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ABSTRACT

The present study is an attempt to implement Productive Thinking Model and
find its effectiveness over Existing Method of Teaching on Problem Solving Ability
in Physics and Self-Concept of Standard IX students. Productive Thinking Model is a
Model widely used in marketing field to increase productivity. here, the investigator
made an attempt to implement it in the sphere of education. Other researchers already
tried to develop such a Model in Elementary schools but their works only focused on
the development of Productive Thinking Model as a teaching model not extended to
implement the model and finding the effectiveness of such a model in the schools.
Investigator with the help of supervising teacher made necessary changes and
modifications by considering existing Models of teaching in order to make it

appropriate in educational field.

The method adopted for the study was experimental in nature. Solomon Four
Group Design was the research design adopted for the study. Two control groups
(control group I and control group II) and two experimental groups (experimental
groups I and II) are included in this design. The Productive Thinking Model was used
to instruct Experimental Groups I and II. The Kerala state syllabus was used to teach
the control groups utilising the present method of instruction used in Standard IX.
Only one Experimental group and one Control group received pre-tests out of the four
groups. While post-tests was given to all the four groups.  Students in Kerala state
syllabus schools enrolled in standard IX were the population under consideration for
the experimental study. Four intact standard IX classrooms with about 40 pupils each
made up the study's sample. All together 170 students from four divisions of these two
schools. 88students were given experimental treatment (Experimental group I & 1I)

and 84 were given control treatment ( Control group I &II).

The study was conducted in two phases. In the first phase the investigator
conducted an interview on Secondary School Physics Teachers to find out their views

on Instructional Strategies, Methods and Models using a Semi-Structured Interview



Schedule. In the second phase the actual experimentation was conducted to know the
impact of Productive Thinking Model over Existing Method of Teaching on Problem

Solving Ability in Physics and Self concept of standard IX students.

The findings of preliminary survey revealed that teachers understand the
desired effects of many strategies including logical thinking, reasoning, technology
advancement, and knowledge sharing. However, the majority of teachers are
unwilling to implement such methodologies in the present classroom environment.
Also teachers are aware of multiple methods for providing education, but they
confront certain obstacles in executing them like, time constraints, classroom
management, assessment challenge etc. Again the physics teachers in secondary
schools had proposed various solutions to get beyond the limitations they face while
putting techniques, strategies, and models of instruction into practice. As per the result
from the experimental phase the Productive Thinking Model can be considered as an
effective model to develop Problem Solving Ability and Self concept among standard

IX students over Existing Method of Teaching.

Results also shows that the Pre-tested and non pre-tested groups significantly
differed both in their Problem Solving Ability in Physics and Retention. In both cases,
Pre-tested and non pre-tested Experimental groups were seen to be Superior over the
Control groups. This underlies the advantage of Productive Thinking Model over
Existing Method of Teaching with regard to Problem Solving Ability in Physics. From
the results of analysis it is evident that student who taught through Productive
Thinking Model Perform well than that of students who taught through Existing
Method of Teaching. It highlights the need for new method or way of teaching other

than existing one.

Key words: Productive Thinking Model, Problem Solving Ability in Physics, Self-
Concept, Standard IX students.
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INTRODUCTION

An entire nation's development is based on education, which is the purest form
of wealth. Education is recognized as the soul for all countries for the sake of their
development and advancement. Therefore, the prosperity and development of a nation
only depend on the education of its people. Each and every person in a nation is
transformed by education into respectable, responsible citizens, and this improvement
among citizens ensures the achievement of a higher standard of living. And this
advancement again is possible only by changing raw human beings into human

resources by giving proper education.

The primary goal of education is to develop a child's natural abilities and bring
them into the mainstream. For various people, education may serve a variety of
purposes. Some people see education as a tool for bringing about social change, while
others see it as a source of income and still others as a way to live in harmony with
nature. Therefore, education with a variety of goals is essential to every human being.
Education is the methodical process of acquiring knowledge, beliefs, abilities, and
habits. It describes the intellectual and moral upbringing that gradually broadens the
range of information, cultivates character as well as mental faculties, and creates a
clear pattern of interaction between a person and society. Education takes into account
students overall growth, and this can only be accomplished by providing them with
the appropriate education, which involves integrating all of a person's developmental

features.



