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Chapter-I

I ntroduction

1.0 Introduction

Education is fundamental for our development, both materially and spiritualy. It
is the education that ignites one's own spiritua sensibilities, gives depth to thoughts and
ideas. Also, the national spirit creates freedom of thought and scientific temperament.
Socia change is possible only through education. It removes darkness and widens the
mind. Thisideology of education is reflected in our constitution. Even during the struggle
for independence, Indian leaders called school children the real wealth of the nation. Asit
isrightly said, real wealth is not in banks or treasuries, not in lockers, not in basements,
but in school classrooms, playgrounds, science labs, libraries, and laboratories. Various
experiments have been carried out to achieve this goal, for example, Gandhiji's basic
education, Swami Vivekananda's human and spiritual education, Dr. Radha Krishnan's
scientific education and values, Tagore's natural landscapes and cultural education,

Acharya Rama Murthy's vocational education, Acharya's environmental education, etc.

In today's world, a rich number of new ideas and new information are emerging.
Education is needed to understand and act on these issues. We cannot solve these
problems without education. Given the above needs, the government, keeping in view the
importance of education, set up education commissions and paid specia attention to a
better future for the citizens of the country because without education, we cannot do
much in developed countries. Education is aso a key part of improving the economy and

quality of lifein acountry.

Education is a process through which human beings have their best moral,
spiritual, physical, and cultura development. Education is the main source of human
development. Man cannot recognise humanity or achieve perfection without education. It
is through education that character changes and skills and knowledge increase. From

birth to death, the educational process continues. Education brings society out of darkness



into light and enlightens the whole world. The ancient philosophers regarded education as
the third eye, which gives man insight and consciousness to know all the issues that must
be completed correctly, resulting in overall development and prosperity, soul comfort,
and the ability to adapt to changing circumstances. In the beginning, when man observes
the environment and the surroundings, he needs logical thinking in order to understand
nature and the laws of nature or to become acquainted with the reality of variousthingsin
nature. And this logical thinking develops on the basis of the study of different subjects.
Because every subject is a part of education, and with its help, children's inner abilities
are stimulated and their logical and creative thinking is promoted. Mathematics is a

subject that promotes logical thinking, reasoning, and problem-solving abilities.

Knowledge of mathematics helps to understand and reflect on all kinds of
sciences. As today's world is totally dependent on science and technology, more and
more knowledge of mathematics is required. Therefore, teachers of mathematics have a
responsibility to try to teach mathematics in a very effective and simple language. The
student will be able to perform better in mathematics only when the basic concepts of
mathematics are clear. Conversely, if the teacher does not explain the basic concepts of
mathematics well, then the interest of students in mathematics decreases. And this creates
a negative attitude towards mathematics among students. It does not develop students
cognitive ability, logical thinking, reasoning ability, problem-solving ability, and mental
ability. Asaresult, their mathematical achievement is affected.

Recent advances in information and communication technology (ICT) have
affected every field, including education. Technology-based learning is seen as a
promotion for mathematics students, especially to enhance their logical and reasoning
abilities, the evolution of conceptual understanding, and the development of activity-
based learning. In the past, education was generaly based solely on the transfer of
education. But recent advances in ICT have changed the way we approach learning and
teaching. Nowadays, art-teaching strategies at the school level are being linked to the

constructivist approach to teaching.



According to constructivists, the evolution of new ideas, knowledge, or
experiences is actively linked to past knowledge or experiences. It emphasises the
construction of knowledge through social interaction as well as self-conscious structure.
In this regard, Confrey (1990) stated that constructivism is the theory of human
knowledge that explains the cognitive acts of human beings through which man builds
his knowledge and experiences (p. 108). Therefore, the focus of teaching should be on
developing an environment conducive to the construction of knowledge rather than the
transfer of knowledge.

The National Curriculum Framework (NCF) 2005 has shifted the Indian
classroom to a constructivist-based learning environment that focuses on knowledge
construction rather than knowledge transfer. It emphasises student activity as well as
knowledge construction that builds on pre-existing concepts and experiences involving
content and activities (NCF-2005, p.17). In this environment, ICT can help promote
innovation in the teaching and learning process as well as problem-based, authentic and

meaningful learning.

1.1 Theoretical background of the study

The theoretical background of the study is very important for re-conducting the
research work. In which all the aspects related to the study are highlighted. To provide a
strong foundation for study,

In the present study, experimental research work will be carried out by adopting a
pedagogical model related to the philosophy of constructivism or constructivist theory in
order to study its effects on mathematics achievement. Therefore, it would be unfair if the
entire study were based entirely on the theory of Jean-Piaget, Bruner and Vygotsky. So
below are presented the theories that came into existence according to the three experts.

1.1.1 Theory of Constructivism

Constructivism is recognised as the theory of knowledge according to which it is
impossible to transfer information or regulate it through the external environment, but it

can be constructed through various activities. According to constructivist principles, man
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tries to understand his surroundings in the light of his previous knowledge and
experiences and either establishes a new concept related to it or rgects or accepts it,
accounting for it on the basis of his previous knowledge. In this regard, Confrey(1989)
stated that constructivism is the theory of human knowledge that explains the cognitive

acts of human beings through which man builds his knowledge and experiences (p. 108).

In addition, Glaserfeld (1989) also conducted research to understand the
information acquired by humans; in the light of which he came to the conclusion that
constructivism is atheory of information that has its roots in philosophy, psychology, and
cybernetics. According to this, information can be dynamically constructed and created
through the perception of content, in which cognitive function is an adaptive
process’(e.g., Grady, 2012, p. 38). This principle greatly influenced the teaching process
of the classroom because before it was thought that man acquires information about the
things that he acquires from the external environment, but this principle revealed that
Man learns through his perceptual functions, according to which he first adapts the
information obtained from the external environment to his mental outline and only then

accepts or reects this information.

Bruner's (1962) cognitive theory also supports the theory of constructivism,
according to which learning is an active process by which children create new
information by adjusting their knowledge. According to this theory, children's previous
knowledge and experiences and their ability to be active play akey role in the creation of
new information. It is therefore a multi-approach that discusses both the epistemological
and pedagogica implications of teaching and learning. For example, the Endogenous
Approach recognises the mind as a reservoir of beliefs, concepts, values, and
expectations known as the basic attributes for developing new information and complex
concepts. This approach makes it possible to create internal and personal information
through cognitive conflict. The original source of cognitive constructivism is considered
to be Piagetian Theory (Applefield, Huber & Moallem, 2000, p. 37). On the other hand,
the exogenous approach believes in the principles of creating new knowledge and
concepts based on previous knowledge. However, according to the principles of the
Diaectical Approach, constructivism and the creation of knowledge are possible only

4



through socia interaction in which both learner and teacher participate in the activities
and build knowledge in collaboration with each other. This type of constructivism
belongs to Vygotsky's Socio-Cultural Theory.
Constructivism: Constructivists believe that

1. Knowledge construct not transmitted.

2. Knowledge is constructed through activities.

3. Knowledge is based on perspective.

4. The constructivist of new knowledge is based on children's previous knowledge,

ideas and experiences.
5. Inthis, the teacher is like a consultant, a guide and a provider of learning tools.
Although constructivists such as Piaget, Vygotsky, Novak, and Posner disagree

on some aspects of the knowledge-constructing process, they all agree on the basic
features of the constructivist ability, such as the meaning-making process. Problems need
to be solved. The understanding of new information can occasionaly be hampered by
reliance on prior knowledge of learning, which is necessary for new learning. Learning
entails reorganising conceptual frameworks. Learning is aided by social interactions.
Meaningful learning occurs in authentic learning activities. Piaget believed that learning
is strongly influenced by the developmental stages of learning. Learning is dependent on
the learner's specific phases of physical, intellectual, emotional, and social development,
which aso dictate what can be learned and to what depths. When learning is almost
complete, it occurs more effectively. Learning involves meta-cognation, which is
reflected in one's learning process. The nature of the learning process is essential for
learning to take place. Learning becomes more difficult as the difficulty, accuracy, and
relevance of learning tasks increase. Challenging and innovative tasks help students

increase their efforts.

1.1.2 Cognitive theory of Piaget

Jean Piaget was a zoologist as well as a psychologist. He worked on child
development for over 50 years. Jean Piaget first began studying his own three children
and later included other children in his research. Through his experiments, he presented a
theory of cognitive development, which we know as the Piaget theory of cognitive



development. This theory states, children learn through a special process in which the
child's own prior knowledge, experiences, and ideas are very important. His theory of
cognitive development gave rise to a new field which is called cognitive constructivism.
Thisis based on the theory of cognitive development. After much research and discovery
on the activities of achild from birth to adulthood, i.e., how to think, understand right and
wrong, how to talk, how to remember things, etc., Piaget divided the cognitive
development into four stages.
Cognitive development according to Piaget's Theory
1. Sensory Motor Stage

This stage starts from birth to two years of age. The main feature of this stage is
object permanence, i.e., the child has seen something, and at that moment, that thing is
not in front of him, yet the child recognises its existence. If something is picked up in
front of the child before this concept is born, he forgets it after awhile. For achild at this
age, there is no meaning to the existence or non-existence of things, that is, when an
object disappears from sight, its existence ceases for the child. At this stage, he has no
other way to express his experiences without verbal language except through his senses.
The baby will cry when heis hungry. The child will have a steady and intent look. At this
age, al the sensory and motor activities are included in the child's cognitive process.
2. Pre-Operational Stage

This stage starts from two years to seven years. During this period, the child's
language is developing. At this age, the child learns to talk to the elderly, sing small
songs, and also talk to himself. At this stage, a two-year-old child usually has an
understanding of two to three hundred words at this stage. By the age of five, a child has
avocabulary. At this stage, the child's thinking ability changes. He begins to think about
the things he sees around him. Symbols seem to help. At this stage, children ask alot of
guestions.
3. Concrete Operational Stage

This stage starts from the age of seven to eleven. According to Indian
background, this stage is also called primary education. At this age, children are more
practical and realistic. Family relationships and an understanding of one's own society
begin to be understood. During this period, children can measure and weigh things,



proportionally in small and large quantities. During this period, children become able to
focus on the whole structure of the sequential changes occurring within the current
process.
4. Formal Operational Stage

This stage starts from eleven years old to adolescence. During this time, children
begin to think in a traditional way about any subject. Logic and reasoning are
automatically incorporated into their ways of thinking. During this time, the child begins
to understand right from wrong. During this time, children become more involved in
socia work and begin to understand their responsibilities. During this time, children
begin to use their practical thinking openly and use practical experiences and changes to

increase their knowledge.

1.1.3 Vygotsky's Socio-Cultural Theory
Leo Vygotsky was a Russian psychologist who worked in the field of

psychology as well as other fields. According to this theory, children learn through social
interaction in which the child's own language plays a very positive role. The theory of
Zone of Proximal Development mentioned under this theory started a modern topic of
discussion on the aspect of an application in the classroom. ZPD measures the gap
between a child's actual ability and extra ability. Accordingly, if children are provided
with support, they can achieve their learning goals.

The theory based on Vygotsky's socio-cultural theory is known as socio-cultural
constructivism, which is based on socio-cultura theory.

Vygotsky's sociocultural theory focuses primarily on social interaction,
according to which a person expresses his ability and ideas by interacting with the people
of his culture and society, due to which the development of their minds is promoted.
Vygotsky (1978) states: “Every function in the child’s cultural development appears
twice: first, on the social level, and later, on the individual level; first, between people
(inter-psychological) and then inside the child (intra-psychological). This applies equally
to voluntary attention, to logical memory, and to the formation of concepts. All the higher
functions originate as actual relationships between individuals.” (Vygotsky, 1978, p57)
According to Piaget, every child is born with some motor reflexes and sensory abilities to



promote cognitive development. In contrast, according to Vygotsky, children are born
with some basic abilities for mental or cognitive development, which are called attention,
sensation, perception, and memory. According to Vygotsky (1978), children's menta
development and education get through society, interacting with the more knowledgeable
other (MKO), who may be a teacher, parent, or more knowledgeable peer. Vygotsky
(1978) strongly believed that “the community plays a centra role in the process of
making money.” It is impossible to evaluate a child's intellectual growth without taking
into account the social and cultural context in which it is embedded (S. K. Mangal &
Shubhara Mangal, p. 178). Vygotsky's socio-cultural theory clearly emphasises that the
language a child uses to express his or her ideas is learned through interaction and
communication. Vygotsky also believed that changing the environment was necessary for
mental development because the opportunity to interact with different people in different
environments increased his language ability and the scope of his interaction expanded.
Explaining this further, he said that menta or cognitive processes, cognitive
development, and the creation and construction of information do not occur separately,
but rather they are devel oped through the relationship between language and thought, and
in this process, language plays an important role.

The teaching and learning processes greatly benefit from Vygotsky's theory.
According to this theory, the student plays an active role in the teaching and learning
environment while the teachers provide him with all kinds of guidance and facilities. In
this way, education is a kind of mutual cooperation and reversal experience for students
and teachers. Through which the construction and creation of information in the student
is promoted, while in this process, the teacher provides facilities and support to the
student. Social and cultura theory places great emphasis on language. The child uses
language to express his thoughts. Language is recognised as the most important tool
provided by society (Vygotsky, 1978) and this tool, i.e., language, develops the
intellectual capacity which plays an important role in creating an idea about something in
the mind. (Vygotsky,1962) To fully understand this theory, it is necessary to understand
the concepts of MKO and ZPD.



Vygotsky's Concepts of More Knowledgeable Other (MKO) and Zone of Proximal
Development (ZPD)

In Vygotsky's socio-cultural theory of cognitive development, MKO and ZPD are
the two main principles which are central to thistheory. It is explained below.
More Knowledgeable Other (MKO)

MKO refers to an individual who possesses a particular knowledge, skill, practice,
understanding or higher level of ability and competence. MKO generaly refers to
teachers, coaches, parents, siblings, classmates or peers, and all those in the school who
have more knowledge, ideas, abilities and practical skills and experiences than the learner
and the computer can even be a mobile phone, tablet or other application. It is
reciprocally related to ZPD.

Zone of Proximal Development (ZPD)

There is another aspect to Vygotsky's theory. Accordingly, the potential for
cognitive growth depends on the Zone of Proximal Development (ZPD). This crucial idea
demonstrates how a child's capacity for learning differs from his capacity for learning
after receiving support or direction. The ZPD represents the area where a child can solve
problems with the help or support of more knowledgeable people (scaffolding).
According to Vygotsky (1978), the zone of proxima development refers to a specific
type of place, area, or field associated with the mind where the most sensitive instructions
or guidance are given to develop the ability in children may be possible. Therefore,
children should be encouraged to use their skills to acquire other skills. From the diagram
below, we can understand ZPD (S.K.Mangal & Shubhara Mangal, p180).

In other words, ZPD isagap in achild's mind that bridges the gap between ability
before and after guidance. Therefore, it is the duty of a teacher to guide the children by
providing them with tasks related to the subject matter and trying to fill the mental gap.



Zone of
Proximal
Development

Source - zpd = Google Search

Figure- 1.1 ZPD

1.1.4 Jerome Seymour Bruner’s theory of Cognitive development

Bruner was an American psychologist who played an important role in
revolutionising psychology in the 20th century. Bruner introduced the concept of
cognitive development and learning theory. According to Bruner's learning theories,
learning and development are interrelated and dependent on each other. In his book
"Towards a Theory of Instruction”, he has tried to clarify that teaching is a process that
both the teacher and the students carry out together, and education does not mean
transferring the content of a subject from one mind to another (khan, p-215). According
to Bruner, when a child comes to school, he constructs new knowledge on the basis of
previous knowledge. Bruner has done a lot of work on the development of the human
mind. In 1966, he published a commentary on the development of human mental abilities.
In this commentary, he does not divide the mental development of children in terms of
age like Jane Piaget, but he speaks of the development of mental abilities of man from

10


https://www.google.com/search?q=zpd&tbm=isch&ved=2ahUKEwiS-Yjpl7j6AhW5yKACHaEBA48Q2-cCegQIABAA&oq=zpd&gs_lcp=CgNpbWcQAzILCAAQgAQQsQMQgwEyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQyBQgAEIAEMgUIABCABDIFCAAQgAQ6CggAELEDEIMBEEM6BAgjECc6BAgAEEM6CAgAEIAEELEDOgcIIxDqAhAnUKAIWLpDYJCEAWgBcAB4A4AB4gOIAeAQkgEIMTUuMy40LTGYAQCgAQGqAQtnd3Mtd2l6LWltZ7ABA8ABAQ&sclient=img&ei=uJs0Y5K9N7mRg8UPoYOM-Ag&bih=730&biw=1516#imgrc=r_gPiyBJ7itvEM

that age when he begins to think, whatever he gets is based on his experiences and to
what extent he understands it. When and how to apply the mental skills he has learned
from experience (Aziz, p. 148). According to this theory, there are three basic levels of
mind, the details of which are as follows.
1. Enactive Stage- Action Based
2. lconic Stage — Image Based
3. Symbolic Stage — Language Based
Enactive Stage
At this stage, children establish concepts about objects by making connections
between their limbs and their brains. For example, when children are presented with a
toy, they first observe it by picking it up in their hands and trying to learn its features by
shaking or throwing it. In this way, children store the properties of these objects in their
minds. These levels are active during infancy and early childhood, but during infancy,
children do not have the ability to speak. At this time, children establish concepts in the
mind through their actions; they try to explain their words to others through their
movements and gestures. At this stage, understanding begins to develop in children.
| conic Stage
This stage begins at the end of early childhood. During this period, a child's
sensory abilities like hearing, touching, smelling, and seeing are developed. The child
tries to understand the objects by seeing and hearing them and the basis of this is the
image of these objects in the mind. Once an image of an object is formed in the mind, he
discovers his toy or any other object in its absence. On the basis of image, concepts are
formed in child’s mind regarding the feature of objects. Which help him communicate his
message to others. Thisiswhy this stage is also called the Imagery Stage.
Symbolic Stage
This is the last stage of Bruner's theory. This is the stage where children store
information in the mind in the form of symbols and words. In this period, children
express their imagination with the help of symbols and words. At thislevel, children store
most information as words, mathematical symbols, or other symbolic systems. For
example, a student in mathematics assumes that the plus sign (+) means to combine two

numbers together, the minus sign (-) means to intersect, and the divisor sign (=) means to
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divide. The main feature of this level is that the children at this age have mastered the
skills of expressing their ideas more effectively than the previous two levels.

Through these three levels, the person creates a relationship and harmony with his
environment to adapt to his environment. He understands society by acquiring sensory
and motor skills and then mastering the language, faces new situations or problems and

creates hisplacein it.

1.1.5 Summary of Cognitive Development Theories

The ideas of Jane Piaget, Vygotsky, and Bruner are very important in the field of
children's intellectual and mental development. This remained a subject of debate anong
experts due to its approach and its theoretical aspects. In this context, Jean Piaget
explains the development of human thought from birth to adolescence. According to Jean
Piaget, every child is born with certain motor reflexes and sensory abilities to promote
cognitive development. They have the ability to see, hear, reach, touch, hold, bend, etc.
They use these same abilities to try to understand and adapt to the environment. A picture
of what they see in the environment is formed in their mind. Piaget called this process
"schema." According to this schema, that is, the basic mental outline, when it comes into
contact with the external environment, produces adaptation through the processes of
assimilation and accommodation, which is made possible by the process of equilibrium.
Through this process, children ensure the creation of new information and ideas, and
through these, children become acquainted with new experiences.

Piaget has divided cognitive development into four stages after a lot of research
and discovery on the activities of a child from birth to adolescence, how they think,
understand right from wrong, how they talk, how they remember things, etc. The first
stage is the sensory-motor stage, followed by the pre-operational stage, the concrete
operational stage, and the official operational stage. In which the first stage is from birth
to two years of age, this period involves the child seeing, hearing, tasting, touching,
holding, etc. The second stage is from two years to seven years. During this period, the
child's language or speaking ability develops, and symbolic language such as words,
signs, symbols, diagrams, etc. The third stage is from 7 to 11 years, in which the child
develops the ability to think and solve problems logically through practical experiences.
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The last stage is from age 11 to adulthood. During this period, children are thinking,
forming their identity, being self-centered, etc. According to Jean Piaget, at every stage
of life, the child repeats his thinking or mental process over and over again and creates
knowledge. Piaget also advocated the development of language skills in children for the
construction and creation of knowledge. Similarly, Vygotsky's socio-cultural theory
mainly emphasises socia interaction, according to which a person expresses his ability
and ideas by interacting with the people of his culture and society, and due to which the
development of his mind is promoted. In which he has laid great emphasis on social
interaction and linguistic ability in the development of the mind. According to this
theory, a learner who has a higher level of knowledge, skills, practice, understanding, or
ability is called a KMO. In other words, the ZPD is the gap in the human mind that
represents the difference in ability before and after providing facilitation and guidance.
According to this theory, the student plays an active role in the teaching and learning
environment while the teachers provide him with all kinds of guidance and facilities that
play an important role in fulfilling the ZPD. In other words, ZPD is the gap in the human
mind that reflects the potential difference between before and after providing
convenience and guidance. According to Vygotsky, the teacher isan MKO, and hisjob is
to fill in the students' ZPDs. In Jerome Bruner's theory, reinforcement is given so much
importance role to ensure learning in children. According to Bruner, learning can only be
accomplished through internal motives. That is why Bruner emphasises internal
motivation more than external motives. Intrinsic motivation is self-rewarding. That's why
Bruner says teachers need to help students find alternative ways of disclosure in order to
maintain internal motivation. Bruner offered suggestions for alternative methods of
disclosure. These include factors such as activeness, direction, maintenance, and
motivation. In 1966, Bruner published a report on the development of human mental
abilities. In this report he does not divide the mental development of children in terms of
age like Jean Piaget, but he speaks of the development of the mental abilities of man from
that age when he begins to think. Whatever he gets is based on his experiences and to
what extent he understands it. When and how to use intellectual skills acquired through
experience. Based on this, Bruner has divided the development of the human mind into

three stages, which are the enactive, iconic, and symbolic stages. Changes occur in his
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language abilities, observational ability, learning ability, etc, and thus he constructs new
knowledge based on his own ability.
1.1.6 Nature of Knowledgein Constructivist Per spective
1. Knowledgeisa constructive activity
Knowledge is co-operative activity
Knowledge is empowerment

Knowledgeisinterpretation

o b~ w D

Knowledge learning is situated in context

1.1.7 Constructivist Teaching Approach

The constructivist approach was laid down by Jean Piaget. In addition, Jerome
Bruner and Leo Vygotsky's theories are very much influenced by the development of
causation. The source of the constructivist approach teaching philosophy is based on the
principles of constructivism, so al the principles of the constructivist approach teaching
also cover the basic principles of his theory. According to Jean Piaget, through the
process of accommodation and assimilation, children construct and create new
information from their experiences.

Constructivist learning theory is the foundation of constructivist teaching. The
basic principle of the constructivist approach to teaching is that children should be
provided with new information based on their previous knowledge and experiences, and
this information should be manifested through constructivism and creation based on their
inner abilities instead of being transmitted. It emphasises the learner's being active and
dynamic and the teacher's role as a guide and facilitator to attract and motivate the
student to construct and create knowledge and to remove obstacles in his way. NCF-2005
supports a constructivist approach to mathematics teaching and learning. In this teaching
method, teachers do not give lectures, explanations, or otherwise transfer mathematical
knowledge. Rather, the basic role of teachersisto create conditions for students that can
promote their essential mental development. Students build knowledge by constructing
models to answer questions and challenges that come from actively engaging with math
problems and the environment. By encouraging the students to learn new materia
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through discussions, exercises, and asking questions, the teacher avoids giving them
straight instructions.

Constructivist learning theory is the foundation of constructivist teaching.
Constructivist learning is based on the notion that knowledge is acquired when students
actively contribute to the creation of meaning and knowledge rather than actively seeking
out facts. The learner creates meaningful and new knowledge. Students that receive a
constructivist education develop critical thinking skills and are driven and self-reliant.
According to this theoretical framework, instruction constantly expands on the
knowledge that a learner already has. Schema is the name given to this early learning.
Constructivist experts contend that since al learning is filtered through pre-existing
schema, learning is more successful when students actively participate in the learning
process as opposed to passively attempting to gain knowledge. Many different methods
are asserted to be founded on constructivist learning theory. The majority of these
techniques focus on some kind of guided exploration, where the teacher tries to steer the
student through inquiries and exercises to learn new information, discuss, enjoy, and
speak.

Regarding constructivist teaching, it can be said to provide an environment for
student learning in which children, at an early stage, use their schema to create a mental
diagram of the object in their mind by establishing the connection between their organs
and their brain. After that, according to this mental diagram, they try to understand the
new concept, which Piaget named assimilation. Children then feel the need to modify or
change their mental diagram or to create a new mental schema, which Piaget caled
accommodation. When children establish equilibrium between previous and new
information, this process is called Piaget's adaptation. In all of these processes, a child's
linguistic skills help establish structure in the brain or strengthen social interaction and
intellectual processes. Students try to get out of their zone of proxima development by
building and making up information.

The constructivist teaching approach is centred on the student's teaching and learning
process.
» Constructivist teaching approach helps construct new information based on

previous knowledge and experiences.
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» The construct or creation of information is more important than the product of
information.

» The constructivist teaching approach constructs or creates new information
through their own experiences and social interactions.

» Constructivist teaching approach strongly supports scaffol ding technique.

> Investigation, discovery, exploration and activities are encouraged in
constructivist teaching approach.

» Teachersact asaqguide, facilitator and collaborative in constructivist teaching.

» Constructivist teaching is a democratic environment in which students have the
opportunity to ask questions and construct new information.

» Creates a democratic learning environment rather than an autocratic learning
environment in constructivist teaching.

» Students learn as much as possible by being active in constructivist teaching and
enjoy learning.

» Learning is provided by guidance and facilities through teacher collaboration in a
constructivist teaching approach which plays an important role in making peer
group learning possible.

» The constructivist learning environment focuses more on experimental methods,
problem solving, observation, etc., rather than rote learning.

» Constructivist approach encourages the use of experimental method, observation,
inductive, disclosure, play-based method and imitation method.

» Constructivist teaching tends to promote higher order thinking in students.

Therefore, the constructivist teaching approach supports a child-centered learning
environment in which students are expected to construct and create new information from
their own prior knowledge and experiences with the help of their linguistic ability and
competence, and to think abstractly and think, which includes analytical and reflective
thinking, supports a learning environment that develops skills such as problem-solving
ability as well as the ability to really use constructed information in a variety of settings

and situations.
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1.1.8 Principles of Constructivist Approach

The basic principle of the constructivist approach is that the student builds new

information, promotes new ideas, and gains new experiences by actively participating in

the learning environment based on previous knowledge and experiences. The following

are the constructivist approach principles.

>

In the constructivist teaching approach is student- centred teaching and learning
process.

In the constructivist approach, teachers support, guide, and motivate students in
their learning process.

In a constructivist approach, students construct new knowledge based on their
prior knowledge, ideas and experiences.

In constructivist approaches students find solutions to problems based on their
own knowledge and concept.

In a constructivist approach, learners construct knowledge through their own
experiences and social interaction.

In the constructivist approach, the learner is an active and reflective process.

The constructivist approach involves cooperation and socia interaction between
learners.

Conducts collaborative exploratory and learning processes in the constructivist
approach.

Constructs knowledge based on context and materials in a constructivist
approach.

Constructs new knowledge with integration and functionality of previous

knowledge in the constructivist approach.

Also, the following are the six principles of the constructivist approach identified by

Mary Burns, Marylu Menchaca and Vicki Dimock which are as follows.

>

Individual past information, experiences, and beliefs are brought to the learning
setting by learners.

Knowledge is created in a unique and individua way using a variety of
techniques, reliable tools, resources, experiments, and circumstances.

Learning is a process that involves both activity and reflection.
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>

>

Learning is an evolutionary process in which new conceptua structures,
meaningful representations, or the development of new mental models are
accommodated, assimilated, or rejected.

Social interaction reflects a variety of perspectives through the meaning of

reflection, cooperation, dialogue and sharing.

1.1.9 Characteristics of Constructivist Classroom

In the constructivist classroom, the learner acquires knowledge through active

participation in the classroom. Teachers do not give lectures, explanations, or otherwise

transfer mathematical information. The primary role of teachers is to create an

environment and conditions for students to develop their necessary mental devel opment.

Students build knowledge by building models in response to the questions and challenges

they encounter while actively interacting with mathematical problems and their

surroundings.

The following are the features of a constructivist classroom.

>
>

The constructivist classroom is student-centred and the teachers act as a guide.
The constructivist classroom democratic environment gives students the
opportunity to question the material presented and explore different topics of
interest to them.

Constructivist classrooms are child-centred in which children use their analytical
thinking, skills, and primary sources to construct information and create new
concepts.

In the construction classroom, students learn more and enjoy learning.

It promotes collaborative learning.

In the constructivist classroom, teachers guide and facilitate learning through
collaboration, in which the peer group plays an important role in making learning
possible.

The student's linguistic skills in the constructivist classroom help to establish the
mental structure in the brain or strengthen the socia interaction and thought
process. With the help of this, the student gets the opportunity to fill his zone of
proximal development by constructing and creating.
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>
>

>

Students are active participants and self controllers.

Students in a constructivist classroom are accountable for their own learning.
Students learn new ways to learn in this classroom.

In the constructivist classroom, information is constructed through active dialogue
between students and teachers.

Provides facilities for learning in the classroom through multiple representations.
The constructivist classroom environment focuses on the learning system of
process-oriented learning rather than product-oriented learning.

The role of teachers in the constructivist classroom is to act as a guide, friend and
facilitator.

Teachers and students in the constructivist classroom promote mutual
understanding and complete the teaching and learning process by being active in
collaboration and integration with each other.

In the constructivist classroom, teachers and students promote mutual
understanding and active collaboration and integrate with each other to complete
the teaching and learning process.

The constructivist classroom places a more priority on learning about inquiry,

discovery, exploration, heuristic and activities.

