76 138.18
than 8
Scores more 19 256 314 58 22.66
than 8

The total gain score of students whose scores are less than 8 in
the pre test is 76. This group has increased the total score from 55 to
131. There is 138.18 percentage increase over the base total, where
as the other group with students scored more than 8 in the pre test

| marked an increase of 58 from the base total 256 to the post test
total of 314. The increase over the base total (pre test total) is only
22.66 percentage. The treatment (teaching the concept 'Average' by
the new Instructional Strategy) has helped the Low Achievers (below
8 group) significantly at a higher level than it helped the High
Achievers. The treatment is highly recommended for Low Achievers

in standard VI.
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The total score in the pretest of standard VII was 25. Therefore
the total gain scores of students whose pre test scores are less than
10 (40 percentage of 25) and more than 10 were compared. The data

and results are given in Table 4.27.

TABLE 4.27

Data and Results Comparison
of Scores Less than and More than 10 in the
Pre Test of the Experimental Group (Standard VII)

Percentage
Number Total Total Score | Lotal of increase
Groups f student Score (Post test) Gain over base
of students
(Pre test) Score total (%)
Scores less 19 114 198 84 73.68
than 10 o
Scores more
than 10 16 238 328 30 37.82

The total gain score for the group whose members got scores
'below 10 in the pre test is 84. This group has increased the total
score from 114 to 198. There is 73.68 percentage increase over the
base total, where as the other group with students scored morc than
10 in the pretes: marked an increase of 90 from the base total 238 to
the post test total of 328. The increase over the base total is 37.82
percentage. The treatment (teaching the concept 'Negative numbers'
using the new Instructional Strategy has helped the Low Achievers

(below 10 group) significantly at a higher level than it helped the
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Higher Achievers. The treatment is highly recommended for Low

Achievers of standard VII.
Genuineness of the Difference in Performance

The comparison of Achievement score means and gain score
analysis of the experimental and control group in the three
-standards revealed that there is significant difference in the
performance of students between two groups. The post test
performance of students in the experimental groups are much better
than that of control groups. This is due to thé effect of the

Instructional Strategies used for the teaching of experimental groups.

The two groups selected for the experimentation were non
equivalent intact groups, so the better performance of the
experimental group cannot be attributed to the application of the
new Instructional Strategies. In this context, it- became necessary to
analyze the data using the statistical techniques Analysis of
Covariance (ANCOVA) in which the difference in the initial status of
students in two groups can be removed statistically so that valid

comparison of the post test scores is possible.
4.4 ANALYSIS OF COVARIANCE

To determine the effectiveness of the Instructional Strategies

developed for the selected mathematical concepts, the pre test and
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post test Achievement scores of the experimental and control groups
~have been subjected to the statistical techniques of Analysis of
Covariance. For the single factor ANCOVA, the two levels of method
of teaching (teaching by Instructional Strategy and Conventional
Method of teaching) as independent variables were incorporated with
one covariate namely pre-experimental status of the two groups
measured in terms of a pre test. The post test Achievement scorcs

were considered as the dependent variable.

The data were subjected to Analysis of Covariance if it should
satisfy the major assumptions suggested by Winer (1977) and
Ferguson (1996). The following are the assumptions to be satisfied by

the data.

L The dependent variable which is under measurement should

be normally distributed.

2. The treatment groups should be selected at random from the

same population.

3. Within group variances should be approximately equal.

4. The contributions of variances in the total samples should bc
additive.

5. The regression of the final scores (Y) on the initial scores (X)

should be basically the same in all groups.

6. There should exist linear relationship between X’ and Y’.



Analysis 147

It was examined that the data obtained from the standards V,

VI and VII satisfied the assumptions. The details are given as follows.

1. The dependent variables in the experiment conducted in thrce
standards were found to be normal. The graphical

representations are given in Fig. 4.7, 4.8 and 4.9 respectively.
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In all the three standards the treatment groups were selected

at random from the same population.

The within group variances are found to be approximately

equal.

The variances are shown in Table 4.28.

TABLE 4.28

Within Group Variances of
“X’ and ‘Y’ Scores of Standard V, VI and VII

Standards Vx Vy
\Y% 27.92 24.11
VI 21.10 22.68
VII 29.56 34.05

The contribution of variances in the total sample is found to be

additive in all the three standards.

The homogeneity of the regression coefficients of the
experimental and control groups were tested by the test of
homogeneity of regression coefficients. It was found that there
is no significant difference between the regression coefficients
in the three standards V, VI, and VII. That is the regression of
the post test scores (Y) on the pre test score (X) is basically the
same in the experimental and control groups of the three

standards V, VI and VII.
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To test whether there exists lincar relationship between X’ and
Y’, the scatter diagram was plotted between the covariate (X)
and the dependent variable (Y) (Pre test and Post test scores) of
experimental and control groups of standards V, VI and VII by
taking the pre test scores and post test scores of experimental
and control group. The scatter diagrams are given in
Figures,4.10, 4.11 and 4.12. The scatter diagrams of standard
V is given in Fig. 4.10. The scatter diagrams of standard VI is
shown in Fig. 4.11 and Fig. 4.12 represents scatter diagrams
plotted for scores in standard VII. The scatter diagrams shows
that there exists linear relationship between the covariate (X)

and the dependent variable (Y).
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The summary of Analysis of Covariance for Standards V, VI

and VII are separately described under the heads

1. Analysis of Covariance of scores obtained from Standard V
2. Analysis of Covariance of scores obtained from Standard VI
3. Analysis of Covariance of scores obtained from Standard VII

4.4.1 Analysis of Covariance of the Scores obtained from

Standard V

The suminary of Analysis of Variance of X’ (pre test scores)

and Y’(post test scores) taken separately is given in Table 4.29.

TABLE 4.29

Summary of ANOVA of ‘X’

(Pre Test), ‘Y’ (Post Test) Scores of Students
in the Experimental and Control Groups, Taken Separately

s ; SSx SSy
ource o df SSx SSy | MSx = ----- MSy = -----
Variation df df
Among group 1 41.67 | 340.82 41.67 340.82
Means
Within 58 |1619.27|1398.17| 27.92 24.11
groups
Total 59 | 1660.94 | 1738.99
41.67
Fx = --ccoe- 1.492
27.92
340.82
FY = - = 14.136
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From the table of F - ratios, for df 1/58

F at 0.05 level 4.00

F at 0.01 level 7.08

The obtained value of Fx is 1.492 which is less than the table
value of F even at 0.05 level of significance. That is Fx is not
significant at 0.05 level. This indicates that the ‘X’ means do not
. differ significantly and that the random assignment of the
experimental and control groups were quite successful. The obtained
value of ‘Fy’ is 14.136. This is greater than the table value of F’ at
0.01 level of significance. Therefore ‘Fy’ is significant. This shows that

there is significant difference between the Y means of the two groups.

The final scores (Y) were corrected for the difference in initial
scores (X). For this the SSy had been adjusted for any variability in Y’
contributed by X’. The adjusted sum of squares have been computed

by the general formula

The adjusted sum of squares of among group means, within
groups and total were estimated. The variances (MSyx) of among
group means and within groups were also computed. Then the ‘F’

ratio was calculated. The summary of Analysis of Covariance of the
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pre test and post test scores of students in experimental and control

groups are given in Table 4.30.

TABLE 4.30

Summary of ANCOVA of ‘X’

(Pre Test) and ‘Y’ (Post Test) Scores of Students in
Experimental and Control Groups, Taken Separately.

From the table of ‘F’ ratios, for df 1/57

‘F’ at 0.05 level

‘T’ at 0.01 level

The estimated value of

4.00

7.08

Source of
| S| Df SSx SSy SSxv | SSw M Syx SD, = (VS
Among
group 1 41.67 340.82 119.17 | 181.28 | 181.28
means
Within | o7 | 161907 | 1398.17 | 1210.37 | 493.44 | 8.66 2.94
groups
Total |58 | 1660.94 | 1738.89 | 1329.53 | 674.73
181.28
=22 220.94
X 8.66

Fyx is 20.94, is grcatcer than the table

value of ‘F’ at 0.01 level of significance (df 1/57). Therefore Fyx is

highly significant. The significant Fyx ratio shows that the means of

~.the post test scores of students in the experimental and control

groups differ sigaificantly after they have been adjusted for difference

in pre test scores.
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The regression cocfficients for total, among means and within

groups were computed by the formula :

(Garret, H. E., 1979)

The ‘bwithin’ 1S an unbiased estimate of the regression of Y on X.
It is used in the computation of the adjusted Y means. The results

are presented in Table 4.31.

TABLE 4.31

Regression Coefficients for
Total, Among Means and Within Groups

Regression coefficients Value
brotal 0.80
bamor g means 2.86
buwithia groups 0.75

(i) Comparison of Adjusted Y means

The adjusted means of the post test (Y) scores of students in
the experimental and control groups were computed and the
difference between the adjusted Y means were tested for

significance. The data for adjusted means are given in Table 4.32.
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TABLE 4.32

Data for Adjusted
Means of Post Test Scores of Students in
Experimental and Control Groups, Taken Separately

Myx

Groups N Mx My (Adjusted Y

means)
Experimental | 10.37 14.50 13.87
group
Control 30 8.70 9.60 10.27
group
General means 9.53 12.05 12.05

Significance of difference among adjusted Y means
= SD,, =/8.66 =2.94
Sep between adjusted means = 0.76
-Difference between adjusted Y means = 3.6
difference in Y means 3.6
t = e = eeemee- =474
SED 0.76
From the ‘t’ table, df 58
‘t’ at 0.05 level = 2.00

‘t’at 0.01 level = 2.66

The estimated value of ‘¢’ is 4.74 which is greater than the
table value of ‘t’ at 0.01 level of significance. Therefore it is significant
at 0.01 level of significance. There is significant difference between

the adjusted Y means. This indicates that the students of
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experimental and control groups differ significantly in the
Achievement in the post test. Since the adjusted mean of post test
- scores of students in the experimental group is greater than that of
control group, the experimental group is superior to the control
group in terms of the Achievement in the mathematical concept
‘Decimals’ in the post test. It can there fore be concluded that the
students taught by the Instructional Strategy for the concept

‘Decimals’ have achieved more than the control group.
(iij Homogenceity of regression coefficients

The homogeneity of regression coefficients of the experimental
and control groups were tested. The computation for test of
homogeneity of regression coefficient of experimental and control

group are shown in Table 4.33.

TABLE 4.33

Computation for Test of
Homogeneity of Regression Coefficients (Standard V)

Groups Sum of squares Sum of A;ijusted Sl,;m
Product of squares for
y X X
g’r‘opﬁgmemal 672.97 776.97 539.97 297.71
Control
Group 725.20 842.30 670.40 191.62
Total 1398.17 1619.27 1210.37 | A=489.33
l
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B = 493.44

B-A= 4.11

F = 47
8.74

The calculated value of 'F' is not significant at 0.01 level of
significance (df 1, 56). There exists no significant difference between
the regression coefficients. That is the regression coefficients are

- homogeneous.

4.4.2. Analysis of Covariance of Scores obtained from

Standard VI

The summary of Analysis of Variance of X’ (pre test scores)

and ‘Y’(post test scores) taken separately is given in table 4.34.

TABLE 4.34

Summary of ANOVA of ‘X’
(Pre Test), ‘Y’ (Post Test) Scores of Students in the
Experimental and Control Groups, Taken Separately (Standard VI)

SS SS,
Source of MS, ==X | MS, ==Y
Variation df SSx SSy df df
Among
group 1 448.27 | 1297.35 448.27 1297.35
Means
Within 58 |1223.67(1315.63| 21.10 22.68
groups .
Total 50 |1671.94|2612.98
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448.27
D - 2125
21.10
1297.35
Fy = —eceeeee = 57.20
22.68

From the table of F - ratios, for df 1/58

F at 0.05 level

4.00

F at 0.01 level 7.08

The obtained value of Fx is 21.25 which is greater than the
table value of F at 0.01 level of significance. That is Fx is significant
at 0.01 level. This indicates that the X’ means differ significantly and
that the random assignment of the experimental and control groups
was not successful. The obtained value of Fy’ is 57.20. This is
greater than the table value of ‘F’ at 0.01 level of significance.
Therefore ‘Fy’ is significant. This shows that there is significant

difference between the Y means of the two groups.

The final (Y) scores were corrected for the difference in initial
(X) scores. For this the SSy had been adjusted for any variability in
Y’ contributed by X’. The adjusted sum of squares of among group
means, within groups and total were calculated. The variances
- (MSyx) of among group means and within groups were also

computed. Thea the ‘F’ ratio was calculated. The summary of
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Analysis of Covariance of the pre test and post test scores of

students in experimental and control groups are given in Table 4.35.

TABLE 4.35

Summary of ANCOVA of ‘X’
(Pre Test) and ‘Y’ (Post Test) Scores of Students in
Experimental and Control Groups, Taken Separately(Standard VI)

YX

Source of .
Variation Df SSx SSy SSxy SSyx MSyx | SDy, = yMS
Among group 1 448.27 | 1297.35 | 762.60 | 273.52 | 273.52
means
Within groups 57 11223.67 | 1315.63 | 964.43 | 555.51| 9.75 3.12
Total 58 | 1671.94 | 2612.98 | 1727.03 { 829.03
273.52
Fyx = ---mmeeme = 28.05
9.75

From the table of ‘F’ ratios, for df 1/57

The estimated value of

‘F” at 0.05 level

‘F’ at 0.01 level

4.00

7.08

Fyx is 28.05, is greater than the table

value of ‘F’ at 0.01 level of significance (df 1/57). Therefore Fyx is

highly significart. This shows that the means of the post test scores

of students in the experimental and control groups differ significantly

after they have been adjusted for difference in pre test scores.

The regression coefficients for total, among means and within

groups were computed by the formula :
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(Garrett, H. E., 1979)

The ‘Dwimia’ is an unbiased estimate of the regression of Y on X.
It is used in the computation of the adjusted Y means. The

regression coefficients are presented in Table 4.36.

TABLE 4.36

Regression Coefficients for
Total, Among Means and Within Groups

Regression coefficients Value
btow:al 1.03
Darmong means '1.70
bwithin groups 0.79

(i) Comparison of Adjusted Y means

The adjusted means of the post test (Y) scores of the students
in the experimental and control groups were computed and the
difference between the adjusted Y means were tested for
significance. The data of adjusted means of post test scores are given

in Table 4.37.
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TABLE 4.37

Data for Adjusted Means of
Post Test Scores of Students in Experimental
and Control Groups, Taken Separately (Standard VI)

Groups N Mx My MY\)(( iﬁ:gl:]i;Cd
Experimental | 4 10.38 | 15.00 12.84
group
Control 30 4.90 5.23 7.39
group
General means 7.64 10.12 10.12

Significance of difference among adjusted Y means
= SDyyx =v9.75=3.12

312

J30

SE .y =0.57

Sep between adjusted means = 0.81
Difference between adjusted Y means = 5.45
difference in Y means 5.45
t = e = oo = 6.77
SED 0.81
From the ‘t’ table, df 58
‘t’ at 0.05 level = 2.00

‘t’at 0.01 level = 2.66

The estimated value of ‘¢’ is 6.77 which is greater than the
table value of ¢’ at 0.01 level of significance. Therefore it is significant

at 0.01 level. There is significant difference between the adjusted Y
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means. This indicates that the students of experimental and control
groups differ significantly in the Achievement in the post test. Since
the adjusted mean of post test scores of students in the experimental
group is greater than that of control group, the experimental group is
superior to the control group in terms of the Achievement in the
mathematical concept ‘Average’ in the post test. It can therefore be
concluded that the students taught by the Instructional Strategy for

the concept ‘Average’ have achieved more than the control group.
(ii) Homogeneity of regression coefficients

The homogeneity of regression coefficients of the experimental
and control groups were tested. The computation for test of
homogeneity of regression coefficient of experimental and control

group are shown in Table 4.38.

TABLE 4.38

Computation for Test of
Homogeneity of Regression Coefficients (Standard VI)

Sum of s Adjusted
Groups m of squar Sum of sum of
v x Product squa;(es for

Experimental Group 532.17 | 722.97 | 456.83 243.51

Control Group 783.47 | 500.70 | 507.60 268.87

Total 1315.64 | 1223.67 | 964.43 | A=512.38
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B = 555.53

B-A= 43.15

F = @ = 4.7
9.15

The obtained F ratio is not significant at 0.01 level of
significance (df' 1,56). There exist no significant difference between
the regression coefficients. That is the regression coefficients are

homogeneous.

4.4.3. Analysis of Covariance of Scores obtained from

Standard VII

The summary of Analysis of Variance of X’ (pre test scores)

and Y’(post test scores) taken separately is given in Table 4.39.

TABLE 4.39

Summary of ANOVA
of ‘X’ (Pre Test), ‘Y’ (Post Test)
Scores of Students in the Experimental
and Control Groups Taken Separately (Standard VII)

S f SSX SSY

Ou.I‘C(.? 0 df SSx SSy MSx = ---- | MSy= ----
Variation | df df
Among grou

&8 P 1 17.50 494 23 17.50 494 .23

Means
With in 68 | 2000.77|2318.11| 29.56 34.09
groups
Total 69 | 2027.27|2812.34
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17.50

FX = -omeeee = 0.59
29.56
494.23

Fy = --omee = 14.50
34.09

From the table of F - ratios , for df 1 /68

F at 0.05 level

3.98

F at 0.01 level

7.01

The obtained value of Fx is 0.59 which is less than the table
value of F even at 0.05 level of significance (df 1/ 68). That is Fx is not
significant at 0.05 level. This means that the X’ means do not differ

significantly and that the random assignment of the experimental
and -control groups were quite successful. The obtained value of ‘Fy’
is 14.50. This is greater than the table value of ‘F’ at 0.01 level of
significance(df /68). Therefore ‘Fy’ is significant. This shows that

there is significent difference between the Y means of the two groups.

The final (Y) scores were corrected for the difference in initial
(X) scores. For this the SSy had been adjusted for any variability in
Y’ contributed by X’. The adjusted sum of squares have been

computed by the general formula
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The adjusted sum of squares of among group means, within

groups and total were estimated. The variances (MSvx) of among

group means and within groups were also computed. Then the F’

ratio was calculated. The summary of Analysis of Covariance of the

pre test and post test scores of students in experimental and control

groups are given in Table 4.40.

TABLE 4.40

Summary of ANCOVA
of ‘X’ (Pre Test) and ‘Y’ Post Test
Scores of Students in Experimental and

Control Groups, Taken Separately (Standard VII).

SDyy = MS,y

varintion” SSx | SSv | SSw | SSx | MSw
Among
group 17.50 494.23 93.00 330.88 | 330.88
means
Within 2009.77 | 2318.11 | 1903.51 | 515.24 | 7.69 2.77
groups
Total 2027.27 | 2812.34 | 1996.51 | 846.12
330.88
Fyx = = =-mmomem- =43.03
7.69
From the table of ‘F’ ratios, for df 1/67
‘F’ at 0.05 level = 3.98
= 7.01

‘F at 0.01 level
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The estimated value of Fyx is 43.03. This is greater than the

table value of ‘F” at 0.01 level of significance (df 1/67). Therefore Fyx
is highly significant. The significant Fyx ratio shows that the means of
the post test scores of students in the éxperimental and control

groups differ significantly after they have been adjusted for difference

- in pre test scores.

The regression coefficients for total, among means and within

groups were computed by the formula :

(Garret, H. E., 1979)

The ‘Dwimin’ is an unbiased estimate of the regression of Y on X.
It is used in the computation of the adjusted Y means. The

regression coefficients are shown in Table 4.41.

TABLE 4.41

Regression Coefficients for Total,
Among Means and Within Groups (Standard VII)

Regression coefficients | Value

btotal 0.98

bamong means 5.31
0.95

bwithin groups
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(i) Comparison of Adjusted Y means

The adjusted means of the post test (Y) scores of students in
the experimental control groups were computed and the difference
between the adjusted Y means were tested for significance. The data

of adjusted means are given in Table 4.42.

TABLE 4.42

Data for Adjusted means of
Post Test Scores of Students in Experimental
and Control Groups, Taken Separately (Standard VII)

Groups N Mx My M?ﬁ:ﬁ sst)ed
Experimental group 35 10.15 15.18 14.56
Control group 35 9.06 9.79 10.18
General means 9.61 12.48 12.48

Significance of difference among adjusted Y means

= SD,, =/7.69 =2.77

SE,, =227 ~0.47

J35
Sep between adjusted means = 0.66

Difference between adjusted Y means = 4.38

difference in Y means 4.38

,_,
"
i
1
o
(o)}
H
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From the ‘t’ table, df 68
‘t’at 0.05 level = 2.00

‘t’at 0.01 level = 2.65

The calculated value of ‘t’ is 6.64 which is greater than the
table value of ‘t’ at 0.01 level of significance. Therefore it is significant
.at 0.01 level of signiﬁcance. There is significant difference between
the adjusted Y means. This indicates that the students of
experimental and control groups differ significantly in the
Achievement in the post test. Since the adjusted mean of post test
" scores of students in the experimental group is greater than that of
confrol group, the experimental group is superior to the control
group in terms of the Achievement in the mathematical concept
‘Negative Numbers’ in the post test. It can therefore be concluded
that the students taught by the Instructional Strategy for the concept

‘Negative Numbers’ have achieved more than the control group.
(iii Homogeneity of regression coefficients.

The homogeneity of regression coefficients of the experimental
and control groups were tested. The computation for test of
homogeneity of regression coefficient of experimental and control

group are shown in Table 4.43.
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TABLE 4.43
Computation for Test of
Homogeneity of Regression Coefficients (Standard VII)
Groups Sum of squares Sum of Asdgl;st;)efd
Y X Product squares for X
Experimental
1366.97 1047.89 1078.94 257.99
Group
gontml 951.14 961.89 824.57 244.29
roup
Total 2318.11 2009.78 1903.51 A =502.28
B = 515.25
B-A = 12.37
12.
Foo- = 63
7.61

The calculated value of F is not significant at 0.01 level of

significance (df1,66).

There exist no significant difference between

the regression coefficients. That is the regression coefficients are

homogeneous.
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SUMMARY, CONCLUSIONS AND
SUGGESTIONS

This chapter gives an overview of the significant aspects of the
present study. It presents details of the stages of conducting the
study, the important findings, their educational implications and

suggestions for further research.
5.1 STUDY IN RETROSPECT

The various aspects related to the different stages of the
present study like the title of the study, objectives, hypothesis,

variables and methodology are given in a nut shell.
5.1.1 Restatement of the Problem

The title of the present study was stated as “DEVELOPMENT
OF AN INSTRUCTIONAL STRATEGY BASED ON VYGOTSKY’S
APPROACH FOR TEACHING BASIC MATHEMATICAL CONCEPTS AT

THE PRIMARY LEVEL.”
5.1.20bjectives of the Study
The objectives of the present study were,

1. To develop Instructional Strategies based on Vygotsky's
approach for teaching the selected basic mathematical

concepts.
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2. To validate the effectiveness of the developed Instructional
Strategies
. 5.1.3Hypothesis

The hypothesis formulated for the present study was

1. The developed Instructional Strategies are more effective than
the existing method of teaching basic mathematical concepts

at the primary level.
5.1.4Variables Selected for the Study

The independent variables, dependent variable and extraneous

variable of the present study were the following.

a) Independent variables: - The independent variables selected
for the present study were the two methods of teaching the
basic mathematical concepts at Standards V, VI and VIL. One
method is the newly developed Instructional Strategy and the

other the Conventional Method of teaching.

b) Dependent Variable: - The dependent variable selected for the
present study was Achievement in the selected basic
mathematical concept at standards V, VI and VIL. They were
measured by Achievement test in the concerned concepts

(post tests).
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c) Extraneous Variable:- The extraneous variable in the present
study was the initial status of students in terms of the
Achievement in the selected basic mathematical concepts. It

was measured by the Achievement tests in the concerned

concepts ( pre tests).
5.1.5Methodology

The methodology of the present study is briefly discussed in

this section.
(i) Design of the Study

Experimental design was selected for the study. The Quasi
Experimental Design with Pre test - Post test Non equivalent group
was used as the experimental design. The experimental group was
taught by the newly developed Instructional Sfrategy and the control

group was taught by the Conventional Method of teaching.

The experiment was conducted at three standards V, VI and

VII. The investigator herself conducted the experiment.
(iij Sample Selected for the Study

It was difficult to get two equivalent groups as experimental
and control group for the experiment, the investigator used two
intact class room groups in the study. One intact class room group

was selected randomly as the experimental group and the other as
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the contrel group. Two intact class room groups were selected for the

experiment at standards V, VI and VII separately.

(iii)

Tools Used for the Study

The investigator constructed and used the following

materials and tools for the study.

a)

b)

Instructional Strategies:- Three Instructional Strategies of
the basic mathematical concepts ‘Decimals’, ‘Average’ and
‘Negative Numbers’ were constructed and validated by the
experimental method. The experiments were conducted at
standards V, VI and VII. The Instructional Strategies were used

as treatment in the experimental groups.

Achievement Test for the Concept ‘Decimals’:- The
investigator constructed and standardized an Achievement test
for the concept ‘Decimals’. This test was treated as the pre test
and post test in the experimental design selected for the
validation of the Instructional Strategy of the concept

‘Decimals’.

Achievemient Test for the Concept ‘Average’:- An

Achievement test for the concept ‘Average’ was constructed and

~standardized by the investigator. This test was used as the pre

test and post test in the experimental design for the validation

of the Instructional Strategy of the concept ‘Average’.



q)

(iv)
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Achievement Test for the Concept ‘Negative Numbers’:-
The investigator constructed and Standardized an Achievement
test for the concept ‘Negative Numbers’. This test was used as
the pre test and post test in the experimental design selected
for the validation of the Instructional Strategy of the concept

‘Negative Numbers’.