2 Introduction

The major objective of National Curriculum Frame work (2005) is reduce the
burdened school curriculum and to bring prominence from rote memorization to
conception of the concept, synthesizing and application through well organized and
integrated approach to teaching and learning. In order to support students in creating
knowledge and meaning, teachers are viewed as facilitators of their learning. The
teacher participates in the teaching learning process as a co-knowledge creator. The
Kerala Curriculum Framework (2007) addresses three main teaching strategies in the
classroom: Issue based approach, Social constructivism and Critical pedagogy. The
educational system needs to provide students the capacity to create knowledge
through dialogue and sharing. Instead of continuing the practice of passive listening,
learners must take an active role in the creation of new knowledge. They should
confront all societal inequalities and analyse their experiences critically. It is essential

to consider many viewpoints and create an integrated perspective (KCF, 2007).

Science is a living, breathing corpus of knowledge that explores new areas of
experience. Within a forward-thinking and progressive society, science can have a
genuinely liberating effect (Rawat, 2011). People can adopt new perspectives on the
world through science education. Science related knowledge gives students the ability
to identify and investigate the intricacy of natural events. Undoubtedly, science offers
a chance to showcase and cultivate many inquiry methodologies. Science education
improve our minds, explore unknown depths, and lead to breakthroughs and
inventions that change the world and add wonder to life. The goal of science education
is to increase comprehension of scientific phenomenon and critical thinking abilities.

Scientific inquiries offer a way to look into, address issues, and analyse scientific
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occurrences. They can also serve to make abstract ideas more concrete and can bring
excitement and motivation among students. Science is fascinating and thought-
provoking. Science lessons in the classroom should provide students with an

opportunity to learn about the nature of science.

Among different subjects in science, Physics is one of the main scientific areas
that have a significant impact on society in many domains. Without physics, none of
the factors such as, social, human, environmental, or economic can be considered in
terms of development. Physics is indeed a subject that fosters creativity among
students. It encourages them to think critically, solve problems and explore how the
natural world works. Solid foundation in physics has a significant indirect influence
on the development of rational thinking, enthusiasm, self-control, unquenchable
curiosity, self-discipline, and boldness all are fundamental components of creativity.
Physics 1s one of the important branches of science in today's world of research and
technology because it forms the basis of scientific reasoning and enables humans to
govern and dominate the physical universe that mesmerizing us since the beginning
of time. One distinctive feature of physics is that the majority of its ideas may be used
to solve issues in everyday life and are applicable to real-world scenarios. Physics
instruction in schools fosters scientific thinking, curiosity, and an attitude in addition
to helping pupils understand the fundamentals of the subject. Their ability to solve
mysteries and improve society is a result of their inventiveness and scientific
temperament. In addition, the majority of students struggle to understand and apply
physics topics. When compared to other science subjects, high school students felt

that physics topics are most challenging to understand, as seen by their low academic
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performance. When it comes to academic performance in Physics, one of the main
areas that students struggle with is problem solving. This might be the result of
improper comprehension of the physics foundational ideas. Therefore, the actual joy
of studying physics is no longer present in the classroom. Even if the curricula in
today's educational system are quite comprehensive, student’s priority is to preparing
themselves with informational knowledge than making real comprehension of the

subject matter.

Fundamental ideas and facts form the basis of a subject like physics and the
vast majority of these concepts are abstract in nature. In order to understand such
concepts and apply it to new and unfamiliar situation students requires highly focused
and systematic thinking called scientific thinking. So scientific thinking is essential
for meaningful learning, understanding and application of various concepts in physics.
Observation, comparison, organisation, prediction, experimentation, assessment,
application, inference, and Problem Solving are some of the many abilities connected
to scientific thinking (Kuhn, 2010). And among these, Problem Solving is the one that
cognitive psychologists believe needs more attention and is connected to scientific
thinking. Problem-solving skills are among the most significant cognitive factors that
researchers wish to investigate in the current educational environment. Solving
problems is innate to human nature. Every human being completes a variety of duties
in his everyday life in order to address various issues. Solving problems is the most
important component of human behaviour and a key to success. According to global

educational Large Scale Assessments (LSAs), Problem Solving is a fundamental
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subject that provides different perspectives to the typical notion of learning school

courses.