Also, according to Tam (2000), the constructivist classroom has the following
advantages.

In the constructivist classroom, teachers and students share information.

Teachers and students participate in the authority in the constructivist classroom.
The role of teachers in the constructivist classroom is to provide guidance and
facilitate.

The learning process will involve a small number of heterogeneous pupils.

Honebein (1996) has classified various characteristics of the constructivist classroom as

follows.

» Providing experience with information for knowledge construction.

» The constructivist classroom provides experience and appreciation or

encouragement for multiple perspectives in the classroom.
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>
>

In the constructivist classroom, the teacher connects the teaching and learning
with the real context.

Learning process encourages weath and voice. (Child-centred learning)

The constructivist classroom encourages learning through social collaboration in
the classroom.

It encourages the use of different forms of representation (video, audio text, etc.).

It encourages self-awareness or familiarity of information.

Audrey Gray has classified the various characteristics of a constructivist classroom as

follows.

>

>
>
>

Learnerstake an active role.

The classroom setting in constructivism is democratic.

Activities are engaging and student-focused.

Teachers help students learn, which promotes responsibility and independencein

them.

1.1.10 Role of Teachersin Constructivist Approach

Constructivist approach as stated in the previous points, the experiences of the

external universe emphasize learning through intuition, linguistic ability, and the process

of self-reflection and curiosity. Therefore, the role of the teacher in this approach is very

important because it is considered a very difficult task to identify the inner potential of

the students and use it to understand the external universe. The roles of the teacher in

relation to the constructivist approach are described below.

>

The main focus of teachers should be to guide the students by asking questions
and they will draw their own conclusions on the topic.

Teachers will encourage and facilitate students to engage in discussion.

Want to provide relevance to rea -life experiences through examples.

The classroom should create a democratic environment so that students can be
independent and expand information meaningfully from their own experiences.
The main role of teachers is to create such environment and conditions for

students. So that students can build knowledge by building models in response to
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>

>

inquiries and difficulties brought about by actively interacting with mathematical
environments and situations.

Want to cover some key terms such as define, classification, and guess, which
guide the students.

Teachers are in the classroom as a guide who provides opportunities to work

collaboratively and problem solving.

According to Ndon (2011),

>

A teacher should offer engaging learning environments, opportunities, and
activities that include facilitative, collaborative, problem-solving, and real work.
Teachers teach students to classify, analyze, and create, to organize, to use, this
helps in understanding one’s scientific process by using the terms of perception.
Teachers encourage student autonomy and initiative by adopting a democratic
classroom.

Teachers also provide raw data and resources.

Teachers act as service providers for students with many resources, not
necessarily a source of information.

Strategies such as case study, project, collaboration, problem solving, etc. should
be included.

The main role of teachers is to make the classroom environment conducive and

motivate the students towards learning.

Also, according to Brooks & Brooks (1993), the role of constructivist teacher is as

follows (p.103-116).

>
>

Constructivist teachers encourage students' self-efficacy and the work they do.
Constructivist educators employ manipulative, interactive, and tangible materias
in addition to basic sources and raw data.

Constructivist teachers use cognitive terminology when classifying, analyzing,
predicting, and creating.

Constructivist teachers allow students to advance their lessons, change or transfer

instructional strategies, and change content.
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» He cconfirms understanding of a concept before sharing students personal
understanding of a concept.

» Constructivist teacher encourages students to participate in discussion with the
teacher and others.

» Constructivist teacher encourages students to ask questions to their teachers and
peers according to their own intellectual abilities.

» The constructivist teacher tries to describe the initial reaction of the students in
detail.

» Constructivist teachers should engage students in experiments that in their initial
assumptions could create contradictions and then there could create room for a
new debate.

» The teacher gives adequate time to the students after asking the questions so that
the students can express their responses thoughtfully.

» Teachers provide students adequate time to create relationships between concepts
and create metaphors.

» Constructivist teacher uses the Learning Cycle Model in the classroom to
maintain students' natural curiosity.

According to Catherine Chen (2003), the role of a constructivist teacher is as follows.

» The challenge for constructivist teachers is to provide instructional techniques
that help students develop their understanding.

» Constructivist educators make ideas and phenomena engaging and significant for
their students.

» Constructivist teacher uses different methods for investigation and provide
different approaches.

» The concept should be linked to multiple implications and applications, the
meaning should be linked to the context and there should be a correlation
between the information components.

» Constructivist teachers provide opportunities for students to confront problems
and situations, describe them in their own language, and develop strategies to

solve them. Therefore, teachers should motivate students.
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1.1.11 Role of studentsin Constructivist Approach

In a constructivist learning environment, students are expected to:

>
>
>

Students are active participants and self-controllers.

Constructivist students quench their academic thirst with mutual collaboration.
Students who use the constructivist approach assume accountability for their own
learning.

Constructivist students learn new waysto learn.

Constructivist classrooms are child-centred in which students independently
construct new knowledge using their own abilities.

Constructivist student’s linguistic skill helps to establish the mental structure in
the brain or strengthen the socia interaction and thought process. With the help
of this, the student gets the opportunity to fill his zone of proximal development
through constructing and creation.

Constructivist students construct new knowledge based on their current or
previous knowledge.

Have students reflect on their experiences and prove who they are.

Learners should be able to appreciate the point of view of trial and error by
asking questions and reviewing concepts through the activities of the real world.
Constructivist students become independent and control their ability to learn

what and how to learn

1.1.12 Educational | mplications of Constructivism

>
>

Teachers help, guide and encourage students in the learning process.

Students construct new knowledge and discoveries based on their previous
knowledge, ideas and experiences.

The teaching process uses both skill based and open-ended methods

In the constructivist learning environment, students are collaborative and
cooperative not just individually.

Constructivist learning environments connects students with experiential methods
rather than rote learning.

Students should be assisted in establishing the standards at which their work is
evaluated or assessed.
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» Information is shared between teachers and students.

» Teachers and students share authority.

Different forms of constructivist approaches have made many suggestions for teaching
and learning in the classroom, including the following suggestions made by Paul Ernest
(1996).

» Emphasis has been placed on creating a state of cognitive conflict in the minds of
children to remove misunderstandings and misconceptions. For this, it was
suggested to engage children in practical work. This will enable the children to
identify their mistakes which will create mental conflict in their minds.

» Multiple Facilities should be provided for learning in the classroom through
multiple representations. This process will provide opportunities to represent all
the children in the classroom so that more and more children will be able to learn
from their previous knowledge and experiences.

» Enabling children to become aware of different contexts of learning that
complement different social structures. That is, to acquaint oneself with the means
of acquiring, formally or informally.

1.2 Concept of ICT

ICT stands for Information and Communication Technology which refers to the
use of a variety of technologies to collect, store, retrieve, process, analyze and transmit
information.

Knowing the definition of information and communication technology is essential
to understanding it (ICT)

Information: Information is basicaly informational material, which becomes
information with the addition of learning. In other words, information is learning, finding
information, accessing it, applying it, and information refers to the storing of information.
The information includes the following capabilities (Hussain 2016 pp, 111).

» Being able to use information.

» Assessing the usefulness of information.

» Ability to critically analyze information.
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» Being aware of the need for information.
Communication: Communication is a simple dialogue between people and cultures.
This occurs on a subject when information is combined with technology.
Technology: Computer, Internet, Television, Telephone, Graphics Software, Tape
Recorder, Spreadsheets, PowerPoint, Video Conferencing, Smart Board, Chat, Interactive
White Board, Email, YouTube, Social Networking, Projector, Scanner, and other similar
devices

ICT refers to the collection, storage, creation, transmission, and exchange of
information. Tools used for this purpose include laptops, computers, the internet,
software, email, video conferencing, satellites, printers, scanners, etc.

From an educational perspective, ICT can be defined as all digital tools, materials,
and resources that are used to manage the educational system with the achievement of
teaching and learning objectives ( Hussain 2016, pp. 112).

ICT stands for information and communication technologies, which include
mobile phones, the internet, social media, wireless networks, and telephones. It involves
the integration of many forms of telecommunication, including wired and wireless
signals, computers, necessary software, and storage devices. We can access, retrieve,
save, transmit, and change information through audio and video systems, among other
things. Information and communication technology in education is the processing of
information using communication tools and features that help in some way with teaching,

learning, and teaching.
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Figure-1.21CT Scopes

1.2.1 Characteristicsof ICT

The following are the various characteristics of ICT.

» Students and teachers have the opportunity to expand their knowledge.

» Enhances learning opportunities.

» Immediate access to information.

» Complex to complicated topics or problems can be easily understood and
explained through ICT
ICT reduces psychological barriers.

YV VYV

New information is readily available.
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ICT ensures amore flexible and intimidating environment.

Fulfilling individual differences.

Information is easily accessible anytime and anywhere through ICT.
The use of ICT helps children to be confident, motivated and engaged.

YV V. V V V

The use of ICT improves the concept and understanding of both children and

teachers and increases their success in achievement.

A\

Develops higher-order thinking skills.

A\

It can provide both formal and informal education.

> It saves energy and time because the learner has control over the program and
learns at his own speed.

» Through ICT, students and teachers can enhance their knowledge by using
different libraries and dictionaries.

» Liberates education from school -centric and takes it towards |earning-centric.

» Through ICT, students can establish communication links with teachers for

homework, references, guidance and counselling.

1.2.2 Need of ICT in Education

Today we are stepping into the 21st century, or the modern era. The quality of our
education has changed a lot. The main reason is that different types of educational
technology and ICT are being used in the field of education. Especialy in 2020, due to
COVID-19, al educational activities have stopped. This has an impact on educationd
activities. Schools, colleges, and various educational institutions are closed due to
COVID-19. In this COVID-19 era, there is only one ICT that has kept educational
activities to some extent. Today, online teaching and learning are being done through
ICT. Today, for example, through Google Meet, Webex, Pentablet, Zoom, Google
Classroom, YouTube, Whatsapp, Telegram, Skype, €tc., teachers are carrying out their
teaching process and students are carrying out their learning process. The student is
learning online. Teachers and students are sharing information through online
conferencing. Students complete assignments, projects, presentations, etc. with the help
of ICT and also submit them online. The student is also doing online teaching practice

and micro-teaching. Therefore, the requirement of the time is that teachers and students
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or anyone associated with the field of education, it has become imperative for them to
have a basic knowledge of ICT. So that the individual can easily and better access
education and the teaching process can be made effective. ICT has influenced every
aspect of human life. Knowledge of ICT is a must for many professionals, including
teachers. Education through ICT has benefited in different ways and at different levels.
Developed countries are offering courses through technologies such as conferencing and
the Internet, and the teaching and learning process is aso being done through ICT. In
contrast, underdeveloped countries are offering their courses and teaching through
traditional methods.

Through ICT, teachers can easily express concepts with the help of animation and
graphics. This can provide comprehensive information in a short period of time and
energy. ICT plays an important role in enhancing learning opportunities for secondary
students in the mathematics classroom. Various ICT devices are available which can be
used for the construction and creation of modern knowledge. Radios, DVDs, CDs, TV,
Internet, mobile phones, pen tabs, interactive keyboards, calculators, computers, laptops,
tablets, projectors, printers, scanners, e-malts, video conferencing, and a wide range of
software and mathematics software are examples of ICT devices. These tools can be used
for teaching and learning. In particular, mathematics teachers can use math software to
make math concepts and mathematics classrooms more effective. For online teaching and
learning, they use laptops, cell phones, and math software anywhere, alowing students
and teachers to collaboratively solve math problems and learn which can improve
students' math achievement.

Knowledge of mathematics helps to develop the ability to understand and reflect
on al kinds of sciences. Since today's world is totally dependent on science and
technology, more and more knowledge of mathematics is required. Therefore, it is the
responsibility of mathematics teachers to make maximum use of ICT so that teaching can
be provided in a very efficient and easy language. Because the student will be able to
perform better in mathematics only when the basic concepts of mathematics are clear. In
contrast, if the teacher is not able to explain the basic concepts of mathematics well, then
students' interest in mathematics decreases and, in this way, a negative attitude towards

mathematics is developed in the students. Due to this the development of rationality,
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logical thinking, reflection, ability to solve problems, and development of cognitive

capability are missing in the students. As aresult, their math achievement is affected.

1.2.3Useof ICT for Teachers

The following are the various advantages of ICT for teachers.

>

>
>

Through ICT, teachers can access and provide up-to-date information anytime
and anywhere.

Teachers can share their resources, skills, experiences, and advice through ICT.
Through ICT, teachers can plan lessons and prepare teaching materials.

Through ICT, teachers can record children's portfolios and their educational
activities.

Through ICT, teachers can easily remove the doubts of children.

Through ICT, teachers can develop evaluation, aptitude, attitude, self-confidence
and interest in children.

Through ICT, teachers can easily and effectively present the most complex or
problematic topics to the teaching process.

Through ICT, teachers can expand their knowledge.

Through ICT, teachers can design courses and materials and prepare syllabus

1.2.4 Useof ICT for Students

Following are the various benefits of ICT for students.

>
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Through ICT, students can learn from their own capability and speed.
Students can learn according to their own convenience and time.

Students can improve and expand their knowledge by using ICT.

Students can easily complete their projects and assignments using ICT.
Through ICT, students can develop their own learning styles to a higher level.
Students make their learning interesting through ICT.

Personality development is promoted through ICT.

ICT helps students build their own identity.

ICT promotes self-efficacy within students.

ICT promotes self-confidence and self-discipline in students.
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1.25 Limitationsof ICT

While there are many advantages of ICT, there are aso some limitations of ICT which

are asfollows

>

YV V. V V V V

It is difficult to believe in guidance through ICT.

It isdifficult to believe or trust information through ICT.

Misuse of ICT.

The cost of using ICT isvery high.

Negative effects on health from ICT based teaching.

Students have less opportunity for oral and handwriting skills.

Weak and specia students may have difficulty using ICT and they may need the
help of teachers.

Today in the era of ICT anyone can start a blog or post something on a website
and the information being posted is not necessarily reliable. Open source
encyclopaedias, Wikipedia, etc. are considered as good sources of information
but the information should be reliable. Therefore, it is not accepted as a reliable
reference by educational institutions.

Pay more attention to copying content from the Internet.

Teachers have difficulty using ICT tools because they lack ICT knowledge and

experience.

1.2.6 Challengesinuseof ICT

The use of ICT involves the following challenges.

>
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Lack of ICT knowledge and skillsin teachers

Lack of basic ICT infrastructure in institutions

Lack of self-confidence in teachers

Lack of competencies of teachersin using ICT

Lack of adequate time to use ICT in the classroom

Electricity shortage, particularly in rural areas

Lack of internet especialy in rural areas

Lack of computers, digital blackboards, printers, scanners, etc.
Teachers have few opportunitiesto receive ICT training.

Lack of funding for ICT
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> Lessdigital training opportunities for teachers

> Negative attitude towards ICT in teachers

» Lack of training on when, where and how to use ICT
» Lack of management support in using ICT

1.2.7 ICT based teaching Strategies
Flipped Learning

The flipped learning is the opposite of conventional learning. In this, the students
do not listen to the lectures given by the teachers but the teachers first record a video of
their own lecture on atopic from their subject and then share it with the students for their
viewing.

Meritsof Flipped Learning
» The classroom is student-centred rather than teacher-centred, with students
learning on their own and the teacher acting as afacilitator.
» Students carry on the learning process to the best of their ability.
» This method saves students' time as students attend video lectures at home
instead of in the classroom.
» Students express their thoughts in the classroom with self-confidence and
enthusiasm.
Promotes collaboration between teacher and students.
Establish collaboration within and outside of the teacher and students.
Such learning is student-centred.

This method gives students the opportunity to explore and discover.

YV V. V VYV V

Students have the opportunity to use modern equipment and technology.
Blended L earning

Blended learning or hybrid learning brings together the best classroom and online
learning opportunities with the help of information and transmission technologies (ICTs)
to promote practical and independent learning (Hussain, pp. 281). Blended learning
combines both classroom teaching and online learning. Blended learning is a method that
uses both face-to-face and online instruction.
Merits of Blended Learning

» Makesteaching and learning effective and efficient.
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Students learn their own capability and speed.
Promotes collaboration between teacher and students.

Establish relationships within and outside of the teacher and students.

vV V V V

The Learning of the represents alearning model that combines both traditional
classroom and online courses.
E- Learning

E-learning is a learning process in which the learning process is effectively
managed using electronic media. Computers and the Internet are an important part of e-
learning. E-learning uses a variety of resources such as email, the internet, websites,
YouTube, online video conferencing, smartphones, software programs, CDs, DVDs, etc.
E-learning is commonly used in distance education, but today, due to COVID-19, e
learning is used in formal education or face-to-face learning processes.
Thefollowing are the various characteristics of e-learning.

» E-learning is dynamic.

E-learning can be learned anytime and anywhere.
E-learning isindividual and learner centred.
E-learning is collaborative and interactive.
E-learning promotes the use of multi-sensory interaction.
E-learning reducestime & cost in training.

E-learning helps to enhance personal experience through inclusive language.

YV V. V V V V V

Comprehensive language learning has helped to create a sense of persona
experience and an emotional connection with the material.
> E-learning content is created with the help of subject experts.

M- Learning or Mobile Learning

Today, in the 21st century, mobile phones have become an important part of the
lives of people of al ages, especialy young people. Today, people of all ages fulfill their
needs using mobile phones. Today, young people complete their learning process through
mobile phones. A mobile is a portable device that can be easily pocketed. Using mobile
devices is a new way to access learning materials. As long as your mobile device is

connected to the Internet, you can expand your information whenever and wherever you
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want. Mobile learning enhances students' learning in rea contexts and creates a new
learning environment. Students develop their skills and abilities through mobile phones.
Characteristics of M-L earning
The following are the various characteristics of mobile learning.
» Information can be accessed anytime anywhere from mobile learning.
Mobile learning is accessible or readily available.
Mobile learning promotes students diverse thinking skills.
Mobile learning promotes self-confidence and self-efficacy in students.

Mobile learning reduces the cost of teaching and learning.

YV V. V VYV V

Mobile learning can be used to complement a wide range of information and
experiences with collaboration and independence.

» Students can easily complete their projects, homework, assignments etc. through
mobile.

» Teachers can effectively complete their teaching process through mobile.

Web 2.0 Learning

Web 2.0 is a type of learning based on the Internet that enables individuals to
work collaboratively, express ideas, and increase concepts and information. "Web2.0" is
a web-based technology tool and utility that focuses on social, collaborative, user-
oriented content and alienation, such as blogs, wikis, multi-media sharing services,
content syndication, podcasting, and content tagging services. Emerging technologies,
especially those with maximum functionality, interoperability, and connectivity,
contribute to the creation of knowledge through open communication and collaboration.
Users can easily publish their thoughts and ideas as online content. Teachers can use
technology in the classroom to achieve their teaching goals and develop students
learning skills and abilities. Today, in the modern era, Web 2.0 tools are becoming more
and more common for use in the classroom. Technology enables us to collectively submit
our content and find content easily.

Web Based L earning

Learning is when the learning process is carried out using the World Wide Web
(WWW). This is called web-based learning, or we can say, in other words, that the

learning activities are carried out through the internet using www. A WWW is a
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repository of information that provides information from every field or area related to the
acquired life, allowing a person to increase his knowledge and conduct research. Through
www, teachers try to present their teaching process in a better way so that it can be
presented in an efficient manner and the traditional teaching process can be completed
with an innovative teaching process. The information and content available on the World
Wide Web are in different forms, such as text, sound, images, animation, etc., which
improve the learning and teaching process. Through the World Wide Web, information
can be accessed anywhere at any time. Through the World Wide Web, students and

teachers can carry out the educational process at their own pace and ability.

1.2.8 Open Educational Resour ces
Concept of OER

Open Educational Resources (OER) refers to educational software that is licensed
to all people at no cost to alow them to freely access, modify and share content with
others.
“OER are materias for teaching or learning that are either in the public domain or have
been released under a license that allows them to be freely used, changed, or shared with
others.” (Open Educational Resources (OER): Overview and Definition (edweek.org).

According to UNESCO “OER are teaching, learning and research materialsin any
medium digital or otherwise that reside in the public domain or have been released under
an open license that permits no-cost access, use, adaptation and redistribution by others
with no or limited restrictions. OER form part of open solutions alongside Free and open
source software, Open Access, Open Data and crowd sourcing platforms.” (Open
Educational Resources (OER) (unesco.org).

Advantages of OER
The various features of OER are as follows.
According to McGill et al (2008)

» Students can easily access content and information anywhere and at any time in

the world and they can access the content again and again.
» Through OERs, on a large scale at little or no cost content can be shared with

others.
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» OERs can be complimentary to textbooks and lectures where the lack of
information and concepts is obvious.

» For instance, text can be used to supplement multimedia content or content like
videos. Providing information in a variety of formats might make it easier for
pupils to understand what is being taught.

» Information published in books or journals takes months or years to reach others
while OER information can be easily accessed by others in a matter of moments
or minutes.

» Students can expand their knowledge and devel op skills through OER.

» Students can effectively compl ete their research work through OERs

» OER provides materials for teaching and learning, enabling teachers to carry out
their teaching effectively and create a conducive classroom environment.

» OER is more engaging for both students and teachers as it provides customized,

timely, and various content.

1.2.9 Open Educational Resour cesfor Mathematics
OpenStax Math Textbooks
It contains textbooks on statistics, calculus, algebra, pre-algebra, and trigonometry. These

textbooks are provided free of charge by Rice University. Users can download content
(https://openstax.org/subjects/math)

Open Textbook Library

Open Textbook Library provides free, peer-reviewed and openly licensed books
(http://open.umn.edu/opentextbooks/).

Bookboon.com- Statistics & Mathematics
Free e-books and textbooks can be downloaded in pdf format. It does not require

registration (https://bookboon.com/en/statisti cs-and-mathemati cs-ebooks).
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MIT Open Courseware- Mathematics
This web contains al virtua content from the web-based MIT course
(https://ocw.mit.edu/courses/find-by-topi c/#cat=mathematics).

Khan Academy

The Khan Academy provides free math videos, photos, practice exercises, and a personal

dashboard for students and teachers ( https://www.khanacademy.orq/math) .

PhET Interactive Simulations
In 2002, Nobel Prize Carl Wieman created material on free interactive math and science

simulations under the PhET Interactive Simulations project at the University of Colorado

Boulder (https://phet.colorado.edu/).

1.2.10 Useof ICT Toolsin Classroom
I nteractive Whiteboard

An interactive whiteboard is also called a smart board. A smart board is a digital
touch screen that connects to a projector and computer so that images, animations, and
graphics can be easily created on the board using fingers or a digital pen. By using a
smart board, teachers can easily explain complex to complex topics to students through
different types of images and graphics in mathematics and science. The Smart board is
used at al levels, like in a classroom, corporate sector, coaching, and sports coaching; it

is done in broadcasting, etc.

Digital Equipment

Digital devices such as scanners, smart phones, rooms, and projectors can be used
in the classroom. The classroom atmosphere can be made pleasant and efficient by using
this device. Students and teachers work in collaboration with each other. Students can

experiment and demonstrate using digital tools.
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Digital Library

Today, in the era of ICT, national and international libraries have become small
devices. We can easily access national and international libraries from home. We can
read, download, and print from a digital library. For example, the National Digital
Library (NDL)

Pen Tablet

A computer input device is something like a pen tablet or a graphics tablet. This makes it
easy to manipulate images, animations, and graphics by hand. The way a person draws
pictures with a pencil and paper with this pen tablet, you can also input pdf files, images,

word files, etc. Thiswill make your teaching process more efficient.

1.2.11 Use of Softwarein Mathematics
Geogebra

This software is open-source software that can be easily installed on mobile
phones, laptops, and desktops. This software works offline. This software makes it very
easy to understand and understand 3D concepts of different structures in mathematics,
such as geometry, algebra, calculus, and especially geometry. Using this software, the
classroom environment can be adapted, which helps to make the teaching process more
effective.
Robocompass

It is online software that is available for free from open sources on the Internet.
Y ou must have Internet connectivity to run this software. With this software, students can
perform geometric construction very easily and efficiently in which he participates with
interest, dynamism, and autonomy and brings the learning process to completion.
Teachers can use this software to eliminate children's confusion and improve their
teaching strategies.

Microsoft Mathematics
This software has been developed by Microsoft. It is open source and it works on
i0S and Android, which means it is amobile app. This software can be downloaded from

37



the play store and Microsoft site. This software solves various mathematical problems
like algebra, dtatistics, trigonometry, calculus, arithmetic, real numbers, complex
numbers, LCM, etc. with great ease. In this software, just write the problem on the screen
or click the photo of the math picture and upload it to this app. The math problems will
be solved step-by-step in front of you.

Geometry Pad

Geometry Pad is an open-source app, available on the Play Store. It is a dynamic
geometry application that allows teachers to help students easily understand geometric
concepts and their intricacies. Students can also compl ete their geometry assignments and
homework using the Geometry Pad themselves. The Geometry Pad is another math tool
that helps students learns geometry. This tool also helps students learn how to use

numbers, measure, draw and solve various geometric shapes easily.

Math Blaster

This software is free and open source. This is a mathematics video game designed
for primary school kids. Through video games, subjects like addition, subtraction,
multiplication, fractions, percentages, and decimals are introduced, and children learn the

basic concepts of mathematics with great ease through playing games.

Sugar Math

This software is free and open source and was developed for children from
primary to secondary school. This app can be downloaded from the play store. This app
is available in different languages such as Hindi, Bengali, Gujarati, Telugu, Punjabi,
Marathi, and Malayalam. The basic concepts and rules of mathematics can be learned

easily aswell.

Cabri 3D
Cabri 3D is open-source and free software. This software works on Windows or
Mac OS. With this software, we can perform the concepts of geometry and trigonometry

with great ease and with the teaching and learning process.
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Scientific Workplace 5.5
This software is free and open source. This software works on Windows or OS.

With this software, we can easily type mathematical terms, equations, formulas, etc.

1.3 Concept & Introduction of Mathematics

The word mathematics is derived from the two Greek words “Manthanein” and
“Techne”. Manthanein means to learn, while Techne means art or synthesis. Thus,
mathematics means the art of learning. According to the dictionary, mathematics means
either the science of numbers or atmosphere or the science of measurement or quantity.
Mathematical science is the study of amounts, measurements, and relationships. It is, in
fact, a quantum fact that relates to solving atmospheric problems. It is alogical study of
different shapes, forms, quantities, etc., while another place is that mathematics is taken
from the Greek word “Mathema” which means learning or education/study.
Different thinkers have given different definitions of mathematics, which are as follows:
According to Angels, “Mathematics is a science whose subject matter is special forms
and gquantitative relationship of the real worid.” (Das, 2020)
According to Gauss, “Mathematics is the queen of science, and arithmetic’s are the
queen of all mathematics” (Munaf, p.16).
According to Comte, “Mathematics is a science of indirect measurement”.
(Bharathidasan University)
According to Bacon, “Mathematics is the gateway and key to all science” (Munaf, p.16).
According to Hogben “Mathematicsisthe mirror of civilization”. (Habicht, 1963)
According to Srinivasa Ramanujan “Mathematics is a pattern connected with Numbers,
Calculus, Geometry, Trigonometry etc. combined together to form a solution.” (Das,
2020)
According to Courant and Robin, “Mathematics is the study of art in reality and the
expression of beauty” (Munaf, p. 16).
According to Lindsay “Mathematics is the language of Physical Science and certainly no

more marvellous language was created by the mind of man”. (Bharathidasan University)
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1.3.1 Need and importance of mathematics
Ever since man has stepped into the world, that is, ever since man has existed in
the world, man has been connected with each other, and mathematics has been called the
mother of al science. If we want to work in the rapidly changing world of technology
and ICT, it is necessary to be mathematically literate and understand mathematics. It has
extensive facilities and can find its place in the industry. The Kothari Commission (1964—
1966) emphasised the importance of mathematics in the school curriculum and said that
the basic teaching of mathematics in schools should be done in a better way. Y oung says
that mathematics is a subject that encourages logical thinking and helps students identify
what is necessary and what is not. Mathematics helps students recognise facts and draw
conclusions, and mathematics is the subject that helps in learning concrete causes.
The features of mathematics are as follows.
» The study of mathematics stimulates the ability to solve problems in everyday
life, reason, thinking and reasoning.
» The study of mathematics increases|ogical thinking, curiosity and creativity.
» To meet the challenge of today's advanced technology and ICT, it is important to
know the concepts, ideas and information of mathematics.
» Mathematical learning helps to apply mathematical concepts to problemsin new
situations.
» Mathematics learning increases abilities such as autonomy, endurance, self-
confidence and open mind.
» Mathematical learning helps students to develop a positive attitude.
» Mathematics enhances the ability to solve problems in a systematic and
systematic way.
» Mathematics learning stimulates the ability to apply the information and skills
learned through mathematics to many other occasionsin daily life.
» Mathematics helps promote social and cultural values.
» Mathematics helps in learning other subjects.
» The mathematics learning helps in the development of moral values.
Mathematics is a subject whose importance has always been and always will be.

Learning not only takes time, but it aso ensures progress and keeps up with the times.
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The need for this subject is not because it is an important part of the school curriculum,
without which basic education will be considered incomplete, but because by studing it,
children develop logical thinking, analytical thinking, and problem-solving skills, and it
provides ease in understanding al other scientific and non-scientific subjects. Therefore,
mathematics teachers should not only master the mathematical concepts and their
teaching techniques but should also be familiar with the technological tools of today.
With the help of this, abstract concepts of mathematics can be presented to children in a
concrete form. When it comes to new teaching strategies, the teaching method based on
constructivist principles is very special. He believes that man does not learn any
information from the information presented by others, but he forms the basic outline in
his mind in the light of his previous knowledge and experiences and connects these
formed concepts with new experiences by trying to learn by doing or comparing. In this
strategy, the students can get guidance from the teacher, and the teacher provides the
basic facilities in the classroom. This teaching technique is also considered new
compared to all other teaching methods. But since the invention of new technology in the
field of ICT, a new teaching technique has been introduced in the field of teaching
mathematics or other subjects. This is called the ICT-mediated constructivist teaching
method. All of the above ICT devices or software will be required to be implemented in
the classroom. This technique aso falls into the category of child-centered teaching
methods and carries out its work keeping in mind the basic principles of constructivist
teaching methods. But the difference is that in this new method of teaching, children

learn with the help of ICT devices, and the teacher provides guidance to these children.