Statistical Techniques Used in the Study:- The major
statisticed techniques used in the study were Preliminary
Analysis, Comparison of Means (Effect Size and Test of
Significance of Difference between Means),Gain Score Analysis

and Analysis of Covariance.

Preliminary Analysis:- The important statistical constants of

_the variables in the study - arithmetic mean, median, mode,

standard deviation, skewness and kurtosis — were estimated in

standards V, VI and VII.

The graphical representations of the pre test and post test

scores of the experimental and control groups were also done.

b)

Comparison of Means:- The comparison of the mean
Achievement scores in the basic mathematical concepts
obtained in the pre test and post test of the experimental and

control groups were done by the statistical techniques 'Effect
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Size' and Test of Significance of Difference between Means in

three standards V, VI and VII.

Gain Score Analysis:- The difference between the post test
and pre test score is termed as gain score. The gain score
analysis of the experimental group and the comparison of the
mean gain scores of Achievement in the basic mathematical
concepts of the experimental and control groups were done in
gain score analysis. The comparison of the total gain scores of
students in the experimental group whose scores are less
than and more than 40 percentage of the total score in the
pretest were also compared in the three standards V, VI

and VIL.

Analysis of Covariance:- Single factor Analysis of Covariance
with one co-variate was used in the present study. It was
employed to remove statistically the effects of extraneous
variables from the dependent variables and provide an
unbiased comparison of the effects of two methods of teaching.
In the present study ANCOVA was used to remove the effects of
the extreneous variable i.e., initial status of students as

measured by the pre test.
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5.2 MAJOR FINDINGS

The major findings of the study are given briefly in this

section.
5.2.1. Comparison of Means

The means of Achievement score in the basic mathematical
concepts of the pre test and post test of the experimental and control
groups in standards V, VI and VII were compared by two statistical
techniques 'Effect Size' and 'Test of Significance of Difference

| between Means.
(i) Effect Size

The comparison of Achievement score means by using the
statistical technique 'Effect Size' was done in three standards V, VI
and VII. The values of Effect Size obtained in standards V, VI and VII

are given in Table 5.1.

TABLE 5.1

The Values of
Effect Size Obtained in the
Experimental Group of Standards V, VI and VII

Sl. No. Standard Value of the effect size
1 \% 0.78
2 VI 0.89
3 VII 0.78
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It was found that the new Instructional Strategies of the
concepts 'Decimals’, 'Average’' and 'Negative Numbers' improved the

| performance of students significantly.

The mean Achievement scores obtained in the post test of the
experimental and control groups were compared using effect size in
standards V,VI and VII. The obtained values of Effect size are

presented in Table 5.2.

TABLE 5.2

Effect Size of the Comparison of
Post Test Means of the Experimental and Control Groups

Sl1. No. Standard E\f/faelcies?zfe
1 \Y 0.92
2 VI 1.44
3 VII 0.84

The obtained values of effect size indicates that an average
student in the experimental group of these standards had an

Achievement significantly greater than that of in the control group.
(ii) Test of Significance of Difference between Means

The comparison of means of Achievement scores using the
statistical technique 'Test of Significance of Difference between

means' was done. The pre test scores of the experimental and
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control groups of Standards V, VI and VII were compared. The

obtained "t’ values are presented in Table 5.3.

TABLE 5.3

Results of the Test of
Significance of Difference between
Mean Pretest Scores of Experimental and Control Groups

Si. No. Standard t-Value
1 \Y 1.34
2 VI 4.31
3 VII 0.84

The obtained °t’ values indicates that in standards V and VII
there is no sigrificant difference between the mean pretest scores of
the experimental and control groups. That is both groups were
equivalent in terms of the pretest scores. But in standard VI
significant difference between the mean pretest scores of the
experimental and control group was noticed. That is the
| experimental and control groups of standard VI were not equivalent

in terms of pretest scores.

The comparison of Mean post test Achievement scores of
the experimental and control groups in Standards V, VI and VII were
done by the test of significance of difference between means. The 't’

values are given in Table 5.4
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TABLE 5.4

Results of the Test of
Significance of Difference between
Mean Post test Scores of Experimental and Control Groups

Sl1. No. Standard t-value
1 \Y 3.99
2 VI 8.07
3 vl 3.35

It was found that there is significant difference between the
Mean post test scores of the experimental and control groups in
standards V, VI and VII. The significant value of 't’ indicates the
better performance of students of the experimental group in the post
.test. This is due to the effect of the treatment (teaching the
concerned mathematical concepts by the newly developed

Instructional Strategies) given to the experimental group.
5.2.2. Gain Score Analysis

The difference between the pre test and post test score of each
sample is termed as Gain Score. The gain score analysis of the
experimental group, the comparison of the mean gain scores of the
experimental and control groups and the percentage analysis of gain
scores in the experimental group were done in gain score analysis.

The gain score analysis of the experimental groups of Standard V, VI
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and VII were worked out. The critical ratio obtained in the gain score

analysis of the experimental group is shown in Table 5.5

TABLE 5.5

Critical Ratio of the
Gain Score Analysis of the Experimental Group

Sl. No. Standard Critical Ratio
1 \Y% 1.28
2 VI 1.42
3 VII 1.83

The obtained values of critical ratio indicate that the gain

scores of students in the experimental group are not significant.

The mean gain scores of the experimental and control groups
- of standards V, VI and VII were compared by the test of significance
of difference between means. The obtained ‘¢’ values are given in

Table 5.6.

TABLE 5.6

Results of the Test of
Significance of Difference between
Mean Gain Scores of Experimental and Control Groups

Sl. No. Standard ‘’ Value
1 \Y/ 4.23
2 VI 5.15

3 VI 6.62
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The obtained values of ‘t’ indicate that significant difference
between the mean gain scores of theA experimental and control
groups. The experimental group taught by the new Instructional

Strategy showed better academic performance than the control

- group.

The total gain scores of students in the experimental group
whose scores are less than 40 percentage. and more than 40
percentage of the total scores were also compared. The total gain
scores of these two groups and the percentage of increase over the
base total were estimated in standards V, VI and VII. The obtained

percentages are presented in Table 5.7.

TABLE 5.7

Gain Score Comparison of the Two Groups
having Scores Less than and More than 40 percentage
of the Total Score in the Pre test of the Experimental group

Sl. Standard | Groups Total Gain | Percentage of increase
No. Score over base total
' A 66 117.86
1 \Y
B 54 21.18
A 76 138.18
2 VI
B 58 22.66
A 84 73.68
3 VI
B 90 37.82
Note: A - Group having scores less than 40 percentage of the

“otal score in the pre test.

B - Group having scores more than 40 percentage of the
total score in the pre test
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The high percentage of increase over the base total of group ‘A’
(scores less than 40 percentage of the total score in the pre test) of
the experimental group indicate that the treatment given to the
experimental group (teaching the basic mathematical concepts by the
new Instructional Strategy) had helped the Low Achievers (below 40
percentage group) significantly at a higher level in the three
Standards V, VI and VII. That is the treatment is highly

recommended for the Low Achievers.
5.2.3. Analysis of Covariance

To determnine the effectiveness of the Instructional Strategies
~ developed for the selected mathematical concepts, the pre test and
post Achievement test scores of the experimental and control groups
were subjected to single factor ANCOVA. The two levels of methods of
teaching (using the Instructional Strategy and the Conventional
Method of teaching) were taken as independent variables and were
incorporated with one covariate namely the pre experimental status
of the two groups as measured by the pre test. The post test
Achievement scores were considered as the dependent variable.
ANCOVA was done for the data obtained from Standards V, VI and
VII. The F-values obtained in the ANCOVA of the three standards

were given in Table 5.8.
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TABLE 5.8

F-values obtained in the
ANCOVA of Standards V, VI and VII

Sl1. No. Standard F- Value
1 \Y 20.94
2 VI 28.05
3 \Y i 43.03

The results of the comparison of the adjusted post test mean
scores of the experimental and control groups were presented in

Table 5.9,

TABLE 5.9

Results of comparison of
Adjusted Post test Achievement Score
Means of the Experimental and Control Groups

Sl1. No Standard ‘t’ Value
1 A% 4.74
2 VI 6.77
VII 6.64

In Standard V, it was found that, when the final scores were
corrected to remove the linear effects of the covariate, the pre
experimental status of the students, there is significant difference
between the experimental and control groups. The F-value obtained

from the covariate analysis of Standard V was F = 20.94. This value



Summary 189

of F is highly significant which shows that the means of the post
test scores of students in the experimental and control groups differ

significantly after they had been adjusted for the difference in the pre

test scores.

The adjusted means of the post test scores of students in the
experimental and control groups were compared and tested for
significance. The value of 41’ obtained is 4.74, which shows that
significant difference exists between the adjusted post test means.
The students in the experimental and control groups of StandardV/'
differ significantly in the Achievement of the post test, when it is free
from the liner effect of the covariate. The adjusted post test means of
the experimental group is greater than that of the control group. The
students in the experimental group taught by the new Instructional
Strategy achieved more than the control group. That is the
Instructional Strategy for the concept ‘Decimals’ is highly effective

than the Conventional Method of teaching the concept.

In Standard VI, the covariate analysis reveals that when the
post test scores were corrected by removing the effects of the
covariate i.e., the pre experimental status of the students, there
exists significant difference in the post test performance of students

in the experimental and control groups (F=28.05)
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The adjusted means of the post test scores of the two groups

were compared. The obtained ‘t’ value is 6.77, which indicates
significant difference exists between the post test mean scores of the
two groups after removing the linear effect of the covariate. The
adjusted mean of the post test/scores of the experimental group is
greater than that of the control group. The experimental group is
~ superior to the control group in terms of the Achievement in the post
test. This is due to the effect of the newly developed Instructional
Strategy of the concept ‘Average’ used for teaching the experimental

group. That is the new Instructional Strategy is more effective than

the Conventional Method of teaching.

In Standard VII, the analysis of covariance indicates
significance difference between the mean post test scores in the
-experimental and control group (F = 43.03), after removing the linear
effect of the covariate i.e., the pre experimental status of the

students.

The comparison of the adjusted post test means of the
experimental and control groups reveals that there is significant
difference between the mean post test scores of the experimental and
control groups (t = 6.64). After removing the liner effect of the
covariate, the post test mean score of the experimental group is
significantly greater than that of the control group. This is due to the

effect of the newly developed Instructional Strategy of the concept
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‘Negative Numbers’ applied in the experimeatal group. The new
Instructional Strategy is more effective than the Conventional

Method of teaching.

5.3. TENABILITY OF HYPOTHESIS

The tenability of the hypothesis was examined in the light of

the major findings of the study.
The hypothesis is,

The developed Instructional Strategies are more effective than
the existing Conventional Method of teaching the basic mathematical

concepts at the primary level.

The investigator developed three Instructional Strategies for
teaching the basic mathematical concepts ‘Decimals’ at Standard V,
‘Average’ at Standard VI and ‘Negative Numbers’ at Standard VII. The
effectiveness of the Strategies were validated by the statistical
techniques Effect Size, Test of Significance of Difference between
Means, Gain Score Analysis and Analysis of Covariance. It was found
that the three Instructional Strategies are more effective than the
existing Conventional Method of teaching the basic mathematical

concepts at primary level.

So the hypothesis of the study was found to be fully

substantiated.



Summary 192

 5.4. CONCLUSION AND INTERPRETATION

In standard V the comparison of the Achievement score means
using the statistical technique 'Effect size' revealed that the new
Instructional Strategy for the concept 'Decimals’ has improved the
performance of students in the experimental group. /”I‘he comparison
of the mean Achievement scores of the mathematical concept
'Decimals' by test of significance of difference between means
showed that the post test Achievement scores of students in the
experimental group is much greater than that of control group. This
is due to the effect of the new Instructional Strategy used for
teaching the basic mathematical concept 'Decimals' in Standard V.

( The gain score analysis of the Achievement scores in the
mathematical concept 'Decimals' of students in standard V revealed
that the gain score performance of students in the experimental
group is significantly greater than that of control group. The
percentage analysis of gain scores showed that the application of the
new Instructional Strategy for the concept 'Decimals’ had helped the
Low Achievers (students who scored below 40 percentage of the total

score) significantly than it helped the High Achievers.

The Analysis of Covariance revealed that the mean
Achievement score in the post test of the students in  the
experimental and control group differ significantly after removing

_ the effect of the pre experimental status of students. The adjusted
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mean of post test scores of students in the experimental group is
greater than that of control group. That is the experimental group
is superior to the control group in terms of Achievement in the
 mathematical concept 'Decimals’ in the post test. This indicates that
the students taught by the Instructional Strategy for the
mathematical concept 'Decimals’ have achieved more than the

control group which was taught by Conventional Method of teaching.

The comparison of means worked out by the statistical
technique 'Effect Size' in standard VI indicates that the post test
mean Achievement score obtained in the mathematical concept
'Average’ of the experimental group is significantly greater than the
control group. The comparison of means done by the test of
significance of difference between means shows that the mean
Achievement score in the post test of the experimental group is
~ significantly higher than the control group. The comparison of mean
gain scores of the experimental and control group indicate that the
gain score performance of the experimental group is greater than
that of the control group. The percentage analysis of the gain scores
reveals that in the experimental group the total gain scores of Low
Achievers (who scored less than 40 percentage of the total score in
the pre test) had a better performance than the other group (who

scored more than 40 percentage of the total score in the pre test).
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The Analysis of Covariance worked out for the score in
standard VI indicates that there is significant difference in the
Achievement of students in the post test of the experimental group
after removing the effect of the pre expefimental status of students.
Also it is found that the adjusted mean of post test scores of
students in the experimental group is greater than that of the control
. group. These indicate that the students in the experimental group
had greater Achievement in the post test than the control group.
This is due to the effect of the newly developed Instructional Strategy
used for teaching the experimental group. ’fhe control group was

taught by Conventional Method of teaching.

In standard VII the comparison of the Achievement score
means in the mathematical concept 'Negative Numbers' using the
statistical technique 'Effect size' revealed that the new Instructional
Strategy for the concept 'Negative Numbers' has improved the
performance of students in the experimental group. The comparison
of the mean Achievement scores by test of significance of difference
between means showed that the post test Achievement scores of
students in the experimental group is much greater than that of
control group. This is due to the effect of the new Instructional
Strategy used for teaching the basic mathematical concept 'Negative
Numbers' in standard VII. The gain score analysis of the

Achievement scores of students in standard VII revealed that the



Summary 195

gain score performance of students in the experimental group is
significantly greater than that of control group. The percentage
analysis of gain scores showed that the application of the new
Instructional Strategy for the concept 'Negative Numbers' had helped
the Low Achievers (students who scored below 40 percentage of the

-total score) significantly than it helped the High Achievers.

The Analysis of Covariance revealed that the mean
Achievement score in the post test of the students in  the
experimental and control group differ significantly after removing
the effect of the pre experimental status of students. The adjusted
mean of post t2st scores of students in the experimental group is
greater than that of control group. That is the experimental group is
superior to the control group in terms of Achievement in the
mathematical concept 'Negative Numbers' in the post test. This
indicates that the students taught by the Instructional Strategy for
the mathematical concept 'Negative Numbers' have achieved more
than the control group which was taught by Conventional Method of

teaching.

The investigator developed an Instructional Strategy based on
Vygotsky's theories for teaching the basic mathematical concepts
‘at the primary level. Then three basic mathematical concepts from
standards V, VI, and VII were selected and Instructional Strategies

were prepared for teaching them. The statistical techniques
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employed in the data collected from the experimental and control
groups revealed that the new Instructional Strategies are more

effective than Conventional Method of teaching.

In the conventional classrooms mathematics appears abstract
to the learners because mathematical skills are usually taught away
from the con:exts and social settings. There are scarce
opportunities for social interactions among students and between
teacher and students. But in the new Instructional Strategy the
students arrive at what they know about mathematics mainly
through participating in the social practices in the classroom.
Classroom  discussions and .interactions gave important
opportunities for students to learn mathematics effectively and
-make sense in mathematics. Because according to Vygotsky's
theory social interaction with peers and knowledgeable others moves
development forward. Integrating new information in familiar
contexts facilitates the organization of new information in to long
term memory and makes it more available in needed situations. The
incidental connections between the formal concepts of the learning
situations and every day concepts made the new information more

relevant and meaningful in the new Instructional Strategy.

In the socio cultural perspective, the subject mathematics
considers not as a closed body (depersonalized, decontextualized and

culture free) of knowledge, but a sociocultural artifact with different
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representations in different communities. In the new Instructional
Strategy, the activities are taken from the familiar surroundings of
the students. These activities are understandable, suitable to their
needs and sufficiently elaborated. Elaboration means internal
- processing of new and prior knowledge in a meaningful context.
Elaborative strategies for new information result in better learning.
The Instructional Strategy enables the development of effective and
appropriate use of language which is fundamental to learning,
thinking, problem solving and co-construction of knowledge.
Language strengthens connections between new information and

prior learning.

The challenging activities, ie., appropriate levelling of tasks so
that all students are stretched to | grow within their zpd,
opportunities to use and apply new information and a balance
between challenge and assistance to advance student's
" understanding to more complex levels, used in the new Instructional
Strategy enabled to develop higher order thinking skills such as
analyzing, categorizing, evaluating, generalizing, synthesizing and
summarizing, exploring patterns, determining casual relationships
and problem solving. The amount and quality of teacher - students
academic interactions were acted as an important factor in student
learning. This assisted in the development of basic skills and the

ability to form, express and exchange ideas.
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These characteristics of the newly developed Instructional
Strategy enabled the students in the experimental group to have
better Achievement in the basic mathematical concepts than the
students in the control group who have been taught by Conventional

Method of teaching.
5.5. EDUCATIONAL IMPLICATIONS

The present study revealed that the newly developed
Instructional Strategies based on Vygotsky's theory prepared for
teaching the three selected basic mathematical concepts each from
standards V, VI and VII are very effective than the existing
Conventional Method of teaching mathematics. Following the
structure of the developed Instructional Strategies, Instructional
Strategies for teaching any mathematical concept can be developed

by a mathematics teacher.

The existing system of mathematics teaching considers
mathematics learning as mastering a predetermined body of
knowledge and procedures. The teacher's job is presenting the
| subjcct matter in small, easily manageable pieces and demonstrating
correct procedures. Then students work individually on practice

exercises. But “his approach is not found to be educationally sound.
This is one of the major reasons of the backwardness in mathematics

found in majority of students. The investigator found that the new
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Instructional Strategy enables the students to learn to think
mathematically and make sense in mathematics. It also develops
collaborative learning and communication skills in students.

Students develop problem solving capacities and experiences of the

actual mathematical process.

The implementation of the new Instructional Strategy enables
the students to become successful social beings. In this method
classroom is considered as a miniature society and opportunities
should be there for conversation, exchange of ideas, demonstrations,
. explanations, jeoint activity, discussions etc. It reduces the unhealthy
competition existing among students in contemporary classrooms.
The application of the strategy in the class room helps to develop

cooperation ancl helping mentality among students.

This approach reduces the gap between teachers and students
because they work together in discussions, joint activity, academic
conversation, exchange of ideas etc. This gives ample opportunities
for the teacher to understand each student in his/her class room

and to evaluate them.

Adopting the new Instructional Strategy in the classroom,
students can acquire the basic mathematical concepts, which is the

- basic essential of content mastery in mathematics. This method
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reduces most of the problems related to the teaching and learning of

~ mathematics at the primary level.
5.6. SUGGESTIONS FOR FURTHER RESEARCH

The present study revealed that the new Instructional Strategy
developed for teaching the basic mathematical concepts is more
effective than Conventional Method of teaching mathematics. This
strategy is based on Vygotsky's theory of learning and development.
The theory is a socio-cultural theory. ‘Speed’ is one of the peculiarity
of contemporary society. People are very busy in doing their own
business. In families and societies there are scarce opportunities for
social interaction. This is one of the major reasons for the anti social
behavior and unhealthy trend existing in our society. Therefore
pedagogical approaches and other educational programmes based on
socio cultural theory are relevant today. So the investigator suggests

the following studies in this area for further research.

1. The present study is confined to teaching the basic
mathematical concepts only at the upper primary level. The
study can be extended to the basic mathematical concepts at

“the lower primary, secondary and higher secondary levels.

2. The present study developed Instructional Strategy only for

teaching basic mathematical concepts. Studies can be
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conducted for developing Instructional Strategies for teaching

other mathematical concepts. principles, theories etc.

This type of study can also be conducted for examining the
interaction effects among methods, sex, socio economic status

locale etc.

. Vygotsky's theory of learning and development can be applied

in other educational programmes such as curriculum

construction and evaluation techniques etc.

This type of study can be conducted for developing
Instructional Strategies in other content areas like Science,

Social sciences, Language and information technology.
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DEPARTMENT OF EDUCATION

UNIVERSITY OF CALICUT
INSTRUCTIONAL STRATEGY OF THE CONCEPT
‘DECIMALS’
SREEJA. D : Dr. C. NASEEMA
Research Scholar Reader in Education
Name of the concept: Decimals
- Standard X \Y
Time : 14 periods
Duration of a period : 45 minutes
Instructional Objectives
1. Student acquires knowledge in the concept ‘Decimals’.

Student comprehends the concept ‘Decimals’.
Student applies the concept ‘Decimals’ in new situations.
Student makes sense in the concept ‘Decimals’.

Student develops collaborative learning and communication skills.

AN

Student develops problem solving capacities and experiences of the
actual processes (conjectures, generalizations, proofs and refutations)
through which mathematics develops.

Means of Semiotic Mediation
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ANNOTATION

INTERACTION

"BLACK BOARD

Participates as a full collaborator

Segment 1 : Activity 1 : &:81@600 1018690
Activity 2: aflenz)o €lmesnud
oo Segment ool E6MZ) (aIUBEDMEBBE)e &)5IH8)6S

‘@)mMalaneo®] MIMWeqsmoE. GBRYeE®  Activity

wloel &gl (N)ajonEEBLd AUISIBO)0) DalCWOWla]
H8la] OB algle:oW] af@1®IaM). AlleNz)olm
B ag)m Activity @18 a@EERUE caiow) e alD @)
olee)m eIMEBe8 Mulhilafleaymm &lam auotly ()afo
NEEBUE 21Bs) B2V afPIMAM). M) (aJUBEDMETR
glei)o S1oy@ muRI a8l ).

Segment 2 : Activity 1 : any@lo@oo) o)aicad ?
Activity 2: auosuyd owl@d
Activity 3 : mloo esosyease (TB)
Activity 4: aisle@000
Activity S : eeemiw)es ceieruwd (TB)
oo Segment eel amoaecm Activity @led sajd 10
caRERI® €M Mosuisud BB @lad agw)myan,.
T : oo €M MUoRU®HB)OS (aAICBIB®  af) DI ?
Ss:@paIw)easeweiDo GaRBo al®T) @REM.
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ANNOTATION

INTERACTION

BLACK BOARD

Mzakes incidental connections between
formal concepts and every day concepts.
Assists students to develop new content
vocabulary. Integrate new information
with what students already know from
home, school orf community

Assesses and assists students performance.

T : ‘Broo’ agiom aupesled @RA®OD ofamoen)?

Ss:  alowy

T 1 @e@Imoad 10 603 ERowdadW] AUEYIM) af)Mm G@RAMO
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ANNOTATION

INTERACTION

BLACK BOARD

Assesses
understading.

Fully

and assists

student's

inclusive conversation between

teacher and small group of students.

Elicits and extends students understanding

T : 3 ciomlocom)ewd cal@am@osmm

10

.3, 2 aEW]ORINM)&UB Cal@M@osM
T :.6 @ aiomOeI0M)EUd Cal@aN@IET

Ss: 6 aiomleeiom)sud
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CUDOW1ee)aM).
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Activity 2:
Activity 3 :
Activity 4:
Activity 5 :
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o®oqfl GBHOYES ?
asslaflajmodk (TB)
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meERE)d alB 81O M @NEMIOS g o @RS
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ANNOTATION

Assists students to develop new content

vocabulary.

Connects students informal understanding
to more abstract levels of understanding.

Assesses ad assists

understanding.

student's

INTERACTION
-&am 18 ag)m qu)aflo|86)am)
100 " 09 eI
OO wwlen)m@ Gl 1, 8  agamosm.

eao@1gim) Gt VoaU}ELD eatd@aml aowleenonlg).

I—OSO-Qm af)BBOM al)@I® O}aleGd af)P)®0?

Calo@laf 6.5
S8 a@l® ojaomlad agan Activity @leel alodg
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@»0)6S ? GalSlaflaj@or? agmmI (aIUBEIMEEBUE &)3]
& (1)a)oR) DOYN) alBa) O2UD® aljBEDIWOSEI).
sla)8 niom (alUBREDMEERSIEd  alBHIEIWIG)MEC®O
eSDajo &)51H:e8 AleiWie)Em)HW)o @RAIUD ODEH;1E3
affenzio AilwEIeeEMoe MAEdd:)&H o alQan).
sla)@ €lme)alaljo  BUDI0LDB)al)o GE6U6Q|S)
o 1©15)88 Gald)o alSl G2lB886) af)M al0BG(AIBBYD)
aflee)m). &)5le0d MUIWo 210851081 (alUEMEERUBLE
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O 168106mMo?

Activity 4: ciomleelomio m)olBRI0MM)0

Activity 5 : agle: @Qoosacd
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ANNOTATION

INTERACTION -

BLACK BOARD

Models mathematical thinking.

Provides clarification
conversation.

through

Activity 6 : 0@ B)em1), U
wl@d ofi? (TB)

oo Segment oa) @RE oo™ Activity olled 51243
amadlalgolem dlofialgoo canlajiclenyma e
@861 HoeM18e)MM 2OOYS (}afiHEI allmosmo
2NN}
T: 0 2)o@d 1 aweow)es 1 oVRIA19 @RsRIOED 10
@piyednaBEgw]l  eonlaflolea)m).  ea0lw  ao)
eovamln) &) algflaflod ag)om) alo@ym). Bl2yd
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10
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ANNOTATION

INTERACTION

BLACK BOARD

T: 1 a%dlem aguo opely coneBgIw] oulaflel
S6)mM)?