In order to foster Problem Solving Ability among students and to create good
problem solvers teachers should use different teaching methods, strategies and models
that better suit the particular subject or topic. In this changed society, sticking on the
same method and process of teaching is utter foolishness. There must be researches
and discoveries to develop new strategies and models of teaching that overcome the
draw backs of the outdated methods of teaching. Teachers who stick to rigid teaching
methods are unable to accomplish a range of learning goals, for which education is
intended and executed. Additionally, they fall short of meeting the demands of
students with complex personalities and diverse learning preferences. Teachers should
employ various teaching tactics to align with the aims of instruction and the diverse
learning styles and personalities of their students in order to complement such
inadequate implications (Passi, Singh & Sansanwal, 1991). The strength of education,
according to Dunn and Dunn (1990), Fischer and Fischer (1979), Joyce and Weil
(1980), and others, lies in the clever use of a wide range of methodologies, matching
them to various objectives and modifying them to fit the personalities and styles of
the students. Teaching competency is derived from the ability to connect with a

variety of students and provide them with a rich, multifaceted learning environment.

The term "Models of Teaching" originated from Joyce and Weil's (1972)
search for a range of teaching pedagogies or tactics to accommodate different learning
styles. An engineer does not create a building according to a bridge model. It is

intended to serve a specific function. Models are interpreted in the field of education



6 Introduction

like they are in to the context of, bridges, dams and other structures. Consequently,
instructional models outline the actions required to achieve the intended result. A
teaching model, according to Joyce and Weil (1972), is a design or strategy that is
useful to create an active interaction in classrooms and in other locations, as well as
to shape curriculum and extended courses of study. A lot of focus has been placed on
enhancing the teaching process during the past 20 years, leading to the creation of
numerous teaching models by different researchers. These models are all grounded in
theories, hypotheses, postulates, empirical studies, and intuitions. According to Joyce
(1990), "we need to design appropriate instructional strategies which help our students
grow emotionally, physically, socially, and intellectually in order to provide an all-
around development." Theoretical understanding and real classroom instruction still
differ greatly. It is necessary to integrate teaching models as methods into our
instructional practices. Different teaching philosophies have developed to create
curriculum. Joyce and Weil's seminal study from 1980 compiled 24 such instructional
approaches. Due to their interactive, participative, adaptive, implementable, and
compelling qualities, these teaching methods offer a great deal of promise for
accomplishing the goals and objectives of instruction. They are divided into four
groups: 1. Models of Information Processing; 2. Models of Social Interaction; 3.

Models of Personality; and 4. Models of Behaviour Modification.

Here, the researcher used an innovative model that comes under information
processing family to teach physics in the classroom. The name of the model is
Productive Thinking Model and is developed by Tim Hurson (2007). In order to do

this, the researcher thoroughly reviewed a variety of cutting-edge teaching models,
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instructional tactics, and their effects on the teaching and learning process, particularly
with regard to problem-solving techniques. Thinking creatively is more than Critical
and imaginative thinking. Productive Thinking is a fruitful result of the synchronized
fusion of analytical and creative thinking. "Creative Thinking reveals the kind of
thinking that leads to new insights, new approaches, fresh perspectives, and entire new
ways of understanding and conceiving of things," according to Eragamreddy (2013).
The American Psychological Association lexicon defined "Creative Thinking" as
"mental processes leading to a new invention, solution, or synthesis in any area."
Creative thinking empowers the individuals to create novel and genuine products,

discover fresh approaches, and arrive at a synthesis.

The investigator sheds light on the Productive Thinking Model, demonstrating
how it can be incorporated into science education in a novel way and avoiding
functional fixedness which stands in the way of productivity, and emphasizing

ideational fluency, which unlocks productivity.

The study of essential elements of "self," or the Self-Concept, has received
more attention in recent decades. This is because understanding and forecasting the
many dimensions of human behaviour is crucial to the educational process. Self
Concept has crucial role in one’s life, successes and other positive life events which
guide towards strengthening one's Self-Concept while breakdown, stress, and other
demeaning occurrences will take in to decline one's notion of oneself. Self-Concept is
becoming seen as being crucial in the field of education as well. Since it has been
shown to have strong relationships with a number of individual characteristics,

including learning, motivation, attitudes, perception, and adjustment, which all
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influence the academic and additional achievements both within and outside of the
classroom. A student's ability to meet learning objectives is directly linked to their
Self-Concept, which encompasses their beliefs, ideas, actions, and self-evaluations.
So it can be concluded that Self-Concept is the ability of an individual to recognize
oneself. A shift from conventional method of teaching which stresses more on high
achievement and getting greater grades for future admission may cause refreshment
among students. Students will get a chance to get out of the box and think freely and
collect their own ideas and fix the right one after self evaluation. So, this study also
tries to know whether Productive Thinking Model of teaching has any impact on Self-

Concept of students.