1.3.2 The objectives of mathematics at the secondary level

The objectives of mathematics at the secondary level are as follows.

» To explain to students the related concept of numbers.

» To introduce each student to the four basic functions of numbers and the need for
numbersin their daily life.

» To enable every student to be able to perform addition, subtraction,
multiplication, and division as well as other elementary operations.
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To enable every student to apply mathematical knowledge in their daily life and
to solve problems.

To introduce each student to measurements such as length, weight, temperature,
volume, area, and speed.

To creating a positive attitude towards mathematics in students

To develop math skills in students so that they can meet the demands of everyday
life.

To promote self-confidence, reality and creative thinking in students.

To provide opportunities for students to practice mental discipline.

To introduce students to aesthetic and intellectual hobbies and satisfying methods.
To provide students with opportunities for creative expression.

To helping students acquire social and moral values for an adaptable and
successful lifein society.

To develop character in students through systemic and positive habits.

To develops constructivist and creative abilities in students.

NCF (National Curriculum Framework) -2005 of vision for School Mathematics
(NCF 2005, pp-43).

Children learn to enjoy math instead of being afraid of it.

Children pick up essential math lessons, such as the fact that math is more than
just rules and formulas.

Children do alot of math. Let's see if there is anything to be talked about, talked
about, discussed or exchanged with each other, and work together.

Children show meaning and solve problems.

Children use abstract intelligence to understand relationships, see structure, think
things through, and prove or disprove statements.

For children, the fundamental building blocks of mathematics are arithmetic,
algebra, geometry, and trigonometry, which all emphasise abstraction,
structuration, and generalisation techniques.

Teachers interact with every student in the classroom because they believe that

everyone can learn math.
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1.3.3 I'ssues of teaching M athematics at secondary school level

Problems of Mathematics at Secondary level

> Mathematical formulas are difficult to understand and remember.

> Itisdifficult to change the mathematical formulas to a proper form.

> It is difficult to understand the correlation between the steps used in solving a
problem.

> Students are not able to solve the problem quickly due to not knowing the

mathematical concepts and reasoning hidden in the problem.

> Making more mistakes while solving math problems.

> More difficult topics in mathematics textbooks.

> The examples given in the textbook have very little to do with the lesson.

> There is no guidance in teaching mathematics at home and no help in doing
homework.

> A bad school environment also makesit hard to learn math.

> Students also have difficulty learning due to the ineffective teaching methods of
teachers.

> The subject does not have a proper foundation in mathematics; there is a problem

in the learning of mathematics.

Inadequate interpretation of certain theorems and axioms is insufficient.

Not giving the student the opportunity to speak freely.

Non-participation of children in the class.

Negative reinforcement instead of encouraging class children.

Not conducive to a mathematical environment in class.

Student interest and curiosity have no place in teaching mathematics.

YV V VYV V¥V V VY V

Do not associate mathematics with the student's life and do not know the

importance of mathematicsin their lives.

According to the NCF 2005, the following are the mathematics problems at school
level (NCF2005, pp-42).

> Teaching mathematics without considering the level of children.
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Ignoring children’s interests and curiosity in teaching mathematics.

In math class, children get negative reinforcement instead of positive
reinforcement.

Instead of giving children afair chance to learn, we drizzle information on them.
Children's participation in math class is only by listening to and following the
instructions given by the teachers.

Lack of confidence in teachers mastery and preparation in the mathematics
subject

Most children feel like they will fail at math and are afraid of it. So, he gets
discouraged by mathematics and turns away from learning mathematics.

The form of instruction that disappoints both the bulk of non-participants and the
talented minority is described.

They present outdated methods of reviewing the perception of mathematics as a
mechanical calculation.

Teachers are also lacking in how and when to present the content of the subject.
The entire phase of evaluation is mechanical or the entire phase of evaluation is a

pass failure.

1.3.4 Problemsfaced by studentsin learning mathematics

>

vV V Y V

Y

Lack of interest in and aptitude towards mathematics in students.

Students do not get full freedom and opportunities in the classroom.

Students have difficulty understanding and memorising formulas.

More difficult topics in mathematics textbooks.

The examples given in the textbook have little relevance to the lesson and are
insufficient.

Not being able to guide the student in the right direction.

There is an atmosphere of fear and dread among the students regarding
mathematics.

The subject does not have a proper foundation in mathematics; there is a problem

in the learning of mathematics.
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1.3.5 Problems faced by teachersin teaching mathematics
> Difficulty in teaching due to alarge number of studentsin the classroom.
> There is difficulty in teaching mathematics due to differences in students social,
cultural, and family environments.
> There is difficulty in teaching mathematics due to a lack of basic mathematical
knowledge in children.
Lack of opportunities for teacher training programs.
Lack of knowledge about new teaching techniques and inventions
Lack of opportunity to participate in seminars and workshops in mathematics.
Lack of refresher training to teach difficult and complex topics
Lack of amathematics lab in school
Lack of alibrary and alack of mathematical magazine, journals, and references

Lack of mathematics-related teaching materials

YV V VYV V ¥V VY V V

There is a lack of facilitation, appreciation, and recognition for good

performance.

1.3.6 NCF- 2005 recommends the curriculum of Secondary School

Students start to comprehend how mathematics is organised as a discipline. They
become accustomed to the quirks of mathematica communication, including the
carefully chosen terminology and concepts, the use of symbols to represent them, the
suggestions made in accordance with those symbols, and the supporting data used to
support the assertions. This aspect has been particularly important in the area of
geometry. Students equip themselves with algebra, which is important not only in the
application of mathematics but also within mathematics to provide justification and
proof. At this stage, students combine many of the concepts and skills they have
developed into problem-solving abilities. At this stage, teaching mathematical modelling,
dataanaysis and interpretation can help people learn more about advanced math skills.

1.3.7 Role of teachersin Mathematics L earning

Mathematics is a subject that has always been and will continue to be important,

but the importance of a math teacher is even greater. because the teacher tries to explain
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and teach effectively. The main task of a mathematics teacher is to try to teach
mathematics effectively, which is a big problem. No mathematics teacher can truly teach
mathematics unless the teacher is proficient in mathematics. Of course, two or three
things are equally important in teaching mathematics. The first is that the math teacher
should be an expert in mathematics, and the second is that the math teacher should be
able to teach according to the abilities and needs of the students. If either of these two
weaknesses is found in the math teacher, then he can never teach effectively. To become
a successful teacher, one must first devote one's time to acquiring knowledge of
mathematics and getting acquainted with the methods of teaching mathematics. In this
day and age, new changes in mathematics subject matter, new techniques, and new
methods also need to be aware of new ways to teach and learn.

Similarly, the math teacher should always try to keep the classroom environment
pleasant, sensitive, and interesting at all times and aso try to explain it to the students
through practical tasks. By providing it, they should also be encouraged to move forward
and generate interest. In addition to the above, mathematics teachers need to be able to
read different mathematics journals, modern textbooks, and new teaching methods. By
making contact with them, we should also try to learn something from the school teachers
and experts. Similarly, curriculum reorganization, the inclusion of appropriate and
reasonable textbooks, selection and recommendation of various teaching aids,
presentation of articles of department and suggestions for the process of association,
arrangement of standard examinations, and answer numbers must be counted.

In summary, in light of the above points, we can say that the teacher of
mathematics should make the teaching environment effective and pleasant, keeping all
these things in mind. Similarly, if the above-mentioned points are followed, then the
students will be more inclined towards mathematics, interest, etc., and they will be more
inclined towards the process of learning, and hence they can perform better in

mathematical learning.

1.3.8 Pedagogical shift: from Behaviourist to Constructivist Approach
Mathematics is a subject that has always been and will continue to be important.
Mathematics has always been the subject of talk about its benefits, usefulness, and
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importance. It develops logica thinking in children, develops analytical thinking and
problem-solving ability, and makes it easier to understand all other scientific and non-
scientific subjects. Making decisions is heavily reliant on mathematics. As children learn,
it isdifficult to understand how functions, equations, geometry shapes, trigonometry, etc.
help in everyday life. For this reason, mathematics is considered a difficult and complex
subject. Even today, they are struggling to learn and understand this subject like in the
past. Today, in the modern era, there are various ways to learn mathematics better and
more effectively. In the past, mathematics was taught in schools through traditional
methods such as direct instruction and rote memorization. There are two ways to learn

mathematics. Heis practical and constructive.

Skinner and Watson was follower of behaviorism. J. B. Watson is often called the
founder of behaviorism. According to behavioural experts, all behaviours are the result of
an individual's reaction to external stimuli. This means that the external environment is
conducive to learning. It takes precedence over the effects of rewards and punishments,
such as external stimuli in learning. "Behavioural learning is a theory that focuses on
external events that cause students to observe and change attitudes." (McLerney &
McLerney, 2010) It focuses more on behaviour and ignores mental activity. Behavioural
experts support deductive approaches. It carries out instruction-based teaching and
learning, and the learner's role is simply to absorb information and content. The practice
focuses on how the learner responds to the encouragement and financial support provided

by the teacher.

Piaget, Vygotsky, and Bruner, al three psychologists, were strongly in favour of
constructivism. According to constructivist experts, children build new information on
the basis of previous knowledge and experience. They build new information through
discussion, engagement, problem solving, and collaboration. Teachers act as guides and
facilitators and strive to connect them to real life. Find different topics of interest. In the
constructivist classroom, teachers and students promote mutual understanding and
complement the teaching and learning process by cooperating and integrating with each
other. In the constructivist classroom, the group focuses more on research, discovery, and
invention, exploration, and activities. Constructivists support an inductive approach. The
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teacher guides the students in the classroom using problem-solving methods that include

problems to be analysed and interpreted according to their context (Simon et a. 2013).

Behavioural learning is a theory that focuses on external events that cause
students to change observable attitudes. There are two ways to learn mathematics
(Mclnerney & Mclnerney, 2010). It is both practical and constructive. Behaviour refersto
a theory of learning that focuses on electronically occurring phenomena as a result of
students' observable behaviour change (Mclnerney & Mclnerney, 2010). Classic AS
Conditioning Leads to Learning This means that any stimulus provided will trigger a
specific response and is to learn the operating condition that makes a voluntary behaviour
stronger or weaker than the resultant or previous (Mclnerney & Mclnerney, 2010). Direct
instruction or teacher-centered lessons are used to teach students. It is more likely that
students will find the procedure material than imaginary material. This type of teaching
also encourages students to be bourgeois. Constructivism is the opposite. In order to gain
new knowledge and understanding, students actively participate in the lessons by posing
questions based on Peggy's information. The knowledge he imparts will be an
instrumental element that will allow him to make it more meaningful for the students.
Simone, Beswick, Brady, Clark, Faragher, & Warren (2011) define constructive methods
so that students can imagine themselves actively participating in their physical, socia,
and psychological environments. Therefore, meditate as an agent as an active person.
Compile mathematica meanings based on their previous knowledge and experience.
Students can view content more realistically through inquiry or problem solving as they
evaluate and address issues (Mclnerney & Mclnerney, 2010). From this point of view,
the master becomes the facilitator of the learner, as opposed to the learner. Both methods
can be combined with mathematics as they are useful in different ways. Direct
instructions are useful for organising operations, teaching new methods, and modifying
procedures that have been taught previously. Inquiries are used to solve problems by

asking questions, where students work towards a solution using their knowledge.

These methods can be applied in math classrooms, either through explicit tutoring
or tutorial lessons. Clear teaching (also called direct instruction) involves teachers who
start the lesson by spending time learning the required lessons for the lesson or
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introduction that clearly articulates the lesson process. The teacher then guides the
students using instructional problem-solving methods on classroom problems, which
involves a problem to analyse and interpret according to the precedent’ (Simon et al.
2013). Thisis consistent with a behavioura perspective in which teachers monitor their
student's responses to the content as they engage with mathematical topics and deepen
their conceptual knowledge and understanding. Queries, on the other hand, are based on
the principles of the constructivist approach. It usually involves an introductory activity
that provides a link between the student's previous knowledge of math content and
strategies so that the teacher can gauge the expected level of learning from the students.
In addition, an inquiry lesson includes a reflection of the student, which provides the
student development teacher with another opportunity for personalization. Even though
the two methods are different, it is best for teachers to use both of them to get the best

results from their students and to teach a diverse classroom well.

On the other hand, the constructivist approach focuses on learning more and can
solve these problems. As was aready said, the constructivist method is learner-centered
and encourages students to participate and gain new knowledge. Consequently, even if it
doesn't include responding to explanations based on the subject, this indicates that
students are learning at their own pace and in accordance with their own interests. It also
means that students can develop their own understanding of concepts and ideas. Students
focus on their own interests instead of asking for work in return. This means that student
results may not be achieved, or will not be achieved at a higher level. Because this
approach focuses on constructivist learning, there are plenty of opportunities for students
to work in pairs, groups, or whole-class discussions can lead to a lack of student
participation and boredom (2010, page 137). During group projects or exercises, it is
relatively ssmple for pupils who are confident to beat out less confident classmates. As

we shall seein this essay, the effects of these techniques are both positive and negative.

1.4 Rationale of the Study

Schooling is a very important step in the development of every child. Every
student develops different qualities such as creativity, problem-solving ability, logical

thinking, and convergent thinking. These qualities are very important for the teaching and
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learning of mathematics in school. The main purpose of teaching mathematics in school
is to inculcate mathematical thinking in children. In its report, NPE 1986 states that
“mathematics should be logically conceived as a vehicle to articulate something and also

as an analysis and reasoning.”

In the secondary stage, students understand the structure of mathematics where
the mathematical terms are very strict and the students explain the mathematical terms,
concepts, symbols, etc. very carefully. Due to this feature of mathematics, there is always
an increase in the level of confusion, fear, and anxiety. As a mathematics student, it is
observed in and out of the classroom that people try to solve problems by looking at or
copying and memorising examples, not by thinking well. Some students memorise the
problems without understanding the special theorem. They do this only to pass the annual
exam. When students do not understand a problem well, they learn and remember, but do

not try to understand. For these reasons, mathematics has become a difficult subject.

At the school level, there are various reasons for low-achievement in
mathematics, including instructional strategies that a math teacher uses in the classroom,
which may be the most important reason for low-achievement in mathematics. The main
reason behind this is that teachers mostly use traditional methods in the classroom to
teach mathematics. In this context, widespread use of technology can help solve this
problem. Therefore, the proposed research work is designed to develop a framework
through an ICT-mediated Constructivist Approach of teaching to obtain answers to the
following research questions.

1.5 Resear ch Question

» How effective is the ICT mediated constructivist approach in teaching and

learning to improve mathematics achievement in secondary school students?
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1.6 Title of the study
“Impact of ICT mediated Constructivist Approach on Teaching Mathematics

Achievement of Secondary School Students”

1.7 Objectives of the study
Major Objectives

1.

To study the impact of ICT-mediated Constructivist Approach of teaching on
mathematics achievement of experimental group students.
To compare the mathematics achievement of ICT-mediated Constructivist

Approach group and Traditional Method group.

Concomitant Objectives

1
2.

To develop pre-test and post-test tools for Mathematics achievement tests.
To prepare lesson plan based on ICT mediated Constructivist Approach of
teaching.

3. To prepare lesson plan based on Traditional Approach for teaching.

4. To develop Mathematics achievement tests for previous knowledge in

mathematics

1.8 Delimitation of the study

1.

This study was limited to Co-education secondary school of Darbhanga district
of Bihar.

This study was limited to Urdu medium school of Darbhanga district of Bihar.
This study was limited to Government Secondary School, Darbhanga District,
Bihar.

This present study was limited to class ninth students of Darbhanga district of

Bihar
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CHAPTER-II

REVIEW OF THE RELATED LITERATURES

2.0 Introduction

In the previous chapter, the conceptual and theoretical aspects of the study are
highlighted, including constructivism, ICT, and mathematics. In which the rationale of
the study, research questions, and objectives of the study, statement of the problem,
operational definitions, and delimitation of the study are described. While the present
chapter reviews the relevant material, which has been helpful in framing the conceptual
framework of the present study,

A review material related to the previous research is an important part of this
research. It helps in prepare and move it forward. Without studying the relevant material,
research is like shooting an arrow in the dark. In its absence, it will not be able to take a
single step in the right direction unless the researchers know how much research there is
in this field has been done and what method has been used and what are the results.
Without reviewing the relevant material, one can neither select the issue nor start one's
own research.

According to John W Best
“Any research cannot be completed without considering previous research”.
Usefulness and importance of related material:

This phase of the research refers to the research done in the relevant field as

relevant material, which shows the status of the research in the scope of thisissue. Where

and who have conducted research on it. Through this study, the study plan of the
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researcher is easily prepared. It provides information on required study surveys, research
methods, instruments used and methods used in interpreting data.
Relevant material also reflects the fact that the research conducted will be successful and

the results obtained will be useful. It also helps in the selection of assumptions.

2.1 Studiesreated to mathematics achievement

Maamin & et al. (2022) present an article on “The Influence of Student Engagement on
Mathematical Achievement among Secondary School Students.” The primary goal of this
was to investigate the relationship between secondary school student’s mathematics
achievement and engagement. The researcher adopted the survey method to complete his
research. 227 schools were selected from Selangor, Malaysia, using random sampling,
and the researcher selected a total of 1000 students from 227 schools using stratified
random sampling. The researcher included students previous year's mathematics
achievement for data acquisition and developed 57 questions for student engagement in
mathematics, which were based on 5-Likert scales. Using Pearson correlation, multiple
regression, and ANOVA techniques, we concluded that there is a positive relationship
between secondary school student’s mathematics achievement and engagement. In
particular, there is a positive relationship between behavioural engagement and affective
engagement in math achievement. A negative relationship was found between math

achievement and cognitive engagement.

Rashid & Singh (2021) wrote aresearch paper on “Analysing mathematical achievement
among students.” The main objective of this study was to find out the mathematics

achievement of public and private school students, and the researcher formulated the null
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hypothesis that there is no significant difference between the mathematics achievement of
government and private school students. The researcher adopted the descriptive survey
method to complete his research. The researcher selected a total of 200 students from
Class IX using random sampling techniques. The researcher used the instrument
developed by Sharma, S. S (2015) to collect the data. The collected data were analysed
using descriptive and comparative analysis techniques, and it was determined that thereis
no significant difference in the mathematics achievement of public and private school

students.

[Ililyas & Charles (2017) presented an article on “Interest in Mathematics and
Academic Achievement of High School Students in the Chennai District.” The main
purpose of this article was to study the interest in mathematics and the academic
achievements of secondary school students. Researchers used the survey method to
complete their research. With the help of a stratified random sampling technique, 9
schools were selected from the Chennai district that included urban and rural schools.
The researchers enrolled 300 students from 9 schools. The researcher used two types of
tools to collect the data; one is an interest in mathematics and the other is the Academic
Achievement Inventory. There was a significant difference in the interests of secondary
school students in mathematics and in their management of higher education. There was
no significant difference in interest and mathematical achievement between mae and
female students, i.e., there was no difference between them on the basis of gender. There
was no significant difference in math achievement between rural and urban school

students.
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Anjum (2015) wrote a research paper on “Gender differences in mathematics
Achievement and its relation with Reading comprehension of children at the upper
primary stage.” The main purpose of study the basis of gender in the mathematical
achievement of Western UP students. To study on the basis of gender in the reading
comprehension of Western UP students. The researchers adopted descriptive research.
Researcher included 307 students from four city of Western UP, Aligarh, Buland Shahar,
Khurja and Jahagirabad out of which 147 boys and 160 girls were included in the study.
Researcher used standard instruments Mathematics Achievement Test and Reading
Comprehension Test developed for data. Using mean, SD, t-test and correlation statistical
techniques to analyze the collected data, researcher concluded that there is a difference in
math achievement between boys and girls at the upper primary school level. At the upper
primary school level, there was a significant difference in reading comprehension
between girls and boys, and there was a positive correlation between math achievement
and reading comprehension.
Santosh (2015) presented an article on “A study on the effectiveness of the computer
aided learning (CAL) programme on the Achievement of learners in Mathematics.” The
main objective is to test students achievement in mathematics as an effect of the CAL
programme. Experimental method was used in conducting this research. 50 students a
sample were selected by using an unplanned sampling technique for data. In two groups
placed 25 studentsin one control group and 25 students in the other experimental group.
Varioustools for collecting data

i Teacher made Achievement Test

il. School Profile
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iii. Students Schedule

Iv. Learners Information Schedule

V. Interview Schedule for teacher & Headmaster

Vi. Interview Schedule for community members & parents used.
And average, standard deviation, and T-ratio techniques were used to analyze the data.
The researcher concluded by analyzing that mathematical achievement is better than the

experimental group control group and the experimental groups work in collaboration.

Jantan (2014) presented a research paper “Relationship between Students Cognitive
Approach (Field-Dependent and Field-Independent Cognitive Approach s) with their
Mathematic Achievement in Primary School.” Identify the punctuation method in the
student, identify the student's average score in mathematics and find out the relationship
between mathematical achievement and punctuation method. The researcher adopts a
survey method for their research 150 primary school students were selected as samples
and the tools were used: Group Embedded Figures Test (GEFT). Found that 74.7% of
students have field-dependent (FD) intermittent methods and 25.3% of students have
field-independent ant (FI) intermittent methods. In mathematics, 26.7% of students got
grade, 25.3% of students get a B grade, 40% of student were found to have a C grade, 9%
of student was found to have a bad score and 2% of student were found to have very bad
score and 8% student was found to have failed.

Skirbekk & Weber (2014) presented a research paper “Across-country comparison of
Math Achievement at teen age and cognitive performance 40-year letter.” Its main
objectives are to determine the cross-national variation in brain function from younger to

an older age. The researcher used the Quasi-Longitudinal method to advance the research
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process. The sample selected from Germany, Israel, France, Australia, Finland, Belgium,
England, Sweden, Scotland, the Netherlands, and Japan. Researchers used the first
international mathematics study (FIMS), a tool developed by the International
Association for the Evaluation of Educational Achievement (IFA) (Husen, Wolf 1962),
and another Cognitive test performance at mid-life in 2004, to collect their data. in the
survey of health aging and retirement in Europe used the tool. Average, standard
deviation, and percentage statistical techniques were used to analyze the collected data.
Researchers have found in their research that intermittent performance is much better in

mid-age.

Sonar & Patankar (2013) published an article on a “study of the relationship between
mathematics aptitude and achievement of secondary school student.” The main purpose
of studying the mathematical tendency of upper secondary school studentsisto compare
the mathematica tendency of upper secondary students on the basis of gender.
Researchers have adopted narrative method in their research. Researchers selected
talukas using a purpose sampling technique and selected boys and girls by the lottery
technique. Researchers used the Mathematical Aptitude Test tool to collect the data
Researchers used Mean, SD, percentage, and t-test to analyze the data obtained and
concluded that there was no difference in mathematical tendency between the boys and
girls of the secondary school. The differences in mathematical tendency between rural
and urban secondary school students because of rural students were weak in

understanding the basic concepts of mathematics.
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Sobha (2012) presented the research title “Effect of Folk Mathematics on Achievement.”
The researcher used an experimental method for his research. The researcher selected 60
vii students of a government Tamil school as a sample to collect data. Used pre-test &
posttest and plan tutorial to collect data and used average, standard deviation, t-test, and
ANOVA dtatistical techniques to analyze the data. The researcher found in his research
that the use of the Mathematical Folklore method in the learning of mathematics is more
effective than the traditional method and the knowledge, understanding, application, and
skills have been found to be better in the experimental group compared to the control
group.

Jha & Bhutia (2012) wrote a research paper entitled “Study Habits and Achievement of
Students in Mathematics in Secondary School.” And to find out the relationship between
the secondary level student's mathematical achievement and study habits. Researchers
used the survey method to conduct the study. Researchers included 85 male and 70
female students out of 155 students as a sample for collecting data. "Study Habits
Inventory tool developed by Prof. M. Mukhopadhyaya & Prof. D. N. Sananwal and using
Summative Assessment for the mathematical achievement of Mathematics analyzed the
accumulated data using statistical techniques like Average, Standard Deviation, T-Test
and Relation, and analysis resulted in the non-Tribal student has better math achievement
than Tribal student.

Kaur & Sharma (2011) published their article entitled “Effect of the Abacus Technique
on Achievement in Mathematics at Elementary Stage”. The main purpose of this research
isto find out the effect of the abacus technique on effective mathematical achievement of

the fifth grade students. Researchers used an experimental method to apply their research.
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Researchers selected 120 fifth graders from three schools as sample using unplanned
sampling for his data. These included 60 male and 60 female students. Researchers used
"Advanced Progressive Matrices" developed by J.C.Raven for intelligence gathering to
collect data and selected Pre-test and Post-test. The researchers used the average,
standard deviation, coefficient of correlation, T-test, and F-test statistical techniques to
analyze the collected the data. Researchers found that the experimental group that was
taught by the abacus technique performed better and the control group that was not taught
by the abacus technique did not perform well.

Mahmood & Khatoon (2011) on influence of school and students factors on
Mathematics Achievement presented research title Researchers used descriptive methods
to conduct the research. For this sample, 863 (52.24%) students and 789 (47.6%) female
students from 15 upper secondary schools of western U.P. were selected as the sample.
Researchers used self-developed instruments, Mathematics Achievement Test (MAT)
and Mathematics Anxiety Scale (MAYS) to collect his data. Researchers analyzed the data
through Pearson product moment, T-Test and F-Test statistical techniques for the analysis
of the collected data and concluded that mathematical achievement was very high among
AMU and Missionary school students. In the same government school and government
aided school student's math achievement is found to be low. The student has less
mathematical anxiety and better math achievement.

Sarsani & Maddini (2010) Presented research title “Achievement in Mathematics of
secondary school studentsin selected variables.” The magjor goals of this study are to find
out the difference between the mathematical achievements of secondary school students

in terms of gender, caste, different school, birth and source of education. Researchers
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used the survey method to apply his research. Researcher selected 480 Telugu and
English medium students as a sample using a ssimple probabilistic sampling for data. The
researchers used self-developed instruments Mathematics Scholastic Achievement Test
(M-SAT) and Scholastics Aptitude Test (SAT) to collect the data. The researcher used
average, median, multiplicity, standard deviation, coefficient of skewness, kurtosis, T-test
and ANOVA dtatistical techniques to analyze the collected data. Researchers concluded
that mathematical achievement is more common in girls than in boys. Caste has no effect
on mathematical achievement. Mathematical achievement is affected by different schools
and medium of instruction.

Karimi & Venkatesan (2009) published their article entitled “Mathematics Anxiety
Mathematics Performance and Academic in High School Students.” The main objectives
of the study were to determine the relationship between Mathematical Anxiety,
Mathematical Teaching and Academic Hardiness in Secondary School in Karnataka and
the sexua effects of students Anxiety Mathematics on Mathematical Teaching and
Academic Hardiness. We selected 284 eighth-grade students from Mysore and Bangor
secondary schools, including 144 boys and 140 girls.

Researchers used the following tools to collect the data.
(1) Mathematics Anxiety Rating Scale-India (MARS)

(2) Academic Hardiness Scale (AHS)
(3) The pupils final exam scores were used to determine their math performance score.

Researcher used statistical techniques such as Mean, SD, t-test to analyze the collected
data. Researchers found in their research that there was a significant relationship between

math and mathematical performance in high school students, and positive relationship
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between math performance and academic hardiness of students and a significant
difference between math anxiety in boys and girls.

Ravanana & Mary (2007) had studied entitle “Attitude towards Mathematics of xi
standard students in Trichy Districs.” It has severa important objectives. To differentiate
between the attitudes of boy and girl students of mathematics. Researchers proceeded
their work by applying the descriptive method. Researchers had selected a group of 450
students out of 10 schools using simple random sampling for data collection. A tool
developed by Dr. C.D. Dandapani namely the Mathematics Attitude Scale, has been used
with the purpose of data collection. Researchers used various techniques, such as chi-
square, ANOVA, t-test and karl pearson’s product moment, for data analysis. In their
research, researchers determined that there is no difference between the attitudes of boy
and girl students of mathematics and the medium of instruction plays no significance role
in mathematics.

Lavanya & Vijayalakshmi (2006) had studied entitled “Relationship between stress and
Mathematics Achievement among intermediate students.” The main goal of this study
was to determine the connection between stress and students higher secondary school
mathematics performance. The researcher also examined the effect of demographic
variables such as gender, year of study, medium of instruction, parental education,
management and locality on students’ stress and their mathematics achievement. A
survey method was used for this study. To collect data researchers prepared ‘Stress
Inventory’ and Last mathematics achievement. Using stratified random sampling, 180
students were chosen as the study's sample. Mean, SD, t-test, F-test statistical were used

to analyze the data. It was found that 60% students felt highly stressed. Male students are
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more stressed than female students. Mathematics Achievement of urban students is better
than Semi urban & rura Students. Locality, management and medium of instruction
don’t affect student stress. There is no significant difference among students in their
mathematics achievement on the basis of gender, year of study, management, medium of
instruction and level of parental education.

Subramanian, et al. (2006) had studied entitled “Relation between Self-Concept,
Achievement Motivation and Achievement in Mathematics A gender comparison.” 80
students of class viii from government Sardan Patel School and world Champion Middle
School were selected as the sample of the study. The self-concept scale for children
prepared by Dr. Hozmohan Singh and Saraswati (1977) was administered. To collect data
on Students’ achievement motivation, the researcher himself prepared achievement
motivation Scale .Correlation and t-test were applied to analyze the objective data. The
findings of the study state that there is no relationship between male students’ self-
concept and their achievement motivation, while there is a positive relationship between
female students’ self-concept and their achievement motivation. There was a positive
relationship between achievement motivation and mathematics achievement among male
and female students.