Ss: 1 219@ = 100 eav.a’

T: 43 em.o1 oo 2798 @M. &)5eIdass
falognny QOEMOo M@HOM  S¥lymigy  (1}afl@d
2182J021@W® GLOaHo 43 M)Oleatom) algd agom

1 m‘lgc& = 100 ev. '

lequ. & = —l-aﬂ

100
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Provides clarification through questioning | 20™®0 M@@:)mM;. =B a0e
T: 69 eau.a ag® algd @eni? Ss: .69 algd 100 °
T: 18 oqu.a% ag® algd @reny? Ss:.18 algd = .43 2708
T: mleeswd BB alled @osmpan momie@icd eo) | 1080v.a7 2060.a1 30m .0
ISl Q0L . =.10al| =200 =30 ol
o)l (0 Do)m agle  @goooesymm). | Nem.af 2100v.07 s1emv.af
Group Interaction msseymmee=o ey  S12d =.na =21 @1 =31
(woablee)am). 12 ecu.n’
_ : = .92 BT | s | s
T: 1. aquefl ags aguo algd epeny Ss: o | T T T
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ANNOTATION

INTERACTION BLACK BOARD

Assesses and assists students to [ sTajd@ ()] (alUBEDMEBREIEE amoglwoaMD 1
maintain appropriate cognitive | cmoesogjo mleme  @)ely @mdspwane msom) 1 om. o = ﬁm
challenge. amn). ‘ 01

Activity 3@ oem) 2Nl ©RsERI® 21088 i T(_)Em

$%2)8 (a1B3@wlaflea)m). = .01 27198

T: apeyecm 2l@onilenl caw) saidooweya 1
Elicits and  extends  student's @omelam» Miafigleoym €l mma.{é e 11%0
understanding Ss: o 100

T: osmozecm all@EOIG3 cauw)eal@ald 1_10

. . . SOaM  RIVOEW  MU)aflaflee)am  &lam  auoeuy 10 100

Provides illustrations through | a5 - 1 =.10
conversation. 10 ~

Ss: —

100

T: oemz) 2fimeEB8)0 8GO CalIORIWISSM)0 @GR

@led Caul eaid@dlEOMm EINERUE m)eljano

@R @R@IMOEd WD caB) €M aVosUid:8)o
Provides  ciarificaion  through | @&/ @06m. @RAIWIES BUOICUWOAIERE)0 )RIAD
questioning wales)o.

Activity 4 @3 s%12j@ 80) BUIWD MVoAILW)eS
alomlesioanlecd@)e  m)olealomland@ie Mmoo
meom  auosuyd@®  afleledlea)m | a10ds
(a1BBWlafleeyam).




'ANNOTATION INTERACTION . ‘BLACK BOARD
Fully inclusive conversation between | T: &o) @woown Moaui@Iod Galo@1d  @lemm
teacher and small group of students . N 1
. QeI®)  EINET QIRYM EDEIHEM @SR T
SHOSW)o OERIVOOD @RHOO T(})E HOSW)o
) aflafleeyam;.
T: BB ©leal awooowd auosuydud auoom (60 S3, T,
QOISO R3, 45
SFBEB (D)oo alds) 01T QOTIOEBUE 99, .8

Encourages student's

discussions

academic

Assesses and assists students to
maintain appropriate cognitive
challenge.

Provides individualized instruction (if

necessary) to match students varied
ability levels.

Sem)ailslan)om)

slyyd@ Wipp (waBoomesdled a:oglwo

QNMEmIOSIjo  Mlome elymidgp@ago M

@O Y.

Activity Seer €lm aquotuy®:8)10S altmloeoan)

S03, MoleiomM)&ud, BUDIWO)nlo aflmiad algl

S5O  af Q)@  (aludCOMEBWR  @)5lemd

eklg)a).

Activity 6 ea1 aUdoDMEBS)0  &)5lE:0B

()]0 eal)M). STayd AlOM{AIIBE MEIRECD

mlal mea:{pg'lm)om;«n;. (}ajoneBnud  @al@d

aloaocuwl Interaction  msse)meaim  sla)d

90q]) QUOYEMAN). ERAUNDIEAH:IE STa)d LU m

al®lanoomBWlee)B8  altda e06meEBRLd  MEdH)

an).

Segment 5 : Activity 1 : epwlocmieaioam)aud
Activity 2: quoeuyocmonsmo
Activity 3: asonio an®yo
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ANNOTATION : INTERACTION , BLACK BOARD
Activity 4: agesBOM ag9)®0, 2066 B)WeNHN]
wo(@ (TB) 3 -
Activity 1 10
T: —3—5)@ BU0%0UD B)alo ol ? Ss:.3 34
10 ' 100
T: —ea} swIcwe)alo agmy ? Ss: .34 347 =.347
100 1000
347
—6 BUddodN)alo  af)EREM®OEI
1000 \
®loe)0? ; 78
. ) ) $)51B0B68 OOz 20T MTIHIM BHYIw) 1000
Fixes challenging goals and provides gy, moQIA (R alBa) OAIT® GUdato .347 374
feed back to advance students v 1 o 1000
understanding to more complex levels. DETMI oG ANYIS! AlCWIY,
1000 CaRAAIW] QAIEYM ElM qUoAILO® BUdIoUD 529
QaIoDIEd  pge)emMd  aweleelea)mm  a10ds 1000
s72J8 (uBdwlafla) aflvoaiecisayom). 118
T : BBolsd ofo@@lclee)an 60w muosu 1000
®&O8 BUDo BTG afPm)s. (2108503 615
$06Ma) DOMYWIED) 1000
Encourages students to use purposeful | ©)51&0386 (IBME@BA aloMaldo aida) OalPd 892
conversation. DOMEEBRUY tenR)allSlea)mm). 1000

Participates as a full collaborator.

Activity 2: auosuyocmooemo

0D  (UBCOMERUD  &®)Sletd  ()afled  21Ba)
OIDE OIW}OMEEBUE afP)MM). S8 (n)al
&8)0S  aloM  (aJUdOOMEBRgld  adoglwo
&ymaemoesoajo  Continuous evaluation myo
MSEm)M).
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ANNOTATION INTERACTION BLACK BOARD
Activity 3: atoalo amyo
. . . - T: _@0_0(@ aqU2OMEIMo afeBBOM
Provides clarifications through questioning | *" 1000
a)®)®00?

Elicits and extends students understanding.

Assesses and assists students performance

Provides individualized instruction (if

necessary) to match students varied ability
levels.

T: %%ong MUEOMEIMO Af)6BROM ag)PI®00?

Ss: 3
10
80 o @
T: 100 o08 BUOCWDE)ale af)m? Ss: 0.8
800
T: — o 6uoowd)asem0 ? Ss: .800
1000
800 80 8
T—=—=— Bu00
1000 100 10 OB SOOI
o) elyeowilclen)o.

soom) cateel BB ool 8utdootd muosuye:ud
) P}O .
80060  2OOIBIW]  OaIT@ICleN) M),
Activity 4ea1 (aiudEmMERUE  &)5G:0B
500 2)Ba) ©2I@  aldOWIOSH)MN),
slajd allaflw (Wap:e8eSIale  @oYMY
@RAIOYOS lald:SMo Afleialoy@m)m). @Ry
1)e2B5103  (aUGTDMe  aldomIosen0nd
MaNIWIBe) M.
Segment 6: Activity 1: @egai erclwoeas?
Activity 2: emesnudee)oaonsmo
Activity 3: aflsieleeyrmd
CalB@W af9)®00.

800 _ 800+100 8

1000 1000+100 10

300 _80 _8 _go-3
1000 100 10
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.100
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ANNOTATION

INTERACTION

BLACK BOARD

Encourages student's

conversation.

academic

Elicits and extends student's understanding

Connects student's understanding to more
abstract levels.

Activity 4: aglaflolen)mood ?
eaogaioaled aosesscas? (TB)
Activity 1 eer a1gle Goeo0)afio ®IQYOO
86)aM).
S8 @RAIE)OS (atudmmMo afleiio)om)

am). Group @romesrg)es Interaction s1a)d@
C(al0@IaNMo MBI,

T: BBaoled ago)@l@ caloeal 69eo0
Q)OO0 @RAIO}OS  GOLIAIMWEEBS)OS
MISEERU3 BUOooWD VOAULOIT]T )P ®) &>
(1)ofoIEERR)OS  CEALOEITWEBREYeS M8
6880 algle:@oWl afeyam)d. S1a)d
(alud@mmesginel (alsSMo  aflaiwio)yorm)
). &ICEIV)OMABLN0 (LIWO DETHOETB
gloaiomond S¥IWIMEEN20 af)(M aldlcwDd
wlseeyam). ‘
eMEBBUBLO)0 MIN6MO af)(MalCUBEHMETHIES
aliwo ElMEBROE BUDI0UD B)aITTHICRISE
20Q)M @1el@oen alda) ©21Q)ANG).

T: 6% é;«g BUDI0UD M)ale afati? Ss: 6.7
T: 23% 603 BUdoo)ato ag)®? Ss: 23.1

T: 911—020- O} BUDOCUDM)alo ag)(D)?
&)S1BUWBH6 HalOZM OOMOo AIOWINB &Y

yanlgy. Ss: .800 @pB (alBmo @Rl
Wlaj ()afled 21Ba] €©21P® GUDaYo 9.12
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ANNOTATION INTERACTION BLACK BOARD
21-1':)% a3 GUBIoLD @lalo af)sBBeMOail

oleayo Ss:21.725 61-= 6.7

T: BB oficd age)onaiclean)mm auosuys 10

8)0S (alcomiH® ng)ﬂﬁ‘)'? 23_1_23.1

Ss: sannafiafim) aymie aflmpe MUoauy@:ud | . 10

oers. 912 912

T: aroowd @eaides candlnflal aymio 100

aflmn@oil eeng comeErRUd D6nE. 725

Provides systematic assistance in activities
that generates new content vocabulary.

Integrates new information with what
students already know from home, school
or community.

T: canxiagim) aympss edsnewla) Ge
FMADAVOEUEUORINE  aflM)o  Galddflaflo
@R@IM) GWao ©88 aUosUiG:Glo Galdam
eotnomIa) €lan  QVoULdRIMO aflM)o ald
Q)am).

T: @reusiawavosty@td agai?

Ss: 0, 1, 2, 3.ceeeeines af)am1  UosUi:e8
@REUEMIOW TUCEYUD af)N) al@)am).

T:. 700} €lam @alo agaw? Ss:.7 =%

T: .7eq3 @reueniowavoaydcoto a@@? Elam
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Ss:  @reueicwmuosuyd eono ey Elam
(TVOAYOROMI0 .7 @RI Uo6UY &9 0

GRW® GO (UORULGHES 0. ofeaNP)m
GEEUAQISIEIo.
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ANNOTATION INTERACTION BLACK BOARD -
429=0.429
Slajd CP cwos wmeom ooolenss | .43 =0.43
laldmeasud mldeala) W)ajorsmrogesncent | 1=0.1
62)9fle6003 @RAUUDYOQSYA). $12)d

Assesses and assists students performance

Encourages higher order thinking skills

such as analysing, categorizing and
summarizing. :

Assesses and assists students to maintains
appropriate cognitive challenge.

lalIODMEEBSIT al®ogloanHM)o afleimi
QYO HD)o OaINM). Slajd 80O) 21085
1iedWlaflee)am). 0D aldgleel aUosUY:
08 adIela] aIFleIw] agP)m)s. alg)

@RELATICW (MVo6LLOBIMNAL 0 ElaM (TVoEULD
EOAU)0 af)P) D).

1. 9.23
SHWOS a0mid BB ©led sosmilafdles) | 2. 1.03
any. 3. 127
4. 100.008
2_1_1_ 8 68—9— _7}_5_ &lem BUdOoWD G:S:g};:” mi‘:l\ 0
100 ;0 li)g ®)alo @)alo cote 2otre
437 | 12144 4E l3ﬁ)-a 2_1L - . .
0.44 16 23 62.66 178 =
’ 100 ) 1000

afislcleeyma caldammeimoo, Activity 4
af)m (aUIBTOMEEBUE ®)Fle08 @2 Kg)M).
1213 (atudommemsglod ki amoglwo
@)aM). GRAUDIEBIBE >)SBee afivoal
HOEMo- MABTEY M- BRAUGIAS-taddSMo-llas
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Segment 7: Activity 1: auoomaller-asgle
Activity 2: epo)ueloaind
Activity 3: ede60 @1@e600,
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ANNOTATION

INTERACTION

BLACK BOARD

Encourages higher order thinking such as

analysing, summarizing and categorizing.

Acts as a full coilaborator.
Assesses and assists students
performance.

(TB)

Activity 4: aflama)alc@d
0edo.

Activity 5: aquosuyo @lauernsl

amoseom Activity oled Slaid@ 21085
(alBdwlafleeymm). a10dgled quoomallelsa
OBEd LoEU®E8 alltlnaP)®mond &)5e
G8IS @RHAULDYOAISIAM).

Activity 2@ s72J8 80} 21083 (a188WWlafloe)
am). @PmIcd .8, .4, .6, .3 af)an] BUDOCLD
Moty a8 a2 ile10le:dfilen)am).

T: 2filooved ogd cuwIcwd aUosy@IENT
aen® &)SIeues ealegm 2OmMOo  ald
wom S¥lw)aniel.

T: @@ Gwoow auosuies Elm  auo
6UIOW BHIMIHOMM U  OaIT® BN
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Activity 3 eal (alUREMEERUE &) T
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ANNOTATION

INTERACTION

. BLACK BOARD

Fully inclusive conversation between
teacher and small group of students.

Integrate new information with what
students already know from home, school
or community.

Activity 4 : Activity 5 agom (arcud@omm
@Bglo ®SIHUE (NP 2] OIDD
SamEERUd - &ene)allSles)am). sNa)d
laJUBODMEEBSEI08  AlBOSIWIB®YMM). DBHO
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s)am). STajd@ (NAPSBIOS (AIUIBTMEEB
glod 11,0810 ).
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INTERACTION BLACK BOARD .
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RESPONSE SHEET

The responses of the students about  the new Instructional Strategy

based on Vygotsky's theory are presented below
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APPENDIX II
DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT
INSTRUCTIONAL STRATEGY OF THE CONCEPT
‘DECIMALS’
(English Version)

SREEJA.D Dr. C. NASEEMA
Research Scholar Reader in Education
Name of the concept : Decimals
Standard : \Y
Time : 14 periods
Duration of a period ; 45 minutes

Instructional Objectives

1.

2.

Student acquires knowledge in the concept ‘Decimals’.
Student comprehends the concept ‘Decimals’.

Student applies the concept ‘Decimals’ in new situations.
S_tudent makes sense in the concept ‘Decimals’.

Student develops collaborative leaming and communication skills.

Student devzlops problem solving capacities and experiences of the actual

processes (conjectures, generalizations, proofs and refutations) through

which mathematics develops.

Means of Semiotic Mediation

Dictionary, marbles, charts (charts containing pictures and tables),

models.
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Previous knowledge:

The students have previous knowledge about natural numbers, whole
numbers, place values, four basic operations of numbers, fractions. common

fractions, improper fractions, mixed fractions and their peculiarities.

ACTIVITIES

Activity 1: Play and Learn

Teacher distributes 10 marbles in each group and ask the group members
to throw the marbles up and hold what they can. Then ask them to prepare a
table as shown in the chart.

CHART
Name of the student Number of marbles Fractional Form
obtained
Maya 4out of 10 4
10
Aravind 3 out of 10 3




111

o

Activity 2: Fractions Again

Teacher displays a chart containing the following pictures. Teacher asks
students to say the fraction representing the shaded portion in each picture.

Chart

4

L JOX JOX JOX JOX 120

Activity 3: In the New Form

Teacher shows the chart in which the fractions having the denominator 10

are written in the decimal form.
Chart

5 . 3 .
— =5 (Point 5), —=.3 (Point3
T ( ) 10 ( )

6 ) 8 .
— =.6 (Point 6), —=.8 (Poins 8
0 ( > 1o ( )

Activity 4: Number Peacock
Teacher shows the plcture of a peacock. Numbers in the fractional forms

and decimal forms are written in the feathers of the peacock. Students are asked
to find out the missing numbers.

BFCARN
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Activity 5: Upwards

+T 2 3 4 &5 66 71 8 9

nd its decimal form representing the shaded portion in each

[

Find out fraction

step.

Activity 6: Who gets more marbles

Teacher gives 100 marbles in each group. The students were asked to pils

— v

\"2 4

up the marbles on the table and each group members to take a handful of marble

T

from that pile. They were asked to count the marbles got by the group member.

and make a table as follows. The teacher shows the following chart.

Chart
Name of the Student Number of Marbles Fractional Form
Neena 21 Out of 100 21
100
Salini v Outof100 | -

Babu = | e emeeeeee
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Activity 7: Can you say in the Fractional Form

Teacher shows a chart given below. The students were asked to say the

&
fractional form of the shade,area in the picture.

Picture 1 Picture 2

Activity 8: In the New Form

Teacher shows a chart in which the fractions with denominator 100 are

written in the decirnal form.

30 _ .80 (Point 8, 0), LB .43 (Point 4, 3)
100 100
17 17 (Point1,7), =62 (Points,2)
100 100

8 . .
28 =.28 (Point 2, 8), 7 =.97 (Point?9, 7)

100 100
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Activity 8: Prepare a table

Teacher shows the chart of a table. The students were asked to prepare
and complete the table. In the table, the first row represents the fractional form

and second row represents the decimal form.

Chart
9 81 75 7 16
10 100 100 10 100
61 5 48 31 4 : 22

Activity 9: Meter, Centimeter and Millimeter

Teacher distributes the model among the groups in which one centimeter

is divided into 10 equal parts (Enlarged).

rlIIIIIIII]IIIIIIIII[IIII|II'II|
0 ‘ 2 3

10 milimeter = 1 centimeter

Teacher distributes the model of one meter divided into 100 equal parts.

crrrrrrrrprretrtrrr et rrrerrrr i Ti T T

012345 67 8 910111213141516 171819 202122 23242526 272829 30 3132 33343536 37 38 3940

100 centimeter = 1 meter
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Activity 10: How much cloth needed?

Teacher gives a problem to the students "sixty four centimeters of uniform
cloth is needed for Sreekuttan to stitch a short trousers. Meena needs 90
centimeters of uniform cloth for stitching a skirt. How many meters of uniform

1s needed for both of them.

Activity 11: Tenths of tenths

Teacher shows a chart containing two pictures. The students are asked to
write the fractions representing the shaded portions in the two pictures. They

were also asked to find out the peculiarity of the fractions.

Picture | Picture 2
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Activity 12: Tenth and hundredth

Teacher shows a chart explaining the tenth and hundredth places of a

number

5 75
100

.75 = 75 hundredths.
=70 hundredths + 5 hundredths
= 7 tenths + 5 hundredths

38

m =38 = 38 hundredths
30 hundredths + 8 hundredths

= 3 tenths + 8 hundredths.

In a decimal number the digit which comes immediately after the 'point’

represents the tenth place and the next digit represents the hundredth place.
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Activity 13:

Teacher gives a problem to the students. "Form a table and write the
decimal form, the digits in the tenth and hundredth place of the following

fractions.

36 7

18 44 1

8 79 61 8 5

72 10

Fractional Form

Tenths place

Hundredth place

Decimal Form

36

100

3

6

36

7

10

18

100

100

100

100

100

.
X )3
o

ey



Activity 14: Thousandths

Teacher shows a chart which explains how to write a fraction with

denominator 1000 in the decimal form.

864 _800 60 4
1000 1000 1000 1000
8 6 - 4
= o — ——
10 100 1000
= 8 tenths + 6 hundredths + 4 thousandths

= 864

Activity 15: The Number Chain

Students are asked to make circles and stars of fractions and their
corresponding decimals to decorate the room in the inaugural ceremony of the

school mathematics club. The model is given below.

A
2NN

X
Y
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Activity 16: Poor Zero!

80 8 _8 .
1000 100 10

This is written using equivalent fractions. Write each of the following

decimals in the above form. .400, .600, .200, .900, .340, .670.

Activity 17: Do you know the Measurements?

The students are asked to draw a line segment in their notebook, take the
measurement of the line segment and make a table of the measurements in each
group. Teacher asked the C.P (Competent Peer) to check whether the
measurements are correct. Teacher writes the measurement of a line segment in
the Blackboard. The length of the line segment drawn by Sruthi is 5 centimeters

and 3 millimeters. Thatis 5c¢cm 3 mm

=50m—3—cm
10
=510m

10
=5.3 cm (5 point 3 centimeters)

Teacher asks the students to write the length of their line segment in the above

form.

Activity 18: We Should Change.

Write the following mixed fractions in the decimal forms.

100

61, 23__1_, E, 68—‘-1-—, 217_25, 13’1’ 14 2 8
10 10 100 100 1000 100 10

2
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Activity 19: Fill in the blanks

In the following table the first row consists of fractions and the second
row consists of their decimal forms. The students are asked to prepare the table

and complete it.

16 4 2 | 71 | 321 21
7 o [3 oo | =eee |5
100 1000 | 10 | -~ 10
100 ]
100
0
412 504 | 28.72 7.009 ] 16.7 473

Activity 20: Place value chart

124.72 = | hundreds + 2 tens + 4 ones + 7 tenths + 2 hundredths

= 1(100) + 2(10) + 4(1) +7 (1/10)+ 2(1/100)

475 4 tens + 7 ones + 5 tenths
=4 (10)+ 7(1)+ 5 (1/10)

Make a table of place values and write the following numbers in the above form

and then m the table.

18.05, 7.643, 298.233, 6248, 111.11, 101.008, 4907, 218.043, 4372.83 and
1010.101.
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Activity 21: Who is big?

Which is the biggest number among the following number? Which is the

smallest one? Arrange them in the ascending order

8,4, 6and 3.

Activity 22: Let us use the symbol

)
3)
5)
7)

%)

8,3

5.381,5.39
43, .52
4, 35

3.6,3.07

Write the following pairs of numbers using the symbols '<'and >

2) .035, .35
4) 2,7

6) .617, 238
8) 4.24, 421

10) 16.81, 15.987




X1V

Activity 23: Number Train
The following numbers are in the compartments of a train.
1. 015, .8, .001, 3.5,2.048, 1.009, .009, 1.013, .03, 2.42.

Write these numbers in the ascending order in the compartments starting from
the front.

001

ORNORN® O O

Along with these activities, the activities given in the Text Book (TB) are

also included in the interaction section.
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ANNOTATION

INTERACTION

“BLACK BOARD

Participates as a full collaborator

Makes incidental connections
between formal concepts and every
day concepts. Assists students to

Segment 1: Activity 1: Play and Leamn.

Activity 2: Fractions Again
The two activities included in this segment are
related to the previous knowledge of students.
In the first activity the group member play with
the marbles and write the results in a tabular
form. In the second activity students discuss

and write the fractions representing the shaded |

portion 1n the picture. Teacher actively
partxclpatma in the group activities

Segment 2: Activity 1: In the New form
Activity 2: Number Peacock
Activity 3: Colour the picture (TB)
Activity 4: Upwards
Activity 5: Label of the pot. (TB)

Teacher writes the fractions with denominator

10 in the BB.

T : What is the peculiarity of these numbers?

Ss: The denominator of these fractions is 10.

T : 5/10.means 5 out of 10

T : Refer the dictionary and find the meaning

of the word 'decimal'?
Ss: The number based on ten or counted in ten

5 3 1 8 2

10 10 10 10 10

Decimal fractions.

develop a new content vocabulary. or counted in tens or tenths. 5
T : The above fractions are decimals because | --- =.5 (Point 5)

they are counted out of 16. Hence these | 10

fractions are called decimal fractions. 7
These numbers can be expressed in another --- =.7 (Point 7)

form. 10
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ANNOTATION

INTERACTION

BLACK BOARD

Integrates new information with
what students already know from
home, school or community.

Assesses, and assists  student's

performance.

Assesses and assists student's

understanding

5 .
--- = .5. This reads as 'Point 5'.
10
T : What is the meaning of point?
Students refer dictionary and find the

meaning of the word, 'Point’.
Students do the activities 'Number Peacock’,
'Color the picture' and 'Upwards' discussing in
groups. Teacher participates in the group
activities and assesses their performance.

3 »
T : How many tenths are in --- ?

10
Students discuss in groups and give the answer
as 3. :

3 3
T : 3 tenths makes -—-. But-- = 3
10 10

1.e., 3 tenths are there in .3
In other words, .3 represents 3 tenths. Like this
.6 represents 6 tenths. Students do the activity
'Label of the Pot' by discussing in groups.
Teacher participates in the group activities and
assesses student's performance.

Segment 3: Activity 1: Who gets more marbles
Activity2: Can you say in the
fractional form.
Activity 3: In the new form.

1

— = .1 (Point 1)

10
8

--- = 8 (Point 8)

10

-— = 3 = 3 Tenths.

(-l RN
]

Tenths
Tenths
Tenths

Activity 4: Prepare a table.




INTERACTION

- ANNOTATION BLACK BOARD
: ActivityS: Whose cap? Who :
. frightened? (TB)
Students sit in group and do the activities 1 and
Fully inclusive  conversation | 2. Teacher participates in the group activities
between teacher and small group of | and" assesses and if necessary assists students.
students. In the third activity teacher asks, 18 34 12 71 94

Elicits and
understanding.

extends student's

Assists students to develop a new
content vocabulary.

Connects  students  informal
understanding to more abstract
levels of understanding.

T : What is the pecuiiarity of the fractions
written in the BB.

Ss : The denominator is 100.

T : We know how to write the fractions with
denominator 10 in the new form.