Need and significance

In a developing and forward-thinking society, Science has the potential to
actually liberate people, enabling people escape the tragic cycle of poverty, lack of
education and credulity (National Curriculum Framework - 2005).The fundamental
premise is that, science is a subject that may alter people's perspectives and attitudes.
So science education can lead to social change. According to the National Education
Policy (NEP- 2020), each subject's curriculum should be pared down to its most
fundamental components and allow for more comprehensive, research-based,
analysis-based and argument-based learning along with critical thinking. The content
should focus on important topics, components, facts, theories, consequences, and
Problem Solving. Interactive classroom environments which support questions from

students are foremost in teaching and learning process. In order to provide deeper and
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more experience based learning to students the classroom activities must be

entertaining, creative, investigative and life related.

Since we are living in the "Age of Creative Science", Physics contributes to
scientific advancements by giving the knowledge needed to accomplish the
objectives. Knowledge in Physics enhances one's capacity for professional and
practical growth as well as subjective and scientific understanding. Even though the
constructivist class room provides motivation to learn and make teaching learning
process interactive the students in the classroom are still unable to comprehend the
concepts in physics easily. As a result, excellent designing was needed for the teaching
of physics during the teaching-learning process. Problems with learning challenges in
science education have been the subject of international science research and the PISA

programme (Programme for International Student Assessment).

Nowadays the teaching learning processes in schools has been changed a lot.
There is a great shift from mere rote learning to activity oriented, child centered
learning. Even though these changes are taking place in most of the class rooms in
India they are emphasizing more on high academic achievement and ways of getting
better grades. In this scenario, our educational system should be in tune with the
changes in the society and it should be able to get along with the advancement of
science and technology. In order to face real life challenges and to be successful in
life education should high spot the significance of problem solving. So our classrooms
should be able to create good problem solvers rather than students who score high

grades.
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Instead of increasing information, education should open up a student’s
potential for invention and discovery (Duckworth, 1964) and provide them with the
skills they need to overcome obstacles and stay up with the developments in science.
However, these goals are not satisfied by the classroom teaching strategies now in
use. It's true that as science has become so popular, teaching science in schools has
become more difficult than it has ever been. And a variety of options need to be
instilled in the young minds in a way that is suitable, dynamic, and ever-evolving.
Students should be able to learn about the framework of science through science
education. Teachers need to give students structured tasks, guidelines, and

constructive criticism as they reflect on and analyse their science-related doubts.

Scientists and science teachers today felt that science teaching to be redesigned
to better suit the needs of the modern world and make science more engaging for
students. As a physics teacher, the investigator believes that teaching physics is
distinct from teaching other subjects. Physics instruction ought to be grounded in
student’s curiosity, inventiveness, objectivity, sensibility, and spirit of inquiry
(Smitha & Praveen, 2018). The investigator believes that most students in our classes
simply learn the definitions of topics without understanding what they meant. In the
classroom, students are passive listeners who lack mental activity, which entails
interpreting and assimilating fresh data. In this regard, the researcher looked for an
instructional model that would uncover each child's learning potential, offer a suitable
framework for creating the particular learning objectives, and bringing a fresh creative

perspective to students.
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In this study the investigator has chosen independent variable as Instructional
strategy which includes Productive Thinking Model and Existing Method of
Teaching. Dependent variables in this study were Problem Solving Ability in Physics
and Self-Concept. Productive Thinking Model offers an organised framework for
coming up with original solutions to challenges. Foundation, Ideation, Evaluation,
Stabilisation, Implication, and Application are the six steps that make up this model.
The Productive Thinking Model was created by Hurson (2007) specifically for
management studies. However, the researcher has tried to apply it to the sphere of
education. The models that are now available are taken into consideration, and the
necessary components are added. These days, there is a growing need to develop new
teaching methods. Because rather than focusing on high achievement levels to land
better employment that would provide financial security, we need good problem
solvers who are confident enough to take on difficulties in future or to find answers
to complicated problems in life. Additionally, in order to help students to develop a
stronger sense of self, teachers should provide them complete flexibility to overcome
obstacles in the classroom. Therefore, the researcher felt that Productive Thinking

Model might have an impact on student’s Problem Solving Ability and Self-Concept.