Fisherman & Wither (2003) presented their research paper on “Mathematics Anxiety
and Mathematics Achievement.” Researchers studied the relationship between anxiety
mathematics and mathematical achievement. - The main objectives of this study were to
find out if math disorder impairs mathematical achievement. Find out if math treatment
can restore math achievement or if anxiety occurs at the math level. The researchers

observed the group of students twice a year for five years to apply their research.
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Suburban Adelaide in South Australia was selected from three schools with 289 students
taking eight consecutive examinations each year for five consecutive terms. The
researcher used the following tools to obtain data

(2) Mathematics Achievement Test

(2) Mathematics Anxiety Test
Researchers found in their research that increasing math anxiety and math achievement

decreases maternal anxiety.
2.2 Studiesrelated to constructivist approach

Kaur & Kaur (2022) examined the “Effect of constructivist approach on achievement in
mathematics in relation to problem solving ability.” Its main objectives were to compare
the constructivist approach and the traditional methods taught to mathematics groups and
to compare the problem-solving abilities of high and low-achieving groups of students.
An experimental method was used to carry out this research. In this, math achievement is
the dependent variable and problem-solving ability is the independent variable. The
researcher made 12 lesson plans based on data on different math topics and constructivist
ways of looking at them. used the tool developed by Dr. Kawaljit Kaur (2017) for testing
mathematics knowledge and the tool developed by L.N. Dubey (2011) to test problem-
solving ability. The researcher used descriptive statistics, three-way analysis of variance
(2x2), and F-test and t-test techniques for data analysis. His researcher analyzed the data
and concluded that the achievement of students in mathematics taught by the
constructivist approach was more effective than the traditional method and that there was
no difference between a high and low-achieving group of students in problem-solving

ability.
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Majumder (2022) presented the research paper “Review of literature on Constructivist
Approach.” Their main objectives were to analyze the review of constructivist theory
according to different strata and to understand the trend of constructivist theory. The
documentary analysis method was used to carry out this research. The researcher
reviewed a total of 56 papers for data collection in this study. The researcher concluded
that a constructivist approach is a modern learning approach. It is a child-centred
approach where students are actively involved in constructing information. Most research
findings have indicated that the constructivist approach was more effective than any other
approach. When compared to behavioural teaching, the constructivist approach worked

just aswell for boys and girls, and it helped teachers learn and get better at what they do.

Sandhu & Rani (2017) examined the “effect of constructivist approach on the academic
achievement of an elementary school student.” and had two main objectives. The first
objective isto construct a constructivist approach to teach the concepts of Hindi grammar
to seventh grade students and the second objective is to find out the effect of
constructivist approach in elementary school students Hindi learning. Researchers
chosen experimental research to carry out his research. One is the control group and the
other is the experimental group. The researcher selected 60 students from the seventh
grade through Purposive Sampling in which he placed 30 students in the experimental
group and another 30 students in the control group. The researcher first took pre-test of
both the groups. The experimental group was then taught a lesson plan based on the
constructivist approach and the control group was taught a lesson plan traditional method.
Researchers then found that the Hindi achievement of the experimental group was

significantly higher than the control group.
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Adak (2017) published an essay on the “Effectiveness of constructivist approach on
academic achievement in science at secondary level.” The main purpose of study to find
out the effect of constructivist theory on the traditional method for learning physica
science of students and the second purpose was to find out the effect of constructivist
theory on the traditional method for learning physica science in terms of students
intelligence. To compare the researcher adopted quasi-experimental pre-test, post-test
control group design. The researcher selected a secondary school with a purposeful
sampling technique to enable his research to be successful, which included 58 students.
Out of these, two groups were formed, one experimental group and the other control
group. The research was limited to Bengali medium students, physical science and ninth
grade. The researcher used two types of tools to collect the data, one is the project lesson
based on 7E model and the other is Reven Progressive Matrices. The researcher analyzed
the obtained data using ANOVA, t-test, SD, Mean statistical techniques. The researcher
concluded from his research that no significant difference was found in the attainment of
high, average and low intelligence students by constructivist theory on traditional
teaching methods. Constructivist theory is an effective and efficient means of learning
that has a significant impact on students' scientific achievement.

Seridevi (2013) examined the “effect of constructivist approach on the student’s
perception of the nature of the science at secondary level.” The main purpose of this
study was to devel op science lessons based on a constructivist approach in science and to
examine the effectiveness of the constructivist approach on student’s achievement in
science and scientific attitude. She used the purposive sampling techniques and adopted

the quas experimental design and select the two schools Demonstration Multipurpose
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School (DMS) RIE, Mysore and Kendriya Vidyalaya, Mysore for this study. The 8"
standard students belonging to DMS were treated as the experimental group where
students of Kendriya Vidhayalaya were treated as the controlled group. In this study 68
students (31girls and 37 boys) were selected for both the experimental and controlled
group. The main conclusions of this study are that a constructivist approach is effective in
demonstrating the accomplishments in science, perception of the nature of science,
processing skills, scientific attitude, and attitude towards science of eighth-grade
students. It is equally effective for both boys and girls in improving their achievement in
science, science processing skills, and attitude towards science.

Tyagi & Verma (2013) presented essay on “Influence of constructivist in teaching on
academic achievement of primary students.” Their main objective was to study the effect
of constructivist teaching on the academic achievement of EVS in fourth grade subjects.
His two variants are constructivist teaching, one is independent variables and the other is
academic achievement as a dependent variables. This research is based on pre-test and
post-test of quasi-experimental method. Researcher selected schools using purposive
random sampling and cluster sampling techniques and selected a total of 75 students as
sample by random sampling of fourth grade students. Researcher carried out their
research for 56 days through constructivist teaching to the experimental group and
traditional teaching to the control group. After taking the group's post-test for days, the
researcher analyzed the data using statistical techniques and concluded that the traditional
teaching has a significant effect on the student's academic achievement through

constructivist teaching.
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Chitanana (2012) presented the research paper “A constructivist approach to the design
and delivery of an online professional development course: A case of the iEarn online
course” Standard approaches including questionnaires, interviews, empirical
experimentation, etc. were used to conduct this research. 28 educators out of which 13
female and 15 male were selected as sample for data collection. Their average age is 35
years. The sample included science, math and technology teachers selected from
Cameroon, Pakistan, Zordan, Iran, Indonesia, China, Romania and others. The researcher
carried out instructional work with online activities, discussion forums and delivery via
email for 8 weeks. He then used the holistic approach to reach his conclusions. The
researcher concluded that the results of the study confirm the findings of previous
research that designing and using a course based on constructivist Approach helps create
a dynamic learning environment that in turn enhances professional skills among
educators.

Cakici & Yavuz (2010) “investigated the effect of constructivist science teaching on 4th
grade students understanding of matter.” The main objective of the researchers was to
determine the effect of constructivist and traditional methods on fourth grade students
and a comparative evaluation between the two methods was to be done. Researchers
adopted quasi experimental design of experimental research. Researchersincluded atotal
of 33 primary school students for the sample, including 16 students in the experimental
group and 17 students in the control group. After that, the pre-test of both groups was
taken. Researchers carried out the teaching work for four weeks. The experimental group
was taught the construction method and the control group was taught the traditional

method. Researchers first conducted a post-test on both experimental and control groups
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to analyze their data. Researchers analyzed the data and found in his study that according
to the results of the pre-test, there were no significant difference between the control and
the experimental group. While in the results of the post-test, the scientific achievement of
the experimental group of students has been found to be better compared to the control
group.

Mahmood (2007) conducted a study entitled “Elementary school science teachers' belief
about science and science teaching in constructivist landscape.” and purpose of which
was to find out the science-related beliefs and teaching of science teachers of Pakistan
and Japan in relation to constructivist approach and to compare the results with reference
to both countries. In this study, questions related to the five domains of the teacher were
arranged in a questionnaire which includes lesson planning, behavior towards students,
classroom testing and classroom dynamics. The study was based on a survey method in
which data was obtained by selecting 314 teachers as a sample. 159 samples were taken
from different districts of Japan, 85 samples were taken from Teacher Trainee under TG
University and 70 samples were taken from Lahore, Pakistan. The obtained data were
analyzed through ANOVA which revealed that Japanese teachers tend towards
constructivist approach as compared to Pakistani teachers.

Padmanabhan (2007) conducted a research work entitled “Effectiveness of
constructivist approach on the achievement and problem-solving ability in science of vii
standard students.” The purpose of which was to promote a lesson plan based on the
principles of constructivist theory and to find out its impact on students scientific
learning. In this study, Randomized Pre-test and Post-test Experimental Design were

selected for the experimental work for which 40 students of Section A and 40 students of
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Section B were included as experimental and control group respectively. The children of
both groups were taught by the researcher himself while the children of the experimental
group were taught based on constructivist techniques while the children of the control
group were taught using traditional techniques. As aresult of this study, it became clear
that constructivist practices have a positive effect on children's scientific learning.
Kim (2005) presented his article entitled “The Effects of a Constructivist Teaching
Approach on Student Academic Achievement, Self-concept and Learning Strategies.”
The main goal of this was to examine how a constructivist teaching strategy affected
students' academic performance, self-concept, and learning strategies. This study was an
experimental study. This study is based on the non-equivalent control group of
pretest/post-test sketch The researcher included 76 children in grade six in his study, of
which 38 students were in the experimental group among them (21 boys and 17 girls) and
38 students in the control group (22 boys and 16 girls). The researcher developed a
design lesson for treatment based on Yager (1991) constructivist instructional approach
that has the following steps.

1. Inviting ideas

2. Search Exploring

3. Proposing Proposal

4. Explanation and Solution

5. Taking action
The second is traditionally planned lesson. The researcher treated the experimental group
with atactical approach-based project lesson and the control group was treated routinely.
The study came to the conclusion that students do better academically when

constructivist teaching strategies are used. The learning skills and self-concept of pupils
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are not improved by constructivist teaching. This has a positive effect on the motivation
for learning. Learning that is self-monitoring.

Cook, et al. (2002) conducted a research work entitled “Problem in developing a
constructivist approach to teaching: one teacher's transition from teacher preparation to
teaching.” and the case of such ateacher under thistitle. The study was conducted which
was the first job in K-12 schools after completing the teacher education program run
under the university. The information was gathered using pre-teaching interviews, group
concept mapping exercises, interviews with administrators and supervisors, and school -
related artefacts. As aresult of the study, it is clear that the teacher places more emphasis
on promoting what Vygotsky said than on using constructivist practices to promote ideas

and sustai nable devel opment.

2.3 Studiesrelated to Mathematics and Constructivism

Walia (2016) presented an article on “Effect of constructivist approach on mathematical
creativity and achievement of eighth grade students.” The main purpose of the study was
to compare the effects of a constructivist approach and a traditional approach on the
mathematical creativity of eighth-grade students. This study is limited to one private
school and mathematics subject. The researcher adopted the pre-test-post-test control
group quasi-experimental research outline. The researcher selected an English medium
private school using the purposeful sampling technique and enrolled a total of 92 eighth
grades. The researcher randomly created one control group and another experimental
group. The researcher has used two types of data collection tools which are as follows.

1. Instructiona Tools:

%+ Lesson plan based on Constructivist Teaching
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¢+ Lesson plan based on traditional methods
2. Measuring Tools:

% Mathematical Creativity Test (MCT)

s Mathematical Achievement Test (MAT)

The researcher first took a pre-test of both groups. The researcher then treated the
experimental group with the constructivist method and the control group with the
traditional method. After giving treatment, post-test of both groups was taken. The
researcher analyzed the data obtained using Mean, SD, dispersion, t-test statistical
techniques and concluded that a significant difference was found between the scores of
the experimental and control group mathematical creativity. The experimental group
scored better than the control group did. This means that teaching through constructivist
approaches performed better than traditional methods. Therefore, in order to improve the
creativity of mathematics, the teaching process should be done through constructivist

approach.

Aydisheh & Gharibi (2015) presented a paper entitled “Effectiveness of Constructivist
Teaching Method on Students '‘Mathematic Academic Achievement.” The main purpose
of study the effect of constructivist teaching method on students mathematics
achievement. Quasi-experimental design and control group were used to complete this
research. Researchers selected the schools using cluster and multistage sampling
technique. Researchers sample a total of 70 students, including 35 in the experimental
group and 35 in the control group. Researchers first took a pre-test of both groups. The
experimental group was taught by the constructivist method and the control group the
traditional method. After that both groups took post-test. The researcher analyzed the
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obtained data using mean, t-test, statistical techniques and concluded that teaching

mathematical achievement was improved by constructivist approach to teaching.

Bhimarao (2014) presented a research paper on the “effectiveness of constructivist
learning and traditional teaching in mathematics.” The aim of this article was to discuss
the effect of ninth grade Marathi medium students on mathematics achievement through
Constructivist teaching and traditional teaching. This research is an experimental
research. The researcher selected 80 students as a sample using a simple random
sampling to collect data. The researcher used self made tool, Constructivist learning (CL)
strategies on mathematics. The researcher conducted two tests, one pre-test before
Constructivist teaching and the other post-test after constructivist learning. After
analyzing the data, the researcher concluded that mathematics learning is more effective

at teaching mathematics through constructivist teaching than conventional teaching.

llyas, et al. (2013) presented the “effect of teaching of algebra through Social
Constructivist Approach on 7th grade learning outcome in Sindh (Pakistan).” Their main
objective was to find out the effect of mathematical algebra by teaching through
constructivist methods and traditional methods and to find out the difference between the
results of mathematical algebra taught by both methods. Researchers adopted quasi-
experimental design to carry out his research work. Researchers conducted two tests, one
pre-test which was done before constructivist teaching and traditional method and the
other post-test which was done after constructivist and traditional teaching. Researchers
did a total of 12 days of treatment after taking the pre-test, including 6 days on the

experimental group and 6 days on the control group. The researcher, after analyzing the
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data, concluded that teaching mathematics through constructivist teaching is more

effective in achieving al gebraic mathematics than traditional teaching.

Lata & Sharma (2013) presented a research paper on the “effect of constructivist
approach on academic achievement of seventh grade learners in mathematics.” The main
objective of the researchers was to study the achievement level after the experimental
termination and to compare the two methods by teaching through Constructivist method
and traditional method. In which 30 students were placed in experimental group and 30 in
control group. Researchers used a self-made tool procurement test to collect the data.
Researchers first pre-examined the experimental and control group and then taught the
experimental group through the constructivist method and taught the control group
through the traditional method. He then did the post-test and then compared the two
groups. The achievement of the experimental group is high and the achievement of the

control group is low.

Nayak (2011) presented his research paper entitled, “A study on the effect of
Constructivist Pedagogy on students Achievement in Mathematics at elementary level.”
Their main objectives were to find out the effect of constructivist approach teaching on
the elementary school's mathematics achievement and the achievement of different
structures of mathematics. This research is an experimental study using non-equivalent
pre-test quas experimental design. Researcher selected three urban schools in
Bhubaneswar using purposive sampling to collect data and selected 249 students from
class V through random sampling. Researcher included 123 students in the experimental
group (72 boys and 54 girls) and 123 students in the control group (63 boys and 60 girls).

Researcher used self made tools to collect the data, one for the Constructivist Approach
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(CA) for the experimental group and the other for the Traditional Method of Teaching
(TMT) for the control group. Researcher first performed a pre-test of both groups, then
for 20 weeks the experimental group underwent the teaching process using the 5E
instructional model of constructivist approach and the control group through the
conventional method. After taking a post-test of both groups, the ANCOVA (one-way
analysis) statistical technique for their analysis concluded that there was no significant
difference between the first control group of treatment and the experimental group
mathematics achievement. After treatment, however, it was found that there was a
significant difference between the control group and the experimental group in

mathematics achievement.

Tripathy (2010) presented a paper on “Effects of experimental learning activities on
learner's achievement in mathematics: A constructivist approach.” Based on the pre-test
and post-test design, a total of 27 third grade students from Kandhamala district of
Odishawere included in the study as a sample. Used of variety of techniques to including
demonstration, discussion, observation, Constructivist, group work, etc. Post-test the
students after the end of the experiments and concluded that the level of mathematical
achievement of the learners in the post-test was significantly higher than that of the pre-

test.

Ojose (2008) entitled “Applying Piaget's theory of cognitive development to
mathematics instruction.” This is the development of children. They used different ways
to understand world. This stage of the sensory motor stage involves seeing, hearing,
tasting, touching, holding, and so on. The second is the development of the child's
language or speaking ability during this stage of the pre-operational phase and the sign
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language such as words, gestures and posture, sign, diagrams, etc. The third is during the
concrete operational phase. The child develops thinking through practical experiences,
the ability to solve problems logically and the ordering of solid objects. Serial ordering
develops. As well as developing the ability to reason logicaly. This article illustrates
these steps in the light of mathematics education. In general, knowledge of the steps of
the page helps teachers to understand the child's cognitive devel opment as teachers intend

to take appropriate activities to keep students motivated.

2.4 Studiesrelated to | CT- mediated Constructivist Approach

Kumari (2021) writes in her article that Constructivist Approach of communication is an
emerging Approach of teaching and learning process which is basically student centric.
This theory is based on the premise that students build their creation of knowledge and
new information with the help of their previous knowledge, understanding, experience
and mental perception. Today, in the modern age, ICT has become an important part of
all aspects of life. ICT always provides a wide platform for student self-learning. In this
article, the researcher concludes that in the present era, ICT is affecting al aspects of life,
including education. Learning style, learning environment, transfer of information and
teaching methods are being promoted. The use of ICT facilitates the learning
environment to be more active, collaborative, creative, and integrative and to evaluate.
Constructivist Approach is a student-centred in which students actively involved in the
creation of knowledge based on their mental cognition. Constructivist approach promotes
students to be more active, critical thinking, decision-making, knowledge-seeking, and
more. In this way, in the process of teaching and learning, it creates knowledge by

making the students passive and active.
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Manas (2020) write in his article that technology refers to the design and environment
that engages the learner. The researcher based his study on two areas. The first concernis
to promote constructivist learning in ICT in the classroom today and the second is the
educational and professional development of the teachers especially for the
implementation of constructivist approach in the classroom. Constructivist approach is
student-centred learning and supports student participation. From which the student
builds new information or creation with the help of his previous knowledge. Teachers are
less hesitant to use ICT because they know that it helps them to design or instruct
teaching methods that support their theoretical approach. The ICT and the constructivist
approach used better together and can effectively integrate technology tools into the

classroom.

Viquarunnisa (2019) writesin his article that ICT has affected the education system and
every aspect of life, which has made teaching in the classroom easier and more effective.
ICT has made an impact in the teaching and learning process and ICT is being used from
primary education to higher education. The main objective of the researcher in this article
was to find out the effect of ICT mediated Constructivist and accessibility approach
through ICT on the success of secondary students of Hyderabad. The purpose of this
research was to investigate whether ICT mediated constructivist approach or traditional
methods of teaching improve achievement in science of students. This study's design,
which included an experimental group and a control group, was based on pre- and post-
testing. The control group received traditional instruction whereas the experimental group
received ICT-mediated constructivist instruction. After that, post test of both groups was

taken. The study concluded that students who were taught ICT mediated Constructivist
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teaching approach significantly improved their skills in science, knowledge,

understanding, application and science skills.

Chand (2018) published an article entitled “Constructivism approach towards integration
of ICT for collaborative learning.” This article focused the point of Constructivist
approach by integrating ICT for collaborative learning. The process of learning through
constructivist approach builds new information by changing the mind from passive to
active mind. ICTs provide learning opportunities in which learners formulate their ideas,
test and draw conclusions and convey their knowledge in a coherent learning
environment. ICT provides collaborative learning techniques to help learners develop
content knowledge, critical thinking, and problem solving skills. ICT-integrated tools

facilitate collaborative learning opportunities in the constructivist approach.

The constructivist classroom environment promotes in social and communication
skills. Students should express their ideas, communicate with others and participate in a
socialy acceptable manner. ICT integrated tools offer an unlimited gift, challenging
human intelligence, imagination and a variety of learning initiatives. It will guide the

student towards a better and higher standard of living.

Chaudhary (2018) writes in her article that “Information and Communication
Technologies (ICT) has become a common entity in all aspects of life.”” Today, the use
of ICT has basically changed the way businesses, educational institutions and governance
work in amost al areas. As the world continues to move faster in the media and
information, the role of ICT in education is becoming more important and day by day

importance is increasing. In this article, the researcher highlights the various effects of
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ICT on contemporary higher education and explores the potential for the future. Through
this article, the researcher explores the role of ICT in transforming teaching and learning
and seeks to explore how it affects the way future University and colleges deliver and
deliver programs. Mobile Technologies and Smooth Communication Technologies
support 24x7 teaching. The use of ICT in education will continue to grow in the years to
come as it will become a powerful agent of change in many educational ways and will
help increase the temporal and geographical opportunities that are currently being

experienced. Increasing students accessto ICT will also create opportunities.

Asamoah (2017) presented a article on “Constructivist tenets applied in ICT-mediated
teaching and learning: higher education perspectives.” In this study, the researcher
described how the MA program professor instructor in contemporary issues in the adult
education classroom applied Constructivist theories to ICT mediation teaching and
learning. The researcher used qualitative, descriptive and case study methods. The
researcher selected all 14 MA students of the University of Ghana as sample using
conventional sampling. The researcher reviewed, observed and interviewed the document
to collect data. In this article, it is concluded that the use of ICT was a unique and

successful achievement.

Nayak (2015) presented an article titled “ICT Integrated Constructivist Pedagogy on
Science Achievement and Process Skills of Secondary Level Learners.” This articleisthe
result of a study on students learning in the ICT Integrated Constructivist Environment
and its impact on students' success as well as their ability to process science. This study
was based on pre-test post-test quasi experimental design and purposive sampling
technique was used. For example, four different schools in Odisha have been selected
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through purposive sampling. In which 150 ninth grade students have been included. The
researcher developed two groups, a control group and an experimental group, to complete
his research. The researcher took a pre-test of both groups. The researcher then taught the
experimental group the Collaborative Inquiry Approach (CIA) and the control group the
Traditional Method of Teaching (TMT). The researcher then took a post-test of both the
groups and performed the hypothesis by means of a T-test a P <0.05 level. The
researcher found that the science achievement of the experimental group was

significantly higher than that of the control group.

Padhi & Dash (2015) this article focuses on “Constructivist-based physical science to
make the teaching process more efficient through ICT.” Nowdays, the teaching of science
is becoming a very important field of research in al over the world. There is a must to
follow an active, competent, committed inquiry methodology to strengthen the quality of
science education at al levels, which will make science education an enjoyable
experience for students. . Modern experts claim that the formation of knowledge takes
place when the students understand the focus of the experiments found in world. Do it
Constructivist is one of the new theories that has greatly influenced the teaching process.
The basic premise of the Constructivist theory is that students build new knowledge
based on previous knowledge. A Constructivist classroom is a student centre and teachers
act as a guide. New knowledge is built by combining previous information with new
experiences through activity-based, interactive. The role of ICT is becoming more and
more important in the age of development as it seeks to maximize the inclusion of
science students. In this developing world, ICT has the potential to enhance the

educational experience of children who live in rural and remote areas, have specid
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learning needs and whose purpose is health and they the narrator is not satisfied with the
education system. The purpose of this article is to anayze the integration of Information
and Communication Technology with a Constructivist model of teaching and learning of

science.

Tiwari (2015) published a research paper on “Facilitating Persona Learning
Environment in an English Class through Constructivist learning design and Web 2.0.” In
India, English often makes teachers anxious in the classroom because language learning
is demanding and challenging, especially when English is the second language. Most of
the learners come from different backgrounds and only a few manage to compete in
English. The Vygotsky model is adopted. The NCF-2005 has also advocated for
Constructivist and advocates Constructivist attitudes towards the English language
teacher in the English classroom. Collaboration of learners facilitates meaningful
expression and expression in the English classroom. The persona learning environment
(PLE) creates all the different tools and resources from which the learner’s can fulfil the
teaching process according to their needs. It can include a variety of items, including
books, movies, software, online resources, electronics, and even the environment to learn
where and how to learn, whether alone or in collaboration. They make it easy and create

an environment.

Pattanaik (2010) in his article studied the “use of ICT in the Constructivist Approach
Classroom.” ICT is largely based on Constructivist theory, observation and scientific
study of how people learn. ICT has brought more learning resources and composting
facilities in the classroom. Teachers and learners can benefit from each other's

cooperation, autonomy and shared learning. Since the Constructivist theory is a
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psychological theory of knowledge, the implication of which is that man builds
knowledge and meaning from his experiences, promotes active learning. The learner of
the Constructivist Approach puts himself in the background. Leaning is an active process
and interface between learner and facilitator, both are equal partners. Lemming theory is
the interaction of ideas, events, and activities with which learners interact. Most of the
time the child builds his knowledge while engaging in the learning process. Children's
anxieties are triggered by their daily experiences or exposure to mud. Learners form their
own understanding of the various variables (knowledge, attitudes, interests and socio-
cultural influences that children have on the learning situation) and the results of
interactions between experiences. ICT is an important tool for improving the quality of
teachers as well as the wider education system for children and adolescents. In the current
context, various strategies and ICT measures have been taken for the training of retarded
teachers, classroom processes and access to children. Use of ICT for Classroom
Transaction Therefore, it is imperative that a study be started on the use of ICT in

classroom transactional manipulation of the classroom.

Paily (2010) Researcher has presented his article on the “Role of web2.0 technology in
creating a Constructivist learning environment.” Modern teaching encourages teaching
methods based on the principle of constructivism. The learner constructs new knowledge
individually and by using a variety of methods, tools, resources and contexts based on
previous knowledge and experiences. The new developments in the field of ICT and
especialy web2.0 make a variety of tools and resources available for the design and
delivery of instruction based on constructive principles. "web2.0" is a web-based

technology tool and utility that focuses on social, collaborative, user-oriented content and
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e-learning, such as blogs, wikis, multimedia sharing services, and content syndication
podcasting and content tagging services. Emerging technology that is characterized by
maximum functionality, interoperability and connectivity facilitates the creation of
knowledge through open communication and collaboration. The level of adaptation of
emerging obligatory or correct technologies is increasing in the environment. There are
also numerous or different instructional design models based on constructivist Approach
that allow you to integrate most of the web's Web2.0 technology. This article focuses on
the breadth of the various Web 2.0 tools and their integration, in which a constructivist
learning environment enables the teaching and learning process through Web2.0 to be

effective and the learning environment to be enjoyable.

2.5 Studiesredated to mathematicsand ICT

Sarmah, et al. (2020) presented an article on “Role of ICT in teaching and learning
Mathematics- An overview.” The main purpose of which is to investigate the various
roles of ICT in the teaching of mathematics in the secondary classroom and to study the
functions of tools as well as the skills of teachers and the effective use of ICT in the
teaching of various subjects of mathematics in the classroom. ICT isthe ability to provide
more interactive skills to enhance the mental and cregtive abilities of the users. The
digital education system makes students more efficient and effective than the traditional
education system. Digital technology is changing the way concepts are learned in school.
The traditional chalk and talk method has adapted itself to interactive teaching and the
rapidly evolving technology and change of ICT. ICT is an important tool in the modern
education system. Therefore, proper use of ICT is essential to make the teaching process

effective and efficient. The math classroom needs to be integrated with ICT and advanced
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planning. Proper ICT infrastructure is required and the result is an effective learning

environment and maintaining what is being taught.

Pandey & Pandey (2020) writes in their essay that the use of Information and
Communication Technology (ICT) has been widely acknowledged for decades. The
impact of ICT is an interesting place in teaching that should be known in order to find the
output. The main objective of researchers is to get an overview of the use of ICT in
teaching and learning in India. Researchers collected data with the help of Internet,
Ingtitutional Library, Google and Google Scholar to complete his research. The study was
limited to India. Researchers found in his study that the use of ICT in various research
articles has shown a positive effect on the quality of education. ICT is more prominent in
urban areas than in rura areas. The researcher has studied the role of ICT in this article
from secondary school to higher education. Based on the published data, it is observed
that studies in the southern, eastern and northern zones of India use ICT more. In
contrast, it is very rare in Centra India. It has also been observed that the use of ICT in
India among developing countries is less than in developed countries. Researchers
conclude that there is a lack of such studies, so more studies are needed to know the

global impact of ICT in the future.

Das (2019) the main objective of this research is to explore the “Role of implementation
of ICT tools in teaching mathematics.” Technologies (ICT) are now an essentia
component of daily life in the processes of teaching, learning, and communication. The
science of mathematics is revered as the supreme discipline. For a very long period,
mathematics was used exclusively in academic settings. But the use of mathematics

nowadays is not just restricted to the academic world. It has entered the field of
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technology and industry. In this paper, the researcher seeks to emphasize the importance
of integrating Information and Communication Technology (ICT) into the teaching and
learning of teacher training college and school-level mathematics. The researcher has
used different methods and techniques, which includes secondary sources of
communication, discourse, observation, and study, which collected its data through
books, articles, dissertations, university news, expert opinions, and websites. The
researcher found in his study that the integration of ICT in mathematics education has a
positive effect on both teaching and learning process. The researcher also found that there
are barriers to the integration of ICT in the teaching and learning of mathematics at the

level of colleges and secondary schools.

Suparman, et al. (2019) presented an article on “The Use of ICT in Mathematics
Learning.” The main purpose of this article was to find out the potential of teachers in
ICT field before and after training. In this study, Researchers has adopted non-
experimental pre-test / post-test design. Researchers selected 25 math teachers through
Purposive Sampling. Researchers used the guestionnaire to collect the data. To analyze
the data obtained, the researcher used descriptive statistics and Wilcoxon rank sum test
technique. Researchers analyzed the data and concluded that in the field of ICT, thereisa
difference in the abilities of teachers before and after training. After training teachersin

thefield of ICT, their ability improves.