T : Can you say how can we write the
fractions having denominator 100 in the

the new form?
Students hesitates to answer.
18 .
T : -—-— = .18. This reads as 'point one, eight'.
100
Usually the digits after point reads separately.
65
T : How can we write -—- .
100
65
Ss: --—-- = .65 (Point6,5).

100
Teacher shows and explains the chart in the
Activity 'In the new form'. Students completes

——— e—— _———oe e —————

100 100 100 100 100

18

---- =.18, (Point one, eight)
100

65

- =65 (Point 6,5)

100
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'ANNOTATION

INTERACTION

BLACK BOARD

Assess and assists  student's

understanding.

Models mathematics thinking.

the activities 'Prepare a table' and 'Whose cap,
who frightened? by discussing in groups.
Teacher actively participates in the group
activities and encourages for group interaction.
Teacher assesses and assists student's
performance.

Teacher presents a chart of match the items in
A and B. Under the headings A and B decimal
fractions and their fractional forms are given in
the jumbled order. Students do the activity and
teacher assesses whether the students have the
ability to do the activity by themselves. That is
each of the group members can convert fractions
mto decimal fractions and viceversa. -

Segment 4: Activity 1: Meter, Centimeter and
Millimeter

Activity 2:
Activity 3:
Activity 4:
Activity 5:
Activity 6:

How much cloth needed
Tenths of tenths

Tenth and hundredth
Making a table

Kunchu, what is inside
the bag? (TB)

In the first activity of this segment, teacher
distributes the model (Centimeter is divided into
millimeters) among the groups.

T : The distance between 0 and 1 is divided
into 10 equal parts. One small part is
called 1 millimeter. ’

100:

Match the following

w

79
86

100
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ANNOTATION . INTERACTION BLACK BOARD
Teacher asks students to take their instrument - :
box and examine the scale. Centimeter (cm)
T : How many millimeters are in 1 centimeter. | Millimeter (mm)
3s: 10. 1 cm =10 mm
T:1lcm = 10 mm. 1
1 Ilmm = -—- cm.
Provides clarification through lmm = -- cm. 10
conversation. 10 Imm = .1 cm.
T : Howmuch is 2 mm? Imm = 1 tenth centimeter
Ss: 2 em.
10
T : How much is 5 mm?
5
Ss: -—cm.
10 _
Teacher then distributes the model (1 meter is
divided into 100 centimeters) among the groups. | Meter (m)
T : How many equal parts are there in the '
model? 1 meter = 100 cm.
Provides clarification through | Ss: 100 1
questioning. ’ T : Hoyv' much meter is 43 centimeter? Student [ lcm = -—--m
cannot say the answer. Sometimes they 100
discuss in groups and gives the answer as | 1 cm = One hundredth meter
43 hundredths. Teacher explains 43 cm = 43 hundredth meter
T : How many meters is 69 centimeters. 43
Ss:.69m. = -—- meter
T : How many meters is 18 centimeters. 100
Ss: .18 m. = .43 meters

T : Prepare a table as shown in the BB.
Students prepare the table by discussing in
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ANNOTATION INTERACTION BLACK BOARD
groups. Teacher encourages for maximum .
group interaction. 10 cm = .10m{ 20 cm =.20m | ~-----
T : How many meters are in one centimeter? llem = .11m|2]1 em=.21m | ---—--
_ 12cm = .12m
1
Ss: - meters
100 .
T . How can we say it as a decimai fraction? 19¢m =.19m| 29 cm = 29m| ...
Students cannot say the answer, they hesitate, 1
teacher explains in the BB. lem = c—m
Encourages student's academic| Students do the activity 'How much cloths 100
discussions. needed? Teacher participates in the group 01
activities and encourage for group interaction. e m
Assesses and assists student's to | Teacher assesses student's performance. If 100
maintain  appropriate  cognitive | necessary teacher assists students and-evaluate = 0lm
challenge. them. -
In activity 3, teacher demonstrates two charts
containing pictures.
T : In the first picture, which fraction represents _E_
the shaded portion? 10
Elicits and extends student's i
understanding. Ss ;- 10
10
T : Which fraction represents the shaded area | |

in the second picture.
10
Ss 1 ---
100




ANNOTATION

INTERACTION

Provides illustrations
conversation.

through

Fully inclusive conversation
between teacher and small group of
students.

Encourages student's academic

discussions.

T : What is the peculiarity of these two shaded
areas?

Ss : In the two pictures the shaded areas are the

same.
T - Do the shaded areas represents the same
fraction ?
Ss: Yes.

1 10
T : Thatis «=-- = -
10 100

T : The decimal fractions of these two fractions
are also same that is, .1 =.10.

In activity 4 teacher shows the chart explaining
the tenth and hundredth places of a decimal
fraction. : v
T : In a decimal fraction, the number which
comes immediately after the 'Point' is in the
tenth place and next number is in the hundredth
place..

T : Write the place values of the numbers
written in the BB?

Students do the problems,teacher participates
in the activity and assesses student's
understanding.

In activity 5 students do the work of writing
the numbers in the tenth and hundredth places of
the fractions along with the decimal fractions.

BLACK BOARD
1 10 "
10 100
.1 =.10

53,.7
83, .45
99, 8

~7



ANNOTATION INTERACTION BLACK BOARD
Provides individualized instruction | Students also do the activity 6. Teacher actively
(if necessary) to match student's | participates in the group activities. If necessary
varied ability levels. Assesses and | teacher gives assistance to those who need
assists students to maintain | assistance. Teacher assesses student's
appropriate cognitive challenge. understanding.
Segment S: Activity 1: Thousandths
Activity 2: The number chain
Activity 3: Poor Zero!
Activity 4: How can‘we write, The | 3
Journey of Makku' (TB) |-— = 3
In the first activity 1 teacher asks 10
' 3
T : What is the decimal fraction of -— ? 34
o 10 — =34
Ss: .3 100
34
T : What is the decimal fraction of -—- ? 347 :
100 ~—-- = 347
Ss: .34 1000
347
T : What is the decimal fraction of -——- ?
1000
Students cannot say the answer immediately.
But they discuss in group and sometimes give
Fixes challenging goals and| the answeras.347.
provides feedback to advance : 718 374
student's understanding to more| Teacher demonstrates a chart explaining how | 1) «—— , (2) -——-
complex levels. to write the fraction with denominator 1000 as a 1000 1000
decimal fraction. 529 H8
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ANNOTATION . INTERACTION BLACK BOARD
T : Write the fractions given in the BB as |3) 227, ~(4) -U2-
decimal fractions as shown in the chart. 1000 1000
. 615 892
| Encourages  student's to use | Students discuss and analyse the problems in | 5) -, (6)------
purposeful conversation. group and write the fractions as decimal 1000 1000
fractions.
800 800 +10
Participates as a full collaborater Students do the second activity by discussing = -
in groups. Teacher participates in the group | 1000 1000+10
activities and assesses student's performance. 80
In activity 3, teacher asks, 100
800 80 80+10 8
T : How is the equivalent fraction of -~---- e = e =
1000 100 100+10 10
80 '
Ss: - 8
100 : - =28
80 - 10 !
T : What is the equivalent fraction of ---- 200
100 = 800
8 1000
Provides clarification through | Ss: --- 80
questioning. 10 — = 80
8 100
Elicits and extends student's|T : What is the decimal fraction of --- ? 8
understanding. 10 — =8
Ss: 8 10
860 80 )

a.{f
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ANNOTATION INTERACTION BLACK BOARD
800 80 8 200 = B0 - X
Assesses and assists student's | T : ----- =-—— = . therefore their decimal 1000 100 10
performance. 1000 100 10 .800=.80= 18
fractions are also equal. That is, .800 = .80= .8 | .400, .600, .500, .900, .100
Provides individualized instruction 40 4
(if necessary) to match student's| T : Write the decimals shown in the BB in the | 400 =-—- = .
varied ability levels. above form. One is done for you. 100 10
Students do the activity 4 by discussing in | 400 40 4
group. Teacher participates in the group |-—---- = crmee = oo
discussions and assesses their performance. If | 1000 100 10
necessary teacher provides individual assistance. | .400 = 40 = 4.
Segment 6: Activityl: Do you know the
: measurements?
Activity 2 : We should change.
Activity 3 : Fill in the blanks.
Activity 4 : Who do hide? Letus |5cm 3mm

Encourages student's academic
discussion.

Elicits and extends student's
understanding.

open the door (TB).
Students prepares the table in the activity 1.
Teacher encourages group discussion and
assesses student's performance.

T : What 1s the length of the line drawn by
Sruthy?

Sruthy: 5 cm 3 mm.

Teacher writes in the BB.

Teacher asks students to write the lengths of the

lines they have drawn in the decimal form as

shown in the BB.
T : Make a table of lengths of the lines drawn
by the group members in each group.

-
2

Scm -—- cm
10
3
5--cm
10
53 cm.
(5 point 3 cm)




ANNOTATION

INTERACTION BLACK BOARD
Teacher participates in the activities and cheek '
whether ‘students can do the work without
assistance.
The activity ‘we should change' discusses the
conversion of the mixed fractions into decimal 7
fractions. 6 -—- =617
7 10
T : Whatis the decimal fraction of 6--- ? 1
Connects student's understanding to 10 23 - =231
more abstract levels. Ss: 6.7 10
1 12
T : What is the decimal form of 23--- - =912
10 100
Ss: 23.1 725
12 21w =21.725
T : What is the decimal fraction of 9 -—- 1000
to 100

Provides systematic assistance in
activities that generates new
content vocabulary.

students hesitate the answer. They discuss
and analyse the problem in group and give
the answer as 9.12.

; . 725
T : What will be the decimal fraction of 21-—--?
1000
Ss: 21.725
T : What is the peculiarity of these decimals ?

Ss : These decimals have digits before and after
the 'Point'.

T : Yes. That is they have two parts- before
the point and after the point.

T : The part before the point is known as the
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"ANNOTATION

INTERACTION __BLACK BOARD
the 'whole number part' and after the point | Whole number part.
1s known as the 'fractional part'. fractional part.

T : What are whole numbers?
Ss:0,1,2,3,............
Integrates new information with | T: The whole number part of 6.7 is 6 and
what students already know from | fractional parts is .7
home, school or community. T : What is the fractional form of .7.
7
Ss: -
10
T : What 1s the whole number part of .7?
Ss : No whole number part.
T : What is the fractional part of .7?
Ss: .7
T : It can be considered as the whole number | .7 =0.7

Assess and assists student's

performarnce.

partof .7 1s 0.
T : The decimal fractions with whole number
part O can be represented as 0. - - -

T : Write the whole number part and fractional
part of the decimal numbers written in the
BB.

Teachers asks C.P, to frame problems of this
kind and make the group members to work out
them. Teacher participates in the activities and
assesses student's understanding.

Teacher demonstrates a chart and asked the
students to group them and write in a tabular
form as shown in the BB.

Whole number part = 0
Fraction part is .7

183=0.78
429=0.429
43 =043
1 =01.

Write the whole number part and
fractional part of the following.
(1) 9.23

() 1.03

(3) .127

(4) 100.008.
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ANNOTATION INTERACTION BLACK BOARD
Encourages higher order thinking |- '
skills such as analyzing, 11 9 35
categorizing and summarizing. 2 — -8 68 - T Fractional| Decimal [Whole Fractional
100 10 100 Form Form |Number |Part
Part
Assesses and assists students to 8 18 H-
maintain  appropriate  cognitive | 4.37 121.44 4 13 ---- 2 - 2.11 2 11
chalienge. 10 100 100
----- 8
23 178
0.44 16 --- 6266 | - — e
100 1000

Students do the activity Fill in the blanks' and

activity 4. (TB).

Teacher participates and

assesses the performance of students in the

activities.

Segment 7: Activity 1: Place value chart.

Activity 2: Who is big?

Activity3: Settle the quarrel and
number balance (TB)

Activity 4: Let us use the symbol.

Activity 5; Number Train.

In the first activity teacher shows a chart and
asks students to write the numbers given at the
end according to their place values as shown in




xxviit

"BLACK BOARD

ANNOTATION : INTERACTION
the example. :
In activity 2 teacher shows a chart in which
the decimal number 8, 4, 6 and .3 are
pictorically represented. Teacher asks,
Encourages higher order thinking | T : Which decimal is bigger than the others?
such as analyzing, summarizing and Students cannot identify the number.
categorizing. T : In which picture the shaded area is more
than the others?

Ss : In the first picture.

T : What is the decimal fraction representing

the shaded area in the first picture?

Ss: .8

.8,.4,.6,.3

Actsasa ﬁﬂl collaborator.

Assess and
performance.

assists  student's

Fully  inclusive  conversation

between teacher and small group of | -

T : Then which will be the biggest decimal
among the four decimals. -

Ss: .8. 7
T : Can you say these in the ascending order.
Ss: 3,.4,6,.8

Students do the activity 3 by discussing and
analyzing the problems in groups. Teacher
participates in the group activities and assesses
and assists students.

Students do the activities 4 and 5 in this
segment by group discussion. Teacher
participates as a full collaborator. Teacher
observes how students work out problems and
sometimes seeks explanations about the way in
which they reach the solutions.

Ascending order

3,.4,6,.8
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H;ITERACT ION

; ANNOTATION BLACK BOARD
students. - Teacher asks C.P to prepare problems of this '
tpe and inake the group members to do them.
Teacher observes and assess their activities. -
21 '
T : What is the decimal form of --- ?
_ 10
Students cannot give the answer easily.
21
T : What type of fraction is --.
10
Ss : Improper fraction.
T :You know how to convert improper
Integrates new information with fractions into mixed fractions. Students
what students already know from 21
home, school or community. convert — into af mixed fraction. Teacher
’ 10
assesses how they do the problem: if
necessary teacher provides assistance.
21
T : What is the mixed fraction of ----
: 10
1
Ss: 2---
10
21 1
21 |--=2--=21
T : What is the decimal fractional form of -—- |10 10
10
Ss: 2.1

T : Convert the improper fractions into mixed




ANNOTATION INTERACTION BLACK BOARD
: fractions and write the comresponding {44 218 76 537 8417
decimal fraction of the fractions given In | -— | -oo— | o | oo | oo,

Encourages students to use BB. 10 100 10 100 1000
purposeful academic conversation. '

Teacher encourages for maximum interaction

among the members of the groups. Teacher | 457 1167

participates in the activities of the group and { -—-—, --—--

examine how they reach the solution of the | 100 1000

Assesses and assists student's
understanding. '

problems.

Teacher asks the C.P to prepare the problems of
writing the decimal form of the improper

fraction and make the group members to do
them. :

Teacher assesses the performance of each
individual students in the groups and examine
whether they acquire the problem solving
capacity or not. Teacher continuously evaluates
the students.
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APPENDIX 11

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

INSTRUCTIONAL STRATEGY OF THE CONCEPT ‘AVERAGE’

SREEJA.D Dr. C. NASEEMA
Research Scholar Reader in Education
Name of the concept: Average

Standard : VI

Time : 15 periods

Duration of a period : 45 minutes

Instructional Objectives:

1. Student acquires knowledge in the concept ‘Average’.
2. Student comprehends the concept ‘Average’.
3. Student makes sense in the concept ‘Average’
Student develops collaborative learning and communication skills.
5. Students develops problem solving capacities and experience of the actual

processes (conjectures, generalizations, proofs ad refutations) through
which Mathematics develops
Means of semiotic Mediation:
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ANNOTATION

INTERACTION

BLACK BOARD

Teacher acts as a full collaborator

Encourages students academic discussions

Elicits students understanding.
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Acts as a full collaborator

Elicits and extends students talk on academic topic.

Prevides clarifications through questioning and con-
versation
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ANNOTATION

INTERACTION

BLACK BOARD

provides feed back to advance student’s understand-
ing to more complex levels. '

Encourages higher order thinking skills such as
analysing, determining casual relationships and prob-
lem solving.

Elicits and extends students understanding
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ANNOTATION

INTERACTION

BLACK BOARD

Elecits and extends students understanding

Modeis mathematical thinking and problem solving
strategies
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Xii

ANNOTATION

INTERACTION

BLACK BOARD

Provides individualized instruction to match students
varied ability levels

Integrates new information with what students already
understood form home, School or community

T: 800 (Waflano 8o) &)3) GUD6LO) al)6a)Sle
819S ag)6[Ro &N3)aflSla], ng@y L)a o8 OR2j0als
(UBEDMo $0¥aleMajom T SN2 aflslenoo.
WD (auBTMETRE 0D &5k 03 agd@epjsiom).
S%a)d 89c0U}aflonw)o (aIudEmmeBEIEd M)
mmae,ogm)ooes;cm@’lom:)cao @R alleiwlo)om)
SWjo O21QNMM) BCEO B)5IW)0 TVIWo (AIBMo
m13rvooemo S M@IM88 Guoarl ems)
MYGEN20 @y S%ayd alGle0IWleYM). @RI
e2®1ed Individual @r o) assistance (T @35y ).
Segment 2 : Activity 5 : ayodoD

Activity 6 : g)@m B)BlmowIMy (W)

Activity 7 : quemumile

Activity 8 : emomy meisesoemiems.

8mmoan@m Activity @led awlmvosnid 1000 @igon
oLl BO} ADUIBED &)5)e0Bos M@BH)M).

T: ©om csodem ) (W OMH6)012j06rm?
Ss: ®daimlaiowa q)
T: 2v aodemwlenl &eemomod af) (16,061 ?

Ss: es080mo8 2)Madusmglcaenoud B d»0S)0
@EMa] GRMYRAIOIS)IM). '

T: 2@@d (o) agam AI0e6) ©6:06ME ag) o6
2CUee) M2

5101306 LBlwom) aflewlerleadmd ovlmym

&




'ANNOTATION

INTERACTION

BLACK BOARD

Assists studnets to generate ncw contnet vocabulary.

Encourages higher order thinking and elicits students
understanding.
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ANNOTATION

INTERACTION

BLACK BOARD

Acts as a full collaborator.

Provides systematic assistance in activities that gen-
erates extended languagae use.

Assesses and assists students performance
Encourages academic conversation

Encourages students to use purpose ful conversations.

Encourages students academic discussions.

Participates as a full collaborator.
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ANNOTATION

INTERACTION

BLACK BOARD

Provides individualized instruction (if necessary) to
match students varied ability levels.

Encourages higher order thinking such as categoriz-
ing, summarizing availzing and determining casual
relationships.

Participates as a full colleborator.

Assesses and assists students understanding, sense
making and authorship of knowing.
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ANNOTATION

INTERACTION

BLACK BOARD

Participates as a full collaborator.
Assesses and assists students performance

Elicits and extends students talk is relation to an aca-
demic topic

Fixes challenging standards and provides feed back
10 advance students understanding to more complex
levels.
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XV

ANNOTATION

INTERACTION

BLACK BOARD

Acts as a full collaborator.

Assesses and assists student’s performance.

Assesses and assists students performance.

Encourages higher order thinking skills susch as
analysing. determaining casual relationships and prob-
lem solving.

Fully inclusive conversation between teacher and
small group of students
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Xviii

ANNOTATION

INTERACTION

BLACK BOARD

- Encourages students to use purposetul academic con-
" versation.

: Elicits and extends students taik on academic topic.

. Models mathematical thinking, mathematical lan-
. guage and problem solving strategies.

| Assesses and assists students understanding and sense

+ making.

1 Structures students thinking.
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RESPONSE SHEET

The responses of the students about the new Instructional Strategy
based on Vygotsky's theory are presented below

o gl a0

PR

O oidh oy 1B
p0RB mm @aa Dedwad GpaAilem aib e
w08 @m

. ' 20
DAL B0 argymb 2R3 . O] 0€) P AT

a1til@nd agegs ab Hhoyab) amosaass. QLG U 30 G -
6P DI 98B -

Sremge Sad b &.c:-le@ma—"-é C g aay’
@_B@owc{‘mm S dmnn @;%Q:ﬁa.o
Dpoar® SoroTRaxh 2idal ®al@y ™
g@i@aﬁnﬁﬁ?@&&@’o‘&\“‘“ .6“33%0-0&
Ao b o
&2 fr)) @D e (YOO
3\ 86 g% @ %)
o o o0k a0 Cengy
a0

618

SN0 o D\BRa adieD
G dodlok-c.

YL
@ Cen ﬁ’h'@/ﬁ\fw;.)\f‘f; G nxo c\ﬁfﬁ?—)ﬁ '@uw\m
L T A A T L e = et
bl By b D ONEDLES Q0 sy
. \\m\%ﬂg@ Ca X3 QO Ty 04 0(—';\3\;“3
: @‘f\&%a‘bg&ggj' ‘133«3'5)3‘33m5g;}n,\g L BTN
ALY CIRESOREN ‘L_(pqum{, Coall 7
QAN % . I’K)’hg)@:g, ‘593“0")5\3 DY C\":)Cj'
.S)(KI)‘.A.. ~-,.*~.5\S 6&\'5}\\\3} Q%)L\‘bc ) _)nz
«‘G@l’&) BN a——/’e‘a\ SR AOZ)en
Ao ke DBl D amlyxb Govee

. . o



" eaen Sladd 2a1809PW Congyaq’
e @_)Smowo'mco S doen .@_fr%czoﬁﬂ.o
CroO\oar® SoeTO@saand 2 16a) ©ala) ®
oA aRBTR GO 622290
2o Dab obeD)3 appalo CRFTUTE
DA O - FOZH B0
5\kF 8 @VOaN™
aBpmooh CaTLEO N BSTOBEL
ol @l asueITT O
oo ok A GCOwOD OO
PRI L crgaxb omcasewe

appoad o @onoaddes
| ()-D«Ua\n‘k'c.
ag%%i;@%@% Suro-o 0Dl o, b

' 3030« Tk 2 ® ﬁ;‘\nn@___
' C“g\iﬁ g\aad S0 EWEOHET) Qdpy ei2yyo
ﬂsm\\glm cm\(‘b T M%o. ‘(_\,\Q o0

. mhﬁ'ﬁBcﬁxf bz \
Y &w 3\} Q()(d)ﬁ) DU ,;;@jam
o 5

- X0 15X L0 R oD C
adQltd Qerml&lymoe s am
O em® o O\ evaena @0z, %

Aol 393?@%0/ ~Qamlayxh  Goroo
, gfﬂ B0 0 lasyredy ashoro

riar?/mbmp

m)%fﬁ]m). oofa

—

078wy @rel RePaoodh Tyodilom 216b 5o 130

DDA QR0 28 mrb 01830 . D) 0€) B B

alofl@od 0Qgas ab r@@momoggﬁgo,@@@bo ‘WG -
P by agmq -



e0es e’  sShlaptanord o) R )
osmeyEm® v Qefloed o \eed IR T COOY
q&’)@t@’)W\) o0 Wopanos@al, o Sswn land XY

 msd Byt GRESKINY e DBtemes i
o ORD LIt comBdoaflay Sa Wil o). CeREBiTh
RS A ®GUYP 2adPVer2BT D Slony Rl
B8R0 WesSimamge  Goted SBwDas N
CONTHH (500 LAY LIRORD s swaod o 3F)-
Lotk ©om0ss G exofhnel 2 oSt ereaierd
COODIID WTVB Yoreey. FOTDIBOIYD  Srs0aS ORI
2RO oY Bt o mvOmSToil Sm
Qc()b)'f_—&_‘f m%\:ﬁsmo o e m%mg}gf;bo QIR0
ORIl Corp@ iR D IOTHRSRS o WIHon
om0y e et «Slklayygpn CCoDE -
oSS0 2090  2ABOEN .

% , ms]_)%w K- P-

OFReEs) ERO5P0Re @7%‘3
2NEDIeRe @%SO@CJ) ao&)@ % :
—i—Dmﬂ’m;&Q%@o, u”bscogon B DS

GTLW@ @Bvibmmﬁ

o vy ANV P
‘1@?‘9@5 Da  (ndes G OV

(pa 35l HOMENDD
2 onpacd olando -@ow'nﬁﬂgs%c |
: . G
claun fﬂ@”-?, NS¢ oy §a0h3 121ld
. ‘ _ L
oem YO
ip Ao 22334

4 MW 1‘?&0)93 '}ﬂm

fpRe ngm |70

) AT o 1 B0 Dy D



QITUNC oHGIINIIT LN @OUNY §(niormud

.09 G- FRAR DR HNVDGAT BTX WY nd)

DML lofDAN T E DM O
RIRONIE NGO DOV 2 €100131R 5Dy

D524 mMI b8 MM 0590 g

BROSICCWINE €.2!90) 856 0 XADMIND © )
NN 25xM0 %mdoa)é?g%@mgmvm
WM oN Dl gyl anave.-

~ el feniodh

e T
OUCN3 OISR H 9D MG} L5100
L% 23 %0. %Q(Q,m,g il 9 USRS e AN emog\"
2om 0D 330V6 - B eatiroc ® OO (P 2R
mhloyees adivngje 2dmonce BosmmoBegre:
POBoOHOXDDE 03 Cumged peo maf@lal rogyR° e
UB08M By Olaiomo G@@'&q@ el @@é\ QX or@25)
B BgSonm  oemeng Eladeope swandd MIOTRSEE
& Suoacaogemiﬁ (o nnoemy, @O onE & oS0 -

20D B sinrdvgo :

:ﬁatrm@@g‘)-gﬁ 21T o) c@@oﬂ%rﬁ) @%mmm‘a nJn
Ao MmmMosylaginm omnmmn% ODN2nts) - oy
SD0- B0 O TNDNDHO AL et g o

LEBOSM YDl b Br)ennmLoas). mrdle)s
TDEDRIDHEOLNINATIA] (R ) )20
fﬂn@J’}ﬁﬂ’)O AL W] OO)&MU)%DH%%M)[&)?QA@?



APPENDIX-1V

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

INSTRUCTIONAL STRATEGY OF THE CONCEPT 'AVERAGE'
(English Version)

SREEJA.D DR. C. NASEEMA
Research Scholar Reader in Education
Name of the concept : AVERAGE
"Standard : Vi

Time : 15 periods

Duration of a period : 45 minutes

INSTRUCTIONAL OBJECTIVES

l. Student acquires knowledge i the coneept 'Average’.