Additional reading on the Productive Thinking Model unveil that the model
sparked a sincere and natural curiosity and guided the researcher in determining how
useful it was for instruction. Any significant effort to develop a new teaching approach
will be very beneficial and a cure for the current boring way of instruction. Therefore,
the purpose of the study is to determine how well the Productive Thinking Model

affects secondary student’s Problem Solving Ability in Physics and Self- Concept.
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Many studies have showed proven benefits of models of teaching (Titus &
Bincy, 2016; Alam, 2017; Varshney, 2017; Mir & Tandon, 2022; Ambarini, Faridi,
Sukarno & Yuliasri, 2023) on Achievement. Siswanto, Susantini & Jatmiko (2018)
found the effectiveness of the IBMR teaching model to improve physics Problem
Solving skills. Also a study conducted by Olaniyan & Omosewo (2018) developed a
Target —Task Problem Solving model and proven its positive effect up on creativity
skills in physics. Hence, compared to academic success in physics or any other topic,
the number of studies that created specific teaching models that influence students'
capacity to solve problems in physics is extremely less in number. Chaudhary &
Pariksha (2002); Suryaneli, Sudjarwo & Risma (2021); Lali (2020); Rani (2015)
found positive effect of models of teaching on self concept of students. Pinto & Clare
(2018), in their study shows that Autonomous learner models is positively related to
Self esteem too. Studies on relationship between models of teaching and its impact
on Self-Concept are found less in number. Need analysis study conducted by Tyas,
Harjana and Wahyuningsih (2021) shows that there is high demand of creative
teaching materials including learning media with the support of pictures and videos
with a large model that is capable of developing Problem Solving Ability among
students. Qotrunnada (2022) conducted a study with the intention of analyzing the
elements that cause secondary school students to struggle with Problem Solving in
physics class. The study's findings indicate that the models of teaching applied must
be meaningful as they are essential components to examine secondary school students

Problem Solving Ability
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There exist lots of researches in the field of education that use Problem Solving
Ability as its main indicator. But not much of the recognized research attempted to
create a teaching model that would foster student’s abilities to solve problems in
physics. Especially no such studies are there which connect Productive Thinking
Model and Problem Solving Ability in Physics. Therefore, present study tries to
implement Productive Thinking Model among secondary school students that might
affect the Problem Solving Ability in Physics and Self-Concept of students. This is a
modest but earnest attempt to add to the body of knowledge so that educators can

develop methods for fostering their student’s Problem Solving Ability.

These observations prompted the investigator to ask the following questions,

1. Is there any effect of Productive Thinking Model on Problem Solving Ability

among standard IX students?

2. Is there any effect of Productive Thinking Model on Self -Concept of students?

3. Is this Productive Thinking Model is capable of replace Existing Method of

Teaching in terms of student’s ability to solve problems in Physics?

To find out answers to these questions, the investigator decided to conduct a
study on “Effectiveness of Productive Thinking Model on Problem Solving Ability in

Physics and Self -Concept of IX standard students.”

Statement of the Problem

The problem statement describes the challenges to be addressed, the variables

chosen, and the goal of the research. This study aimed to find out the effectiveness of
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Productive Thinking Model over Existing Method of Teaching on Problem Solving
Ability in Physics and Self-Concept of Standard IX students. Problem Solving Ability
is one of the important life skills and is foremost in our daily lives, at house, at school,
and at work place. The educational system, in recent years has been increasingly
emphasizing on higher-order skills. Problem Solving Ability is one of the important
21st century skills that one has to acquire for successful living. This study is an attempt
to inculcate Problem Solving Ability among students through the introduction of

Productive Thinking Model.

As an attempt to find answers to the above questions the problem is stated as,
Effectiveness of Productive Thinking Model on Problem Solving Ability in Physics

and Self- Concept of standard IX students.

Definition of Key Terms

Effectiveness

Effectiveness is defined as the capacity to generate the desired outcome
(Oxford Advanced Learner's Dictionary, 2000). The degree to which goals are met,
problems that are specifically addressed are handled, or a purpose is fulfilled is

referred to as Effectiveness (Cuddon, 2013).