Dhakal (2018) writes in his article that “ICT is an integral part of teaching and learning
process.” The researcher has studied the use of ICT in teaching mathematics at Mid-
Western University, Nepal and the attitudes of teachers towards the use of ICT. The

researcher concluded in his study that teachers use ICT for their professional
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development and have a positive attitude towards ICT. The researcher found in his study
that the use of learned ICT has encouraged them to increase their efficiency and the
teaching process. Researchers has found that lack of knowledge, resourcefulness, lack of
teachers and inadequate teacher training arrangements for integrating devices are the

major obstacle to the use of these ICTSs.

Rani & Anisha (2017) presented an article on “Role of ICT to enhance mathematics
teaching and improving educational standards.” The main purpose of this article was to
study relevant research on the use of ICT by teachers at primary and secondary school
level. ICT is considered an important tool in understanding the concepts of mathematics.
ICT iswidely used in education for gathering information, managing and analyzing data.
This includes computers, CD-ROMs, e-mail, the Internet, Word processors, photo-
graphic software, projectors, projectors, PowerPoint, and many. In India, there is an
urgent need for teachers and students to develop information and learning skills through

ICT.

Sengamalaselvi, et al. (2017) the researcher writes in his article that information and
communication technology is an important tool, which in the current learning
environment, shifts from teacher centre, book centre to student centres. ICT stands for
Interactive Learning Environment. The main objectives of the study were to study the
implementation of ICT among the high school students of ST. Mary’s Matriculation High
School in Mamallapuram and to develop two and three dimensional analytics especially
in the field of mathematics to highlight on the field of geometry. Researchers compares
traditional teaching include focused and without ICT. Based on the results obtained with

the help of F-test during the comparative study, it is concluded that both teachers and
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students benefit from incorporating ICT in the traditional way. ICT plays an important
role in helping students understand and develop mathematical concepts. Geogebra, like
ICT, is excellent mathematics software that helps in learning and understanding high
school math topics. This technique enables students to complete the process of
memorizing mathematical concepts in 2 and 3 dimensional. This software helps you to
see 3D mathematical shapes, find angles, find areas, find slope, etc. and clearly
understand the concepts of mathematics. In the traditional method, students depended
only on rote memory. But using ICT with the traditional method can enhance your skills,
knowledge development, and expansion. This helps to motivate the students and helps

them to understand the math problem easily.

Sivakonet, et al. (2017) in their research paper, they write that the range of information
and communication technology (ICT) in pedagogical mathematics is unlimited. The main
purpose of this research is to determine the impact of the implementation of ICT
education programs in the study of mathematics from first to fifth grade. Researchers
used descriptive method to complete this research. Researchers selected 16 primary
schools as a sample in which 242 primary teachers were included in his research. In his
research, Researchers included various topics in first to fifth grade mathematics such as
integers, geometry, and problem solving and working with data. Researchers analyzed the
collected data and concluded that this teaching and learning process was effective and to
improve the teaching process, the teaching of mathematics from the first to the fifth grade
will serve as an incentive for the repeated use of ICT teaching programs. It will help to
improve the teaching of mathematics from first to fifth grade. According to the results

obtained from the monitoring done in the classroom, ICT educational programs are used
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in the teaching of mathematics from first to fifth grade when they are processing
materials on topics, geometry, and problem solving, and students are often trained to
work with data. It enables students to adopt mathematical concepts and methods and

easily identify and solve math problems.

Bozkurt (2016) presented an article entitled “Mathematics teachers and ICT: Factors
affecting pre-service use in school placement.” The main purpose of the study the effect
of the use of ICT in teaching mathematics to the students and to find out the obstacles
faced in the use of ICT. The researcher adopted the mixed method, that is, he carried out
his research through both quantitative and qualitative methods. The researcher included
students in his postgraduate degree in education (PGCE) mathematics. Out of a total of
38 students, 22 boys and 16 girls were selected a sample. Questionnaires used for data
collection which included both open and closed questions. Analyzed the collected data
through SPSS. The researcher found in his study that the use of ICT in the mathematics
classroom by the teacher students found them to be supportive and confident. The
researcher pointed out the barriers to the use of ICT by teacher students. These included
poor access to ICT facilities, limited encouragement from teachers and other staff in the
field of mathematics, irregular use of ICT by teachers, lack of coherence in work plan
and time. Therefore, teachers should give appropriate resources and time to the students

where they can develop their ICT teaching skills and make the most benefit of ICT.

Sreedevi (2015) has presented this paper on the “Attitude of teachers and students
towards the integration of E-learning in mathematics teaching.” Mathematicsis "a part of
everyday life" Students are given exceptionally powerful skills to comprehend and

change the world through mathematics. These abilities include logical thinking, problem-
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solving techniques, and the capacity for abstract thought. In daily life, work, science,
technology, medicine, economics, environment, development, and public policy,
mathematics is crucial. Learning maths can increase interest and ability in a variety of
subjects. The study of mathematics promotes clear and logica thinking. Learning
mathematics requires special skills and instincts. It isthe only subject that encourages and
develops logical thinking and reasoning skills. Educational technology promotes interest
and attitudes towards the learning process through integration. Mathematics teachers use
ICT and technical equipment to streamline the teaching process. ICT is a great
technology that lot of collaborates to make the teaching process easy and significance

meaningful. E-learning is an emerging technique that facilitates the learning process.

Thomas & Suryavanshi (2015) presented their article on “Geogebra: A powerful
Learning ICT tool in Mathematics.” ICT has changed the nature of teaching and the
education of mathematics. With the help of ICT, users are able to perform tasks quickly
and easily of complex work. There is a range of portable devices that allow teachers and
students to collect data and manipulate it using spread sheets and databases. Dynamic and
interactive software that focuses on specific study units of Geogebra and other
multimedia software programmes, which makes the teaching and learning process
dynamic and efficient for teachers and students. ICT can be used to provide mathematics
in a more engaging and interactive way to enhance students morae in mathematics
subjects. Geogebra geometry software is available for free download from the Internet

and can be used on any computer or mobile device.
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This software can be used to create graphs, shapes, plot points and so on.
Geogebra provides an excellent opportunity to discover your ideas, which can be used to
improve the teaching of mathematics ICT. In this article, the researcher highlights a
number of occasions, for example how Geogebra can be used to discover some basic
concepts in mathematics in the classroom. With the help of Geogebra there are many
possibilities for students to gain intuitive feeling and visualize the proper process of
mathematics. Using this software facilitates students to explore a wide range of function
types, and students have the opportunity to make connections between symbolic and

visual representation.

Dutta (2015) highlights an educational movement in the process of teaching free and
open source software (FOSSE) for education. The Indian has initiated an national mission
in education through ICT in which it seeks to connect every education institution through
networking. NMEICT has launched various projects that could change the teaching
conditions in the Indian classroom, especially at a higher level. Because we have a lack
of trained and qualified teacher and at the same time lack of educational materials
available to our students. NMEICT has free and open source software (FOSSE) for
education. FOSS usually means software that allows users to use it fredy. This means
that users are free to run programs as they see fit, modify software, redistribute copies to
others, publish modified versions and share users. Recently, MHRD has launched a
number of education initiatives using FOSS such as scilab, python, lab migration and
more. The main purpose of using FOSS is to create information using the learner's own
capacity. More and more FOSS-based education projects will enable students to study in

remote areas.
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Wilson (2014) Researcher presented the article “Prospective Mathematics teacher’s
perception about ICT integration in mathematics instruction in Ghana”. The main
purpose of which is to find out the teachers perceptions about ICT integration and their
future plans for the use of ICT. The second important purpose is to find out the
perceptions of mathematics teachers regarding the use of ICT in the teaching and learning
process. The researcher used the survey method to complete his research. The researcher
selected a total of 126 third year undergraduate students from the Department of
Instrument as a sample through purposive sampling. The researcher used a questionnaire
in which five point likert scales. The Cronbach's Alpha values for the survey tool are
0.726. The researcher analyzed the collected data with the help of SPSS and statistics
descriptive for standard data. The researcher concluded that there was a positive
correlation between teachers perceptions and their abilities to use ICT in their future
instructional practice. Data analysis involves a positive correlation between descriptive
statistics and potential teachers' perceptions of the perceived importance of technology
and readiness to integrate ICT. The Curriculum Research Development Division (CRDD)
of the Ghana Education Service should review the mathematics curriculum as needed and

revise the existing curriculum.

Kumud (2013) writes in his article that the present age is dominated by science and
technology. Traditional teaching methods do not cater to the needs of the students (the
interest and the classroom) and do not meet the intellectual, psychological and emotional
needs of the students, so there is a need to change the teaching and learning methods of
mathematics. Mathematics is greatly influenced by the rapid development of ICT. ICT

Promote maximum collaboration between students and encourage communication and
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knowledge sharing. ICT gives students quick and accurate feedback and positive
motivation. ICT also allows students to focus on strategies, interpretations and answers. It
has made it quite interesting for students to get to know and learn. Teaching Information
and Communication Technology (ICT) and introducing this issue to real and virtua
classrooms has become a thing of the past. There is a growing interest in teaching
research in ICT. Alternative and more effective teaching and learning tools has the power
to make idols. Experts in the field of research point out that ICT has a powerful and
significant effect on learning in terms of emotional and academic outcomes as students

learn any subject of their choice.

Agye & Voogt (2010) presented his article on “ICT use in the teaching of mathematics:
Implications for professional development of pre-service teachersin Ghana.” The various
objectives were to study the difficulty of using ICT in teaching mathematics at SHS in
Ghana. Study of opportunities to use ICT in mathematics teaching at SHS in Ghana. It
focused to out the need for pre-service and in-service mathematics teachers to teach
mathematics through ICT at SHS in Ghana. Researchers adopted the survey methodology
to further his research. Researchers enrolled atotal of 180 educators out of which 60 were
in-service and 120 were in pre-service studies. Researchers included a variety of

guestionnairesin his research to collect the datawhich are as follows.

1. Demographic or demographic data
2. Availability and accessibility of ICT

3. Current pedagogical practices
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Researchers also used the interview technique. Their purpose was to study in
depth the data collected through the questionnaire. The purpose of the study interview
data was to provide in-depth details about the data collected through the questionnaire.
Analysis concluded that Ghana has a positive policy regarding the need for ICT in
mathematics curriculum in upper secondary schools. Despite this, researchers found in
their research that math teachers could not integrate ICT in the teaching process. Lack of
ICT knowledge in integration, lack of knowledge in adopting ICT integration methods in
lessons, lack of training opportunities for ICT, lack of ICT infrastructure, Lack of
mathematics software and lack of access to ICT were found. More attention needs to be
paid to enabling teachers to use ICT to mathematics education. This will help teachers to
skilled the methods of integrating ICT in their teaching process. Effective use of ICT
needs to be improved through extensive programs of teacher support to improve

mathematics and science education.

2.6 Summary

In this chapter, Indian and foreign research and research papers on mathematics
achievement, the constructivist approach, mathematics with constructivism, the ICT-
mediated constructivist approach, and mathematics with ICT are discussed or published
on all of them Unpublished articles, books, and material from other sources were
reviewed. In which atota of 64 research articles, research papers, etc. from the country
and abroad from 2003-2022 have been studied from the review of relevant materials, it
was found that there is alack of research work in the field of mathematics teaching and
learning incorporating ICT-mediated constructivist approaches. Therefore, in the field of

mathematics teaching and learning, there is scope to explore the role of instructions based
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on the principle of constructivism by mediating ICT with constructivist approaches to
improve students mathematical achievement. There have been studies on variables such
as constructivist access, mathematics achievement, and ICT, but the mediation of ICT
with constructivist access has not been studied in the field of mathematics, particularly
with Urdu-medium students. Such research is lacking. Moreover, no such study has been
conducted on secondary-level Urdu-medium students. The researcher identified a
research gap in the ICT-mediated constructivist approach teaching mathematics

achievement to secondary-level Urdu-medium students and chose this topic as aresullt.
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Chapter — 111

M ethodological Procedure

3.0 Introduction

The previous chapter reviewed the relevant material from the present study, which
highlights the constructivist approach, mathematics achievement, ICT, and mathematics
teaching and learning, as well as various investigations conducted in these fields.

The present chapter describes the research methodology used to carry out the
study under discussion. It explains the statement of the problem, hypotheses and
objectives of the study, variables of the study, methodology of the study, and research
design. Apart from this, the experimental design and the internal and external validity of
this design have also been described. Further, in this chapter, the preparation of teaching
aids, the development of research tools, and their validity and reliability are also
presented, and at the end of the chapter, statistical techniques used for data analysis and

interpretation are also included.

3.1 Statement of the Problem

Mathematics is an important and compulsory subject at the secondary school level
and is widely used in science, social sciences, technology, and amost all fields of life.
Despite its usefulness, the level of mathematical achievement is very poor. Educationists
and researchers are concerned about how to improve this poor performance in
mathematics. Constructivist teaching is a new approach to teaching and has been found to

be effective in some foreign countries. Today is the era of ICT, so the researcher has
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included ICT along with a constructivist approach to teaching. Therefore, strategy is a
relatively new method of teaching and has been effective in some foreign countries. It
can be equally effective for Urdu-medium students in the Bihar state of India. So how
effective is the ICT-mediated constructivist approach to teaching and learning

mathematics to improve student achievement in secondary school ?

3.2 Resear ch question
» How effective is the ICT mediated constructivist approach in teaching and

learning to improve mathematics achievement in secondary school students?
3.3 Objective of the study
Major Objectives
» To study the impact of ICT-mediated Constructivist Approach of teaching on

mathematics achievement of experimental group students.
» To compare the mathematics achievement of ICT-mediated Constructivist
Approach group and Traditional Method group.

Concomitant Objectives
» To develop pre-test and post-test tools for Mathematics achievement tests.

» To prepare lesson plan based on ICT mediated Constructivist Approach of
teaching.

» To prepare lesson plan based on Traditional Approach of teaching.

» To develop Mathematics achievement tests for previous knowledge in

mathematics
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3.4 Hypothesis of the Study

Hoi: There will be no significant difference in the mean of mathematics

achievement of the students of experimental and control group before treatment.

Ho: There will be no significant difference in the mean of mathematics

achievement of experimental group students before and after the treatment.

Hos: There will be no significant difference in the mean of mathematics

achievement of control group students before and after the treatment.

Hos: There will be no significant difference in the mean of mathematics

achievement of the students of experimental and control group after treatment.

3.5 Variables of the Study

Before beginning any experimental research, all variables must be identified so

that an appropriate experimental design can be formed based on their nature and that the

results obtained are completely valid and reliable. Therefore, the study under discussion

has the following types of variables.

1.

Independent Variables
The present study was selected with the objective of finding out the effect of ICT-

mediated constructivist approach teaching on students' mathematics achievement.
Therefore, in the study under discussion, the ICT-mediated constructivist
approach and the traditional teaching method are independent variables.

Dependent Variable
The present study seeks to determine the effect of independent variables on

students mathematics achievement. Therefore, students mathematics

achievement in the present study is a dependent variable.
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3.

5.

Intervening Variables

Intervening variables are those variables that are not included in the objectives of
the researcher, but they somehow influence the results of the research and
guestion the validity of the results. Therefore, before conducting experimental
research, it becomes necessary to identify al these elements so that they can be
controlled by appropriate measures. The following are the intervening variables in
the present study.

+ Student’s pervious knowledge of Achievement.
+ Subject related control variable
+ Medium of Instruction
+ Subject and Content
+ Standard
Moderate Variables
In the present study, the gender of students has been recognized as a moderate
variable.
Confounding Variables
+ Interaction between experimental and control groups students
+ Interest and Enthusiasm towards learning Mathematics.
+ Fatigue
+ Motivation
+ Novelty of Teaching Aspects

3.6 Operational definitions

1.

I|CT- mediated Constructivist Approach

It is an instructional program developed on the principle of a constructivist
approach to teaching, which includes various teaching and learning tools of

information and communication technology (ICT).
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2. Traditional Approach
The teaching program which is based on Herbert's teaching plan is considered a
traditional teaching program.

3. Experimental Group
The group of students who will be given the experiences gained through the
constructivist teaching program will be called the experimental group.

4. Control Group
The group of students who were taught under Herbert's traditional teaching
program was called the control group.

5. PreTest
Before giving the learning experiments, the researcher conducted a test on the
experimental and control group which is called a pre-test.

6. Post-Test
After giving the learning experiments, the researcher conducted a test on the
experimental and control group which is called post-test.

3.7 Methodology

An experimental method was implemented to conduct the present study. Some

tools and teaching models were developed before using the experimental process in this

study, and in the later stage, they were used to obtain data from the students involved in

the experiment, which is described in detail in the form of two steps below.

1.

Developmental Phase
In this phase, teaching materials based on the principles of constructivism were

developed, for which the 5E model was used. Furthermore, pre-test and post-test

types of the Mathematics Achievement Test were prepared for data gathering.
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2. Implementation Phase

In this phase, all the research tools and prepared teaching materials were applied
to the classroom, and the experimental process was completed and data were

obtained from the students.
3.8 Population & Target Population

In the present study, all the secondary schools of Darbhanga district have been
assumed to be the population, and Urdu-medium students here have been recognized as

the target population.
3.9 Sample & Sampling Techniques

The purpose was to select one of these Urdu-medium schools in which the
experiment could be conducted. For this, the researcher first prepared some conditions,
keeping in mind the study, so that the researcher could get reliable and valid information.
Such a school was selected for the purpose of conducting an experimental process under
the present study that met the following conditions.

> Its management staff iswilling to carry out experimental procedures.

Schools that have Urdu medium students.
An adequate number of children available in the class.
There should be an eectricity facility in the classroom.

Modern technology available in the classroom like a computer, OHP, internet

vV V VYV VvV V

Classrooms should have basic facilities like a blackboard, lights, laboratory,

chair table, classroom cleaning, etc.
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Based on all the above criteria, al the secondary schools in the Darbhanga district were
surveyed, and on the basis of this survey, Kamran MANUU Model School was selected

through the purposive sampling technique.
3.10 Design of the study

The experimental procedure was carried out on the ninth-grade students selected
before starting. The genera menta ability of ninth-grade students was ascertained
through P.N. Mehrotra's standard tool, the Mixed Type Group Test of Intelligence
(Verba & Non-Verbal), only through Verbal Intelligence. After that, the students of both
sections of this class were compared on the basis of T-Scores, as aresult of which 30 and
30 students were selected for the experimental process. After then, two groups of students
were formed through the randomization technique, one of which was named the

experimental group and the other the control group.

Kamran MANUU
Model School

oth Class

30 Student

Experimental
Group

30 Student
Control Group

Figure No. 3.1 Group of Student
Thus, under the True-Experimental Design, Randomized Pre & Post Test Matched Group

Design was selected to carry out the present research work. This can be understood from

the following diagram.
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Table No. 3.1 True- Experimental Design

Random Group Pre- Test Treatment Post-Test
Experimental Group O Xe O,
Control Group O3 Xc Oy

0O; & O3 Mathematics achievement of students in the experimental and control group

was tested before starting the treatment.

O, & O, Mathematics achievement of the students in the experimental and control

group was tested after the treatment, that is, at the end of the experiments.

XEg: Thisrefersto an experimental group in which students were taught the principles of

the ICT-mediated Constructivist approach.

Xc: This refers to the control group in which the students involved were taught in the

traditional way.
Thus, the experimental process was carried out based on the above experimental

design. All these steps can be clearly understood with the help of the following design.
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Figure No:3.2 Research Design

=
-

. 1
i

*TTP- Traditional Teaching Program, *ICT- Mediated Constructivist Approach
*MGTI- Mixed Type Group Test of Intelligence
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3.11 Validation of theresearch design

When conducting experimental research, it is important to consider the accuracy
and reliability of the data collection tools, and experimental research is expected to be
both internally and externaly reasonable. Be valid Interna validity is related to
controlling intervening variables, while external validity is related to the generalization of
findings. But both types of rational analysis affect research. These are called threats to
validity, and these risks must be controlled. The explanation is as follows.

3.11.1 Threatsof internal validity

Experimental research has found that in addition to independent variables,
elements are excluded from the research objectives, yet those elements form their effects
on the subject variables. This is termed "a risk to esoteric rationality. Research has
controlled the following types of threats.

. History

These are specific events that occur between the first and second measurements

that have the potential to affect the results of the subject variables. In the present

study, an Experimental and Control Matched Group were selected to control the
historical limitations, which led to the removal of the following risks:

+ Medium of Instruction: The students of both the groups belonged to Urdu

medium.

+ Subjects: Studentsin both groups were taught mathematics.

+ Teaching: In both groups, the researcher performed the self-teaching process.

+ Content: Studentsin both groups were taught the same subject matter.
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+ Treatment Duration: Equal time was provided in both groups for a period of
20-20 lesson Plan.
+ Evaluation Duration: The pre- or post-test of students in both groups was
completed at the same time.
Maturation
Maturity affects the results of experimental research, especially when it is done on
humans. In the experimental process, changes in students age, mental structure,
environment and their experience affect the results, so two group matched designs
were used to control threats. The average age of the students in both the
experimental and control groups was found to be around 14.90 and the average
age of the control group was around 14.45 which was already similar in terms of
age. The effect is considered as no
Regression
When the researcher examines the students beforehand and includes the best-
performing students in the experimental group, it affects the results, i.e., when the
experimental group is formed on the basis of high scores. Dependent variables
seem to influence, which aways proves to be better than the experimental group's
control group. Therefore, a randomized matched group design has been used in

the present study to avoid these threats.

. Testing

In the present study, only the mathematics subject has been taught in which the
results are repeatedly tested with the same tools due to which it seems to affect

the subject variables. To avoid this threat, the researcher formed two groups for
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VI.

VII.

the treatment and the pre-test and post-test sketches were accepted to obtain the
data.

Instrumental

Experimental research tools were used to obtain the data. When the same material
or two completely different tests are used in the preparation of pre and post-test
achievement, it has a reasonable effect on the results. To avoid this threat, the
researcher created items from two different concepts of geometry, algebra,
statistics, graphs, menstruation, and arithmetic, and through this process, the
effect of instrumentation in the present research was eliminated.

Experimental Mortality

The attendance of al students in the experimental and control groups was made
mandatory, and it was tried that no student should be absent during the
experiment. Through this process, threats to experimental mortality were
eliminated from existing research.

Selection of Subjects

In the present study, the experimental and control groups were created by

Matched by Randomization due to which this threat was eliminated.

VIII. John Henry Effect

The students involved in the experiment get to know that the experiment is being
carried out, which affects the outcome of the experiment. To avoid this, the
research was carried out without any change in the natura system of the
classroom. For this, the mental ability of al the children in Section A and Section

B was tested. Since there was homogeneity in the sample, there was not much
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difference in the intellectual ability of the children in the two sections. Therefore,
the two sections were divided into two groups through the matched-by-
randomization technique. In this way, the children were not allowed to experience
any kind of experiment in the classroom-

3.11.2 Threats of external validity

Threats of external validity refer to the situation where the results of experimental
research may not be generalizable to all populations. In fact, this situation arises when the
experimental design used in the selection and the apparent rationality of the experimental
management experiment begins to affect it. Therefore, an attempt was made to control all
these threats to maintain the apparent rationality in the present research.

I nteraction of Selection and Treatment

There are various threats, including the gender, race, socioeconomic background
of the students, home environment, religion, parents 'educational qualifications and
parents' income involved in the experimental process. All these threats are controlled in
the following ways.

+ Gender: Both were included because the number of male and female students
was reasonable.

+ Religion: The religion of al the students involved in the experiments was almost
the same.

+ Race: All the students involved in the experiments were of the same race.

+ Socioeconomic Background: The selected school is located in a backward area
due to which the socio-economic condition of al the students studying in this

school was almost the same.
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+ Home Environment: All the students belonged to the same backward area, and
their socio-economic backgrounds were amost the same, so the home
environment of all these students was also the same.
+ Parent’s Educational Qualifications: In the present study, it was assumed that
due to backwardness, the educational qualifications of all the parents of the
students are almost the same.
+ Parents Income: Due to the backwardness of the area, the student's parents used
to do amost one type of work like running a tea shop, stall, selling vegetables,
etc., while their mother stayed at home. Therefore, the household income of all
the students included in the present study is assumed to be the same.
Interaction of Testing and Treatment

It is often observed that the outcome variables are affected by the interaction
between the control and experimental groups during treatment. But it was impossible to
control this threat. Therefore, it was neglected. Because this pre-test & post-test design
helps to reduce other threats,
Multiple Treatment Inference

The same treatment was given in the present study. Multiple treatments given to a
single group will affect the subject variables and make it difficult to generaize the
results; so to some extent the results can be applied to the target popul ation.
3.12 Intervening Variables
There are different types of intervening variables, including prior mathematics

knowledge of the students involved in the experimental process, standards, subject-
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related variables, and control variables, medium of instruction, subject, and content. All

these intervening variables were controlled in the following way.

Subject-related control variable: To control this variable, both groups were taught the

same subject.

Previous Mathematics Knowledge of Students. Before conducting the experimental
process, it is necessary to control the prior mathematical knowledge of the students.
Therefore, the researcher found out the previous mathematics knowledge of both groups.
For which the researcher created a mathematics achievement test tool to determine the
previous mathematics knowledge through which the previous mathematical knowledge of
the students was determined. In this way, the intervening variable was controlled, the

detail of which are given in the table below.

Table No. 3.2 Showing Previous Knowledge of Mathematics Achievement

Group N |Men | SD | df t Table | Levdof | oo ke
value | value | significance
Experimental | 3 3137 | 5.654
Group 0 ' '
58 | 0.157 2.00 0.05 NS
Control 3
Group 0 3113 | 5.841

Standard: Both groups belong to the same groups. Therefore, the quality of both groups

isthe same. Thus, this variable was controlled.

Medium of Instruction: The medium of instruction for both groups is Urdu. In thisway,

this variable was controlled.
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Subject and content: Both groups were taught the same content. In this way, this

variable was controlled.

3.13 Tools of the study

Two types of tool have been used in the study.
1. Instructional Tool

2. Measuring Tool

3.13.1Instruction Tools

Instructional tools were used to teach the experimental and control groups. The
researcher developed alesson plan based on the ICT-mediated constructivist approach for
the experimental group and the traditional teaching methods for the control group.
Various materials were selected from N.C.E.R.T.'s ninth-grade mathematics. graph,
coordinate geometry: formula of distance, linear Equations (two variables), laws of force,
polynomia algebraic expression, statistics, area, and perimeter of equilateral triangles
and triangles devel oped 20-20 plan lessons for the group.

+ Lesson Plan based ICT- mediated Constructivist Approach

+ Lesson Plan based Traditional Approach
3.13.2 Instructional Materials based on ICT- mediated Constructivist
principle
The purpose of the present research is to find out the effect of ICT-mediated
constructivist approaches to teaching on students mathematics achievement. Therefore,
teaching materials were devel oped based on the ICT-mediated constructivist approach to
be implemented in the classroom, which has been completed through the following

stages.
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Selection of Content

In the present research, two methods of teaching were used to manipulate the
independent variable. In which the constructivist principle was used to teach the
concepts of mathematics to the experimental group. For this purpose, the researcher
personally obtained permission from the principal of the selected school and asked
the mathematics teacher, who had aready taught mathematics in the 9" - grade and
had the information about the part, to go. In this way, the selection of the subject to
be taught was carried out. According to the syllabus, this subject covers Graphs,
Allocation Geometry: Distance Formula, Linear Equations (Two Variables), Power
Laws, Polynomial Algebraic Quantities, Multiplicative Components, Statistics, Area,
and Cover of Triangles and Equilateral Triangles, Circumference. The perimeter or
area of the circle and the area of the circle were listed as the title. Thus the above
topic was selected for the present research.

Content Analysis

The topic was chosen with the help of your supervisor. Thus, a total of 10 topics

were recognized. Details of which can be seen in the table below.

(@)

Topics

Graph

Co-ordinate Geometry : Distance Formula
Linear Simultaneous Equation

Laws of Indices

Polynomial

Factorisation

Statistics

Area & Perimeter of Triangle & Quadrilateral
Circumference of Circle

Areaof Circle
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[11. Stating Instructional Objectives
Instructional objectives basically define the child's outcomes clearly in advance. It

not only helps the learner to study in the right direction but aso helps the teacher to
perform his teaching duties better. Along with this, the teacher can make the teaching
process more effective in terms of student outcomes.

Therefore, before conducting the experimental process for the present research,
the selected subject mathematical unit set the instructional objectives that are as follows.
After completing this lesson, children will be able to:

1. Graph
+ To be able to describe the coordinate plane in their own words.
+ Explain the concept of the abscissa and ordinate.
+ To beableto form aquadrant and centre the identity of any coordinate plane.
+ To be ableto plot any point on graph paper.
+ To beableto plot any equation on graph paper.
2. Co-ordinate Geometry: Distance Formula
+ To be ableto co-ordinate geometry distance formula.
+ To be ableto solve problems by applying distance formula.
3. Linear Simultaneous Equation
+ Linear equations (two variables) can be plotted on graph paper.
+ Two variables will be able to describe the concept of a linear equation as a
method of elimination.
+ Two variables will be able to solve the equation using the Method of

Elimination.
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+ Two variables will be able to solve the equation using the Method of
Cross Multiplication.
4. Lawsof Indices
+ To be ableto explain the concepts of laws of indices.
+ Recognize the Index and the Base.
+ To beableto explain the formulas of the laws of indices.
+ Vaue of algebraic will determine with the help of the law of indices.
+ will be able to solve various problems related to index
5. Polynomial
+ To beableto explain the concept of polynomials.
+ Algebraic numberswill be able to indicate polynomials.
+ Algebraic numberswill be able to indicate the degree of the polynomial.
+ To be able to find the coefficient of the polynomial.
+ To be able to multiply the polynomial to determine their value.
+ Will be ableto find out their value by dividing the polynomials.
6. Factorisation
+ Ingredients will be ableto tell different formulas of factorisation.
+ Polynomialswill be able to resolve in factorisation.
+ Polynomialswill be able to resolve in factorisation with the help of formula
+ To beableto solve problems given in exercise.
7. Statistics

+ To be ableto explain the concepts of statistics.
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To be able to describe variables, discrete variable, continuous variables,
frequency, the tally mark, and range.