2. Student comprehends the concept 'Average'.

3. Student meakes sense in the concept-'Average'.

4, Student develops collaborative learning and communication skills.

5. Student develops problem solving capacities and experiences of the

actual processes (conjectures, generalizations, proofs and refutations)
through which mathematics develops.

Means of Semiotic Mediation

Marbles, Charts, Newspaper cuttings, pictures etc.

Previous Knowledge

Students have previous knowledge in natural numbers, whole numbers,
basic mathematical operations, fractions, decimals, their operations,
measurements, operations of measurements etc.




ACTIVITIES

Activity 1: Sharing of Marbles

Teacher distributes marbles to each of the groups. Group I has got 20
marbles, group 2 has got 45 marbles, group 3 has got 30 marbles, fourth
group has got 25 marbles and the fifth group has got 35 marbles. Teacher
asks the students to share the marbles equally among the group members in
each group and make a table contains total number of marbles, total number
of students in the group and the number of marbles obtained for each student.

Activity 2: Stamp collection

Students were asked to collect stamps for the exhibition in connection
to a programme of school mathematics club. Students of the VI™ standard
made two groups having five members and collected staraps. The details are
given as follows.

Group A Group B
Anoop | Bindu | Neena | Manu | Shiju Neecthu | Laila | Hari | Vinu | Manju
42 37 33 30 32 38 32 34 41 | 38

!
|
|

Which group showed more enthusiasm in stamp collection?

Activity 3: The Tailors

There are six tailors in Unni's tailor shop and four tailors in Saji's tailor
shop. The tailors of Unni's shop stitch 24 shirts and the tailors of Saji's shop
stitch 20 shirts in a day. The tailors of which shop do their work faster than
the other?

Activity 4: Science Project

The members of the science club were divided into four groups for
doing a science project. They were asked to collect as many medicinal plants
as they can. The details of the number of plants they have collected are given
below. Which group showed more interest in collecting medicinal plants.

Group | Group 1 | Group 1t1 | Group 1V

Number of students 6 5 6 8

Number of plants coll¢cted 72 05 66 064




Activity 5: A News Report

A newspaper report of December 10™ —'Bitter cold overwhelm Kerala'
from the reports of the Weather forecasting centre, Trivandrum, the average
minimum temperature in this season is considerably less than that in previous
years. The average minimum temperature reported in the plane areas is
appreciably less than the average of the bitter cold reported only three times
in the earlier years. Study this news report.

Activity 6: Relief Fund

Fifteen scouts and 20 guides of Govt. High School, Manimala have
_collected Rs. 315/-and Rs.400/- respectively for the earthquake relief fund.
Who showed more enthusiasm in the collection?

Number of Total amount Average
Scouts/Guides collected
Scouts 15 315 -
Guides 20 400 -

Activity 7: Sanchayka

The details of the number of students and the amount they deposited
last week in the sanchayka saving scheme of the students of V, VI, and VII
standard in Azchavattom Govt. U.P. School are given as a table below.

Standard and Division VA VB VI A VIB { VITA | VIIB
Number of students 28 32 31 30 39 40
Amount Deposited 336 352 403 210 468 400

Calculate the average and compare the class divisions?

Activity 8: Jose Electronics

After the world cup cricket tournament starts, the number of television
sets sold in one week from Jose Electronics are given as a table below. What
is the average selling in one day.

Monday Tuesday | Wednesday | Thursday Friday Saturday

9 7 14 12 13 17




I\

Activity 9: Average Income

The daily income of ten families in a colony are given below. What is

the average daily income in the days they have worked.

SUN | MON | TUE | WED | THI | FRI | SAT
Family I ) 125 | 150 | 80 120 140 75
Family II 140 | 95 | 125 ) 105 i
Family 111 105 | 85 | 95 120 85 115 130
Family IV | 175 - 195 . 130 i 144
Family V 70 - 133 125 80 95 85
Family VI a 115 | 80 123 . 102 90
Family VII - 113 - 95 87 ] 85
Family VII | - 124 | 106 | 115 - 98 102
Family IX - 117 | 103 | 94 106 120 o8
Family X - 95 | 133 - 110 82 -

Activity 10: Average Marks

Collect the marks obtained in mathematics for the last examination of
the students in each group. Find the average mark in each group. Which

group performed well in mathematics examination.

Find the prices of the seven text books of standard VI and calculate the

average price.

Activity 11: Average Height

Find the height of the students in each group and d:termine the average

height of students in each group.
1) Which group's average height is more than that of the other groups.
2) Which group's average height is less than that of the other groups.

3) Who have heights more than the average height in your group?

4)  Whose heights are less than the average height in your group.

5) What is the average height of the total students in the class?




Activity 12: Madhavan's shop

Madhavan's shop functioned six days in a week. The average daily
income in the week was found to be Rs.750/- what is the total income
obtained in six days?

Activity 13: Complete the Table

Total of items 325 - 1476 - 2875 -
Number of items 13 14 - 25 23 42
Average - 32 123 18 - 35

F1ll in the blanks of the above table.

Activity 14: Volleyball Team's journey

There were nine players in the volleyball team. When they started for
a tournament Raju failed to reach the railway station in time. He reached the
destination by hiring a taxi car at the cost of Rs.210/-. The average train fare
of the 8 players was Rs.30/- what is the average travel fare of the team
members?

Activity 15: Moideen's Farm

Moideen has four cows. He gets an average of 4 liters of milk per cow.
He sold one cow who gives seven liters of milk. What is the average amount
of milk gets from the remaining cows?

Activity 16: Workers in the factory

There are 12 workers in a factory. Their average age is 38 years. A
man of 60 retired from the factory. What is the average age of the others?

A worker of 24 joined in the factory in the place of the retired man.
Now what is the average age of the workers?

Activity 17: Grandmother's Arrival

The average age of a family having 4 members i1s 31. The
grandmother of age 56 has arrived there. Now what is the average age of the
family members?
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Activity 18: When Vijay comes

There are 33 students in standard VI A. Vijay was absent in the day
the weights of the students were measured. The average weight of the 32
students is 30 kg. The weight of Vijay is 33 kg. What is the average weight
of 33 students?

The average height of 40 students of VI A is 145 cm. Three students
from VI B are transferred to VI A. Their heights are 138 cm, 124 cm and 130 |
cm. Now what is the average height of the students in VI A?

Activity 19: A News Report

Hike in Petrol, Diesel and Cooking gas. There is a sharp increase in
the prices of petrol, diesel and cooking gas. For Petrol, there is an increase of
Rs.2 per liter and for diesel there is an increase from Rs.1.67 to Rs.2.35 per
liter. There is an increase of Rs.7/- per a cylinder of 14 kg. The old prices
and the revised prices in the important cities of Kerala are given in the table
below.

Petrol Diesel Cooking Gas
(per one cylinder)
of 14k g
Old Price | Revised | Old Price | Revised Old | Revised
(per liter) Price (per liter) Price Price Price -
(per liter) (per liter)
Trivandrum 36.50 38.62 2424 25.35 269 276
Ernakulam 36.24 38.37 23.99 25.11 267 274
Thrissur 36.37 38.50 2412 25.24 272 279
Kozhikode 36.51 38.03 24.25 25.30 207 274

1) What is the average revised price of petrol in Kerale.?
2) Find the average of the old price and revised price of diesel in Kerala?
3) Where are new prices of cooking gas more than the average price?

4) What is the average of the revised prices of petrol and diesel in
Ernakulam?
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Activity 20: Combined together

Rajappan's stationary shop functioned six days in the first week of
January. The average income was Rs.360/-. In the next week shop opened
only five days because of harthal. The average income was Rs.426/-. How
many days did the shop opened in the two weeks? What is the average
income in the two weeks?

Activity 21: Baniyan Factory

Workers worked in two shifts in a baniyan manufacturing company.
There were 12 workers in the first shift and their average daily wage was
Rs.75/-. In the second shift there were 8 workers and their average daily
wage was Rs.80/-. Now all the workers works in only one shift what is the
average daily wage of the workers?

Activity 22: When the groups are combined

Two groups are given in table A and table B below. The number of
items and the averages are given for each group. Find the average when the
two groups are combined?

Table A
Number of items Average
Group 1 16 21
Group Il 14 36
Table B
Number of items Average
Group A 40 35
Group b 60 30

A
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Activity 23: Scores of Mathematics

Sheela teacher teaches mathematics in standards VI A, VI B, VIl A .
and VII B. The details regarding the number of students in each class, the
scores obtained in mathematics in the quarterly examination and the total
scores are given in the table below. Fill in the blanks to complete the table.

"VIA VIB VII A VII B
Number of students 36 - 40 42
in each class
Average score - 20 - 15
Total score 900 700 880 -
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ANNOTATION

INTERACTION

BLACKBOARD

Teacher acts as a full collaborator.

Elicits student's understanding.

Acts as a full collaborator.

Segment 1: Activity 1: Sharing of Marbles
Activity 2: Stamp collection
Activity 3: The Tailors
Activity 4: Science Project

All activities included in this segment are
taken from the familiar surroundings of the
students. Students do the first activity in
groups do the first activity in groups and make
atable. Teacher participates in the activities.

T : How many marbles are obtained for each
for each student in group I, group II,
group II, group I, group IV and group V.

Students say the answers.

T : Which group gets more marbles per
student than the other groups?

Students analyses the results and answer the
questions.

T : Students of which group obtained least
number of marbles?

T : How many more marbles did the second
group obtained than the least obtained
group?

Teacher asks C.P's to prepare questions of this

pattern and make the group members to do
them.

Students do the activity 'Stamp Collection'.

Writes the results in the BB.

i

e



ANNOTATION

INTERACTION

BLACKBOARD

Elicits and extends student's talk
on academic topic.

Provides clarification through
questioning and conversation.

Provides feedback to advance
student's understanding to more
complex levels.

Teacher participates in the group activities and
works with each group. Some students fail to
compare properly the groups given in this
activity.

Teacher assists and guides them by providing
hints and asking questions.

The number of students in the two groups
are the same. Students understand that to
compare the two groups, they have to find the
total number of stamps collected by the two
grougs.

In the third activity teacher asks,

T : How can we compare the performance of
the tailors in the two shops. Students can
not say the answer immediately. They
discuss in group and some group suggest
that comparison can be done by the total
number of shirts they have completed.
But some groups disagree with this
suggestion.

T : Why it happens?

Students analyse the problem in groups and
say that the comparison by taking the total
number of shirts is impossible because the
number of tailors in the two shops are different
Teachers eliciting questions and assistance
helped them to reach at this conclusion.

T : How can we compare efficiency of the
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ANNOTATION | INTERACTION BLACKBOARD
tailors?
Students analyses the problem and discuss in
groups. Teacher participates in the group
discussion and assesses their way of thinking
' o and if necessary provides hints and assistance.

Encourages higher order thinking | g¢ - The comparison can be done if we know

skills.  such  as aqalyzmg, the number of shirts stitched by each

degerrmg;ng C?S‘}al relationships tailors in a week in the two shops.

and problem s : : . :

P ovig T : How many tailors are in Unni's shop?
Ss: 6
T : How many shirts they stitched in a day? 6 stitches 24 shirts.
Ss: 24 24
T : How many shirts does one tailor complete | | stitches --- shirts
in a day? 6
) That is 4 shirts
514 24 +6 =4
T : How this answer obtained. B
o Ss: 24+6=4
Elicits and  extends student's | 1 . oy many shirts does one tailor stitch in
understanding. Saji's shop in a day? 20+4 =5

Ss: 20+4=5

T : The workers in which shop are more
efficient than the others?

Ss : The tailors in the Saji's shop.

The number of students and the number of
plants they have collected are given in the

o~

”Wf%‘»
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ANNOTATION

INTERACTION

BLACKBOARD

Elicits and extend student’s
understanding.

Models mathematical thinking and
problem solving strategies.

Provides individualized instruction
to match student's varied ability
levels.

activity ‘Science project'. Students have to find
out which group showed more enthusiasm in
collecting the medicinal plants. Students can
not find out the answer immediately.

T : The number of students in each group are
different. The comparison of the groups
by comparing the total number of
medicinal plants collected by each group
1s not the correct way. Which method can
be used for comparison? :

Students discuss and analyses different
methods for comparison. Teacher participates
in group discussions.

Teacher assists the students to find out the
suitable method for comparison.

Ss : The number of medicinal plants collected
by one students in each group provides a
way of comparing the groups.

T : Find the number plants collected by one
student in each group and determine
which group showed better performance
in collecting medicinal plants.

Students discuss in groups, teacher
participates in the group discussions and
assesses student's problem solving abilities.
Teacher observes whether each individual
students shows independent problem solving
capacity. If necessary provides individual
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ANNOTATION

INTERACTION

BLACKBOARD

Integrates new information with
what students already understood
from home, school or community.

Assists students to generate new

assistance.

Segment 2: Activity 5: A news report
Activity 6: Relief fund
Activity 7: Sanchayka
Activity 8: Jose Electronics

In the first activity teacher shows a news
report of December 10 and asks.

T : What is dealt in this news report?
Ss : About temperature
T : What is the finding in this news?

Ss : The temperature 1s lower than that of the
previous years in Kerala.
T : What is meant by the word 'average' in this
report?
Students fail. to give a satisfactory
explanation. Teacher asks.

T : In the activities 'Science Project, and
Tailors' we found the ‘number of plants
collected by one student in each group
and the number' of shirts stitched by one
taillor in each shop, to compare the
performance. Mathematically this
number 1s known as 'average'.

T : What is the average number of shirts
stitched in Unni's tailor shop?

Ss : 4.
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ANNOTATION INTERACTION , BLACKBOARD
content vocabulary. T : What is the average number of shirts | Average. -
stitched 1n Saji's shop?

Encourages higher order thinking
and elicits student's understanding.

Ss: 6

T : Which 1s more than the other?

Ss : The shirts stitched in Saji's shop.

T : What 1s the average of the first group in

activity 'Science Project'?
Ss:12.
T : What 1s the average of the second group?
Ss: 13.
T : What is the average of third group?
Ss: 11.
T : What is the average of fourth group?
Ss: 8.

T : Which group showed more enthusiasm in
the collection of medicinal plants?
Ss : Second group.

Activity 6, Activity 7 and Activity 8 of s
segment are related to the familiar surroundings
of the students. They discuss, analyse and
reach at the comrect solutions.  Teacher
encourages group interaction and actively
participates in the group activities. Teacher
evaluates the problem solving abilities of the
student can do problems independently or not.
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ANNOTATION

INTERACTION

BLACKBOARD

Acts as a full collaborator.

Provides systematic assistance in
activities that generates extended
language use. Assesses and assists
students performance. Encourage
academic conversation.

Encourages students to
use purposeful conversation.
Encourages student's academic

discussions. Participates as a full
collaborator.

Provides individualized instruction
(if necessary) to match student's
varied ability levels.

Encourages higher order thinking
such as categorizing, summarizing,
analyzing and determining casual

If necessary teacher provides assistance.

Segment 3 : Activity 9: Average Income
Activity 10: Average Marks
Activity 11: Average Height.

Students do all the activities in this segment
by interacting with the group members.

Teacher encourages group discussien. C.Ps
and if necessary teacher assist students in
solving problems. Teacher participates in the
group activities and evaluate the students.
Teacher checks whether the students acquire

the ability to solve problems by themselves.
Segment 4 : Activity 12: Madhavan's shop
Activity 13: Complete the Table.

Activityl4: Volleyball
Journey.

Activity 15: Moideen's Farm.

The activity Madhavan's shope helps to
determine the logical relationship between the
average, the total of the items and the number
of items Students are asked to analyse all the
activities that have done previously and make a
table as shown in the BB. Students analyse
each problem and make a table as shown in the
BB. Teacher actively participates in the group
activities.

Team's

T : By analyzing this table, can you find the

q*f:‘*‘

LY
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ANNOTATION

INTERACTION BLACKBOARD
relationships. relationship between the number ofitems, | No.  Total Number Average
Participates as a full collaborator. average and the total in each problem? 1
Total 5
Ss: Average = -----ecomemeeees
No. of items 3
4
T : How can we find out the total if we know | ¢
the average and the number of items?
Students discuss in groups and give the correct
answer. Total
T : How can we find the number of items if | Average =

Participates as a full collaborator.

Assesses, and assists student's
understanding, sense making and
authorship of knowing.

Participates as a full collaborator.

Assess and student's
performance.

assists

the average and the total are known?

Ss : We will get the number of items if we

divide the total by, the average.

T : In Madhavan's shop what is the total selling
price for the six day? Students discuss and
analyse the problem in groups. Teacher
assesses and assists student's performance.

Students complete the activity 'complete the
table'.

Teacher actively participates in the group
activities and assesses and assists student's
understanding.

Students discuss and analyse the activity
"Volleyball Team's Journey'. But they can not
suggest a method to solve the problem.
Teacher asks,

T : How many players are there in the team?

Number of items
Total = Average x No. of items

Total
Number of items = --=-eemm-
Average

Average = 750
No. of days = 6.

The total selling price for the six
days =750 x 6 = 4500.
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Fixes challenging standards and
provides feedback to advance
student's understanding to more
complex levels.

Acts as a full collaborator.

Assesses, and assists student's

PUNPEGS o SR

Ss: 240+210=4501.e., Rs. 450/-.
T : Then what 1s the average traveling fare for
one player?
450
----- =501.e., Rs. 50/-.

9 v

Students discuss, analyse and do the activity
'Moideen's Farm'. Teacher participates in the
group activities, assesses and assists student's
understanding.

Ss:

Segment 5:Activity 16: Workers in the Factory
Activity 17: Grandmother's Arrival
Activity 18: When Vijay comes
Activity 19: A News Report
Students discuss, analyse and do all the

240+ 210 =450

450+ 9

]

ANNOTATION - INTERACTION BLACKBOARD
|Ss: 9.
T : How many of them traveled by train?
Ss: 8.
T : What 1s their average train fare ?
Ss: Rs: 30/-
Elicits and extends student's talk in | T : How much they spent for train fare? l
relation to an academic topic. Ss: 8x30 =240. Rs. 240/- !
T : How much Raju paid for the rent of the !
taxi1?
Ss : Rs. 210/- :
T : What 1s the total traveling fare for the 9
team members? 3 x 30 = 240,
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ANNOTATION

INTERACTION

BLACKBOARD

performance.

Encourages higher order thinking
skills  such as  analyzing,
determining casual relationships
and problem solving.

Assesses and assists student's
performance.

Fully inclusive  conversation
between teacher and small group
of students.

Encourages student's to use
purposeful academic conversation.

activities in this segment. Teacher participates
in the group discussions. Teacher elicits the
correct method to solve the problems in the
activities and assesses student's performance.
Teacher checks whether the steps and
calculations were correctly done by the students
or not. Teacher discuss the problem with each
student in the group and examine whether each
student acquire the ability to do the activity
individually.  Teacher provides individual

assistance if necessary. Do the calculations in
the BB.

Segment 6: Activity 20: Combined Together
Activity 21: Baniyan Factory

Activity 22: When the groups are
combined.

Activity 23: Scores of Mathematics

Students do all the activities in this segment
by discussing and analyzing the problems in
groups. Teacher encourages for group
discussion and interactioii among the group
members. Teacher actively participates in the
group activities. Teacher seeks the opinion of
the group members.

Teacher asks students to do the last two

Antiseitsas 2n thie cocmanmt _snmdaeanmdamtlss
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ANNOTATION

BLACKBOARD

Elicits and extends students talk on
an academic topic.

Models mathematical thinking,
mathematical  language  and
problem solving strategies.

Assesses and assists student's
understanding and sense making.

Structures student's thinking.

INTERACTION
activities in  this segment independently:
Teacher assesses their performance. If

necessary teacher provides assistance in the
form of hints and models.

The students do the activities individually
and compare the method and answers with
other group members. If the answers were
different, they trace back and find the reasons
for the difference in answers.  Teacher
participates in the activities and assesses and
assists student's performance. Teacher assesses
whether the students acquire the concept in the
proper way and acquire the ability to solve a
new problem by using the newly acquired
concept.




APPENDIX V

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

INSTRUCTIONAL STRATEGY OF THE CONCEPT ‘NEGATIVE

NUMBERS’
SREEJA.D Dr. C. NASEEMA
- Research Scholar Reader in Education
Name of the concept: Negative Numbers
Standard : Vil
Time : 14 periods
Duration of a period : 45 minutes

Instructional Objectives

1.

o

& W

_O\kll

Student acquires knowledge in the concept ‘Negative Numbers’.
Student comprehends the concept ‘Negative Numbers’.

Student applies the concept ‘Negative Numbers’is new situations
Student makes sense in the concept ‘Negative Numbers’

Students develops collaborative learning and communication skills.
Student develops problem solving capacities and experiences of the actual
processes such as conjectures, generalizations, proofs and refutations
through which mathematics develops

Means of semiotic Mediation:
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ANNOTATION

INTERACTION

BLACK BOARD

Fncourages student’s discusions

Encourages students to use purposeful conversation
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ANNOTATION

INTERACTION

BLACK BOARD

Fully inclusive conversation between teacher and
small group of students.

Acts as a full collaborator

Provides idividualized instruction to match student’s
varied ability levels
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ANNOTATION

INTERACTION

BLACK BOARD

Provides darification through questionering and con-
versation.

Encourages students academic discussions.

Acts as a full collaborator.

Assesses and assists sutdnets performance.
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ANNOTATION

INTERACTION

BLACK BOARD

“ncourages students academic discussions.

articipates as a full collaberator.

\ssess and assists students performance.
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ANNOTATION

INTERACTION

BLACK BOARD

Flicits and extends students talk on academic topic.

Encourages higher order thinking such as analysing
peneralizing and determining causal relationships.

Provides clarification through questionering and con-
versation.

Assess and assists students to maintain appropriate
Cognitive challenge.
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ANNOTATION

INTERACTION

BLACK BOARD

Participates as a full colaborator.

Provides individualized instruction to match students
varied ability levels.

Fixes challenging standards and provides feed back
to advance studens understanding to more complex
levels. '

Elicits and extends students talk on academic topic.
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ANNOTATION " INTERACTION BLACK BOARD
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Assesses and assists students understanding sense
making and authorship of knowing.
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ANNOTATION

INTERACTION

BLACK BOARD

akes incidental connections between the formal
ncepts and every day concepts.

tegrates new information with what students
-eady known from home, school or community.

odels Mathematical Language.

legrates new information with what students already
ow from home, school or community.
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ANNOTATION

INTERACTION

BLACK BOARD

Models mathematical Language
[ntegrates new information with what students already
know from home, school or community.

Connects student’s informal understanding to more
pbstract levels of understanding.

Makes incidental connections between the formal
concepts ad everyday concepts and everyday con-
cepts.

Provides systematic asistance that generates devel-
ppment of content vocabulary.

Participates as a full collaborator.

rAssess and assits student’s performance.
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ANNOTATION

INTERACTION

BLACK BOARD

Encourages students to use purposeful to ue purpose-
ful conversation

Fully inclusive conversation between teacher and
small group of students

Fncourages students to use purposeful academic con-
versation.

Assesses and assists student’s performance.

Provides individualized instruction to match students
varied ability levels.

Encourages students to use purposeful conversation
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ANNOTATION

INTERACTION

BLACK BOARD

Elicits and extends student’s talk on academic
fopic.

Structures student’s thinking.
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ANNOTATION

INTERACTION

BLACK BOARD

Provides clarification through questioning and
conversation.

Provides individualized instruction to match
student’s varied ability levels.

Pariticipates as a full collaborator.

Assess and assists student’s understanding and
sense making.
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ANNOTATION

INTERACTION

BLACK BOARD

Participates as a full collaborator.

Fixes challenging standards and provides feed back
to advance student’s understanding to more com-
plex levels.

Connects student’s informal understanding to more
hbstract levels of udnerstanding.

Makes incidental connections between the formal
roncepts and every day concepts.
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ANNOTATION

INTERACTION

BLACK BOARD

Provides systematic assistance in acativities that
enerates development of content vocabulary.

E-ncourages higher order thinking skllls such as
analysing and evaluating.
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ANNOTATION

INTERACTION

BLACK BOARD

[ntegrates new information with what students already
r(now from home, school or community.

Fixes challenging standards (goals) and provides feed
back to advance student’s understanding to more
complex levels.

Provides systematic assistance is activities that
penerates development of content vocabulary.
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ANNOTATION

INTERACTION

BLACK BOARD

Assesses and assists student’s understanding.

Participates as a full collaborator. Provides clarifica-
ion through questioning and conversation.

=ncourages student’s academic discussions.
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RESPONSE SHEET

The responses of the students about the new Instructional Strategy

based on Vygotsky's theory are presented below
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APPENDIX - VI

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

INSTRUCTIONAL STRATEGY OF THE
CONCEPT 'NEGATIVE MEMBERS'
(English Version)
"SREEJA. D Dr. C. NASEEMA

Research Scholar. Reader in Education

Name of the Concept : Negative Numbers
Standard : VA VI
Time : 14 Periods

Duration of a Period : 45 minutes

Instructional Objectives

1. Student acquires knowledge in the concept 'Negative members'.
Student comprehends the concept Negative members'
Student apblic:s the concept Negative members' in new situations.
Student makes sense in the concept Negative members'

Student develops collaborative learning and communication skills

AN S e B

Student develops problem solving capacities and experiences of the actual
process such as conjectures, generalizations, proofs, and refutations
through which mathematics develops.

Means of Semiotic Mediation

Charts containing pictures, charts containing tables, different models of
number line, charts containing problems (to write the numbers is ascending
and descending order, to write numbers using the symbols '< or >, fill in the

_blanks). The models of number line prepared in a trace paper.




it

Previous Knowledge

The student has previous knowledge in natural numbers, number line,
the four basic operations, fractions, decimals, the sense about directions (left,
right, up, down) (North, South, East, West).