Effectiveness is operationally defined as a notable improvement over the
desired results, such as student’s Self -Concept and their Problem Solving Ability in

Physics.
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Productive Thinking Model

It is a methodical technique to Problem Solving or developing innovative
ideas. This model incorporates many strategies that are done at different stages of the

process. (Hurson, 2007)

In the present study, Productive Thinking Model is a teaching model in which
the physics concepts are taught through six stages. Researcher employed the six staged

lesson plan to teach the content.

Problem Solving Ability in Physics

Problem Solving Ability is a mental procedure aimed towards obtaining a
goal, when no possible solution becomes apparent to the problem solver (Mayer and

Wittrock, 2006).

In the present study, student’s "Problem Solving Ability in physics" was
defined as their capacity to solve a problem using previously covered physics ideas,
taking into account the elements of understanding the problem, making sense of the
problem, and coming up with a solution. Mean score taken from Problem Solving
Ability test prepared based on the main components sensing the problem,
comprehending the problem and finding solution to the problem are considered as the

Problem Solving Ability in physics of students in this study.

Self- Concept

"The person's belief about themselves, taking into account their characteristics

and sense of self”" (Baumeister, 1999)
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In the context of this study, Self-Concept is defined as IX standard student’s
optimism, self-acceptance, and self-confidence in their abilities and potentials. And is
measured using the mean scores obtained from Self-Concept scale prepared with

dimensions optimism, self-acceptance, and self confidence.

IX standard students

IX standard students means, students studying in secondary levels in schools

recognized by the Kerala state Government.

Variables of the Study

The primary goals of the research were to determine the superiority of the
Productive Thinking Model over the Existing Method of Teaching and to examine the
impact of Productive Thinking Model on Problem Solving Ability in Physics and Self-
Concept of standard IX students in Kerala State. Here is a description of the

Independent, Dependent, and Control variables.

Independent Variables

The independent variable selected for the study were,

. Models of teaching (Productive Thinking Model)

. Method of teaching (Existing Method of Teaching)

Dependent variables

The following dependent variables were assessed:

. Problem Solving Ability in Physics

. Self- Concept
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Control variables

The control variables selected for the study are,

Pre-test score of Problem Solving Ability in Physics

With relation to the subjects of the experimental and control treatments, this
is the students' initial academic standing. It might have a significant impact on

ultimate success.

Pre- test scores of Self Concept

With relation to the subjects of the experimental and control treatments, this
is the students' initial Self Concept score. It might have a significant impact on

ultimate success.

Verbal intelligence

The impact of verbal intelligence on academic achievement is significant. The
influence of intelligence could be the cause of any changes in the dependent variables

after treatments.

Socio-Economic status

Students' educational opportunities are directly influenced by their family's
Socio-Economic status. The high Socio-Economic position of the family may

potentially be the cause of the dependent variable’s change in the present study.
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Objectives of the Study

The assertions that assist or guide the investigator in analysing the variables
and their effects are regarded as objectives. The study's main objective was to find out
how well the Productive Thinking Model worked in comparison to the Existing
Method of Teaching for improving standard IX student’s Problem Solving Ability in

Physics and the development of their Self- Concept.

Based on the main objective some specific objectives have been developed:

1. To identify the prevailing and innovative Instructional Strategies, Methods

and Models adopted by teachers to teach Physics at Secondary School Level.

2. To find out the issues (if any) experienced by the Physics teachers in
implementing innovative Instructional Strategies, Methods and Models at
Secondary School Level and to suggest measures (if any) to overcome the
constraints in implementing the innovative Instructional Strategies and

Models at Secondary School Level.

3. To compare the mean post-test scores of Problem Solving Ability in Physics

of experimental and control groups for the Total sample, Boys and Girls.

4. To compare the mean post-test scores of Self-Concept of experimental and

control groups for the Total sample, Boys and Girls.

5. To compare the mean gain scores of Problem Solving Ability in Physics of

experimental group I and control group II for the Total sample, Boys and Girls.
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To compare the mean gain scores of Self-Concept of experimental group I and

control group II for the Total sample, Boys and Girls.

To compare the mean retention scores of Problem Solving Ability in Physics

of experimental and controlled groups for the Total sample, Boys and Girls.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on Problem Solving Ability in Physics of pre-tested experimental

and control group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on Problem Solving Ability in Physics of non pre-tested

experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method

of Teaching on Self-Concept of pre-tested experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method

of Teaching on Self-Concept of non pre-tested experimental and control

group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on retention in Problem Solving Ability in Physics of pre-tested

experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on retention in Problem Solving Ability in Physics of non pre-

tested experimental and control group.
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Hypotheses of the Study

A study's conception and execution depend heavily on its hypotheses. A
formalised hypothesis will compel us to consider the outcomes we ought to search for
in an investigation. It was required to make certain assumptions about the studies

anticipated results in this one as well.