Will be able to know the class interval, class size, frequency, class limit from
the given data.

To be ableto create afrequency distribution table from the given data.

To be able to describe different types of graphs.

Will be able to draw a histogram graph from the given data.

. Area & Perimeter of Triangle & Quadrilateral

Will be able to explain the formula of the diagonal of the rectangle.

To be able to explain the formula of the diagonal of square.

Will be able to explain the formula of area and perimeter of the triangle.

Be ableto find the value of the area of the triangle by applying its formula

Be able to find the value of the perimeter of the triangle by applying its
formula

Be ableto find the area of the equilatera triangle.

Be ableto find the perimeter of the equilateral triangle.

To be able to solve problemsin a given exercise.

. Circumferenceof Circle

Will be able to explain the formula of the circumference of circles

To be able to determine its value by applying the formula of the circumference
of acircle.
To be ableto find the value of the radius of the circle.

To be able to find the value of the diameter of the circle.
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10. Areaof Circle
+ To be ableto describe the formula of area of the circle.
+ To beableto find the value of acircle by applying its formula.

+ To beableto solve problemsin agiven exercise
3.13.3 Constructivist Approach based Lesson Plan

The constructivist approach emphasizes the construction of new information or
concepts based on previous knowledge and experiences. In this method of teaching,
students move towards the world according to their interests and intellectual ability
through dynamic techniques such as experience, collaboration, discussion, and
observation. The constructivist approach to lesson planning differs from the traditional
lesson plan. The building classroom is a democratic environment in which students
actively create new information through collaboration, discussion, observation,
experiments, and questions and answers. The aim of the teachers was to create a
democratic and conducive classroom environment. That can facilitate experiments and
various learning materials for independent learners. The researcher developed a lesson
plan based on the 5E instructional model of constructivist to make the constructivist room

environment democratic and conducive.
3.13.4 5E Instructional Modéel

The 5E instructional model is one based on constructivist theory and experimental
activities. This model was developed by Roger Bybee in 1995. According to Llewellyn
(2007), “the 5E teaching model can help students move from understanding solid
experiences to applying principles.” This model gives students the opportunity to recall

with depth and meaning what they already know. According to Ergin et a. (2008), “the
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5E instructional model is considered one of the recommended best practises for teaching
a constructivist teaching approach”. The 5E instructional model is originally credited to J.
Myron Atkin and Robert Karplus (1960). Who used to work for the Science Curriculum
Improvement Study (SCIS). This instructional model was based on three steps. One is
exploration, the second is invention, and the third is discovery. Later, the Biologica
Science Curriculum Study (BSCS) programme incorporated two additional phases,
engagement and evaluation, and modified the model phases of SCIS to design a new
model called the 5E Instructional Model. The modified model can be seen in the table
below(Bybee, et a., 2006).

Comparison of BSCS I nstructions Model (5E) and SCIS

SCIS Model BSCS 5E Instructional Model
Engagement (New Phase)
Exploration Exploration (modified from SCIS)
Invention (Term Introduction) Explanation (modified from SCIS)
Discovery (Concept Application) Elaboration (modified from SCIS)
Evaluation (New phase)

The 5E instructional model involves students in activities at each stage,
encourages students to organize their own concepts and ideas, and enables them to try to
understand concepts. According to Martin (2000), this model allows for teaching a new
concept or trying understanding a concept and includes skills and activities that enable
the student to actively research information and understand. Enables focus. According to
the 5E instructiona model, the student makes sense of hissher own thinking by
discovering new concepts based on his/her prior knowledge and experiences. The 5E
educational paradigm encourages participation in class. As they learn to ask questions,

observe, model, analyse, explain, draw conclusions, discuss, and share openly about their
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learning, kids in this approach do more than just listen and read. Students collaborate
with classmates to design and carry out projects, explain concepts, and solve issues.
Following are the five steps of the 5E instructional model.

Engagement
Exploration

Explanation
Elaboration

Evaluation

o~ 0D

Engagement

& A\

Exploration

Figure No: 3.3 5E Instructional M odel

1. Engagement
During this phase, the teacher draws on the learners' prior knowledge and engages
them in engaging with a new concept through the use of short activities that pique

their interest. The activity gives them an opportunity to express what they aready
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know about the topic, making connections between past and present learning
experiences..

. Exploration

During this phase, students are provided with an experience for identifying and
developing concepts, processes, and skills that enable them to actively explore their
environment or manipulate content to generate new ideas. Helps find questions and
possibilities, design preliminary research, and use previous information.

. Explanation

During the phase, students describe the concepts, action skills, or behaviors they are
discovering or exploring and provide opportunities to express their conceptual
understanding or to develop new skills or behaviors. Teachers can guide them in

describing the process

. Elaboration

In this phase, the teacher helps the students develop their conceptual understanding
and practice skills. The new experiments provide students with an in-depth
understanding, a broader understanding, more information, appropriate skills, and a

chance to hone their skills.

. Evaluation

During this time, students are able to assess their understanding and abilities based
on what they have learned. And at this stage, It gives teachers the chance to gauge
their students motivation for pursuing greater goals and helps students to evaluate

their knowledge and skills.
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3.13.5 ICT- mediated Constructivist Approach based L esson Plan

The researcher selected the 5E model based on the constructivism of the
experimental group for teaching and constructed a lesson plan using the 5E model. The
researcher completed the lesson plan by incorporating ICT into it. The lesson plan used
ICT as a PowerPoint, projector, projector screen, pen tablet, laptop, photo, animated

video, €tc.

3.13.6 Validity of Lesson Plan

The 5E model was chosen to conduct the teaching and learning process in the
classroom based on the architectural style and with this model, the preliminary outline of
the lesson plan was prepared based on ICT-mediated. Following that, my supervisors and
experts, Prof. Sgid Jamal (AMU), Prof. Abdul Rahim (MANUU, CTE - Bhopal), Dr.
Naushad Hussain Assistant Professor (MANUU), Dr. Musha Ali Assistant Professor
(IMI), Dr. Zafar Igbal Zaidi Assistant Professor (Manu CTE - Darbhanga), and Dr.
Danish Nadeem Assistant Professor ( MANUU,CTE - Darbhanga), reviewed the
sketch. Apart from this, useful suggestions were obtained from the expert mathematics
teachers of MANUU Model School and after that, the lesson plan was finalized under the

guidance of the research supervisor.

3.13.7 Measuring Tools

Measuring tools were used to group students, perform in mathematics achievements, and
test previous knowledge. Which are as follows.

1. Mathematics Achievement Test for Pre- Test
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2. Mathematics Achievement Test for Post- Test
3. Mathematics Achievement Test for Previous Knowledge
4. Mixed Type Group Test of Intelligence (Verbal & Non Verbal)
3.13.8 Preparation of Mathematics Achievement Test
3.13.8.1 Pre—Test
The present research seeks to determine the effect of ICT-mediated constructivist
approaches to teaching on students mathematics achievement. For this purpose,
mathematics achievement testing tools were developed to find out the level of completion
through the following steps.
First Stage: Planning and Writing of measuring test
1. Planning of the Test
Planning the test helps in the right direction, avoiding time wastage and
confusion. Mathematics achievement tests are based on knowledge, understanding,
application, and skills. The test covers the content of the syllabus prescribed by
NCRT and Bihar Board Standard IX Mathematics. It was decided to arrange
guestions of objective and subjective nature to cover the entire syllabus. The
researcher developed the blueprint keeping in mind the curriculum, objectives,
nature and importance of mathematics.
2. Preparation of the Test
Pre-test & post-test true experimental design has been selected under the
experimental design to complete the present research. in which the student's pretest is
assumed as a covariate. Under this objective, the researcher developed a pre-test, the

details of which are given below.
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2 Construct of Items
A different topic was chosen from the mathematics textbook of class IX for the
preparation of the pre-test. In which atotal of 29 items were prepared. In which 16
items were included from objective questions, 08 from short answers, and 05 from

long answers the details of this can be seen in the following.

Table No. 3.3 Weightage of Content (I nitial Draft)

S. No Topic Questions Marks
1 Graph 3 5
2 Co-ordinate Geometry : Distance Formula 2 4
3 Linear Simultaneous Equation 3 8
4 Laws of Indices 3 5
5 Polynomial 3 3
6 Factorisation 2 7
7 Statistics 2 4
8 Area & Perimeter of Triangle & 4 9
Quadrilatera
9 Circumference of Circle 3 6
10 Areaof Circle 4 9
Total 29 60
Table No: 3.4 Weightage for formation of questions
S.No Types of Marksof each | No. of questions | Total Marks
questions guestions
1 MCQ 1 16 16
2 SA 3 08 24
3 LA 4 05 20
Total 29 60
Table No: 3.5 Weightage of objectives (I nitial Draft)
S.No Objectives Marks % of marks
1 Remembering 12 20
2 Understanding 10 16.66
3 Applying 24 40
4 Skill 14 23.33
Total 60 100%
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Table No: 3.6 Blueprint of Mathematics Achievement (Initial Draft)

SNo Objectives Total
Remembering | Understandi Applying Skill
Topics ng
MC|S|L|MC|S|LIM|SA|L | M| S|L
Q |A|A| Q |A|A|C A|lC|AI|A
Q Q
1 | Graph 1 1 1 3
2 | Co-ordinate 1 1 2
Geometry :
Distance Formula
3 | Linear 11 1 3
Simultaneous
Equation
4 | Lawsof Indices 1 11 3
5 Polynomial 2
6 | Factorisation 1|1 2
7 | Statitics 1 1 2
8 | Area & Perimeter | 2 1 1 4
of Triangle &
Quadrilateral
9 | Circumference of | 2 1 3
Circle
10 | Areaof Circle 2 1)1 4
Total 12 4 |2 4 | 3 212 29

M.C.Q = Multiple Choice Question, S.A = Short Answer, L.A = Long Answer

3 Content Analysis
After creating the items, the face validity of the device must be established. Under

which the basic structure and language of the tool is examined, and on the other hand, the
text of each item must aso be analyzed to find out the purpose for which the tool has
been developed. Does not the pre-mathematical achievement test prepared in this regard
must be checked. For math and language experts were given, and it was said that you can
retain, delete, or modify the item. After that, advice and suggestions are received from the
experts. The tools were then modified and finalized as required by the research
supervisor. In thisway, the face validity of the tool was established.
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Second Stage: Try Out
This is an important step in the construction. The following element is required at this
stage.
I.  Selection of Sample
1. Ageand Class
[1l.  Duration of test
V. Administration of test
V. Scoring Method
|. Selection of Sample
The researcher selected a total of 50 students from Urdu Medium School using ssmple

random technique for validity of the tool.

II. Age and Class
Ninth classes were required to use the mathematics achievement test as a sample for
construction and the students ranged in age from 14 to 16 years.

1. Duration of test
Duration is avery important factor in any test. Therefore, 2 hours was allotted for this
test which was manageable and not tiring for the students.

V. Administration of test
The researcher first met the mathematics teachers to obtain the research content and
introduced himself, explained the purpose of the research to them, and assured them
that whatever information would be obtained was only for research. will be used for
this purpose, and permission has been obtained from them. Then, they were told that
they could leave the classroom so that the classroom could have a relaxed or
conducive atmosphere. The children were then given a copy of the letter, except for

the instruction to complete it, and were given 120 minutes to solve the questionnaire.
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After 2 hours, the students submitted their answer sheets. The researcher then thanked
the children and the administration.

V. Scoring Procedures
Students entered their answers on the answer sheet. Answer sheet checked according

to answer key.
Third Stage: Analysisof Data

Iltem analysisis an essential step in test construction. This phase mainly measures
the difficulty of the item, item discrimination index, validity, and reliability of the item. It
basically relates to item difficulty and items' discrimination index. The difficulty of the
item is taken as proportional to the number of people who have successfully completed it.
The discrimination index refers to the degree to which it differentiates between high and
low scorers. Item analysis was based on the scores of 50 students.

Item analysis was conducted in two sections. Section A includes items that were
created objectively. Their acceptance and regjection were determined by assessing item
difficulty and item discrimination. Section B includes items that were created
subjectively. Their acceptance and regjection were determined by assessing the item's

difficulty (DV).

Section- A: Items 1 to 16 can be scored objectively. The formula proposed by Kelley
(1939) was used to test the difficulty of all items included in the test and the level of
discrimination of the items based on the data obtained, which can be seen below

(Mahajan, Gourav.2015, p.54-60).
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Difficulty Value (DV) =

Discrimination Index (DI) =

Where:
RU = No. of correct responses in Upper group

(RU4RL)Xx100 0

NU+NL

NU

(RU- RL)%100

Yo

%

RL = No. of correct responsesin Lower group

N = Size of Samplein Upper and Lower group

With the help of the above-written formula, the items included in the test items difficulty

level and the level of discrimination index of the itemsis presented in the following table.

TableNo: 3.7 DV & DI of Mathematics Achieverment

Items | Correct Response DV DI Items DV Items DI Remarks
.No |U- L- Group Evaluated Evauated
Group
1 11 8 0.68 | 0.21 Easy Average Revised
2 14 5 0.68 | 0.64 Easy Excellent Revised
3 12 8 0.71 | 0.29 Easy Average Revised
4 12 7 0.68 | 0.36 Easy Good Revised
5 13 6 0.68 | 0.50 Easy Excellent Revised
6 8 3 0.39 | 0.36 Good Good Retain
7 13 5 0.64 | 057 Easy Excellent Retain
8 8 5 046 | 0.21 Excellent Average Retain
9 13 8 0.75 | 0.36 Easy Good Revised
10 10 4 0.50 | 043 Excellent Excellent Retain
11 11 3 050 | 0.57 Excellent Excellent Retain
12 11 5 057 | 043 Excellent Excellent Retain
13 10 3 046 | 0.50 Excellent Excellent Retain
14 13 8 0.75 | 0.36 Easy Good Revised
15 9 5 050 | 0.29 Excellent Average Retain
16 12 3 054 | 0.64 Excellent Excellent Retain
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Section- B : Item No. 17 to 29 can be scored subjectively. The formula proposed by

Nitko (2004) was used to test the difficulty level of al theitemsincluded in the test based

on the data obtained which can be seen below (Juridah, et a. 2011, p.72).

Average Score

Difficulty index

Total Score

Total Number of Students

Average Score

Range of Full Marks

With the help of the above written formula, the difficulty level value of al the items

included in the test is presented in the table below.

Table No: 3.8 DV of Mathematics Achievement

Items | Sumof | Maximu | Minimu | Averag DV Iltems DV Modificatio
.No Marks m m e Evaluated n Results
17 45 3 0 0.9 0.30 Moderate Accept
18 59 3 0 1.18 0.39 Moderate Accept
19 37 3 0 0.74 | 0.25 Too Hard Modify
20 65 3 0 1.3 0.43 Moderate Accept
21 34 3 0 068 | 023 Too Hard Modify
22 48 3 0 0.96 0.32 Moderate Accept
23 47 3 0 094 | 031 Moderate Accept
24 36 3 0 072 | 0.24 Too Hard Modify
25 56 4 0 112 0.28 Too Hard Modify
26 53 4 0 1.06 | 0.27 Too Hard Modify
27 48 4 0 096 | 0.24 Too Hard Modify
28 45 4 0 0.9 0.23 Too Hard Modify
29 47 4 0 0.94 0.24 Too Hard Modify
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TableNo: 3.9 DV of items of the Achievement

S. No. DV Frequency Item No. Remarks
Above 0.80 00
1,2,4,5,6,7,8,9,10,11 ,12
Between 0.20 and 29 ,13,14 ,15,16,17,18 ,19 ,20
0.80 21,22 23 24 25,26, 27, 28, | Accepted
29
Below 0.20 00

Fourth Stage: Final draft of Mathematics Achievement Test

For the final design of the test, the items were rearranged according to the

markings assigned to the content areas and items. The final test consisted of 29 items

with a maximum score of 60 marks. The test was scheduled to take two hours to

complete. The weightage in terms of content and level are given in table 3.10

respectively.

Table No: 3.10 Blueprint of Mathematics Achievement Test (Pre-Test)

Objectives

SN Tota
o Remembering | Understanding Applying Skill |
Topics MC | S| L MC | S| L MC | S| L MC | S| L
Q |A|JA| Q |A|]A|] Q |A|A| Q |A]|A
1 Graph 1 1 1 3
Co-ordinate
Geometry :
2 Distance 1 1 2
Formula
Linear
3 | Simultaneous 1|1 1 3
Equation
Laws of
4 Indices 1 1 1 3
5 Polynomial 2
6 | Factorisation 111 2
7 Statistics 1 1 2
Area &
Perimeter of
8 Triangle & 2 1 1 4
Quadrilateral
Circumferenc
9 eof Circle 2 1 3
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Area of
10 Circle 2 1 1 4
Total 12 4 2 4 | 3 2| 2 29

M.C.Q = Multiple Choice Question, S.A = Short Answer, L.A = Long Answer

Fifth Stage: Validity and Reliability of Test
The researchers have established the validity of the content through the expertsin

this field of content validity. The researcher tested the reliability of 16 items of this
mathematics achievement test through Cronbech’'s Alpha Test that, which has a value of

0.62.

3.13.8.2 Post- Test

First Stage: Planning and Writing of the tool

In the present study, post-test outline of the data gathered has been selected. The
experimental group was taught ICT-mediated constructivist approaches and the control
group was taught traditional method. Post-test was carried out to test its mathematics
achievement. In the post-test, the same topics that were in the pre-test were included and
their level was separated from the pre-test, which formed the post-test through the
following steps.
Planning of the test

Planning the test helps steer things in the right direction, reducing time waste and
confusion. Mathematics Achievement Testing is based on information, understanding,
application, and skills. This test covers the proposed syllabus content of NCERT and
Bihar Board Standard IX Mathematics. It was decided to develop questions of objective
and thematic nature to cover the entire curriculum. The researcher prepared a blueprint

keeping in mind the curriculum, objectives, nature, and importance of mathematics.
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Preparation of the Test

True experimental design has been chosen to carry out the present research to
completion under the experimental design. Experimental and control groups should be
essentially tested after the experimental processis over. For this post-test is required to be
developed. Keeping this in mind, a post-test was carried out, the details of which are as
follows.

1. Construction of Items
A different topic was chosen from the Sth-grade mathematics textbook to prepare

for the post-test. Details of which can be seen in the following diagram.

Table No: 3.11 Weightage of content/ unit (I nitial draft)

S. No Topic Questions Marks

1 Graph 3 5

2 Co-ordinate Geometry : Distance Formula 2 4

3 Linear Simultaneous Equation 3 8
4 Laws of Indices 3 5

5 Polynomial 3 3

6 Factorisation 2 7

7 Statistics 2 4

8 Area & Perimeter of Triangle & Quadrilateral 4 9
9 Circumference of Circle 3 6
10 | Areaof Circle 4 9
Total 29 60

Table No: 3.12 Weightage for formation of questions
S.No Types of Marks of each No. of Total
guestions guestions questions Marks

1 MCQ 1 16 16

2 SA 3 08 24

3 LA 4 05 20
Total 29 60
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Table No: 3.13 Weightage of objectives (Initial Draft)

S.No Objectives Marks % of marks
1 Remembering 12 20
2 Understanding 10 16.66
3 Applying 24 40
4 Skill 14 23.33
Totd 60 100%
Table No: 3.14 Blueprint of Mathematics Achievement (I nitial Draft)
Objectives
Total
SNo Remembering | Understanding Applying Skill
Topics MC | S LA MC| S|L |MC|S|L|MC| S |L
Q | A Q|A|A|Q|A|A|Q|A]|A
1 Graph 1 1 1 3
Co-ordinate
2 Geometry : 1 1 2
Distance Formula
Linear
3 Simultaneous 1]1 1 3
Equation
4 Laws of Indices 1 111 3
5 Polynomial 2
6 Factorisation 1|1 2
7 Statistics 1 1 2
Area & Perimeter
8 of Triangle & 2 1 1 4
Quadrilateral
Circumference of
9 Circle 2 1
10 Areaof Circle 2 1|1
Total 12 4 | 2 4 |3 212 29

M.C.Q = Multiple Choice Question, S.A = Short Answer, L.A = Long Answer

2 Content Analysis
After constructing the items, the face validity of the tools must be established.

The basic structure and language of the tool are examined, but the text of each item must

aso be anayzed to determine whether or not the tool was developed to reflect the
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purpose. The pre-mathematics achievement test prepared in this regard must be checked.
Math and language experts were given, and it was said that you can retain, delete, or
modify the item. After that, advice and suggestions are received from the experts. The
tool was then modified and finalized as required by the research supervisor. In this way,
the face validity of the tool was established.

Second Stage: Try Out
Thisisan important step in the construction. The following element is required at this
stage.
I.  Selection of Sample
1. Ageand Class
[1l.  Duration of test
IV.  Administration of test
V.  Scoring Method
l. Selection of Sample

The researcher selected a total of 49 students from Urdu Medium School using simple
random technique for validity of the tool.

. Age and Class

Ninth classes were required to use the mathematics achievement test as a sample for
construction and the students ranged in age from 14 to 16 years.

1. Duration of test

Duration is a very important element in any test. Therefore, two hours were allotted for
this test which was manageable and not tiring for the students.

V. Administration of test

The researcher first met the mathematics teachers to obtain the research data and

introduced himself, explained the purpose of the research to them, and they were assured
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that whatever information is obtained will be used only for research purposes, and then
permission was obtained from them. Then, they were told that they could leave the
classroom so that the classroom could have a relaxed or conducive atmosphere. The
children were then given a copy of the letter except for the instruction to complete it, and
they were given 120 minutes to solve the questionnaire. After 2 hours, the students
submitted their answer sheets. The researcher then thanked the children and the

administration.

V. Scoring Procedures
Students entered their answers on the answer sheet. Answer sheet checked according to

answer key.

Third Stage: Analysisof Data

Item analysis is one of the essential steps construct of the test. This phase mainly
measures the items difficulty, item discrimination index, validity and reliability of the
item. It basically relates to item difficulty and items' discrimination index. The difficulty
of the item is taken as proportional to the number of people who have successfully
completed it. The discrimination index refers to the degree to which it differentiates
between high and low scorers. Item analysis was based on the scores of 49 students.

Item analysis was conducted in two sections. Section A includes items that were
created objectively. Their acceptance and rejection were determined by assessing item
difficulty and item discrimination. Section B includes items that were created
subjectively. Their acceptance and regjection were determined by assessing the item's

difficulty (DV).
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Section- A: Items 1 to 16 can be scored objectively. The formula proposed by Kelley
(1939) was used to test the difficulty of all items included in the test and level of

discrimination of the items based on the data obtained which can be seen below (Mahgjan,

Gourav.2015, p.54-60).

(RU+RL)Xx100 0

Difficulty Value (DV) = NUINL Yo
Discrimination Index (DI) = (RU_E% %
Where:

RU= No. of correct responses in Upper group
RL = No. of correct responsesin Lower group

N = Size of Samplein Upper and Lower group

With the help of the above formula, the items included in the test items' difficulty level

and the level of discrimination index of the itemsis presented in the following table.

TableNo: 3.15 DV & DI of Mathematics Achievement

Items So"ed Reponse | | oy | ttemspv | wemspr | o

.No - L- Group Evaluated | Evauated
Group

1 10 7 065 | 023 Easy Average Revised
2 10 5 0.58 | 0.38 | Excellent | Excelent Retain
3 13 5 0.69 | 0.62 Easy Average Revised
4 13 6 0.73 | 0.54 Easy Good Revised
5 12 6 0.69 | 0.46 Easy Excellent Revised
6 13 5 0.69 | 0.62 Easy Good Revised
7 8 3 042 | 0.38 | Excellent | Excelent Retain
8 12 5 065 | 0.54 Easy Average Revised
9 9 1 0.38 | 0.62 Good Good Retain
10 12 3 058 | 0.69 | Excellent | Excellent Retain
11 12 7 0.73 | 0.38 Easy Excellent Revised
12 11 4 058 | 0.54 | Excellent | Excellent Retain
13 10 5 0.58 | 0.38 | Excellent | Excelent Retain
14 12 4 0.62 | 0.62 Easy Good Revised
15 12 3 0.58 | 0.69 | Excellent Average Retain
16 5 2 0.27 | 0.23 | Difficult Excellent Retain
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Section- B: Item No. 17 to 29 can be scored subjectively. The formula proposed by Nitko
(2004) was used to test the difficulty level of al the items included in the test based on

the data obtained which can be seen below (Juridah, et a. 2011, p.72).

Total Score
Total Number of Students

Average Score =

Average Score

Difficulty index =
Range of Full Marks

With the help of the above formula, the difficulty level value of all the itemsincluded in

the test is presented in the table below.

Table No: 3.16 DV of Mathematics Achievement

Iltems | Sumof | Maximu | Minimu | Averag DV ltemsDV | Modification
No Marks m m e Evaluated Results
17 36 3 0 0.73 0.24 | Too Hard Accept
18 114 3 0 2.33 0.78 | Moderate Accept
19 69 3 0 1.41 0.47 | Moderate Accept
20 82 3 0 1.67 0.56 | Moderate Accept
21 72 3 0 1.47 0.49 | Moderate Accept
22 45 3 0 0.92 0.31 | Moderate Accept
23 33 3 0 0.67 0.22 | Moderate Accept
24 36 3 0 073 | 024 | Too Hard Modify
25 46 4 0 094 | 023 | TooHard Modify
26 46 4 0 094 | 0.23 | TooHard Modify
27 60 4 0 1.22 0.31 | Moderate Accept
28 53 4 0 1.08 | 0.27 | TooHard Modify
29 44 4 0 090 | 022 | TooHard Modify
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TableNo: 3.17 DV of items of the Mathematics Test

SI.No. DV Freguency Item No. Remarks
1 Above 0.80 00
1,2,4,56,7,8,9, 10,11
Between 0.20 and 29 12,13 ,14 ,15,16,17,18 ,19
0.80 20,21 ,22 ,23,24 ,25 ,26, Accepted
27,28, 29,
Below 0.20 00

Final draft of Mathematics Achievement Test (Post-Test)

For the final layout of the test, the items would be rearranged according to the

markings assigned to the content areas and the items. The final test consisted of 29 items

for a maximum score of 60. It took two hours to complete the test. In terms of content

and level, the weightage in tables 3.18 are catapulted.

Table No: 3.18 Blueprint of Mathematics Achievement Test —Post-test (Final draft)

Objectives

SN Tota
(') Remembering Understanding Applying Skill |
TOpiCS MC | S|L|MC|S|L|MC|S|L|MC|S]|L
Q |AJA| Q |A|]A]| Q |AJA|] Q |A]A
1 Graph 1 1 1 3
Co-ordinate
Geometry :
2 Distance 1 1 2
Formula
Linear
3 | Simultaneous 1|1 1 3
Equation
Laws of
4 Indices 1 1 1 3
5 Polynomial 2
6 Factorisation 1)1 2
7 Statistics 1 1 2
Area &
Perimeter of
8 Triangle & 2 1 1| 4
Quadrilateral
Circumferenc
9 eof Circle 2 1
10 Area of 2 111
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Circle

Total 12 4 | 2 4 | 3 21 2| 29

M.C.Q = Multiple Choice Question, S.A = Short Answer, L.A = Long Answer
Fifth Stage: Validity & Reliability of Test

The researchers have established the validity of the content through the expertsin
this field of content validity. The researcher tested the reliability of 16 items of this

mathematics achievement test through Cronbech’'s Alpha Test that has avalue of 0.719
3.13.8.3 Mathematics Achievement Test for testing Previous Knowledge

To conduct the current research until the completion of the research, the
researcher developed his own mathematics achievement test tool to gain previous
knowledge of mathematics. The test included an eighth-grade math subject. Anderson &
Carth Wohl (2001) reviewed Bloom's classification to include the purposes of
remembering, understanding, and applying. The researchers prepared this test by
following different steps.

1. Planning and writing of the test items

2. Try-out

3. Item Analysis

4. Selection of Itemsfor the Final draft

5. Determination of Reliability and Validity of the test
First Stage: Planning and writing of thetest items

This test was developed using objective questions (MCQ). Initially, the test was
based on 55 questions. This test was designed with three objectives in the cognitive
domain, remembering, understanding, and applying. This was followed by his research

supervisor and expert Professor Sgjid Jamal (AMU), Professor Abdur Rahim (MANUU,
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CTE-Bhopal), Dr. Naushad Hussain, Assistant Professor (MANUU), Dr. Muhammad
Javed, Assistant Professor (JMI), and Dr. Danish Nadeem, Assistant Professor (MANUU,
CTE - Darbhanga) from which useful suggestions were obtained, and after that, the
achievement test was finalized under the guidance of the research supervisor. A total of

55 questions were then placed in the test, which can be seen in the blueprint outline

below.
TableNo: 3.19 Weightage of content/unit
S.No Topics Questions | Marks
1 | Square and Square Roots 5 5
2 | Cubes and Cube Roots 6 6
3 | Rational Number 4 4
4 | Ratio and Proportion 2 2
5 | Multiplication and Division of Polynomial 7 7
6 | Ruleof Three 1 1
7 | Percentage 4 4
8 | Mixture 1 1
9 | Timeand Work 3 3
10 | Algebraic Number 8 8
11 | Complementary Angles Supplementary Angles and 3 3
Adjacent Angles
12 | Areaof Square and Areaof Rectangle 7 7
13 | Formation of an Equation and its Solution 4 4
Total 55 55
Table No: 3.20 Weightage of Objectives (I nitial Draft)
S.No Objectives Marks % of Marks

1 Remembering 12 22%

2 Understanding 13 23%

3 Applying 30 55%

Total 55 100%
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Table No: 3.21 Blueprint of Mathematics Achievement Test (I nitial Draft)

Objectives
S.No Topics Remembering | Understanding | Applying | Total
1 | Square and Square Roots 2 - 3 5
2 | Cubes and Cube Roots 1 2 3 6
3 | Rational Number 1 1 2 4
4 | Ratio and Proportion - - 2 2
5 | Multiplication and Division 2 2 3 7
of Polynomial
6 | Ruleof Three - - 1 1
7 | Percentage - 1 3 4
8 | Mixture - - 1 1
9 | Timeand Work - 1 2 3
10 | Algebraic Number 3 2 3 8
11 | Complementary Angles - 2 1 3
Supplementary Angles and
Adjacent Angles
12 | Areaof Square and Areaof 3 1 3 7
Rectangle
13 | Formation of an Equation - 1 3 4
and its Solution
Total 12 13 30 55

Content Analysis
A tool for face validity must be established after the items are constructed. Under

which the basic structure and language of the tool are tested, and on the other hand, you
need to look at the text of each item to see if it fits the purpose for which the tool was
made. The test is mandatory for developed mathematics achievement tests. Mathematics
and language experts were given and said that you can retain, delete, or modify. After
that, advice and suggestions are received from the experts. The tool was then finalized
with the help of asupervisor. In thisway, the face validity of the tool was established.
Second Step: Try Out

Thisis an important step in the construction of the test. The following element is required

at this step.
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1. Selection of Sample

2. Ageand Class

3. Duration of Test

4. Administration of Test

5. Scoring Procedures

. Selection of Sample

The researcher selected 126 students from the Urdu Medium School using a simple
random sampling technique to validity the tool.