ACTIVITIES

Activity 1 : The Mankudy Town

The NH 47 is passing through the Mankudy Town - Milestones are
placed in the Highway at 1 km distance.

Picture

Different problems based on this picture regarding distance and
direction
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Activity 2 : Scholarship Examination

To participate in the U.S.S. Scholarship Examination there should get
minimum 75% of marks for all subjects. The percentage obtained by the
students in Anoop's group of VII Standard is given below in the Table.

~ Name of the Student Total Marks in
- Percentage
Anoop 78%
Kiran 38%
Divya 81%
Sachin 83%
Saranya 49%
Mini 63%
Table

Different problems using this table to compare the percentage of
marks.
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Activity 3 : Upstairs, Downstairs

There are steps upwards and downwards from the A.E.O office. The
A.E.O. Office is functioning is the first floor of a four storied building. The
office is in the level of the eighth step from ground level. Vinu is standing in

the thirteenth step and Radhika is standing in the forth step from the ground

level

Figure 2

Various problems based on this figure.

Activity 4 : Line of Letters

< T T T I >
U T S R Q p A

[w o Q-
A
S
o -
m

Figure 3

Teacher distributes the model of the line shown in figure among the
groups. There is an arrow mark in the center of the line. The letters from A
to F are marked on the right side and letters P to U are marked on the left side

of the line at 1 cm gap. Various problems using this figure regarding the

directions, distance, and left and right.




|| Activity 5§ : Numbers in the line

Teacher distributes the model of number line among the groups in
which the numbers 0., 1, 2, 3, 4, .... are marked only on the right side from the
center of the line with a gap of 1 cm (Figure 4). Various problems based on
this figure regarding the numbers greater than and less than a particular

number - in which side, at what distance etc.

< T T T T 1 >
0O 1 2 3 4 5

Figure : 4

Activity § : Can you Draw a Number Line?

Teacher asks students to draw a number line in their note book, and to
mark pbints from O to 10 at equal distance. Problemns are given to them to
solve using that number line. The problems include, to find the numbers
greater than and less than a particular number, how much they differ and to

find the peculiarity of the position of those numbers.

L4
- &
P
A
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Activity 7 : Less than 'Zero'

7T T T T T T T T T T

Figure : §

Teacher distributes the model of the number line shown in figure 5
among the groups. Problems based on this figure to write numbers less than

zero in the left side of zero.

Activity 8 : More than, Less than
Teacher distributes the model of the number line among the group, in
which the negative and positive numbers are marked on the left and right

sides of zero (Figure 6).

T >

T T T T T T T T T T T T T
4 5 6 7

<7 6 5 4 32 .9 01 2 3
Figure 6

Problems based on this figure to find numbers more than and less than
a particular number.

Activity 9 : How much greater ? How much Smaller?

Teacher asks students to draw a number line in their note book.
Problems are given to find numbers greater than and smaller than different
numbers, using that number line.

Activity 10 : Can you find out the number ?

Different problems of finding the numbers greater than and less than a
particular number using the number line drawn in the note book.
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Activity 11 : Small and Big

_ Problems leading to the conclusion that the numbers in Ieft hand side

of a particular number in the number line are less than that number and the
numbers in the right hand side of a particular number in the number line are
greater than that number. These problems can be solved using the number
line drawn in the note book.

Activity 12 : We can use the Symbol

Problems of arranging positive and negative numbers given as pairs
using the symbols '<' and >'.

() -84 (5) 0,100
2 0,3 6) -3,3
(3) -25,25 (7) | -16, 20
(4)  87,-100 @) -9,-1

Activity 13 : Ascending Order and Descending Order
Problems of writing numbers in the ascending and descending order.
1) 78, -50, -87, 0, 15, -1
2) -9,-2,12,-35,24, 1

3)  -100, 100, -200, 200, -300, 300

Activity 14 : In the circle, in the rectangle

(a)  Activities of drawing a circle around the small number in each set of
pair of numbers.

(b)  Activities of drawing a rectangle around the big number in each set of
pair of numbers.




vili

Activity 15 : How far ?

The activities of identifying the numbers on the left-hand side and right
hand side of zero which are at equal distance from zero in the number line.

Activity 16 : Face to face

Teacher distributes the models of number line prepared in trace paper
among the groups. Teacher asks students to fold the paper against zero. Then
the activities of identifying the numbers which coincide.

Activity 17 : Say the answer

Chart containing the following problems to fill the blanks.

M 8 =___ G) -(300) =____
@ 25 =____ . © LC13)=____
G 19 =__ @ -0 =__

(4) (129 = @) --G)




Activity 18 : Ternperature

The temperature (in Degree Celsius) of seven cities in three days are

given in the following chart. Problems based on the temperature given in this

chart.
Date 11.12.02 12.01.03 10.02.03
cities Max | Min | Max | Min | Max | Min

Temp | Temp | Temp | Temp | Temp | Temp
CO 1O | Ol O | CQ | (O

Trivandrum 23 21 33 22 34 22
New Delhi 23 9 23 6 23 12
Chicago 5 3 |-8 -14 -1 -9
New York 11 2 4 0 -4 -12
Beiging 11 -5 6 -6 -3 -8
Moscow 1 -3 -1 -7 1 -3
Hong Kong 22 14 13 5 19 12

1. In which city the coldest temperature is recorded on 11. 12. 027

2. In which day the high temperature is recorded at Moscow?

3. What is the difference in Maximum temperature of Beiging and Chicago

on 12.01.03

4. Which is maximum temperature recorded in this table? In which city and

in which day?

5. What is the difference between maximum and minimum temperature in

New Delhi on 12. 01. 03

Teacher asks C.P to frame questions of this type and make the group
members to workout them.




BLACK BOARD

ANNOTATION INTERACTION .
Segment 1 Activity 1:  The Mankudy Town
Activity 2:  Scholarship Examination

Encourages student's discussion

Encourages students to use
purposeful conversation.
Fully inclusive conversation

between teacher and small group of
students.

Activity 3:  Upstairs, Down Stairs

All activities in this segment are from the familiar
surroundings of the students. These are meant to lead
them to the new concept. Students discuss each of the
activities in the grour and reach at the comrect answers.
C.P. (Competent Peer) guides the low achievers to reach at
the answers. Students understand the picture which shows
the direction and use that picture for solving problems.
Teacher actively participates in the group activities

Problems in activity 1

1.  How many kilometers are there to the flag post from

the Mankudy Town?

In which direction?

What is there at 2 kilometers west from the town?

Where is the Telephone Tower?

How far is the coconut tree from the flag post?

Where is position of the electric post from the

Town? How far? In which direction?

7.  Where is the Traffic board - how far and in which
direction from the flag post?

8.  Where is the advertisement board? How far and in
which direction from the Town?

9.  How many kilometers are there in between the tree
and the telephone tower?

AN ol

The questions are demonstrated in

the BB
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ANNOTATION

INTERACTION

BLACK BOARD

}

, Acts as a full collaborator

levels.

Provides clarification

Encourages  students
discusions

Provides individualized instruction
to match student's varied ability

through

questioning and conversation.

academic

10.

Where is the coconut tree? How far and in which
direction from the town?

Problems in Activity 2

1.

W

8.

Who can participate in the Scholarship
Examination?

How many more marks does Anoop has than
needed?

Whose marks are less than 75%?

What is the difference in marks of each of them
from 75%7?

Whose mark is more than 75%? What is the
difference?

What is the difference in marks of Kiran and
Sachin?

Whose mark is very low compared to the 75%?
What is the difference ?

How much more percentage of marks does Divya
has compared to Mini?

What is the difference of marks between Anoop and
Saranya?

Problems in Activity 3

1.

2.

3.

How many steps do Vinu climb down to reach his
office?

At which step does Radhika stand from the level of
the office?

How many steps do Vinu climb down to reach the
step where Radhika stands?

Demonstrates the correct answers
in the BB

The answers are written in the BB

Writes the questions in the BB




X1l

ANNOTATION

INTERACTION

BLACK BOARD

Acts as a full collaborator

Assesses and  assists
performance.

students

| 4. Who is stapding at maximum distance from the

office level?

5. How many steps do Vinu climb down to reach the
ground level?

6. How many steps do one climb down to reach the
ground level from the office level?

7.  How many steps do Radhika climb up to reach the
otfice?

Teacher sits along with the group and involves
actively in the group activities. At the same time teacher
check whether all students can reach the correct answers
by themselves. Teacher assists those who fail to reach the
correct answer.

Segment 2:  Activity 4: Letter Line
Activity 5: Number in the line
Activity 6: Can you draw a number line?

The activities included in this segment are related to
represent the numbers in a line.

Teacher distributes the model given in activity 4
among the students. '

1) How far the points representing the following letters
from the 'arrow mark'?

E,R,T,C,A,D,F,Qand C.

2) Find the distance between the points representing the
following letters

(a) Pand D (b)Eand Q (¢) Vand F

Writes the questions in the BB

(d) Tand A (e)Rand E (g) Cand S
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ANNOTATION

INTERACTION BLACK BOARD
3) How far and in what direction do the point T from
the point U.
4) How many centimeters, in what direction do one
travel to reach the point T from the point P?
Encourages students academic {5) How far and in which-direction-do the point B from
discussion S?
Students discuss aind analyse the problems in group
Participates as a full collaborator. and reach the correct answers. Teacher acts as a| l >
Assesses and assists students | participant in the group actlvmes and assesses the :
Left Right
performance. student's performance.

In Activity 5 teacher distributes the model of the

number line among the groups.

T

a .

What is the position of 4 from zero? How far? In
which direction? -

Ss: Ata distance of 4 cm right.
T: Whatis the position of 7?
T: Where is the position of the number which is 2 cm | Writes the correct answers in the
more than 3? BB.
Ss: 2 cm in the right direction from 3 i.e,, 5.
T: Where is the position of the number which is 1 cm
less than 57
Ss: lcmleftfroms5,ie., 4.
Elicits and extends student's talk on | T: Where is the position of the number 5 less than 7?
academic topic.
T: Where is the number which is 6 less than 67
T: Where will be the position of the numbers which are
less than a particular number?
Ss: In the left hand side of that number
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ANNOTATION

INTERACTION

BLACK BOARD

Encourages higher order thinking
such as analysing, generalizing and
determining casual relationships.
Provides  clarification  through
questioning and conversation.

Assesses and assists students to
maintain  appropriate  cognitive
challenge.

Participates as a full collaborator.

Provides individualized instruction
to match students varied ability
ahilitv levels.

Fixes challenging standards and
provides feed back to advance
student's understanding to more
complex levels.

T: What is the peculiarity of the numbers which are in
the right hand side of a particular number?

Ss:  The numbers are more than that particular number

While participating in the student's group activities
teacher checks whether each of the students reach the
conclusions by themselves or not. Teacher assists those
who fail to reach at the conclusions.

In Activity 6 with the help of the number line drawn
in the note book, students find out the answers of the
questions given in the BB. The students discuss and
analyse the problems among group members. Teacher
actively participates in the group discussions. Teacher
assesses whether the comparison of numbers (left, right,
big, small) is possible or not. Teacher encourages
maximum group interaction. Teacher provides individual
assistance if necessary.  Also check whether the
discussions are based on academic topic only or not.
Teacher asks the C.P to create problems of this kind and
make the group members to do the problems with and
without using the number line. Teacher participates in the
group activities.

Segment 3:  Activity 7: Less than zero
Activity 8: More than, Less then
Activity 9: How much greater? How
much smaller?
Activity 10: Can you find out the

number?

1)
2)
3)
4)
5)
6)

Which number is 4 less than

57

Which is 1 more than 5?
Which is 2 less less than
Which is 3 more than 5?
Which is 5 less than 5?
Which is 5 more than 5?

5?

< &




XV

ANNOTATION

INTERACTION

BLACK BOARD

Elicits and extends students talk on
academic topic.

Assesses and assists  student's
understanding, sense making and
authorship of knowing.

In activity 7 two the models of the number line in
which the points are marked in the left hand side and right
hand side of zero and points are marked only on the right

hand side of zero are distributed among students.

T:

T:

T:

In the model which number is 1 less than 2
Ss: 1
What is the number if 1 more is lessen from this?
Ss: 0
Which is the number 2 cm far in the right hand side

of 29
Ss: 4

How much it more than 2?
Ss: 2cm

Where is the position of 1 on the basis of zero?

Ss: 1 cm far in the right hand side of 0.

Where is the position of the number 2cm more than
zero?

Ss: 2 cm far in the right hand side of zero.

Where is the position of the number 3cm more than
zero?

Ss: 3 cm far in the right hand side ot zero.

Then where is the position of the number 1 less than
zero?

Ss: 1 cm far in the left hand side of 0
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ANNOTATION

INTERACTION

BLACK BOARD

Structures student's thinking.

Makes incidental  connections
between the formal concepts and
every day concepts.

Integrates new information with
what students already known from
home, school or community.

Models mathematical language

Ss:

Mark 1 less than O in that point. Like this mark
points 2, less than 0, 3 less than 0, 4 less than O,
.......... in the corresponding points in the number
line. Teacher checks whether the points are nghtly
marked or not. Teacher writes the number line in the
BB.

While we are drawing number line and marking
points, it 1s difficult to represent numbers which are
less than zero like this. So it will be convenient if
we have some symbols to represent numbers which
are 1 less than 0, 2 les than 0, 3 less than O etc.
Ss: Yes

Which symbols or operation do we usually use to
represent a number which is 2 more than or more
than another number?

Students can not give the correct answer. Some of
them says 'Addition' or '+'. The others understand
what they say.

Which symbol shall we use to represent numbers
which are less than a particular numbers which are
less than a particular number ?

Subtraction -'

We can use the same symbol to represent the
numbers which are 1 less than 0, to less than O etc.
Draw a number line in your note book, mark the

01337

ess than Q|

ess than 0
ess than 0

5
4
3
2
1

1 Less than 0 = -1
2 Lessthan 0 = -2
3 Less than 0 =-3

(w4
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ANNOTATION

INTERACTION

| BLACK BOARD

Integrates new information with
what students already known from
home, school or community.

Connects student's informal
understanding to more abstract
levels of understanding. Makes
incidental connections between the
formal concepts and everyday
concepts

Provides systematic assistance that
generates development of content
vocabulary.

point 0 then mark points equidistant on either side of
zero and represent those points by numbers. .

" Students do the activity in groups.

Teacher participates in the group activities and
assesses students performance

What is the meaning of the word 'negate’

Ss: To cancel, to delete something.

What is the meaning of the word Negative'

Ss: The refusal, denial, no, not, etc.

The numbers which are less than zero are termed as
Negative Numbers' in the sense that they are
obtained by deleting 1, 2, 3, .... from zero.

Then how can we call numbers which are more than
zero?

Sometimes students say 'Positive numbers'

On the basis of which number do we categorize
positive numbers and negative numbers? Ss:
Zero

In which category can we include zero?

Ss: Zero is neither a positive number nor a negative
number.

Negate
Negative

Negative numbers

-5, -6, -25,-100

Positive numbers.

¢ ]
Negative 0
numbers

Positive
Numbers
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ANNOTATION

Participates as a full collaborator.

Assesses and  assists  student's
performance.
Fully inclusive comnversation

between teacher and small group of
students.

Encourages students to
purposeful conversation.

use

INTERACTION .

In Activity 8, the models of the number line in which
positive and negative numbers are marked distribute among
groups. The students are asked to answer the questions
given in the BB.

Students discuss the problems in group and reach at
the correct answers. Teacher actively participates in the
group activities. Teacher assesses each students problem
solving capacities. Teacher checks whether they are using
the right symbol to devote the negative number.

In Activity 9 the students are asked to draw a number
line in their note book, and using that number line answer
the questions which are shown in the BB.

Students discuss in group and do the problems.
Teacher sits in each group and acts as a full participant.
Teacher assesses student's performance - whether they have
drawn the number line in the proper way and they are using
the suitable way to answer the questions etc. teacher
encourages for maximum group interaction. If necessary
teacher provides individual assistance. The C.Ps of the
groups are asked to frame similar problem and make the
group members to do them.

In Activity 10, students do the problems presented
in the BB with the help of the number line that they have

|

1)
2)
3)
4)
5)

6)

BLACK BOARD
Which number is 3 more
than 47
Which number is 2 less
than 4?
Which number is 4 less
than 4?
Which number is 4 more
than 47
Which number is 5 less
than 47
Which number is 8 less
than 47

Answer the following questions.

1)
2)
3)
4)

5)

6)

Which number is 7 more
than 27

Which number is 3 less
than 5?

Which number is 8 more
than -2?

Which number is 5 less
than -4?

Which number is 9 less
than 3?

Which number is 6 less
than 6?

Y
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ANNOTATION

INTERACTION

BLACK BOARD

Assesses and assists  student's

performance.

Provides individualized instruction
to match students varied ability
levels.

Encourages students to use
purposeful conversation.

drawn earlier in their note book.

Students discuss the questions in groups and find
the correct answers. Teacher assesses student's performance
and examine whether at the end of the activity students can
do problems by themselves. Teacher actively participates in
the group activities, and encourages students for active
group discussions. If necessary provides individual

assistance.
Segment 4:  Activity 11: Small and big
Activity 12: We can use the symbol
Activity 13 Ascending order and
Descending order
Activity 14: In the circle, In the
Rectangle
All activities included in this segment are

constructed to reach in a conclusion that in the number line,
the numbers which lie on the right hand side of a number is
more than that number and the number which lie in the left
hand side of a number is less than that number. It also
meant, to categorize numbers on the basis of this
conclusion.

7
8)
1)
2)
3)
4)

5)

Which number i1s 7 more
than -7?
Which number is 4
more than -9?

How much more is 9
compared to 37

How much less is -5
from -2?

How much more is -1
from -7?

How much more 1s 0
from -47

How much more 1s 2
from -6?
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ANNOTATION

INTERACTION

|

BLACK BOARD

Elicits and extends student's talk on
academic topic.

Structures student's thinking

Provides clarification  through
questioning and conversation.

Provides individualized instruction
to match students varied ability
levels.

In Activity 11, teacher asks some questions and

students give answers after analyzing the number line drawn
in their notebook. ’

T:

Ss:

T:

Ss:

T:

T:

Ss:

T:

Ss:

T:

Teacher participates in the group activities.

In the number line are the numbers which lie in the
right hand side of a number is bigger or smaller than
that number?

Bigger

Where the smaller numbers lie?

Left hand side.

Which number is big, 3 or -4?

Students discuss and give the answer.

Why?

In the number line -4 is in the left hand side of 3.
Which is the bigger one, -8 or -2?

2

Answer the questions given in the B.B

Students answer the questions by discussing in groups.
Teacher

provides individual guidance if necessary. Teacher assesses
students problem solving capacities. Students construct
problems of this kind and do themselves. ’

Right hand side - Large numbers
Left hand side - small numbers

Find the bigger number from the
following pairs of numbers

1) -6, 3
2) -4,0
3) 8,0
4) 5,-5

Find the smaller number from the
following pairs of numbers.

1) -1, 1 2) 0,6

3) -3,-2 3) 2,-6

[
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ANNOTATION |

Participate as a full collaborator

Assesses and assists student's
understanding and sense making.

| Participates as a full callaborator.

INTERACTION | -
In Activities 12, 13, and 14 students sit in group and
discuss the activities analyze the problems in groups and
participate in the activities. Teacher assesses student's
performance. Teacher also assesses whether all group
members are actively participating in the activities, whether
all students acquire the problem solving capacity and whether
the discussions are about the academic topic. Teacher
evaluates the students whether they use the appropriate
method to do the problems.

Segment S:  Activity 15:  How far?
‘ Activity 16:  Face to Face.
Activity 17:  Say the answer
Activity 18:  Temperature.

The first two activities in this segment are developed to
acquire the ideas absolute value and opposite number of
negative numbers.

In Activity 15 students identifies pairs of numbers
equidistant from zero on either side of zero in the number
line. Teacher participates in the activity.

In Activity 16 the models of number lines prepared in
the tracing paper distributes among the groups. Teacher asks
students to fold the paper against '0' and note the numbers

which coincide

BLACK BOARD
Which is the biggest number?
-6, -2, -1

Which is the smallest among the
following numbers

-8, 0, -3.
1) 1,-1 2) 2,2
3) 2, '2 A) 4> -A
5) 5,-5 6) 6,-6s
7) 7,-7
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ANNOTATION
Fixes challenging standards and
provides feed back to advance
student's understanding to more
complex levels.

Connects  student's  informal
understanding to more abstract
levels of understanding.

Makes incidential connections
between the formal concepts and
everyday concepts.

Provides systematic assistance in
activities that generates
development of content vocabulary.

INTERACTION
From these two activities we understood that the pair of
numbers 1, -1 are equidistant from 0 in the number
line. Like this 2, -2; 3,-3; 4,-4; ........ are equidistant
and on either side of zero. One number is in the
opposite side of the other number.

Have you studied antonyms of some words  Ss: Yes
Then what is the antonym of the word 'True' Ss:
False
What is the antonym of the word 'False' Ss:
True

Like this we can find the antonym of numbers in the
number line. But the antonym of a number is called
inverse of that number.

-1 1s the inverse of 1
1 is the inverse of -1

Find the inverse of the numbers in the BB.

Students discuss in groups and answer the questions.

They find the inverse of numbers without using the number

line.

Teacher participates in the group activities. C.P. gives

problems to find the inverse of different numbers.

T:

T:

Which number's inverse is -9
Ss: 9

Which number's inverse 1s -15
Ss: 15

BLACK BOARD
< T T —>
1 (4] 1
< rTT T T >
-2 1 Q 1 2

True x False
False x true
-1 x 1 2 x 2
1 x -1 2 x -2
1 is the inverse of -1
-1 is the inverse of 1
Find the inverse of the following
numbers.
-5, 10, -16, -40, 100, -74.

w g
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ANNOTATION

INTERACTION

BLACK BOARD

Provides systematic assistance in
activities that generates
development of content vocabulary.

Encourages higher order thinking
skills such as analyzing, evaluating
etc.

Integrates new information with
what students already know from
home, school or community.

Fixes challenging standards (goals)
and provides feedback, to advance
student's understanding to more
complex levels

T:  Which number's inverse is -5
Ss: 5
T:  Then which number's inverse is -(-5)
Students hesitate to give the answer. They discuss with their
group members and give the answer as -5.
T:  Which is the inverse of -5
Ss: 5
T: Inverse of -(-5) is -5 and inverse of -5 is -(-5)
But we know that 5 is the inverse of -5

Then what is the relation between S and ~(-5)

Students can not give the answer some times some of them
will give the correct answer.

T: Two children are there is my neighbour's house - Priya and
Arun. The pet name of Priya is Ammu. Priya is the only
sister of Arun. But Arun's only sister is Ammu. That is Priya
is Ammu itself. Like this -(-5) is the inverse of -5. But

T- " What is <-6)? Ss: 6

Teacher asks students to answer the questions given in the
BB.

Students find the answers by discussing in groups. Siudenis
work out problems given in Activity. 17

T: How far is 4 from zero?
Ss: 4 cm

-(-5) is the inverse of -5

-5 is the inverse of 5

Priya = Arun's Only Syster
Arun's Only Sister = Ammu
1.8, Priya = Ammu

-(-5) = Inverse Of -5
Inverse of -5=5

1e.,-(-5)=5

Answer the following

1) -(-7) = e
2) -(90) = ...
3) -(-1) = e
4) (29) =

T: Is there any other number in the nuniber line which is
at a distance 4 cm from zero?
Ss: Yes, -4
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ANNOTATION
Provides systematic assistance in
activities that genereates
development of content vocabulary.

INTERACTION
T:  In the number line, the distance of a number from zero
is termed as absolute value of that number. It is
absolutely the value- of a number not considering
whether it is in the right hand side or left hand side of

Zero.

T:  The absolute value of 4 in 4. The absolute value of -4
is also 4.

T:  What is the absolute value of -9? Ss: 9

T:  Which number's absolute value is 12 Ss: -12 and

12

Teacher asks the C.P. to create problems of absolute value
and make the group member to do them.
Teacher participates in the group activities.
T:  The symbol which represents the absolute value is | |

| -3 |=3. This read as the absolute value of -3 is 3.
Find the absolute values of the numbers written in the BB.
Teacher participates in the group activities.
Teacher assesses whether the students are using the correct
symbol to denote the absolute value.
T:  What is the absolute value of 0?

Ss: O
T:  Why?
Ss:  The distance of zero from zero is zero.

BLACK BOARD
Absolute value

Absolute value of 4 =4
Absolute value of -4 = 4
Absolute value of -11 =11

Absolute value of 20 = 20

Symbol of absolute value is | |
|4|=4,19[=9

-5,-13, 17, -6. 129

|10]=0
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~ ANNOTATION

INTERACTION BLACK BOARD
T:  Say a pair of inverse numbers?
Ss: 5and-5
T: -What are the absolute values of 5 and -5 |5|=5 |-5|=5
Ss: 5
T:  What is the peculiarity of the absolute values of inverse
numbers.

Ss:  The absolute values of inverse numbers are same.

Students do the problems in Activity 18. Teacher actively
participates in group activities. Teacher assesses the
performance of students. Teacher encourages group
discussion and if necessary assists students.
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DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT
ACHIEVEMENT TEST OF THE CONCEPT 'DECIMALS'

Dr. C. NASEEMA SREEJA.D
Reader in Education Research Scholar

Std: V Time 1 hour
Subject: Mathematics Max: Marks: 20
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APPENDIX - VI
DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

ACHIEVEMENT TEST OF THE CONCEPT 'DECIMALS'
(English Version)

'DR. C. NASEEMA SREEJA. D
Reader in Education Research Scholar

Std \Y% Time : 1 hour
Subject: Mathematics Maximum mark: 20

Instructions: Four answers are given for each of the following 20 questions.
Select the correct answers and put a X' mark in the rectangle against the
correct answers in the Answer sheet. Each correct answer carries 1 mark.
The rough work can be done on the other side of the answer sheet.