The following hypotheses were intended to be tested by the current

investigation.

1. There will be no significant difference in mean post-test scores of Problem
Solving Ability in Physics of experimental and control groups for the Total

sample, Boys and Girls.

2. There will be no significant difference in mean post-test scores of Self-
Concept of experimental and control groups for the Total sample, Boys and

Girls.

3. There will be no significant difference in the mean gain scores of Problem
Solving Ability in Physics of experimental group I and control group II for the

Total sample, Boys and Girls.

4. There will be no significant difference in the mean gain scores Self-Concept
of experimental group I and control group II for the Total sample, Boys and

Girls.
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There will be no significant difference in the retention scores of Problem
Solving Ability in Physics of experimental and control group for the Total

sample, Boys and Girls.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability

in Physics of pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability

in Physics of non pre-test experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of pre-

tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of non

pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem

Solving Ability in Physics of pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem

Solving Ability in Physics of non pre-tested experimental and control group.
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Methodology

Method

Experimental method is used for the present study.

Design of the study

The design used for the study was Solomon Four Group Experimental
design. The study included two experimental groups and two control groups. The two
experimental groups were taught through Productive Thinking Model and control

groups were taught through Existing Method of Teaching.

Sample Selected for the Study

The population selected was IX standard students studying under Kerala state
syllabus. The researcher selected the sample from Poyilkav Higher Secondary School
and Thiruvangoor Higher Secondary Schools from Kozhikode district. For the present
study the investigator randomly selected a sample of 172 students from four divisions
of these two schools. 88 students were given experimental treatment (Experimental
group I & II) and 84 were given control treatment (Control group I &II). The
experimental groups were taught using Productive Thinking model and control groups

using Existing Method of Teaching.

Tools, Techniques and other materials used for the study

To complete the current investigation, the investigator employed the tools,
techniques and other materials that are explained below. The researcher's own tools

as well as those of others which were adopted also listed.
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Semi- Structured Interview Schedule for Secondary school Physics Teachers

(Athira & Bindhu, 2021)

The schedule was created to help secondary school Physics instructors learn
about the existing and creative instructional strategies, methods and models they use
when teaching Physics. The interview will also look into the constraints and obstacles
they have when implementing new methods and making suggestions. Expert advice

was gathered to validate the schedule.

Lesson Transcript for Productive Thinking Model (Athira & Bindhu, 2021).

The investigator prepared Lesson Transcripts in Productive Thinking Model
for the selected chapter of IX standard Physics Text book under Kerala state syllabus.
The selected chapter for the treatment was break down in to 13 sub topics. For
treatment in the Experimental group I and Experimental group II the investigator
developed Lesson Transcript based on Productive Thinking Model through the

following stages of the model.

. Foundation
. Ideation

. Evaluation

. Stabilization
. Implication

. Application
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Lesson Transcript for Existing Method of Teaching (Athira & Bindhu, 2021)

The most common approach used in Kerala State's Secondary Schools is the
Process Skill Oriented Method. Based on the Process Skill Oriented Method, which

has been validated by the subject matter experts, the lesson transcripts were created.

Problem Solving Ability test in Physics (Athira & Bindhu, 2021 )

This test is meant to measure the Problem Solving Ability of the students in
Physics. The investigator creates the test based on the specified topics, as previously
mentioned. The Problem Solving Ability Test was developed by Athira & Bindhu (
2021). Comprehending the Problem, Clarifying the Problem and Finding solution to
the Problem were the major components selected while preparing the test. The test

has been standardised and its validity and reliability have been verified.

Self-Concept Scale (Bindhu & Alphonsa, 2016)

For the study, Self-Concept was measured using the Self-Concept scale
developed by Bindhu & Alphonsa (2016). The test consists of five sub components
namely, Physical self concept, Moral self concept, Social self concept and Academic

Self-Concept.