Ageand Class

The ninth class was required to use the mathematics achievement test as a sample for

construction and the students ranged in age from 14 to 16 years.

. Duration of Test

Duration is an essential element in any test. Therefore, 2 hours were allotted for this

manageabl e test and not trying for the students.

. Administration of Test

The researcher first met the mathematics teachers to obtain the research data and
introduced himself, explained the purpose of the research to them, and assured them
that whatever information would be obtained was only for research. Will be used for
this purpose, and permission has been obtained from them. Then, they were told that
they could leave the classroom so that the classroom could have a relaxed or
conducive atmosphere. The children were then given a copy of the letter, except for

the instruction to complete it, and were given 120 minutes to solve the questionnaire.
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After 2 hours, the students submitted their answer sheets. The researcher then thanked

the children and the administration.
5. Scoring Procedures

Students wrote their answers in the answer sheet. The answer sheet was checked

according to the answer key.
Third Step: Analysis of Data

Item analysisis an essential step in test construction. This phase mainly measures

the difficulty of the item, item discrimination index, validity, and reliability of theitem. It
basically relates to item difficulty and items' discrimination index. The difficulty of the
item is taken as proportional to the number of people who have successfully completed it.
The discrimination index refers to the degree to which it differentiates between high and
low scorers. Item analysis was based on the scores of 126 students. The formula proposed
by Kelley (1939) was used to test the difficulty of all items included in the test and the
level of discrimination of the items based on the data obtained, which can be seen below

(Mahgjan, Gourav.2015, p. 54-60).

(RU+RL)%100
%
NU+NL

Difficulty Value (D.V) =

(RU— RL)x100
%
NU

Discrimination Index (D.l) =

Where:
RU = No. of correct responses in Upper group
RL = No. of correct responsesin Lower group

N = Size of Samplein Upper and Lower group
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The difficulty of al the items included in the test with the help of the formula
above and the value of the level of distinction of the items are presented in the following
table.

TableNo: 3.22
DV and DI of Previous Knowledge of Mathematics Achievement Test | tems
Iltems No Correct Response DV DI Accepted/Re ected
RU RL
1 34 27 0.90 0.21 Rejected
2 28 22 0.74 0.18 Accepted
3 30 26 0.82 0.12 Rejected
4 29 24 0.78 0.15 Accepted
5 31 19 0.74 0.35 Accepted
6 32 23 0.71 0.26 Accepted
7 33 13 0.68 0.59 Accepted
8 22 16 0.56 0.18 Accepted
9 26 21 0.69 0.15 Accepted
10 14 04 0.26 0.29 Accepted
11 24 10 0.50 0.41 Accepted
12 31 15 0.68 0.47 Accepted
13 29 21 0.74 0.24 Accepted
14 29 19 0.71 0.29 Accepted
15 32 20 0.76 0.35 Accepted
16 24 15 0.57 0.26 Accepted
17 25 19 0.65 0.18 Accepted
18 28 13 0.60 0.44 Accepted
19 20 09 0.43 0.32 Accepted
20 25 15 0.59 0.29 Accepted
21 29 13 0.62 0.47 Accepted
22 31 27 0.85 0.12 Rejected
23 26 11 0.54 0.44 Accepted
24 32 20 0.76 0.35 Accepted
25 29 09 0.56 0.59 Accepted
26 28 21 0.72 0.21 Accepted
27 27 15 0.62 0.35 Accepted
28 22 14 0.53 0.24 Accepted
29 29 14 0.63 0.44 Accepted
30 27 14 0.60 0.38 Accepted
31 22 08 0.44 0.41 Accepted
32 30 15 0.66 0.44 Accepted
33 22 19 0.60 0.09 Accepted
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34 21 07 0.41 0.41 Accepted

35 22 16 0.56 0.18 Accepted

36 07 06 0.19 0.03 Rejected

37 21 10 0.46 0.32 Accepted

38 15 13 0.41 0.06 Accepted

39 24 10 0.50 041 Accepted

40 14 8 0.32 0.18 Accepted

41 29 10 0.57 0.56 Accepted

42 27 15 0.62 0.35 Accepted

43 07 05 0.18 0.06 Rejected

44 17 11 041 0.18 Accepted

45 24 09 0.49 0.44 Accepted

46 22 10 0.47 0.35 Accepted

47 16 12 0.41 0.12 Accepted

48 10 08 0.26 0.06 Accepted

49 19 13 0.47 0.18 Accepted

50 15 08 0.34 0.21 Accepted

51 16 14 0.44 0.06 Accepted

52 19 15 0.50 0.12 Accepted

53 09 08 0.25 0.03 Accepted

54 27 24 0.75 0.09 Accepted

55 26 16 0.62 0.29 Accepted

Table No: 3.23 DV of Items of the Achievement test
I\Sllo'_ DV Freguency [tem No. Remarks
1 Above 0.80 3 1,3 31 Rejected
2,4,5,6,7,8,9, 10,11 ,12,13 ,14 ,15
,16,17 ,18 ,19 ,20,21,22 ,23,24,25
2 Bawe%"8%20 and 50 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
' 37,38, 39, 40, 41, 42, 44, 45, 46, 47, | Accepted
48, 49, 50, 51, 52, 53, 54, 55,

3 Below 0.20 2 36, 43 Rejected
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TableNo: 3.24 Dl of Item of the Achievement

Iﬁlé DI Frequency Item No. Remarks
Between 0.40 and 7,11, 12, 18, 21, 23, 25, 29,
1 0.90 14 31,32, 34, 39, 41 Very Good ltems
Good but
> Between 0.30 and 09 5, 15, 19, 24, 27, 30, 37, 42, Subjected to
0.39 46 .
improvement
Between 0.20 and 16,10, 13, 14, 16,20, 26, | Magind ltems
3 11 Subjected to
0.29 28, 50, 55 e
modification
2,3,4,8,9, 17, 22, 33, 35,
4 0.19 and Below 21 36, 38, 40, 43, 44, 47, 48, Poor Items
49, 21, 52, 53, 54

Forth Step: Final draft of Mathematics Achievement Test

For the final layout of the test, material would rearrange the content areas and

items according to the markings assigned to them. The final test consisted of 34 items

with a maximum score of 80. It took two and a half hours to complete the test. In terms of

content and level, the weights are given in Table 3.25 and 3.26 respectively.

Table No: 3.25 Weightage of content/ unit

S.No | Topics Questions | Marks
1 | Square and Square Roots 4 4
2 | Cubes and Cube Roots 6 6
3 | Rationa Number 4 4
4 | Ratio and Proportion 1 1
5 | Multiplication and Division of Polynomial 6 6
6 | Ruleof Three 1 1
7 | Percentage 4 4
8 | Mixture 1 1
9 | Timeand Work 3 3

10 | Algebraic Number 7 7
11 | Complementary Angles Supplementary Angles and 3 3
Adjacent Angles
12 | Areaof Square and Areaof Rectangle 6 6
13 | Formation of an Equation and its Solution 4 4
Total 50 50
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Table No: 3.26 Weightage of Objectives (Final draft)

S.No Objectives Marks % of Marks
1 Remembering 11 22%
2 Understanding 12 24%
3 Applying 27 27%
Total 50 100%
Table No: 3.27 Blueprint of Mathematics Achievement Test (Final draft)
Objectives
S.No Topics Remembering | Understanding | Applying | Total
1 | Square and Square Roots 2 - 2 4
2 | Cubes and Cube Roots 1 2 3 6
3 | Rational Number 1 1 2 4
4 | Ratio and Proportion - - 1 1
5 | Multiplication and Division 2 2 2 6
of Polynomial
6 | Ruleof Three - - 1 1
7 | Percentage - 1 3 4
8 | Mixture - - 1 1
9 | Timeand Work - 1 2 3
10 | Algebraic Number 3 1 3 7
11 | Complementary Angles - 2 1 3
Supplementary Angles and
Adjacent Angles
12 | Areaof Square and Areaof 2 1 3 6
Rectangle
13 | Formation of an Equation - 1 3 4
and its Solution
Total 11 12 27 50

Fifth Step: Validity and Reliability of Test

The researcher has established the validity of the content through the experts in
this field of content validity. The researcher used the Cronbech's Alpha Test through
reliability in this mathematics achievement test, which has avaue of 0.736
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3.13.8.4 Mixed Type Group Test of Intelligence (Verbal & Non Verbal)-

MGTI
This standard tool is called Dr. P.N. Mehrotra and has developed what is known

as the Mixed Type Group Test of Intelligence (Verba & Non-Verba) or MGTI for short.
The purpose of this test is to determine the mental capability of children aged 11-17
through verbal and non-verbal activity. This tool is based on two types of activity, such
as verba intelligence and non-verbal intelligence. The researcher has included only the
verbal intelligence of thistool. This verbal test has five dimensions. They are as follows:

1. Anaogy Test

2. Number-Series Test

3. Classification Test

4. Vocabulary Test

5. Reasoning Test

Thus, the tool contains 50 issues over five dimensions. The reliability value of the

test varies from 0.89 to 0.91. These tests are in both Hindi and English. Therefore, the
researcher trandated the test into Urdu. After tranglating, the researcher was assigned to
the experts to establish the face validity. The advice after that, with the help of his
research supervisor, the test was modified and finalized as required, and thus the face
validity of this tool was established. The researcher used the Cronbech's Alpha Test

through reliability in this Test of Intelligence, which has avalue of 0.854
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3.13.9 Statistical Techniques

The present study uses various statistical techniques to establish the validity and
reliability of the research tool and to analyze and interpret the data obtained as follows.
1. Central Tendency
2. t-test
3. Anaysisof Variance(ANVOA)

4. Anaysis of Covariance
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Chapter -1V

Data Analysisand Inter pretation

4.0 Introduction

In this chapter results of hypothesis testing are presented in the form of tables and
graph followed by their interpretation. The data were collected through experimentation
followed by true experimental design under which two group designs were used for
giving treatment like approach to deal with the students of the experimental group was
ICT mediated constructivist teaching whereas students who participated in the control
group received treatment through traditional method of teaching. However, these two
groups were formed on the basis of students’ scores on the Mixed Type Group Test of
Intelligence (Verbal & Non-Verbal) -MGTI. Tests were administered twice, just before
the treatment first-time test was administered in both groups whereas after completion of
the treatment final test was administered. The same has been presented in the following
table and it will also give insight into the testing of the following hypotheses.

Table 4.1: Showing research design and planning of the testing hypotheses

Group Test Treatment Test Action
Control MAT — | TA MAT — 11 TTC
Experimental MAT — | ICTMCA MAT — I TTE

Action CEC | = - CEC”

TTC — Control Group pretest and posttest comparison TTE — Experimental group pretest and posttest

comparison
MAT — | : Mathematics Achievement Test (Pretest) MAT — Il : Mathematics Achievement Test (Posttest)
CEC" - Control and experimental group comparison CEC™" - Control and experimental group comparison

ICTMCA- ICT- Mediated Constructivist Approach  TA- Traditional Approach
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Hypotheses Testing- the following hypotheses wer e for mulated which need to be
tested
Hoi: There will be no significant difference in the mean of mathematics achievement of

the students of experimental and control group before treatment.

Hoz: There will be no significant difference in the mean of mathematics achievement of

experimental group students before and after the treatment.

Hos: There will be no significant difference in the mean of mathematics achievement of

control group students before and after the treatment.

Hos: There will be no significant difference in the mean of mathematics achievement of

the students of experimental and control group after treatment.

4.1 Data Analysisand I nter pretation

Hoi: There will be no significant difference in the mean of mathematics

achievement of the students of experimental and control group before
treatment.
The first assumption was that the students of both groups have the same level of

mathematica knowledge. Deciding the dtatistical test for testing this hypothesis

assumption of t-independence is tested which can be shown here.

Table 4.2: Test of Normality — Kolmogrov-Samirnov
Statistics af p-value

Experimental_Control_Group 0.107 60 0.085

The first assumption of t-test is that data must be normally distributed that is
samples are drawn from one distribution. A Kolmogriv-Samirnov test was used for

testing the normality through the SPSS, and outcomes are presented in the table 4.2,
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which shows that data are normally distributes because p-value of K-Stest is 0.085 which
is greater than 0.05 (p. value 0.085>0.05).

Apart from this, one more important assumption for using the t-test which states
that both the groups are homogeneous in terms of their performance in the achievement
test. A Levene’s Test was used for testing this assumption and outcomes are represented

in the following table 4.3.

Table 4.3: Levene’s test for equality of variance

Group N F p-vaue
Control 30 7.057 0.010
Experimental 30

The data of above table indicates that student of both the groups have not equal
level of mathematical knowledge because p-value is 0.010 which isless than 0.05 level of
significance. Since, the data are normally distributed but both the group is not
homogeneous. Hence, Mann-Whitney U test is appropriate for testing this hypothesis
which states “there will be no significant difference in the mean of mathematics

achievement of the students of experimental and control group before treatment”.

Table 4.4 Mean rank difference between students of control and experimental

group
Treatment Groups N Mean Rank Statistics p-vaue
Cohtrol 30 32.05 4.3.500 0.491
Experimental 30 28.95

Table 4.4 isindicating that obtained p-value is 0.491 which is far greater than the

0.05 level of significance. Hence the null hypothesis “there will be no significant
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difference in the mean of mathematics achievement of the students of experimental and
control group before treatment” stands accepted. Therefore, it may be inferred that

students who participated in both groups performed equally in the achievement test.

Hoz: Therewill be no significant difference in the mean of mathematics achievement of
experimental group students before and after the treatment.

The first assumption was that the intervention does not affect the student’s
mathematical knowledge of the experimental group. A pairwise t-test was performed
followed by testing their assumptions. The first assumption is that data must be normally

distributed that is samples drawn from one distribution.

Table 4.5: Test of Normality — Kolmogrov-Samirnov
Statistics df p-vaue
Experimental_Group_Pre-test Post-test 0.069 60 0.200

Table 4.5 showing that pretests and posttest of experimental group students are
normally distributed because p-value is 0.200 which is greater than 0.05.

The second assumption of the paired t-test is the scores of both tests should be
correlated. Hence, a correlation test is performed and the results are presented in the
following table 4.6.

Table 4.6 Showing Paired Sample Correlation between pretest and posttest

scores of experimental group students.

N Correlation p-vaue
Pretest & Posttest 30 0.346 0.042

The table 4.6 showing correlation between the scores of pre-test and post-test of

experimental group students describes how related both each other. It can be seen here
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the correlation coefficient is 0.346 and the p-value is 0.042 which indicates that scores of
pretest and posttest are significantly correlated (r=0.346, p=0.042<0.05). Hence, it can be
concluded that the scores of both tests are paired.

Since all the assumption of the paired-t-test is tested and met. Therefore, the
paired t-test is performed through the SPSS, and the outcomes are presented in the
following table 4.7

Table 4.7 Mean difference between the scores of pretest and posttest of

experimental group students.

Paired sample statistics Paired Sample Test: Pretest — Posttest

Tests N | Mean | SD Mean SD t-value af p-vaue

Pretest 18.00 | 8.094
30 -10.233 | 9.8250 | -5.705 29 0.000

Posttest 2823 | 9.04

The above table described the paired t-test which indicates that t (29)=5.705 and
the p value is 0.000. Here, it can be seen the p is less than 0.05 and therefore, the null
hypothesis “there will be no significant in the mean of mathematics achievement of
experimental group students before and after the treatment ” is rejected. Thus, students of
experimental group significantly performed better in the posttest as compared to pretest

because it indicating means 18.00 and 28.23 in pretest and posttest respectively.

Hos: There will be no significant difference in the mean of mathematics achievement

of control group students before and after the treatment.

Investigator wanted to see whether pre-test and post-test results have any
significant difference among control group. Statistically testing this hypothesis, a paired

t-test was used followed by their assumption of normality and correlation of scores of
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both tests. The first assumptions of paired t-test have been tested and presented in the

following table 4.8.

Table 4.8: Test of Normality — Kolmogrov- Samirnov
Statistics df p-vaue

Experimental _ group_ Pretest Posttest 0.082 60 0.200

Table 4.8 describes that data are normally distributed because the calculated value
of the K-Stest is0.082 and the p_ value for df=60 is 0.200 which is greater than 0.05.

The second assumption of the paired t-test is that the scores of both tests should
be correlated. Hence, the Pearson correlation test is performed and the results are
presented in the following table 4.9.

Table 4.9 Showing Paired Sample Correlation between pre-test and post-test

scores of control group students.

N Correlation p-vaue

Pre-test & Post-test 30 0.462 0.038

The table 4.9 showing correlation between the scores of pretest and post-test of
experimental group students describes how related both each other. It can be seen here
the correlation coefficient is 0.462 and the p-value is 0.038 which indicates that scores of
both tests are significantly paired.

Since al the assumption of the paired-t-test is tested and met. Therefore, the
paired t-test is performed through the SPSS, and the outcomes are presented in the

following table 4.10.
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Table 4.10 Means the difference between the scores of pre-test and post-test

experimental group students.

Paired sample statistics

Paired Sample Test: Pretest — Posttest

Tests N Mean SD Mean SD t-value df p-vaue
Pre-test 18.367 | 5.604
30 -4.2000 | 87035 | -2.643 29 0.013
Post-test 22567 | 7.015

The above table described the paired t-test which indicates that t (29)=2.643 and

the p-value is 0.013. Here, it can be seen the p is less than 0.05, and therefore, the null

hypothesis “there will be no significant difference in the mean of mathematics

achievement of control group students before and after the treatment” is rejected. Thus,

students among control group significantly performed better in the post-test as compared

to the pretest which can be verified from the mean of 18.367 and 22.567 in the pretest

and post-test respectively.

Hos: There will be no significant difference in the mean of mathematics achievement of

the students of experimental and control group after treatment.
Testing the above null hypothesis by using ANCOVA data must be met the following

assumptions.
Residuals should be normally distributed
Both the group should have equal variance

o ~ w DN PP

Dependent variables and covariates are linearly related.

variable and covariate must not be significant.
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Assumption — 1: Residuals are normally distributed
Table 4.11: Showing residuals normality data

Normality Test: Kolmogorov-Smirnov

Variables Statistic af Sig.
Dependent Variable 0.113 60 0.053
Covariate 107 60 0.085

The Kolmogorov-Smirnov test data suggest that the residuals are approximately
normally distributed [p. 0.053 & 0.085 > 0.05]. This can also be understood through the
graphical representation given in the following graph 4.1. Therefore, the first assumption
of analysis of covariance is successfully met.

Graph: 4.1 Residuals Nor mality data
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Assumption 2: Homogeneity of variancethat is both the group should have equal

variance

Table 4.12 Showing homoscedasticity test for testing equality of variance of
treatment groups

Test performing

dfl

df2

p-value

Leven Test

0.706

1

42

0.406

Levene’s test of homoscedasticity test of equal variance is clearly indicates that

both the treatment group that is experimental and the control group are equal variance [p.

0.406>0.05].

Assumption — 3: The Independent variable should not significantly effect on the

covariate.
Table 4.13: Showing equality of the two groups on co-variate
Source Typell Sumof df |Mean Square| F |p-value Partial Eta
Squares Squared
Corrected Model 2.017% 1 2.017 042 | .839 .001
Intercept 19838.02 1 19838.02 |409.33| .000 876
Independent Variable 2.017 1 2.017 042 | .839 .001
Error 2810.967 58 48.465
Total 22651.00 60
Corrected Total 2812.98 59
a R Squared = .001 (Adjusted R Squared = -.017)

Table 4.13 which is showing the data related to the equality of the two groups on

the co-vaiate.

In this table, F (1,58)

=0.042 and P=0.839 indicate that P-

value=0.839>0.05 which clearly shows that the independent variable is not affect
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significantly by the co-variate. Thus, the second assumption of ANCOVA that the

“independent variable does not significantly affect the covariate” is successfully met.

Assumption — 4: Dependent variable and covariate arelinearly related.

Table 4.14: Showing dependent variable and covariate are linearly correlated

(overall)
. Standard ..
Variables N M ean Deviation R-value Decision Remarks
Covariate 60 18.18 6.90 ' |
0.223 0.223<0.8 . (; rr;ga;t )éd
Dependent
Variable 60 25.44 8.52

Table 4.14 Shows the overall relation between a dependent variable and covariate
is 0.223 is less than 0.8 which suggests that both the variables (dependent and covariate)
are linearly correlated. The same can also be observed in the following graph in such a
way that two variables will be correlated if and only if both distribution form a parallel
line i.e., do not cross each other. Therefore, the graph: 4.2 also suggest that both

treatment groups are linearly correlated.
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Assumption 5: Homogeneity of Regression Slop: There must be no interaction effect

between treatment variable and co-variate.

Table 4.15: Showing homogeneity of regression slop
Dependent Variable: Post-Test Scores; Treatment Group: experimental and control

group
Type Il Sum Mean _ Partial Eta
Source df F Sig.
of Squares Square Squared
Corrected Mode 771.4932 3 257.164 |4.107| .011 .180
Intercept 3326.416 1 3326.416 |53.118| .000 487
Treatment groups .028 1 .028 .000 .983 .000
Co-variate 230.974 1 230.974 |3.688| .060 .062
Treatment * co-
_ 58.852 1 58.852 .940 .337 .017
variate
Error 3506.907 | 56 62.623
Total 42988.000 | 60
Corrected Total 4278.400 | 59

a. R Squared =.180 (Adjusted R Squared = .136)

From the above table it can clearly be observed that F(1,56)=0.940, p=0.337
which reflects that there is no significant interaction effect exist between independent
variable and covariate. Hence, the covariate is associated with the outcomes in the same

way between experimental and control groups.
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Table No. 4.16: Tests of Between-Subjects Effects— Final Result of ANCOVA

Dependent Variable/Outcomes Variable: Post-Test Scores

Type I Sum of Mean ) Partial Eta
Source df F Sig.
Squares Square Squared

Corrected Model 712.641° 2 356.320 | 5.696 | .006 167

Intercept 3098.776 1 |3098.776|49.535| .000 465

Pre-Test 230.974 1 230.974 | 3.692 | .060 .061

Treatment SSgeueen 499.342 1 499.342 | 7.982 | .007 123

Error SSyithin 3565.759 57 62.557

Total 42988.000 60
Corrected Total 4278.400 59

a. R Squared = .167 (Adjusted R Squared = .137)

A oneway ANCOVA was conducted to compare the effectiveness of two

teaching method (ICT mediated constructivist teaching approach & traditional teaching

approach) whilst controlling for pre-Test (Covariate) scores. Levene’s test for

homogeneity of variance and Kolmogorov-Smirnov for normality along with the

homogeneity of regression slop and parale line assumption and equality of variance on

co-variate tests were carried out and the assumptions met. The output of ANOVA suggest

that there is a significant difference in mean of mathematics achievement post-test

[F(1,57)=62.557, p=0.007] between the experimental and control groups.
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Chapter -V

Summary, Findings & Conclusions

5.0 Introduction

In the previous chapter, the analysis and interpretation of the data obtained
through the experimental process were described in detail, along with the selection of the
statistical model according to the nature of all null hypotheses and the examination of all
the necessary conditions for the applicability of this model. Also discussed in detail were
data normality, homogeneity, and other conditions. After fulfilling all the necessary
conditions, the selected statistical model was used, the details of which have also been
presented in Chapter 1V. The present chapter presents the summary of the study, findings,
conclusions, and discussion, as well as educational implications and suggestions for

further research.

5.1 Summary of theresearch study

In this regard, it is discussed in the first chapter that, under the current research
title “Impact of ICT-Mediated Constructivist Approach on Teaching Mathematics
Achievement of Secondary School Students,” an attempt has been made to investigate
the effectiveness of an ICT-mediated constructivist approach to teaching mathematics
achievement in students. Knowledge of mathematics helps in understanding and thinking
about all kinds of sciences. Since today's world is completely dependent on science and
technology, more knowledge of mathematics is needed. Therefore, it is the responsibility

of mathematics teachers to try to teach mathematics in the most effective way and in
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simple language. Because the student will be able to perform better in mathematics only
when the basic concepts of mathematics are clear. On the contrary, if the teacher is not
able to explain the basic concepts of mathematics well, then the students interest in
mathematics decreases. And in this way, a negative trend develops for the students. Due
to this, the cognitive ability, logical thinking, reflection, the ability to solve problems, and
mental ability are not developed in the student. As a result, their mathematics
achievement is affected. The recent development of information and communication
technology (ICT) has affected every field, including education. Technology-mediated
learning is especialy important for mathematics students to enhance their logical and
reasoning ability, develop conceptual understanding, and engage in activity-based
learning. Technology-based learning, especially in mathematics, is considered beneficia
for enhancing students' logical and reasoning abilities, promoting active learning, and
developing conceptual understanding. In the past, education and learning in general was
based on only transfer of education, but the recent development of ICT has changed the
approach to learning and teaching. Nowadays, teaching strategies at the school level are
being linked to constructivist approaches to teaching and learning. According to
constructivism, the development of new ideas, knowledge, or experiences is actively
linked to past knowledge or experiences. It emphasizes the construction of knowledge
through social interaction as well as the cognitive structure of the self. In this regard,
Confrey (1990) said that constructivism is atheory of human knowledge that explains the
cognitive acts of humans through which humans construct their knowledge and
experiences (p. 108). Therefore, the focus of teaching should be on developing an

environment conducive to knowledge construction rather than knowledge transfer.
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The Nationa Curriculum Framework (NCF) 2005 has shifted the Indian
classroom to a creative learning environment that focuses on knowledge building rather
than knowledge transfer. It emphasizes student activity as well as knowledge building,
which is based on the already existing concepts and experiences associated with the
content and activities (NCF-2005, p.17). In order to achieve better performance in
mathematics, Indian classrooms emphasize teaching and learning through the basic
principles of a constructivist approach. In this environment, ICT can help foster
innovation throughout the teaching and learning process. Can |ICT-mediated
constructivist approaches to math achievement improve performance through accessible
learning? In the light of this basic question, a research question was formulated, which is

asfollows.

» How effective is the ICT mediated constructivist approach in teaching and

learning to improve mathematics achievement in secondary school students?

Major Objectives
» To study the impact of ICT-mediated Constructivist Approach of teaching on
mathematics achievement of experimental group students.
» To compare the mathematics achievement of ICT-mediated Constructivist
Approach group and Traditional Method group.
Concomitant Objectives
» To develop pre-test and post-test tools for Mathematics achievement tests.
» To prepare lesson plan based on ICT mediated Constructivist Approach of
teaching.
» To prepare lesson plan based on Traditional Approach of teaching.
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» To develop Mathematics achievement tests for previous knowledge in

mathematics

Also, the following hypotheses were formulated to further the study.
Ho1: There will be no significant difference in the mean of mathematics achievement
of the students of experimental and control group before treatment.
Hoz: There will be no significant difference in the mean of mathematics achievement
of experimental group students before and after the treatment.
Hos: There will no significant difference in the mean of mathematics achievement of
control group students before and after the treatment.
Hos: There will be no significant difference in the mean of mathematics achievement
of the students of experimental and control group after treatment”.
In the light of the nature of the research and its objectives, the following delimitations of
the study are stated to avoid unnecessary wastage of time, effort and energy.

1. Thisstudy has done only in Co-education secondary school of Darbhanga district
of Bihar.
2. This study done only in Urdu medium school of Darbhanga district of Bihar.
3. This study done only in Government Secondary School, Darbhanga District,
Bihar.
4. This present study covers only ninth class of Darbhanga district of Bihar.
To compl ete the present research, the experimental method was adopted, under which the

true experimental design was chosen. This design was implemented on the ninth-grade
students of Kamran Model School of Maulana Azad National Urdu University,

Darbhanga, Bihar, using the purposive sampling technique.
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In this reasearch before conducting the experimental process on the students of
class IX of the selected school, P.N. Mehrotra’s A Mixed-Type Group Test of
Intelligence (verbal and nonverbal) test was carried only through verba intelligence to
know the genera mental ability. After that, the students of both sections of this group
were compared on the basis of T-Scores, as a result of which two groups of 30 and 30
students were selected for the experimental process, then through the randomization
technique, students were divided into two groups, one was named as the experimental
group and the other as control group. Students of the experimental group were taught
mathematics through ICT-mediated constructivist teaching, and the students of the

control group were taught mathematics through traditional teaching methods.

A pre-test and post-test were used to collect the data, which was created by the
researcher himself. For this, the researcher first prepared a blueprint for the pre-and post-
test and determined the objectives, content, types of questions, subjects, and other
essential components. After that, face validity was established for its validity by creating
the tools. After that, the Difficulty value and discrimination power of the tool were
determined by piloting. After that, (and then) in order to establish the reliability of the
tool, data were obtained from the Chronbach Alpha Test, with the help of which the
reliability of the tool was determined, which was develop by the researcher. To know the
previous mathematics knowledge, the researcher first developed the blueprint for this
tool, then the tool was developed according to the blueprint, and its face validity was
established. After that, the researcher determined the difficulty level and discrimination

power of the tool from the data obtained through the pilot study. In order to establish the
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reliability of the tool, data was obtained from the Chronbach Alpha Test, with the help of

which the reliability of the tool was determined.