I.  Whatis the decimal form of %

(A) 08 (B) 0.08 (C) 0008 (D) 8
2. How many tenths are in 0.4 :
(A . 4 B) 40 (C) 400 (D) 04

Which decimal represents the shaded portion in the figure?
A) 07 @B 05 (C) 0.06(d) 6

4, How many hundredths are in TZEJ% ?
A 2 B) 20 () 25 (DO 100

5. 65 centimeters = ----===---- meters

(A) 6.5 meters (B) 0.65 meters (C) 650 meters (D) 0.065 meters
6. 10 tenths = -=------
A 10 B 01 (6 100 (D) 1
7. 83 hundredths is
(A) 83 (B) 008 (C) 8 (D) 0.83
8. Which digit is in the hundredths place of 0.47 ?
A 4 B 7 <O o (D) 47
9. 9 tenths and 3 hundredths will make the number
(A) 093 (B) 039 () 39 (D) 0.093



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

If —is written as a decimal, which digit is in the hundredths place?

@A o B 1 © 5 @O 2

1 Milimeter = -------- Centimeter.

(A) 10 (B) 100 (C) o001 (D) o0.1
What is the whole number part of the decimal 9.12
A 9 @B 12 (© 012 D) 1

What is the decimal form of % )

(A) 037 (B) 37 (0370 (D) 0.037
What is the decimal part of 23.01?
A) 23 (B o1 (€ 301 (D) .01

What is the decimal part of 7%)26 ?

Ay 7 B 12 (© .12 (D) .012
What is the digit in the thousandths place of 125.043
W o ® 2 © 4 O 3
Which is the biggest decimal?

(A) 08 @B 35 (C) 085 (D)1.009

Which will come first if the numbers 7, 0.7, 0.07 and 0.007 are

arranged in the ascending order?

A 7 B) 07 () 007 (D) 0.007

Add the suitable symbol in the blank space. 8.381 -we-ue- 8.36.
A < ® > © = (D

What is the number if its decimal parts is .23 and whole number parts

1s 117
(A) 2311 (B) 023 (C) 1123 (D) 0.112

il
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DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

SCORING KEY
" (ACHIEVEMENT TEST OF THE CONCEPT 'DECIMALS')
Dr. C. NASEEMA SREEJA. S
Reader in Education Research Scholar
Q.No. A B C D
1 X
2 X
3 X
4 X
5 X
6 X
7 X
8 X
9 X
10 X
11 X
12 X
13 X
14 X
15 X
16 X
17 X
18 X
19 X
20 X
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o
>
o]
@
wj

\ooo\lmu-hwm._.'z

10




- 01 6 - [QNCOD

. @lw

oce - SIE 96¢ Flor wotw

. ofo(Gv

0t 1€ - [43 solBw|Sle
dIA VIA dA VA pelowc®

@log|solause parewad solBaesfocres wlvewolsces s6cw
wwen tuwlsewrwisces e st socw eeasoryv solmelw
wolsfFope peSle roEloew s v mwwcrmncelorwets

rlog) (@ ™logr O rlogr (g ezl (v
¢ wscaruto @IBv orumea|w @MW |YeNcoY selorveu

cfo®@ twpres e o |stelfle oy Frmesw rlose
‘wecarelo orl @l @otw P mmEuw solBe Sl ol rBo[Wwe® tow g%
oc @ +w O ¢ (49 8z (v
¢ @IPv omnervl (UANCYW)
solorud8sim|ieecry |@ereolooT Y8 @CAWMMIL 08 oWL WY
e ‘sz ool [Punceew  solorvp BBu eumwrueeERee o €
plogg (@ rloeg (O rlogs (g rlogg (v
s@Be reirv
@ee® selmrue cm@ Pl ¢1 BIL WPwcow solBeaswewln sdv 7
Lt @ 11 O s6 @ o (v
¢ @)Bv onere) |PWCOW)
sotorvee wwecomwesa v 8 ‘6 ‘L ‘2t ‘U omcrv) solBw|Sle Eoun ‘1
"(I9C@ UL

trocmre eoncston fuedr SalwcawisfoBemsun cvend meoaiw B8t
S oo ©ePew L olw@olucrtd coscy wlantsfoBemseuny owvyT
wbe y wewolor 88lmvcws wwoenlome olmfuo@locres coocs

wbcesorood wlseuwe wWwice Y@ WHRQYE [Bow (v
@D ‘g vV cluepensfocrvo covcy wlsewi@oisces 600@ masmboplw

0z : SPPCT POUD SOTJRWAYIEN
moy | :oury, IA

wafgng
PIS

JB[0YOS YO8y
a vramias

uorIBINP Ul I9pLIY
VINTASVYN D 1d

AOVHIAY LdAONOD THL O LSAL INANIAATHIV

LNAIJITVD 40 ALISHIAINA
NOLLVD(1Ad 4O INFN.LIVIAd

IX - XIAONAddV



10.

11.

12.

13.

14.

15.

16.

17.

ii

o@@  HOMIIN) (VRXDGIWI aBQU}o &ROMI?

A) VA By VvB C) VIA D) VIB

VB leaienglegies agego ogLo?

A) 30 B) 32 () 34 D) 35

alldlal@d aggane @rwWise 2adruoane (aidSlafla) &MU aga@)?

A) VA By VB C) VIA D) VIB

VI A ©loas 8151603 aildless)om Gyed: )@ aglo?

A) 256 B) 350 O 310 D) 345

VI B aes 100000@) all@lal agio?

A) 8 B) 9 6} 10 D) 11

@R ERSYHSOS VEONET UM 24 GPOIGE 4 CRSHS)OS GO
QY 102 @R.WIE3 @REIDOTG UMY  agi®?

A) 18 B) 16 O 22 D) 23

moel S:)FlHEes 0aI0)aflen] wEodl eacual 6 ey, 2 )5l

8)9s 6ao)flond eerury 4 Ll ANE20WITE @RYOYEAIVYRS Hald)
aflong ©eTVIY (VEIUE] AGI® EERUET?

A) 6 wemi B) 4dewemi C) 4.5 e D) 5 oemi

B0) GIS}MIOMORI @R GRONEEBE)NS @O UM 145  ©D
)SIoMITMOL) GRAMW)OS UM 28 GRQIGD G@RAT  B)S)oUTTT IO
DEIVDET AURAVIEMBHIUD B)S)MEIOBEMD dh)OMIIGEMO?

A)  eoal B) eysiocd C)  oyego D) euawalgy.
26 oo GEIUD @)0af H0¥IgHUD el smlam woowdl alal
2®)a! @RO@OIOY ERWIUD agll® BISHSM  UOEEIWE?

A) 10 B) 12 C) 16 D) 13
B0} GoDO(&,)Eﬂ(Oﬁ 10 $HGBHWB 96, @PUOOS ROeUIMailaial &)
QOGVAMEHS  LOOIDR] 600  OYAIOE. @rrled 3 caud 80)

2ouames  Aflgled Can®l  @ReEqUd MSSW88AINOS (VOO
700 ©}a) @RI ag®:1od ASISIE8 Galealur)es  afleinl Bo)ROTVECTDEE)
(OEIUDE] agll® ©)}al@IT?

A) 650 oy B) 500 @)au C) 700 oyal D) 600 o)ns
@DO}BAIOSETBRIM B0} (Nafled (VOINEAT (ald®o 15 UMY, MIL)Gal
088 26900} (N}aflon] KVEIUDIE] 5 ERWIMS WD N (Wajlo  BANaP

enNss KON agll®?

A) 11 B) 13 @) 8 D) 12

@rel  OSHAY  aUMEIBEINS VEOWE] allel 12 e @MEMIG)
ajMUB6ERE)6S 1oovod) allel 20 E)a! GRWICE @RYOH alMUe6IRS1Es
]alend age?

A) 17Toyu B) 4oy C) 100 or D) 15 o)as

1500608 5 Gaids6) e afldly) olmmlS 10 aoBRe:)Sloeoas)
Q). B0 5 Galdes el AWldla)). I8 BEIBHS VEIUDG]
g ®@I6BRH151?

A) 7 B) 10 C) 5 Dy 3



18.

19.

20.

7 6aid G218mMY @) c=oell o TM@IRE). BIBES ®ellow] (ord
e 85 O)at HIFOBIB @O &H)EIVINEWIEE GRAUALS GO}
@M MABHQO?

A) 455 oyt B) 655 @)t C) 475 oy D) 765 o)al

60} Gorvleal 30 MFBWIEe EIEl 2 a@loow] aflmo  allmesmo
0210BCq0ud 4 @00l uussluM). BT EReS: AGE AloIWIB:UD
96nRolo)m). .

A) 30 B) 64 C) 62 D) 32.

80) Zelear alailw (aBREBEIT e asw)es @rsal 12 cm 7
cm, 11 cm, 5 cm, 10 cm agMiEBem@oey. @R =RiWlEd wEILDEI
DaT® 2PW)OS @RSQI agll®?

A) 10cm B) 6cm C) 1lemD) 9om



APPENDIX - XII

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

ACHIEVEMENT TEST OF THE CONCEPT 'AVERAGE'
(English Version)

Dr. C. NASEEMA
Reader in Education

SREEJA.D
Research Scholar

Std
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\Y% Time : 1 hour
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Instructions: Four answers are given for each of the following 20 questions.
Select the correct answer and put a 'X' mark in the rectangle against the
correct answer of each question in the answer sheet. Each correct answer
carries one mark. The rough work can be done on the other side of the
answer sheet.

1.

The ages of five children are 11, 12, 10, 9 and 8. What is their average
age?

A 10 @B 95 (© 11 (D) 87

The average price of 7 books is Rs. 13/- What is the total price of

(B) Rs.91/- (C) 89/~ (D) Rs.93/-
The average age of 8 workers in a match box factory is 25. A man
having age 60 has left the factory. What is the average age of the

(A) 28 (B 32 (© 24 (D) 20
The total amount in 'Sanchayka' of 10 students is Rs. 140/-. A student
deposited Rs. 25/- and joined the 'Sanchayka' scheme. Now what is the

average amount in 'sanchayka'.
(A) Rs.12  (B) Rs.10 (C) Rs.15

2.
: these book?
(A) Rs.81/-
3.
remaining workers.
4,

(D) Rs.18

The details of the amount collected by the students in a school for the
'Earthquake Relief Fund are given below. Find the answers of the
following questions.

CLASSES VA VB VI A VII A
Number of students 32 - 31 30
Total amount 256 315 - 330
collected
Average - 9 10 -




10.

11.

12.

it

In which class the average collection is the lowest?

(A) VA (B) VB (C) VIA (D) VIB

How many students are there in class VB

(A) 30 (B) 32 (C) 34 (D 35

Which class shows maximum interest in the fund collection.

(A) VA (B) VB (C) VIA (D) VIB

What is the total amount collected by students in class VI A.

(A) 256 (B) 350 (C) 310 (D) 345

What is the average collection of VI B.

(A) 8 B) 9 © 10 O 11

The average age of 5 men is 24. The total age of four of them is 102,
what is the age of the fifth man?

(A) 18 @B 16 (C) 22(d) 23.

The average foot wear size of four pupils is 6 inches. The foot wear of
two other pupils is 4 inches each. What is the average foot wear size of
the six pupils?

A)  6inches (B) 4inches (C) 4.5inches (D) 5 inches

The total age of 5 members of a family is 145. The age of mother  in

that family is 28. Is this age higher or lower than the average age of the
family?

13.

14.

16.

17.

(A) Higher (B) Lower (C) Equal (D) No relation.

A man bought some eggs for Rs. 26/-. The average price of one egg is
Rs.2/-. How many eggs he bought?

A) 10 B 12 (C 16 (D) 13

There are 10 students in a hostel. The average expense of food for one
month is Rs.600/-. Five of them went to their houses for one month.
What is the average expense of the 5 students who have went to their
houses?

(A) Rs.650/- (B) Rs. 500/~ (C) Rs.700/- (D) R 600/-

The average age of a group of 6 is 15 years. The average age of
another group of 4 children is 5 years. What is the average age if these
two groups are considered together?

(A) 1lyears (B) 13years (C) 8years (D) 12 years

The average price of 5 text books is Rs. 12/-. The average price of 3
Note books is Rs. 20/-. What is the average price of these 8 books?

(A) Rs.17/- (B) Rs.14/- (C) Rs.10/- (D) Rs.15/-.

Fifteen mangoes are divided equally among 5 people. Then 10 more
mangoes were brought. This also divided equally for the 5 people
what 1s the average number of mangoes obtained for one man?

A 7 @) 10 © 5 (D) 3.



18.

19.

20.

ili

A work was done by 7 men. The average wage for one man was Rs.
65/-. What is the total wage obtained for 7 men?

(A) Rs. 455/- (B) Rs. 655/- (C) Rs. 475/- (D) Rs. 765/-

An average of 2 sweets were divided in a class of 30 students. What
was the total number of sweets?

(A) 30 B 64 (€ 62 (D 32

The rainfall obtained in different places of a district of Kerala are
12 cm, 7 ¢m, 11 cm, 5 cm and 10 cm. What is the average rainfall
obtained in that district?

(A) 10cm (B) 6cm (C) 1lcm (D) 9cm.
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Q. No. A B C D
1 X
2 X
3 X
4 X
5 X
6 X
7 X
8 X
9 X
10 X
11 X
12 X
13 X
14 X
15 X
16 X
17 X
18 X
19 X
20 X
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Instructions: Four answers are given for each of the following 20 questions.
Select the correct answer and put a X' mark in the rectangle against the correct
answer of each question in the answer sheet. Each correct answer carries one
mark. The rough work can be done on the other side of the answer sheet.

l. In the number line which number is 4 less than 3.
A 7 B) 1 G -t (D) T
2. 'O'isa number

(A) Positive (B) Negative (C) Neither Positive nor Negative
(D) both positive and negative

3. In which side of the number, a number is 2 less than zero is marked.
(A) Left (B) Right (C) Upperside (D) Lower side

" 4. The number which are grater than zero are called

(A) Positive Numbers (B) Negative Numbers (C) Opposite numbers

(D) Rational numbers



10.

11.

12.

13.

14.

15.

In which side of zero, the negative numbers are marked in the number
line.

(A) Left (B) Right (C)Middle (D) Lower

How much -1 is less than 5?

(A) 6 (B) 4 < -6 D) o

3,-7, -1, 0 which is the biggest number in this group of numbers ?
A 3 ®B) 7 <O -1 D)y o

What is the absolute value of -11?

A 0 B -11 © 1 O 1

11

Which number will come first when the numbers -1, 0, 13, -4 and 3 are

arranged is ascending order?

Ay 13 (B) 4 (© 0 (D) -1

What is the absolute value of 0?

A) O B) 1 <G 10 (D -1

Fill the blanks by selecting suitable symbol from the brackets?

A < ® > ©O© = O =
o DR v
@ < ® > © = @O =

I-1], 0, -3, 6 which is the smallest number among these numbers?
(A) 0 ® H © 3 O 6

Whaf 1s the inverse of -17?

A -17 B)Y 17 (C) 0 (D) 1

Fill the blank, -(-8)=

(A -8 B) 16 (© o0 (D) 8



16.

17.
18.

19.

20.

21.
22.

23.

24.

25.

il

An ant staris from zero in the number line, travel 3 units right, turn and
travel 5 units left and reach a point. In which number now the ant is
standing ?

A -8 B) 8 © o (D) 16
What is the sum of 1 and its absolute value?

(Aa) 1 B o © 2 @O -
How many units 4 and -4 differ?

A 0 B) 8 © 2 @O -

Which is the biggest number among the given numbers? -1000, -100,
-10, -1

(A)  -1000 (B) -100 (C) -10 (D) -1

Where we will reach, if move through the number line towards right 3
units from -8.

a 11 B -11 (©C 5 (D) -5
How more 2 from -6?

A) 6 B) 8 < 8 @O 2

Fill the blanks: -(-4) + - (-6) -5 =

@ 5 B 10 © 5 O 2

Which number will comes last when the numbers -10, 2, -7, and 7  are
arranged is the descending order?

(A) -10 (B) 2 < 7 D 7
Which number is in between 1 and -1 in the number line?
a4 2 ® 2 © o @O 3

7]+ 32) = e

A -8 @ 10 (© -2 (D 8
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APPENDIX - XX

DEPARTMENT OF EDUCATION

UNIVERSITY OF CALICUT
TEACHING MANUALS FOR TEACHING THE CONCEPT
'DECIMALS'

(English Version)
SREEJA. D. Dr. C. NASEEMA
Research Scholar Reader in Education
Name of the school : G.G.H.S. CHALAKUDY
Standard : \Y
Subject : Mathematics
Name of the concept : Decimals
Duration : Eight Periods
Duration of one period : 45 minutes
Curricular Objectives
1. Students understand that the fractions having denominators 10, 100

and 1000 can be represented in another form. -

2. Students acquire the concept 'Decimals’. They convert the fractions
with denominator 10, 100 and 1000 into decimal form and vice versa.

3. Students identify the place values of the digits in the decimals. They
split the digits in the decimal according to their place values. They
identify that the zeros in the far right side of a decimal can be avoided.

4. Students write the decimal forms of the mixed fractions having
denominators 10, 100 and 1000. They write the decimal forms of the
improper fractions having denominator 10, 100 and 1000.

5. Students write the decimal forms of the fractions having denominators
2,4 and 5.
6. Students compare the decimals and arrange them in the ascending

order or in the descending order.
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Previous Knowledge

Students have awareness about numbers. They know the basic
operations, addition, subtraction and multiplication. They understood about
the fractions, different types of fractions, numerator, denominator etc. They
know the place values of digits in a number, and to arrange numbers in the
ascending and descending order.

Teaching Aids

Marbles, charts containing pictures, meter scale.




Teaching Manual I

111

Process

Response

Teacher discusses the first activity (TB) 'play and learn’ in the
classroom. Teacher calls five students from the class and gives
10 marbles to each of them. They are asked to throw them and
hold as much as they could. Teacher asks the students to write the
number of marbles obtained in a table as shown in the TB.

Teacher asks students to write the fractional forms of the shaded

portion given in the TB. Teacher write the first answer in the BB.

Teacher write five fractions with denominator 10 on the BB.

> 7 13 6
10° 10 10° 10° 10

Teacher says that these fraction are having denominator 10.

These can be written in a new form. That is % = 5. This reads

1 3
10 710
Teacher shows a chart in which a square is decided in to 10 equal
parts and one portion was shaded.

T: Here the square is divided into 10 equal parts and one part is

as 'point 5'. T. Like this %=.7 =.3 and —6- 6.

shaded. The fractional form of that shaded portion is 116 In the

new form %0- can be written as .1

Students positively respond to the activity. They actively
participated in the game.

Students did what teacher asked. They wrote the answers
correctly.

Students understand the new method of representing the factions

having denominator 10. the write the fractions correctly in the
new form.

@yt
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Process

Response

Teacher explains the activity. 'In the new form' given in the TB.
Teacher asks students to write the new forms of the factions
given in that activity.

Teacher asks students to do the activity Number Peacock' in
the TB. Teacher do the first one as the example. Teachers
evaluates the performance of students

Assignment:

Students wrote correctly in the new form. But Aswathy and
Saranya failed to write properly. Teacher helped them to write

properly.
Teacher corrected the doubts of Ashitha, Navya and Vinitha. All
the other do the activity properly.

Do the activity ' colour the picture' given in the 108" page of the TB. -

Teaching Manual 11

Process

Teacher explains the activity who get more marbles?' Teacher
put 100 marbles on the table and called 5 students from the class.
They are asked to take a handful of marbles from the pile of
marbles. Teacher asks them to count the marbles and prepare a

table as shown in the TB. Teacher do the first one as an example.

In the activity 'Can you say in the fractional form', students write
the fractional forms of the shaded area given in the three pictures
Teacher write S fractions having denominator 100 on the BB.
18 21 94 73 49
s H H s and AN
100" 100" 100 100 100

T: The denominators of these five fractions is 100. These can

also be represented in the new form. —1:—0= .18, Point 1,8 (BB)

Response

Students actively participated in the activity

Manju failed to count the shaded area properly - So she made a
mistake




Process Response
T: The digits come after the 'point' is usually read as digits. Students wrote correctly in the decimal form
2l o1 Point2,1) 2=73
100 100
2% Point94) 22 - 49,
100 100

Teacher discusses the activity "Whose Cap'? Teacher do thc fist
one as an example. The students were asked to do the remaining

Teacher asks students to do the activity 'who frightened the hen'.
Teacher does one as an example.

Valsa and Minu took more time to complete the activity, Reshma
did the activity with the help of the teacher.

All students do the problems correctly

Assignment: Do the activity 'complete the table' given in the 111" page of the TB.

Teaching Manual III

Process
1 1 1 1
—t—
10 10

T What is 3 tenths? Ss:

10

10
T: 3tenths is —1% Like this 6 tenths is equal to % Teacher

asks students to do the activity 'Tenths' given in the TB.
T: In the activity 'The Label on the Pot 'find how many tenths are
in each pot and write it on the lid of each pot.
, 1.1 1 _4_
& 10710710 10 10
Teacher explain the activity 'How much cloths needed'?
T: Anoop needs 65 cm cloth to stitch a trousers.

Teacher explains by demonstrating a meter scale. In this meter

Cf")‘ﬁ Nnne metor ;C A;‘I;AQ{" ;nfr\ 1n Dnl")] narte Qﬂ[‘l QQI‘]’\ nart ;Q

Response

All the students do the activity very easily.

Students completed the activity correctly.
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Process Response

%iscale one meter is divided into 10 equal parts and each part is
' then divided into 10 equal parts. Thus one meter is divided into
' 100 equal parts 65 cm represents 65 parts out of this 100 parts.

1 65 out of 100 can be written as 6 _ .05.
|

5 Like this .84 = %—1’6 = 84 hundredths. Teacher asks students to

write the numbers .43, .98. .27, and .16 as shown above Students did the activity properly

fract10nal form as well as in the new form

Teaching Manual IV~

|
|
T
|
| Assignment:- Measure the length and breadth of your mathematics text book and note book and express the measurement in the
l

Process Response

Teacher draws a square in the BB and divides them into 10 equal
 parts vertically. Shades one portion.

T: Say the fractional form of the shaded portion in the picture?
A=L

: 10

- T: How much is 10 tenths? A : 1

Teacher divides the same square again 10 equal parts by

drawing lines horizontally

How many equal parts are there in the picture? A : 100.

How many parts have shaded? A : 10

Which fraction represents one portion out of the 100 parts
1

" 100

~q

ooy
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Process

Response

T:

The 10 hundredths in the second square is equal to the one
tenths in the first square.
10 hundredths = 1 tenths
20 hundredths = 2 tenths
Write continuously like this up to 100 hundredths.
Teacher explains the activity Tenths and Hundredths.
Let us see how the fractions having denominator 100 can be
written according to the place values.
75 _ 75 =75 hundredths.
100
= 70 hundredths + 5 hundredths
= 7 tenths + 5 hundredths

Like this %% can be written as follow.

38 _ 38 =38 hundredths
100

= 30 hundredths + 8 hundredths
= 3 tenths + 8 hundredths
Do the remaining problems given in the TB as the above

If we write a fraction in the new form then the digit which comes
first after the point is in the tenth place and the next digit is in the

hundredth place.

T: Which digit is in the hundredth place of 0.47? Which digit
is in the tenth place of 0.47?

T: Which digit is in the tenth place of .07?

T: Do the activity of 'Kunchu' given in the TB

Teacher asks students to complete the table given in the 14"

Some students completed the problems by themselves

All the students completed the activity correctly.

Students gave the correct answers.
Students completed the problem correctly.

Completed the problems correctly
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Process Response
page.
T:  Let us see how can we write 1—(—5)—6in the new form. The digit
in the tenth place is 0 and in the hundredth place is 5.
ie, == .05, — =.04
100 100
S~ 06, =07
100 100
Assignment:- Split the following fractions according to the place values
45 39 9 6 13 1 8
1007100°100°100°100°100° 100 R
Teaching Manual ¥
Process Response

Teacher explains the activity 'what is inside the packet"? The
fractions given in each circle should be write in the new form and
write the letter corresponding to that new form. Teacher does the

first one as an example. %can be written as .4. The letter

corresponding to .4 is F. Teacher asks students to complete the
activity.
T: Now let us see how the fractions having denominator 1000
can be written in the new form.
128 _ 100+20+8 _ 100 N 20 + 8
1000 1000 1000 1000 1000
1 2 8
10 100 1000
1 tenth + 2 hundredths + 8 thousandths.

All the students did that activity and got the answer as 'FISH'.
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In‘the new form 28—= 128

1000

T: When we write fractions in the new form the digit which
comes immediately after the 'point’ represents the tenth place, the

next digit represents the tenth place and third digit represents the
thousandth place.

349 349 22 _ g9p.
1000 1000
T:  Write the fractions 872 and 03 in the new form
1000 1000

Teacher explains the activity 'The number chain in the classroom.
In each row the fractional form and the new forms of the numbers
are written. But some of the numbers are not included. We have
to find them and write the same in the respective places. Teacher
does two examples. Teacher asks students to complete the
activity as in the example

T: Let us next see how the fraction in the form —S—be
written in the new form. S 2005 .005. E
, 1000 1000

= 0 Tenths + 0 hundredths

5 thousandths.
Like this, —— = .007.
1000

38 _ 038, & = 069,
1000 1000

T:  Write the new forms of the fractions

All students except Manjima, Swathi and Akhila wrote the new
form correctly.

Students competed the activity "The number chain'.

Y

s
o
K



9 124 66 48
. . and )
1000 1000 1000 1000
300 _ 30 3

T: ——= ——= = They are similar fractions. If we write
1000 1000 10

Like this .400 = 40 = 4
.700 = 70 =.7
350 = .35 and .670 = .67.
T: From this we can understand that if we write fractions in the

new form the zero in the extreme end and after the 'point’
can be

avoided

Teacher asks students to do the activity Makku's Journey'.