Pre-test and previous mathematics knowledge test were conducted in both groups
before treatment was administered to al students included in the study. Then
mathematics was taught using two different strategies. In which the experimental group
was taught through ICT-mediated constructivist teaching and the control group through
traditional teaching. A post-test was conducted for both groups after the treatment. The
data obtained through both these tests were analyzed and interpreted using t-test and

ANCOVA atistical techniques, from which the following results were obtained.

5.2 Findings of the study

Ho1: There will be no significant difference in the means of mathematics achievement of
the students of experimental and control group before treatment.
Findingl: The p-value obtained after testing the hypothesis is 0.491, which is more than
the 0.05 level of significance. It shows that there is no significant difference between the
means of mathematics achievement of experimental and control group students before
treatment, so the null hypothesis is accepted.

The experimental and control group students who participated in the experimental
process performed equally in the mathematics test before treatment.
Hoz: There will be no significant difference in the means of mathematics achievement of
experimental group students before and after the treatment.
Finding 2. The means of the pre-and post-tests of the experimental group students

obtained after testing the hypothesis are 18.00 and 28.23, respectively, and t (29) = 5.705,
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and the p-value is 0.000. Here, it can be seen that p is less than 0.05, and therefore "there
is a significant difference in the mathematics achievement of the experimental group

students before and after the treatment, so the null hypothesisis rejected.”

The experimental group of students who participated in the experimental process
had a mean of 18.00 before trestment and a mean of 28.23 after treatment. It showed
from the results of pre-test and post-test student performed better after treatment. This
result is supported by the results of Nayak (2011), Lata & Sharma (2013), Pattanaik

(2010), tc.

Hos: There will be no significant difference in the mean of mathematics achievement of
control group students before and after the treatment.

Finding 3 : After testing the hypothesis, the control group students' mean pre-test and
post-test scores are 18.367 and 22.567 respectively, with t (29) = 2.643 and a p-value of
0.013. Here, it can be seen that p is less than 0.05, and therefore there is a difference in
mathematics achievement of control group students before and after treatment. Therefore,
the null hypothesisis rejected.

It is concluded that students of control group who participated in the experimental
process has a mean of 18.00 before the treatment and a mean of 22.567 after the
treatment. It showed from the results of pre-test and post-test that students performed
better after treatment.

Hos: There will be no significant difference in the mean of mathematics achievement of

the students of experimental and control group after treatment”.
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Finding 4: One-way ANCOVA was used to compare the effects of two intervention
methods (ICT-mediated constructivist approach teaching and traditional methods) while
controlling the pre-test (covariate) to test the hypothesis. Levene's test of homogeneity of
variance and Kolmogorov-Smirnov for normality, as well as homogeneity of regression
slope and the parallel line assumption, and equality of variance on co-variate tests were
done, and the assumption was fulfilled. The fina result of ANCOVA shows that there is
a significant difference between the experimental group and the control group in the
mean math achievement test. This result is supported by the results of Adak (2017),
Aydisheh & Gharibi (2015), Asamoah (2017), Tripathy (2010), Bhimarao (2014), etc.

It is concluded that when the control group students are taught with traditional
methods and the experimental group is treated with ICT-mediated constructivist approach
teaching, ICT-mediated constructivist approach teaching is more effective than traditional
methods of teaching.

5.3 Conclusions of the study

In the present study, after analyzing and interpreting the data obtained, the following
conclusions were drawn.

1: There will be no significant difference in the mean of mathematics achievement of the
students of experimental and control group before treatment, after the testing, there is no
difference in the mathematics achievement of the experimental group and the control
group students.

It is concluded that before the treatment, the students of the experimental group

and the control group showed the same performance in the mathematics achievement test.
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2. There will be no significant difference in the mean of mathematics achievement of

experimental group students before and after the treatment” the mean of pre-test and
post-test of experimental group students obtained data after testing is 18.00 and 28.23
respectively and t (29)=5.705 and p-vaue is 0.000. Which is less than p 0.05, and
therefore there is a significant difference in the mathematics achievement of the students

of the experimental group before and after the treatment.

It is concluded that the experimental group was taught through an ICT-mediated
constructivist approach, due to which the students performed better. It showed that the

post-test performed better than the pre-test.

3. There will be no significant difference in the mean of mathematics achievement of

control group students before and after the treatment” The means of the pre-test and post-
test of the control group students obtained data after testing are 18.367 and 22.567,
respectively, and t (29) = 2.643 and the p value is 0.013. Which is less than p 0.05, and
therefore there are differences in the mathematics achievement of students in the control

group before and after treatment.

The students in the control group who participated in the experimental process
had a mean of 18.00 before the treatment and a mean of 22.567 after the treatment,
according to the findings. The control group was taught through traditional methods of

teaching. It showed that the post-test performed better than the pre-test.

4: There will be no significant difference in the means of the mathematics achievement

of the students of experimental and control group after treatment” while controlling for
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the pre-test (covariate) during testing. A one-way ANCOVA was used to compare the
perceptions of the methods (ICT-mediated constructivist approach to teaching and
traditional teaching). Levene's test of homogeneity of variance and Kolmogorov-Smirnov
for normality, as well as homogeneity of regression slope and the parale line
assumption, and equality of variance on co-variate tests were done, and the assumption
was fulfilled. The final result of ANCOVA shows that there is a significant difference

between the experimental group and the control group in the mathematics achievement.

It is concluded that when the control group students are taught traditional methods
and the experimental group is treated with ICT-mediated constructivist approach
teaching, ICT-mediated constructivist approach teaching is more effective than traditional
methods of teaching. The researcher found during teaching that when an ICT-mediated
constructivist approach to teaching was being implemented in the experimental group,
students learned with engaging activities and cooperation. The fear and anxiety of
mathematics were discovered among the students by teaching in this manner, because the
atmosphere of the classroom was democratic and educational. On the contrary, the
students in the control group had difficulties understanding the basic concepts of
mathematics because the control group was taught in the traditional way. During
teaching, the researcher found that students in mathematics classrooms do not take

interest and remain in passive mode.
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5.4 Educational Implications
For students

» Mathematics anxiety can be reduced through ICT-mediated constructivist
approach to teaching.

» Mathematical knowledge can be enhanced and improved in the basic concept of
mathematics, principle, rules, generaities, and other method by using ICT-
mediate Constructivist Approach.

» The students that learned through the ICT-mediated constructivist approach to
teaching increased their skills. Because the constructivist approach emphasizes
students’ own learning by connecting lessons to prior knowledge and experiences.

» Problem solving ability can be promoted in students through an ICT-mediated
constructivist approach to teaching.

For teachers

» Mathematics teachers should diagnose or test the student's previous knowledge
before teaching them new mathematical concepts.

» Teachers must aso give related assignments and frame the motivation,
instruction, and guidance to compl ete these assignments in the group. This creates
the habit of learning by doing in the child and the interest.

» Teachers should maximize the use of ICT in mathematics classrooms because
students learn through ICT in adynamic and effective manner.

» Teachers should use ICT as self-confidence devel ops in students.

» In the constructivist classroom, children learn new information and ideas through

activities. Therefore, mathematics teachers should also use activities related to
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mathematical concepts in their classrooms as much as possible and ensure the
participation of al children.
» One of the principles of the constructivist approach is that children learn about
new information and concepts through activities and groups. Therefore, teachers
should make the classroom and school environment conducive and happy.
» A constructivist approach supports children's independent thinking and reflection
and creativity. Therefore, it becomes the duty of the mathematics teacher to give
challenging tasks and assignments to the students and guide the students in
solving them. Also, give students opportunities and freedom to ask questions in
the classroom.
For school M anagement

The basic principle of the constructivist approach is that the child constructs new
information based on previous knowledge and experience and supports children's in
independent thinking. Therefore, the school management should make the internal and
external environment of the school suitable for teaching and learning, which will create
motivation in the children and encourage them to participate in discussions and learning
activities and which will develop scientific attitudes, ideas, experimental processes,
discovery, and creativity. In addition, the management should set up a mathematics
laboratory and an ICT laboratory in the school and arrange for the use of ICT in teaching
and learning.

For curriculum experts

According to constructivism, children construct new information about new
things based on their previous knowledge, concepts, and experiences and gain extensive
knowledge. In this process, students actively participate through learning activities,
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discussions, collaboration, and learning by doing. Curriculum developers are therefore
expected to include activities in mathematics textbooks that are based on constructivist
principlesand ICT.
For teacher training college

It is afact that the future of education and training of schools is promoted by the
education department based in colleges and universities. Therefore, it is important that
they should provide such training to the learner that is not only from the theoretical
aspects of teaching. Rather, they are well versed in different areas of its practical aspects.
Teacher training colleges should acquire skillsin the use of ICT and give more priority to

the use of ICT.
5.5 Suggestions for further Research

» In the present study, the research work has been carried out by using the 5E
model of constructivist approach. 7E Model, ICON Model, and Concept
Attainment Model can also be used for further research study.

> In the present study, experimental work has been carried out by mediating ICT
with a constructivist approach. For further research, 7E Model, ICON Model, and
Concept Attainment Model can study mediating through ICT.

> In the present study, experimental work has been carried out by mediating ICT
with a constructivist approach. In which independent variable constructivist
approach can be improved children's math achievement by integrating ICT.

» The present study has been done on mathematics subjects, such research can be
done on other subjects such as biological sciences, physical sciences, socid

sciences, etc.
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In the present study, only secondary school students have been included, in such
a study the students of primary and upper-primary schools can be included.

In the present study, only the students of government schools have been
included, students of private schools can also be included in the study.

This study islimited to Darbhanga city; it can be done in schools in other cities.
This study has been conducted only in Urdu Medium schools. Schools of Hindi,
Bangla, English, and other mediums can aso be included for further research.
The present study included only children studying in class I1X. For further

research, children from other classes can also be included.
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Appendix-|

Formation of Experimental and Control Group on the Basis of T-Scores

Intelligence Classification on the basis of T-Scores

T-ScoresLimits Classification Frequency
70 and Above Very Superior 0
63-70 Superior 4
57-63 Bright Average 10
43-57 Average 38
37-43 Dull Average
30-37 Inferior
30 and Below Very Inferior
60

Total Students

Each students I ntelligence level

Total
S.No Gender Age Score T _Scores I nter pretation

1 F 14 17 46 Average

2 F 14 28 60 Bright Average
3 F 14 27 58 Bright Average
4 F 15 26 43 Average

5 F 15 20 47 Average

6 F 13 11 40 Dull Average

7 F 14 12 41 Dull Average

8 F 14 35 68 Superior

9 F 15 32 61 Bright Average
10 F 15 18 45 Average

11 F 15 33 61 Bright Average
12 F 15 14 41 Dull Average
13 F 14 15 43 Average

14 F 14 20 51 Average

15 F 15 25 52 Average

16 M 15 19 45 Average




17 M 15 22 50 Average

18 M 15 25 52 Average

19 M 13 36 69 Superior

20 M 15 18 45 Average

21 M 15 23 50 Average

22 M 15 21 47 Average

23 M 14 20 51 Average

24 M 14 20 51 Average

25 M 15 23 50 Average

26 M 15 24 52 Average

27 M 15 24 52 Average

28 M 14 27 58 Bright Average
29 M 14 18 48 Average

30 M 14 32 65 Superior

31 F 15 31 59 Bright Average
32 F 15 22 50 Average

33 F 15 22 50 Average

34 F 15 24 52 Average

35 F 15 27 54 Average

36 F 15 21 47 Average

37 F 14 22 53 Average

38 F 14 27 58 Bright Average
39 F 15 23 50 Average

40 F 14 22 53 Average

41 F 15 19 48 Average

42 F 14 18 48 Average

43 F 15 22 50 Average

44 F 14 20 51 Average

45 F 15 36 59 Bright Average
46 F 15 15 41 Dull Average
47 F 15 13 39 Dull Average
438 M 14 18 48 Average

49 M 14 15 41 Dull Average
50 M 14 33 65 Superior

51 M 14 21 51 Average

52 M 15 17 41 Dull Average
53 M 15 31 59 Bright Average
54 M 15 17 43 Average

55 M 14 22 53 Average




56 M 15 19 45 Average

57 M 14 13 41 Dull Average
58 M 15 19 45 Average

59 M 14 22 53 Average

60 M 14 30 61 Bright Average

Formation of Experimental and Control Groups by using randomization
techniquesin each category Intelligence

Randomized Group

Group-1 Group-2

6,47, 12,49, 19, 30, 3, 11, 28, 31, 60, 4, 5, 13, | 7,46, 52, 57, 8, 50, 2, 9, 38, 45, 53, 1, 10, 14,
15, 18, 20, 23, 26, 29, 33, 37, 36, 34, 38, 43, 16, 17, 21, 22, 24, 25, 27, 32, 35, 39, 44, 42,
41, 48, 54, 51 56, 58, 59, 40

Total studerts =30 Total students= 30

Randomized Group

Group-1 Group-2

Experimental Group Control Group




Appendix-ii
Pre-Test
Mathematics Achievement Test (MAT
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e P AL L e $i 261 2t B e W S8 B 222
(8 x 3= 24 Marks)
(5x - A4 LJiv poc G026 )1v p 2 irlong S e e lir $IU 5 EC 223
4 = 20 Marks)

Part—A
16=16 x 1 — i F

e KV g <o

(Circle) 71> (d) (Square) &, () (Rectangle) 2" (b) (Triangle)ads  (a)
ce 5 BEX reblee o e Ui 2402

5x -20=10 (a)

5x -10 =15 (b)

5x =30 =30 (o)



4x - 16=12  (d)

e bt Ut 3

=t (@ (Circumference) 7 () st &Zadts () 26107 (a)
A3 3x3 X3t ioiur 4

3°(d) 3* () 3° (b) 3 (@

‘e (Binomial)uz/»dl;(degree) u’/’?ga}."d/l Ou.'fJ;;'.?/,«:aS

X =10 (d) X+10 @ x"+8 (B 10x+8 (2
LU et 36
Variable (d) Coefficient (c) Base (b) Exponent (a)

- bl Fx Ut 5x -7

(Whole Numbers)s/ ! J"( (d (Constant )u&df‘ (¢) Base (b)  (Variable) ;.’.”' (a)
e bl =i 8

(Raw Data) &3¢ (a)

(Whole Numbers) s/« J"( (b)

(Variable) 2~ (c)

(Range) = (d)

J< (equilateral triangle) &AL fy  ABC £iJiz9
AB=BC=AC (a)

AB=BC #AC (b)

AB#BC=AC (¢)

AB #BC£AC  (d)

Kol 31T0,-0) 55 _10

X — axis (a)



Y —axis (b)
sl y—axis s/x —axis (©)

J(Origin) 14+ (d)

<tk Y e, S J(Center) ///J_:; (circumference) bl bbi s _11

-‘at’l}{. .......................................... Chord !Zc;qg(circle)a/’bd{u’(_ 12

U e, (Quadrant) d/g)( J“(Coordinate Plane) i/u% -13

L =dfn 14

1 2 o6 (perimeter) b/ LRectangle)J.w -15

ce bl e gx 20t A 2x Z16
Part—-B

24=8 x 3 —=t A F
_;/()’”d/»d/(3,—4)£a]-17
s S K TSP S5 o san 18
(5,10, (-7,10), (5,-3),(2,6), (0,3)
S dPEz 25xy + 30xyz <19
Wt s s §uslusiat 504 J2 0 k20

2 3 6 2 0 2 7 8 3 7
2 4 3 3 2 3 5 7 2 4
3 2 4 4 3 4 6 6 4 2
5 5 2 6 4 5 2 1 6 0
4 6 3 1 5 6 3 2 3 1
U s 2-4 02 B JBL Pk e (Frequency) $ra9 e b s é;)

?-u:/()",.}/gu’!?nIOcmkju..?wJKo/’l;LfrJl
¢ 3604 Te-10m Sug20m S Ui 222
?‘aupuf&yyﬂé 2* 1 (2°)223



7m

g S Kbl 24

X +y =2
5x +3y =14
Part —c
20=5x 4—=d A F

Gl 3K o ST 100m SelE g6 Liadls 25
LR pz + x4 6226

SISl y=2x 27

Kl 3K 1T 540cm B 7 28

12m —’/(’L’”J/Kur‘?dﬁfz//m{u/‘j =29

A

v

Im




Answer Key Answer Key

7 A 13 4 19 | Sxy(5+6z) | 25 | 795.45m°
8 C 14 | 3.140r22/7 | 20 26 | (x +2)(x +3)
9 A 15 2(l+b) 21 | 314.28cm* | 27
10 10 16 e 22 200m? 28 | 1257.14cm?
(Coefficient)
Radius , Equal 2

11 | 17 5unit 23 29 50m

J.Ia_‘a (-3} k59l-““°
12 Diameter 18 24 e

s




Appendix- iii
Post -Test
Mathematics Achievement Test (MAT

D 5 T
Class: ..o, Gender: ...
SN0 o
RUNAIIUIDAN: ... e

60l F 26 5,

C2nB A e J LU el oy
P AL L v e 026y 20 B db st e P32 L2 bl S50 16 A 201
(16 x 1= 16 Marks) -
e F AL Liv e G261 g2t B Lo i S8 B 22
(8 x 3= 24 Marks)
(5x4=20 _‘L‘f?ﬁaééd!//:_‘adjll*!}?gdlr/zﬁ‘aolﬂflongf}?‘aol)!ru'JU 5U-C 23
Marks)

16=16 % 1 =l
_‘Lﬂuﬁgé_/( pl‘“‘ S5l (Rectangle)dw -1
dpaxdog <3 @ dug+0 @dug xdU B dug+dd ®)
‘ﬁ:.u':‘;..:«!:l/&;ufal/épud U/éu:gj“}g/,y‘_Z

px +qy+c=0 (a)




ax’ +bx +c=0(b)

3x +2y=5(c)

ax’ +bx + ¢ = 0 (d)
b Chord 12 ot (circled A 573

(Non ofthese) U 3Se_2ei (@) Arch () (diameter) & (b) (radius)Hid  (b)
ce LIS 5 XS X S XS XE XS X 5 X5 XS Ui ipsun -4

S5X5X5Xx5X5X5x5x5%x5 .,
9° (d) 57 () 5*(b) 55 (b

?%G[ degreel x*+x* + x>+ 5x° + 2x -3 (polynomias' /& -5

5 (@ 2 () 3 (b) 4 ()
LU ost 2°-6
Variable (d) Coefficient (c) Base (b) Exponent (a)

et (variables)e 22 8 3x* + 57 + 10y =7 7
5(d) 2(c) 3(b) 4 (b)
- L-yf(Discrete Variable) 2 e -8
ddSoAiE ©
ok (@
étj}'@.& (g)
=7  (h)
—e L Uy 6 = Ut I-9
d=+/(xz — )2 + (¥ — ¥1)2 (e)
d =+/(x2 — )2y — ¥1)? €]
=0 -2+ (0 —y)?  ©@




d =/ (y — x)? (h)

SISx + 3y =0 =l 10
KnirLx—axis  (e)
Kni# LY —axis ()

Un L FS

K ni(Origin) 14> (h)

N Lilok(circumference) L bbi s 715-11
v SO LK 3,0 012
(Knowledge)~u,? ....................... (Quadrant) Cf/ J( J“(Coordinate Plane) 5&4 -13
(Knowledge J=co (5 wovvvvrreeeeeeeeeeee e (Value) =d § m-14
(Knowledge ) 1 2 o6 (perimeter) b/ LRectangle)J.w -15
............................. =x" Xy _16

Part—B

24=8 %3 -l FF
S 6 58G,9) ai(6,5) U e b L ST
S KU S 18
(5,3),(-7,3),(10,-3),(5,0),(-3,0)
ez sk v 6 Z19
IC 621358056560 L Us Ut S dsae 20

200-250 150-200 50-100 50-100 0-50 Ol

8 20 12 15 5 SIS U

5&(1/?"’?4“@4/%
Kol FK - 10m HaIE Sl 21
6 st Lol 10m (15 12m L e 1 22



?4;_1/,/&9‘/}&1 223/;l 2> .23
St SEesle 24

x ty =20
10x + 5y = 140
Part—C
20=5 X 4t F F
€l FH NI 264m SLIE S A1 25
ekl pe g’ +8a -5 26
S S bl x + y=2027

Kuﬁ)dfugjauyé_?a;ﬂ/{)’”-&)wl@/’;g.{i ufu'yéu’ui.{l;dw’/&}fffail_ZS
Seupd

_;/rk”ﬁ/gu#uf//m{)/“r‘j =29

4m




Answer Key

1 b 7 a | 13 4 19 | (x+2) (x+3) | 25| 5544m°

2 d 8 | a | 14| 2270r314 | 20| ... 26 (2a-1)
(4a+2at5)

3 b 9 | a | 15 2(ath) 21 | 31428m° [27] ...

4 C 10| b | 16 Xmy" 22 44m° 28 28m°

5 d 11 | 2ar | 17 N 23 23 29 264m°

6 a | 12| | 18] .. 24 | 1.x+5=0

2.2x-3=0




Appendix- iv
Mathematics Achievement Test (MAT)
For previous knowledge

A\ 11 (S

ClasS: oo, (€ S R

SONOO0 oo

RUFAIIUIDAN: ... e e,
55 el £ F 22430 242 1 5
etz lJirdt

?+VU/ (Perfect Cube)gx’/ J"( AR

15000 (d) 18000 (¢) 64000 (b) 35000  (a)

?‘al./u:’/(Rational Number)u&JL C J 30 22

-17 (@ 2a+1 (o) 17 (b) = @
2424334522 9 3
4 4 4 4
= (@ = (© 25 (b) 26 (a)

~Ust BCE = 30" 51ACG = 40° 30 /1 sl 03 SDCF a3t 159 5 oo -4

140° (d) 100° (¢) 110°(b) 120 (2
g S E S S S uimiet S 6 s et S £ 3 5 s
5(d) 4 () &3 (b) &) (a)



ed s equation = bslaF e F035 44 S (Lt F 10 Ui Lx -6
12-4x=20 (d) 10-3x=35 ()3x-35=10(b)3x-10=35 (a)

ol F¥etsled (7x—16) [2x =2 1 7

x=16 (d) x=-16 ()  x=16/3 ® x=-16/3 ()
- (perfect square)l » S62 Ll v sf o 3 4 5 ank -8

10000 (d) 1009 (c) 1125 (b) 1024 (a)
e e d Ui ax-3) + 122 15-5(x + 6) -9

x=10/3 (@) x=-5/3 (o) x=5/3 (b) =-3/5 ()

?%Uy degreed/x4 + X+ 5%+ 2x -3 (pOIYnomial)‘j’/?( -10

1 (@ 2 (&) 3 (b) 4 (a)
L 6wt 11
Variable (d) Coefficient (c) Base (b) Exponent (a)

_‘a/,u,/ﬁd/(f +2°+3)°_12
1196 (d) 1396 (¢) 1496 (b) 1296 (a)

~esmn+p) -13

nxm+p(d) m+nxp () mxn+mxp () nxm+m+p (a)
¢¢ v\ (quotient) (:E“J‘lp?q/(:ﬁc(x+ DS X +4x+21_14

x—2 (d) x+2 () x+3 (b) x+1 (a)
_BES U AT < St se I s (Cube root) Pkt S 15

s=t/3 (D) t=s/3 @ s=t (b) t=s" (2

-?nlfuﬁfdl}uﬁ; xg +2 x% =[] -16

2

4.479 (d) 4.588 (¢) 5.255(b) 4479  (a)



-La&mm‘x)" o 42./ sl Pl _17
w4l (D) >0 () ),wu"bl: () B (a)
e ng BTl et S 130 e gt 129Ut e S S8t 18

4115 (@) 4125 (c) £20 ) £30 ()
e GNAFL LS 19

S e (@ S AE® 0@
_+bnﬁﬁ(2)ﬂ& 220

J~500- (d) J~300 (c) J~200 (b) J~100 (a)

T B LT A1 2590 312 A6 Lotz LT 21
9gmusi16gm (d) 13gmusi12gm (c) S5gm.s20gm (b) 10gm us/15gm ()
QI S W P S SR A3 e 15Ut s 522
40 (d) @220 (c) 30 (b) ¢35 ()
(oS yic Q- G+ =3/5 23
9/11(d) 8/ 11 (c) -17/8®  -11/8 (@
¥ nl¥35% ¥1225 24
426.75 (d) 427.75 (c) 428.75 (b) 428 (a)
?KL:gulff/u)»?gyftﬁuﬁqtﬁés 3 L1 R 2,640 25
<-1/4403200 (D) <-2/14051500 (c)  <-2,34051300 (b)  <-2,240.51400 (a)
- Lperfect square ..{!/,:L — =90 :’/J?le;ﬁé:fcg:{u 226
11(d) 6 (c) 10 (b) 12 (a)
?Kn&:mli'v'/uﬁ!_@/g..{!a,g/bi/éu!,yu’!_‘awm 322980m S et 257 27

250m (d) 280m (c) 300m (b) 290m  (a)



6P LSl ST b S 60 1K s Mstee b L 73 2 L 1/400050 228
oL
&-+,2400 (d) &-1,2800 (c) &-+,2600 (b) £2500  (a)
ce e bl 164 <1 -29
3140k (D) Prime Number (¢c) ~ (Cube) J( (b)  (Square) s, / (a)
e by e Uil (facto)d #526(64m” — 100n) 30
(8m + 10n) (8m — 10n) (b) (8m—10n)(8m—10n)  (a)
(8m + 10n) (d) (8m+ 10n) (8m + 10n) (c)

?‘Lgﬂy/)biﬁﬂ?‘aa cm(}up(d/ u{l/! 31

3acm(d) 6acm (c) 2acm (b) 4acm (a)
oot € it L s 0200000238 Mt 120 740 L= 32
¥ v

200000 (d) 500000 (c) 440000 (b) 800000  (a)

_‘L(Factor)d/‘;'Z{)Q +7x—-18 33
x-9)(x-2) (@ G+9x+2) () -9)x-2) (b) (x+9)(x-2) (a)
St KL LI L 34
1+b (d) 21b () 40+b) ) 2+ ()
¢t (Cube Root) a7 314 (5 s e A 120125:64¢16:20:8<1 -35
2012064 (d) 112020 () 125641681 (b) 120201  (a)
< (standard form)d{ﬁ dJ.L,vK(polynomial)L? J /5’( X+ 5% +Tx+2+5x" _36
2+ X+ 7x +5x + 55 (b) 2+7x+5x +x +5x° (@)
5x°+4x” +10 (@) sx' 4 s +x +7x+2 (b)

¢ st/ remainder ;"u:/,‘fﬁ e x+1/a+5x+3.)1.37



0(d) 1 () 2 (b) 3 (a)

—e bl N 12581 642781 -38

sx36(d)  PrimeNumber(c)  (Cube) o (b) (Square) &,  (a)
bt perfect cube 42 = 4625000 2 b wdsf 180 239

5 (d) 16 (¢) 30(b) 36 ()
—e b s P bperfect cubes 4 ST UE2025 2 ks wsf e es 40

190 (d) 180 (c) 20 (b) 14 (

¢ nl¥cube 46 0.05 -41

0.000125 (d) 0.0000125 (¢) 0.00125 (b) 0.00000125  (a)
?gnggcu:d:}@u;n R s P.,;ﬂg,}/{uwm/,u,bwKdzwm(j/(ffl 42
P+R (d) P=R (¢) P>R  (b) P<R ()

< 172§ (complementary angle)ugﬁl/'(}‘u:rcuﬁcﬂ -43

120°,60° (d) 50”,90° (c) 30°,60° () 45°,90° (a)
ce i LS Ut e b 44

(a-b)(a+b)(d) a’-ab+b(c) a+ab+b (Ba-ba-b) (a)
¥ xYL.C.MK12a°c sl 3ab,9a°c -45

36abe (d) 12a’bc’ () 36a’bc’ (b) 30a'bc” ()

.................. KdJ'Jz_/)}/:)’)bgLLM (right angle) /¢ 4siss( 1 80'¢ Kd?dﬂ/'»d“l -46

(supplementary angle)d;l/‘(}/ (b) (complementary angle)d;ljfz (a)
214 (d) (adjacent angle),w’y ()

el et (at b) ~2ab _47
a’ +2ab + b (d) (a+b)@+b) () a+b (b) a +b (a)

/= H.C.F 662’ s112a’b, 4ab” -48



48ab (d) 8ab (c) 3ab (b)  2ab  (a)
?fﬂ:,ﬂﬁd/mgl_z"féé'géiwKjb.})uulgziuwuw_%so mJLfJJuwu’d/u{l _49
340m (d) 320m (c) 300m (b))  330m (a)
F RS BNt tnts? ol REE,3UEE S s i 1600em” F6yU e L1 250
g s

&-2,1500 (d) &1700(c)  £-2/1600 (b)  &-2,1800(a)



Answer Sheets

NI Lo e
Class: oo Gender: ...
SO0 .o e
RUFAIIUIDEN: .. e

1 16 31 46

2 17 32 47

3 18 33 48

4 19 34 49

5 20 35 50

6 21 36

7 22 37

8 23 38

9 24 39

10 25 40

11 26 41

12 27 42

13 28 43

14 29 44

15 30 45




Answer key

1 16 A 31 46
2 17 B 32 47
3 18 B 33 48
4 19 B 34 49
5 20 A 35 50
6 21 A 36
7 22 D 37
8 23 A 38
9 24 B 39
10 25 40
11 26 B 41
12 27 C 42
13 28 D 43
14 29 A v
15 30 B 45
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Appendix-vi
ICT Mediated Constructivist Teaching Approach — 5 E Based L esson Plan
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Traditional method base lesson plan
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