Students wrote the answers correctly.

Aiswarya and Sneha asked some doubts.

Assignment:- Do the activity 'Do you know the measurement' and prepare the table.

Teaching Manual VI

Process

T:  Yesterday you have drawn line segments on you note book
and took their measurements. The length of the line
segment drawn by Greeshma is 5 cm 6 mm

S5cm 6 mm = 5cm1—66cm
6

= 5— cm.
10

Response
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.| In the new form, Ié— = .6
That is 5% = 5.6 This read as 5 point 6.

Like this 4% — 4.3 (4 point 3).

Here we see how the mixed fractions are represented in the new
form.

638 =638 231 =231
T0( 10

T:  Write the mixed fractions 9-2, 15—+ and 3L
100° °10 100

in the new form.
T: Letussee how 68—i— and 21 6—2 can be written in the
100 1000

new form.
68 % = 63.04, and 21-22_=21.062.
100 1000

T: Let us check the numbers that we have written now. They
have two parts. One part is before the 'point' and the other part is
after the point. The part which is before the point is called the

whole number part and after the point is called the fractional part.

The whole number part of 5.6 = 5.
The fractional part of 5.6 = .6.

T: The whole number part of 9.4 is 9 and the fractional part is
4.

The second benchers cleared doubt and wrote the correct
answers.

The last benchers wrote the correct answers with the help of the
teacher.

Most of the students felt difficulty to understand the new form.
After teacher's explanation they understood how to write in the
new form.

Students failed to answer immediately.
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T. What is the whole number part and fractional part of .5

.5 can be written as 0.5
.5 =0.5. Here the whole number part is 0 and fractional

part is .5.
T:  What is the whole number part and fractional part of .428.

. 2 . .
Now let us see part is % can be written in the new form.

5. . . . .y s
~— is an improper fraction. First let us change it into a

T0¢
mixed fraction.
2L _Hli-0
10 10
Like this 2L =32 =37
10 "10
10 ‘10

T: Write the fractions 4T361— and %(3;— in the new form.

Teacher explains, 8B 4—3—= 43
10 10

23 53 553,

100 100
T: Now we see how different types of fractions can be written
in the new form. The way in which the fractions are representing
in the new form is termed as 'Decimal forms'.

Students gave correct answers

The back benchers failed to write the correct answers.

They wrote the correct answers after teacher's explanations.

Assignment:- Do the activity given in the 119" page of the TB.
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Teaching Manual VII

Process

T:  We know how to split numbers according to their place
values. Like this the decimal forms also can be split
according to their place values. Let us see how is it.

T: Take7.5.

In 7.5. there are 7 ones and 5 tenths.
ie. 7.5 =7 ones + 5 tenths.
3.8 =3 ones + & tenths.
4 tens, 7 ones and 8 tenths are there in 47.8.
47.8 =4 tens + 7 ones + 8 tenths
29.6 =2 tens + 9 ones + 6 tenths.
4 hundreds, 2 tens, 4 ones and 7 tenths are there in 424.7.
424.7 = 4 hundreds + 2 tens + 4 ones + 7 tenths.
This can also be represented as

424.7 =4 (100) + 2 (10) + 4(1) + 7 (116)'

25.815 =2 tens + 5 ones + 8 tenths + 1 hundredths }
+ 5 thousandths.
1 1
25.815=2(10)+5 (1) + 8(—=). +5 (—
(10)+5 (1) +8(:5). 45 (o)
T: Complete the table given in the TB by splitting the digits
according to their place values as shown above.

Teacher explains the activity 'who is hiding'. colour the parts
representing the decimals which will be obtained by writing the

1. C L1 Yol i Al

Response

Students took more time than expected to complete the table.
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decimal form of the fractions given in the table.

1 _ 1 7,

0 710
T: But the denominator of —;— is not 10, or 100
Therefore immediately we can not write the decimal forms

of —;— . We should find a similar fraction of —;— having

denominator 10, %=%§ =5
. . 6 14
Likethis > =2 =6 2 =2 _4
5 10 5 10

i: _8_.—.8’ ._l_:._g_:.z

5 10 2 10
DB s T8 gy 68 12 L)
2 10 5 10 10 5 10

Teacher explains how the similar fractions of these fractions have

calculated.

T: Now let us colour the parts representing these decimals.
Teacher explains the activity, 'Can you find the decimals

corresponding to the fractions'. But the denominators of the

fractions is 4. So as in the above example, we have to find the

similar fractions having denominator 10 or 100.

All the students wrote the correct answer

All the students coloured properly and they got the picture of a
'dinosour’.

The process of converting the fractions having denominator 4
into similar fractions having denominator 100 felt difficult to the

students.
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DEPARTMENT OF EDUCATION

UNIVERSITY OF CALICUT
TEACHING MANUALS FOR TEACHING THE CONCEPT
'AVERAGE'
(English Version)
SREEJA. D Dr. C. NASEEMA
Research Scholar Reader in Education
Preliminary Information
Name of the School :  G.G.H.S. Chalakudy
Standard : VI
Subject o :  Mathematics
Name of the concept : Average
Time : 8 Periods.
Duration of a period : 45 minutes.
Curricular Objectives
1. Students identify that there are situations where two sets are to be
compared.

2. Students find that if the number of items in the two sets are different

then comparison is not possible by checking only the totals.

3. Student identify that if the total is equally divided among the members,
then comparison is possible by comparing what is obtained by one
member in each set.

4, Student understand that 'Average' represents a group.

5. Students identify that average is obtained when the total is divided by
the number of items.

0. Students find the relationship between total, number of items and
average.



10.

11.

i
Students understand that if any two among the three — total, number of

items and average is known then the third can be calculated.

Students fnd that the average of a set of numbers lies between the
biggest and smallest number of that set.

Students use the concept of 'average' in the practical problems.

Students familiarise, average income, average height, average weight,
average wage etc. and interpret these terms.

Students calculate the average of a combined set using the averages of
individual sets.

Prerequisites: Students have awareness about numbers, the basic operations
of addition, subtraction, multiplication and division. Students have previous
knowledge in fractions and decimals.

Learning Aids: Marbles, Charts containing pictures.
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Teaching Manual I

Process

Response

Teacher explains the first activity in the TB. Teacher explains
how to find the number of gosseberries obtained by one by
calculating the total number of gooseberries and the number of
gooseberries obtained by one. Teacher asks students to prepare a
table as in the TB and complete the table. Teacher explains the
activity 'Stamp Collection' in the classroom. The number of
stamps collected by each of 5 students in group A and group B
are given. From this we have to find out which group performed
better.

T:How can we find it out?
T:Then which group is better than the other.

Teacher explains the activity 'The tailors'. In this activity,
there are 6 tailor in Unni's shop and 4 tailors in Saji's shop. The
tailors in Unni's shop will stitch 24 shirts and tailors in Saji's shop
will stitch 20 shirts in a day. We have to find out tailors of which
shop is more efficient?

T:How can we find it?

The tailors in Unni's shop stitch more shirts than that in
Saji's shop. But the number of tailors in Unni's shop is more than
that in Saji's shop. Therefore we can not say that tailors in Unni's

All students found the number of gooseberries obtained by one
by dividing the total by the number of pupils.

Students replied that the we should find the total number of
stamps collected by the students in each of the two groups.

Students calculated the total number of stamps collected by each
group and answered that group B is better than A.

No one replied.

Students answered as 24.
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shop is more efficient.

T:What is the number of shirts stitch in Unni's shop in a
day.

T:Then how many shirts a tailor stitch in a day.
6 tailors — 24 shirts

1 tailors — 4 shirts (Here we imagine that the number of
shirts stitched by the tailors is equal)

T:How many shirts a tailor stitch in Saji's shop? (Imagine
that the tailors stitch equal number of shirts in a day)

4 tailors — 20 shirts
1 tailor — 5 shirts

T:Which tailors are more efficient?

Students answered as 24.

Students replied that the number is 4.

Reshma answered as 5.

Students replied that the tailors in Saji's shop.

Assignment: Do the activity 'Science Project’ in the TB.




Teaching Manual 11

Process

Responses

Teacher explains the activity 'Science Project' in the class room.
The number of students in each group and the number of plants
cellected by each of them are given. We have to find out which
group's performance is better than the other. We can not compare
the groups by merely looking the total number of plants collected
by the groups. As in the above case, here also we should assume
that all students collected the same number of plants. Then how
many plants a student collected in these group?

Teacher asks the students to complete the table.
T:Which group is better than the other?

T:Here you calculated the number of plants collected by
the students in each group assuming that all students have
collected equal number of plants. You have got the answers as
11, 12, 9 and 10. This termed is turned as the 'average' of that
group. The concept 'average' uses to compare different groups.
In the activity 'Science Project' the average of first group is 11,

The average of second group is 12
The average of third group is 9
The average of fourth group is 10.

Teacher explains the activity '"To help the blind people' we

Students calculated the number of plants collected by a student
by dividing the total number of plants by the number of students.

Students replied that the better group is the second group.
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have to find out whether the Scouts or the Guides showed better
performance.

- T: To compare them we should find out their average.
T:What is the total amount the scouts have collected?
A =315
Then what is the average? A =315/15=21

T:Find the average amount collected by the Guides?

T:Whose performance is better than the other.

Students calculated the correct answers.

Students do the problem correctly and reached at the correct
answer.

Students answered as 'Scouts'.

Assignment: Do the activity 'Sanchayka' given in the 8" page of the TB.
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Teaching Manuél III

Process

Responses

Teacher explains the activity 'Cricket Match'.

The sales T.V sets in 6 days are given. We have to find out the
average sale in one day.

T:What is the total sale in 6 days?

T:Assume that the number of T.V sets sold in the 6 days
are the same. Then what is the number of T.V sets sold in a day?

6 days - 72 T.V sets 1 day —» 12 T. V sets

T:Then the average sale in a day = 12.

Teacher explains the activity 'Average Income'. The daily
wages of 10 families in working days are given in the table. We
have to find out the average daily income of each of the families.
Teacher does the first one as an example.

T: First let us find the sum of the wages of the ﬁrst family
in 6 days. 125+ 150 + 80 + 120 + 140 + 75 = 690

T: To find the daily average income let us divide 690 by 6.

.. Average income = 690/6 = 115

T: Like this find the average daily income of the remaining
families.

Students' replied that the sum of 9, 7, 14, 12, 13 and 17 is 72.

Students divided 72 by 6 and said the answer as 72.

Ashitha, Aswathi and Manju were asked some doubts.

All the students found out the correct answers by dividing the
sum by the number of days.

Assignment: 1. Collect the prices of toilet soaps from a nearby shop and calculate the average price.

2. Measure the height and weight of the students sitting in your bench and calculate the average height and weight.

~ ..
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Teaching Manual IV

Process

Teacher discusses the activity "Vareet's shop’. When the income
of 6 days were calculated, the average income in a day is
Rs.750/- we have to find out what is the total income obtained in
all the 6 days.

T: Average is obtained dividing the sum by the number of
items. Therefore the average income was obtained by dividing
the total income by 6. To find the total income let us multiply
the average income by the number of days. That is total income
is obtained by multiplying 750 by 6.

.. Total income = 750 x 6 = 4500.

Total income in the 6 days is Rs.4500/-

T: If we know the average and the number of items we can
find out the total. If any two among the three items i.e., total,

number of items and the average is known the third can be found
out .

Total (Sum) = Average X Number of items

Average = Total/Number of items
Number of items = Total/Average

Teacher discusses the activity 'The Volleyball team's
Journey'. We are asked to find the average traveling expenditure.
To find out this we have to divide the total traveling expenditure
by the number of team members. The number of team members
is 9.

The average traveling expenditure of those who traveled by train

Response

After teacher's explanations students worked out the problem by
writing appropriate steps. :

Sunitha, Aiswarya and Manju cited some doubts about the
relationship between total (sum), average and number of items.

Students worked out the problem by discussing with the teacher.




is 30. 8 team members traveled by train. Therefore the total
train fare of 8 members = Average X Number of members
=30 x 8 =240.

The traveling expenditure of Jose = 210.

.. Total expenditure =240 + 210 = 450
The average traveling expenditure is 450 + 9 = 50 ie. Rs.50/-

Assignment: Prepare and Complete the table in the 9™ page of the TB.

Cﬁ\\
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Teaching Manual V

Process

Response

Teacher explains the activity 'Gopalan's cows'. The average
amount of milk obtained for one cow among the 4 cows is 4
liters.

Teacher explains,

T: How many cows are there in Gopalan's farm?

A4

T: What is the average quantity of milk obtained from these
cows?

A:4 liters

T: What is the total quantity of milk obtained from the cows ?
A:4X4=16

T: After selling the cow which gives 7 liters of milk what is the
number of remaining cows? A =3

T: What is the quantity of milk obtained from these three cows?
=16-7 =9 liters.

T What is the average quantity of milk?
‘ A: 9+ 3 =3 liters.

Teacher asks students to do the activity 'The match box company’
llke this. Teacher explains the way of doing the problem

Teacher explains the activity. 'The new comers.! We are
~asked to find the average height of the students now in VI A. The
. average height of 40 students in VI A was 145 cm.

Four students who sit in the first bench gave the answer as 16.

Students gave correct answers as
Average = Total/Number of cows

9/3 = 3.

14 students of the class worked out the problem by themselves.
Others worked out as per the teacher's explanations.
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T: Then what is the total height?

A : Total = Average x Number of students
=145 x40 =5800
Three students having heights 138 cm, 124 cm and 130 cm were
shifted from VI B to VI A. '

T:Now the total height of 43 students in VI A is 5800 +
138 + 124 + 130 =6192.

Number of students = 43
Average height = 6192 + 43 = 144 cm

12 students worked out the problem by themselves after teacher's
explanation. The others took down from the BB.

Assignment : Do the activity 'The Cricket team' in the TB.

B
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Teaching Manual VI

Process

Response

Teacher discusses the activity 'Combined together' The
average income in the 6 working days of a week is Rs.360/-.
Then total income is 360 x 6 =2160  ie, Rs.2160/-

In the second week the shop functioned only in 5 days. The

average income = Rs.426.

Total income =426 x 5=2130
The total income of the two weeks = 2160 + 2130 = 4290

The total number of working days =6 +5 = 11

.. Average income = 4290 <+ 11 =390
That is the average income for two weeks is Rs.390/-

Teacher asks students to do the activity 'Baniyan
Company'. Teacher provides explanation to doubts.

Students actively participated in the discussion.

Sneha and Aswathy provided correct procedures to solve the
problem.

Nine students worked out the problem correctly by themselves.

price of text book and note books.

Assignment: 1. The total age of 5 members of a family is 145. In another family having 3 members, the average age of a member is
21. What is the average age of a member when the two families considered together.

2. The average price of 5 text book is Rs.20/-. The average price of three note books is Rs.12/- what is the average
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Teaching Manual VII

Process Response

Teacher discusses the activity 'Let us find out'. The total and the | Students participated in the discussions.
number of items in two groups are given. We have to calculate the
average if two groups are combined.

T:The number of members in the first group = 16 Vineetha and Ramya provided correct procedure to find out the
Average = 21 correct answer.

.. Total = Average x Number of members =21 x 16 =336

T:The number of members in the second group = 14

Average = 36
Total =36 x 14 = 504

The total of two groups = 336 + 504 = 840
Number of members = 16 + 14 = 30
.. Average = 840 + 30 = 28

Teacher asks students to calculate the mean when two groups are | 11 students worked out correct answer in the first set. The

combined in the remaining three sets. Teacher provide | others completed the activity according to the teacher's
explanations and clarifications. explanations.

All students have got correct answers in the third set.

Assignment: 1. The average age of a group of 6 members is 15. The average age of another group having 4 members is 5. Whai
is the average age when the two groups are combined.

2. Four sweets remained when an average of 2 sweets are distributed among 30 students in a class, what was the total
number of sweets?
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Process Response

Teacher explains the activity 'Centre for Small Scale Industry’. The | Students suggested appropriate procedure.
number of workers, the total amount of wage and the average wage
- of the workers working in six units of a 'Small scale Industrial
~centre’ are given in a tabular form. Students are asked to calculate
the answers in the blank space.

T:To find this, the relationship between the average, total
(Sum) and the number of items can be used.
Average = Total + Number of items
Total = Average x Number of items
Number of items = Total + Average
T:The number of workers in the Masala powder
manufacturing unit is 7.
The average wage of one worker is Rs.75/-
+ Total wages = Average x Number of workers
=T75x7
=525
That is Rs.525/-
Teacher asks students to calculated and fill the missing cells.

Students worked out problems correctly by them selves.

Assignment: 1. There are 10 students in a hostel. The average tood expenditure for one month was Rs.600/-. Five of them went to
their houses for one month. Then the average food expenditure of the remaining was Rs.700/-. Then what will be
the average food expenditure of those who went to their houses?

2. Fifteen mangoes were divided equally among the five students. Again ten mangoes were divided equally among
the same five students. What is the average number of mangoes obtained?
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DEPARTMENT OF EDUCATION

UNIVERSITY OF CALICUT
TEACHING MANUALS FOR TEACHING THE CONCEPT
'NEGATIVE NUMBERS'
(English Version)
SREEJA. D Dr. C. NASEEMA
Research Scholar Reader in Education

Preliminary Information

Name of the School :  G.G.H.S. Chalakudy
Standard : VII

Subject : Mathematics

Name of the concept :  Negative Numbers
Time : 5 Periods.

Duration of one period : 45 minutes.

Curricular Objectives
The student acquires the following skills from this content area.

To mark natural numbers and zero in the number line.

To identify the numbers which are less than zero.

To acquire the concept of 'Negative Numbers'.

To mark the negative numbers in the number line.

To compare numbers.

To arrange numbers in the ascending and descending order.
To acquire the concept, absolute value.

To identify the inverse of a number .

0N AW~

Prerequisites: Students have previous knowledge about numbers, place
values, fractions, decimal etc. They know the basic operations involving
these numbers. They know how to write the numbers in the ascending and
descending order.

Learning Aids: Model of Number line.
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11

Process

Response

Teacher explains the first activity. In that activity the
distance between different places are to be find out Teacher asks

the picture.

Teacher explains the activity 'In the hospital.' A pupil of
age 12 should have 30 kg of weight. In a table the body weights
of 6 pupils of age 12 are given. Teacher asks how many pupils in
this table have body weight less than 30 kg. How many pupils
have body weight more than 30 kg. Teacher asks questions
related to the difference between body weights of the pupils.
Teacher asks students to prepare a table including these
information Teacher shows the model of the table.

All students gave correct answers.

Students gave the answers.

Students prepared the table.

Assignment: Measure the body weights of students sitting in your bench and find out how many 6f you have body weight more than
30? How much more? How many of you have body weight less than 30? How much less? etc. Then prepare a table and

record the information you have calculated.
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Process

Response

Teacher discusses the activity 'Climb up' and climb down'.
~ Teacher asks questions in the TB related to this activity. Teacher
asks more questions which are not in the TB related to this
activity.

Teacher explains the activity Left and Right'. Teacher
~draw a line and marks points A, B, C, D. . . equidistant (1 unit) in
the line. The distance between the points is taken as 1 unit.
Teacher asks questions related to the distance between the points.

Teacher than draw a line in the BB in which a flag mark
- marked in the centre and marked points A, B, C,D. ...and P, Q,
R, S. . . . marked equidistant on either side of the flag mark.
Teacher explains about the left and right sides of the flag mark.
Teacher asks questions related to the distance of the points from
the flag mark. How many unit and in which direction ?

Teacher explains the activity ' Numbers in the Line!.
Teacher draws a line and mark 0 in the centre of the line. In the
right side of 0 teacher marks cquidistant points 1, 2, 3,4, Sand 6
(1 unit). Teacher says that any number can be marked by
extending this line. Teacher asks questions,

T:Which number is 3 more than 5?7 A= 8

Which number is 4 less than 5?2 A =1
Which number is 1 less than 5?7 A=4
Which number is 4 morethan 5 A=9

Students gave answers by examining the picture.

Students gave correct answers.

The answers of Bismitha, Soumya and Sarika were not correct

All the students gave correct answers.

Students gave correct answers.




v

Which number is 5 more than 5?7 A: 10

T:Here what is the peculiarity of the numbers which are | Nishitha said the answer as in the line the numbers which are less
more than 5 and less than 5, Teacher explains Nishitha's answer. | than 5 are in the left side of 5 and the numbers which are more
than 5 are in the right side of 5.

Assignment: Draw a line as shown in the BB and mark points as in that line. Find the numbers which are less than and greater than
7 and identify their position. In which conclusion do you reach.
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Process

Response

. Teacher explains the activity 'Less than Zero'. Teacher draws a
i line in the BB, and marked '0' in the centre of that line. Then
. points marked equidistant (1 unit) on either side of that zero. The
. numbers 1, 2, 3 . . . are given to the points on the right side of
- Zero.

T:Which number is 1 unit less than 2? A=1

Which number is 1 unit less than 12 A=0
Which number is 1 unit less than 0

" No number or letter is marked in that place. So let us mark the
' point as 1 Jess than 0 and mark the next point as 2 less than 0.
~ Then 3 less than 0 and so on.

T:But to mark points in a line in this way is inconvenient.
So we should find another method to mark the points.

T:To find 3 more than 2 we do 2 + 3. Here 1 less than 0

means 0-1. This can be written as —~1. Teacher marks -1, -2, -3,
... in the left side of 0. Then teacher shows the model of the
number line to the students.

T:This is a line marked with numbers. It is called number
line. Any number can be marked in this line by extending the
line.

T: Which numbers are less than zero.? Teacher explains.
_Here the numbers ~1, -2, . . . are less than zero. The symbol '-'

Students gave answers

No one replied.
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used in these numbers is called 'negative' and the numbers are
known as negative number. The numbers which are more than
zero are known as positive numbers.

T:Is zero a negative number or a positive number? Teacher | Students hesitated.
explains that zero is neither a positive number nor a negative

number.

Assignment: Draw a number line and mark positive numbers, negative numbers and zero.
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Process

Response

Teacher explains the activity 'More than and Less than.! Teacher
| draws a number line in the BB and marks zero, positive numbers
- and negative numbers.

{
|

|
|
|
|
[
]

{

i
(

T:Which number is 3 units more than 4? A =7

T:How it obtained?-

| Teacher explains Vineetha's answer.

T:In the number line, a number which are more than
another number is in the right side of that number and less than
another number is in the left side of that number.

T:Writes the answers in the BB.

Which number is 3 less than 5?

Which number is 8 less than —2?
Which number is 5 less than —4
Which number is 9 less than 3
Which number is 6 less than 6.
Which number is 7 less than —7
Which number is 4 more than -9.

Teacher explains.
Teacher explains the activity 'Big and Small'. We know that

Students gave the correct answer.

Vineetha gave the answer as the number 3 units more than 4
is 3 units from 4 in the right side.

Students draw a number line in the BB and found the correct
answers of the question.

Students gave correct answers of the questions.
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numbers which are more than a number are in the right side of
that number and numbers which are less than a number are in the
left side of that number.

To find the big number and the small number we have to find
their positions in the number line. Eg:- Among 3 and -2, to find
which is the big number we have to locate their positions in the
number line. It is found that in the number line -2 lies in the left
side of 3. That is -2 is less than 3 . This can be written as -2 <3.

T: Find which is the small number -3 or —8 by examining the | Students got the answer as —8<-3
number line.

Teacher writes questions in the BB. In the following five sets of
numbers, separate the numbers using the symbols '<' or >

Students did the problems correctly.
2,9 )42 3)-7-6 (4) 0,9 (5)-100,-1

Teacher provided necessary explanations

Assignment: 1. Using a number line, find the answers of the problems given in the TB (page 78)

2. Write the following numbers in the ascending order 78, -50, -87, 0, 15, -1, -92, 84.

S
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Teaching Manual V

Process

Response

Teacher discusses the activity 'How far'. In the number line 4 is 4
units in the right of 0.

T:Is there any other number which is 4 units far from zero

A =Yes, -4.

T:The distance from zero to 4 and —4 is 4 units. The
distance of a number from zero in the number line is called, the
'absolute value' of that number.

The absolute value of 4 =4

The absolute value of —4=4

T: Usually this is represented symbolically by 14| = 4 and
|-4|=4. This reads as the absolute value of 4 is 4 and the absolute
. value of 4 is 4.
1-7)=17, |-100{=100, |1} =1
T:What is the absolute value of zero?

The absolute value of zero is zero.
Teacher write questions in the BB. Write using the symbol '<' or
7)1
1. 15}, |1-10| 2.4, -2 3. -1, (4 4. -13, (0]
T:The absolute value of 4 and —4 is 4. That is the distance
from zero to 4 and —4 is 4. If we examine the number we can see
that 4 and —4 are equidistant and in the opposite sides of zero.

Hence 4 and —4 are called as inverse numbers. 4 is the inverse of
—4

Students provided the correct answer.

Students gave the answer as zero




-4 is the inverse of 4.

T:Like this -10 is the inverse of 10.
17 is the inverse of —17
T:

Find the inverse of the numbers: -6, 0, 8,
-100.

-13,
T: 9 is the inverse of -9

-9 is the inverse of 9.
Then what is the inverse of <(-9)

-9 is the inverse of —(-9)

But 9 is the inverse of -9. That is 9 and —(-9) are the same.
(9)=9
T:Like this — (-8) =8, - (-4) =4, -(-16) =16, - (-1) =1

Students wrote the correct answers.

Student hesitated to answer Neethu asked doubt about inverse.

Assignment: 1. Do the activity ‘Let us find out' in the TB (page 80)

2. Find the following numbers.

(a) —(-13) (b)-(-25)  (c) (19) d -@®)

(e) -(-14) (O - (-27)

(8 -[-(-9)]

olLY 9N