Verbal Group Test of Intelligence - VGTI (Kumar, Hameed, & Prasanna, 1997)

For the study, the Verbal Group Test of Intelligence (VGTI) developed by
Kumar, Hameed & Prasanna (1997) was used to test the Verbal Intelligence of
students. the test is a combination of five sub tests in which each sub tests consists of

twenty multiple choice items (altogether 100 items). There are five components that
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constitute total score of verbal intelligence and they are namely Verbal Analogy,
Verbal classification, Numerical Reasoning, Verbal Reasoning and Comprehension.
The test should be completed by note more than an hour of time. The test has
maximum score of 100 and minimum score of zero. The total score obtained will be

the sum of five subtests and which is treated as the Verbal Intelligence of students

Socio-Economic Status Scale (Vineetha & Bindhu, 2018)

Socio-Economic Status (SES) is an extremely significant variable in social
science education and researches. Socio-Economic Status of a family means the
positioning of the family in the setting to which the family fits. Socio-Economic Status
could be well defined approximately as access of one to economic, communal,
civilizing and human investment source. A student’s Socio-Economic Status includes
educational achievement, work related status, and personal salary off parents. Review
of literature on the basis of Socio-Economic Status Scale, the researcher selected four
zones such as Education, Occupation, Material possessions and Economic/social
position both in India and abroad. Under each area some alternatives were added and

every alternative has its own score.

Statistical Techniques Used

To complete the analysis and to arrive at the conclusions, the researcher used
the following statistical techniques, which include both descriptive and inferential

statistics.

. Preliminary Analysis which includes Mean, Median, Mode, Standard

deviation, Skewness and Kurtosis.
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. Percentage Analysis to find opinions of Secondary school Physics teachers on

various Instructional Strategies, Methods and Models.

. Mean difference Analysis to compare the mean scores of Problem Solving

Ability test and Self-Concept

. One way ANOVA to compare the effect of Productive Thinking Model on

Self -Concept and Problem Solving Ability in Physics.

. One way ANCOVA procedure was employed to find the effectiveness of
Productive Thinking Model over Existing Method of Teaching on Problem
Solving Ability in Physics and Self-Concept even after controlling the

covariates singly and in combination.

The ensuing chapters call for a thorough examination of the data and a

discussion of the findings.

Scope of the Study

Physics is a challenging subject mostly because it requires extensive learning
procedures to comprehend. This subject demands the learners to handle with different
types of demonstrations, including procedures, measurements, graphical
representations, and also an abstract theoretical understanding (Saleh, 2014).
According to Erdemir (2009), physics is regarded as the most difficult topic in all of
science, and not many students are interested in studying it. Better learning
environments can be produced and this hesitation can be removed with innovative and

creative learning scenarios. Models of Teaching like Productive Thinking Model can
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be developed and implemented for Physics education in the secondary level.
Researcher views the chance to interact directly with ground-breaking innovations in
education, such as the Productive Thinking Model. Productive Thinking Model of
teaching never go out of style, even in an age where instructional situations and virtual

classrooms are common place.

The major objective of the present study was to find out the effectiveness of
Productive Thinking Model over Existing Method of Teaching in terms of Problem
Solving Ability in Physics and Self-Concept of IX" standard students. the design
selected for the study was Solomon Four Group design. The appropriate tools,

techniques, and materials were used for this study.

Researcher felt appeased with the outcome of study since it can be
implemented by Physics teachers in the classroom. Numerous research, as indicated
by the literature reviews demonstrate how well teaching models suit physics
instruction. It is anticipated that the outcome will promote favorable ideas about

delivering education in this manner.

In the current educational environment, a wide range of teaching approaches
and models are available to accommodate various learning scenarios. Students in
secondary school exhibit greater energy and a desire to learn. Their eagerness can be
directed towards providing a forum for learning, reasoning, creating, discussing, and
making decisions, as well as for putting their energy to use in other ways. In addition
to all the academic benefits, educators have the power to shape their pupils into better
people. A different instructional technique that is applicable to the current situation is

the Productive Thinking Model, and it was included in the current research.
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Productive Thinking Model is invented to increase the Problem Solving
Ability and decision making power of students not only in the class rooms but also in
their real life. The major aim of Productive Thinking Model is to improve the
confidence level of students to face challenges and think out of the box and find the

right solution to complex problems through creative thinking.

The investigator has selected a sample of standard IX students for the
experimental study, and examined the student’s Self-Concept and ability to solve
physics problems in order to determine the impact of the Productive Thinking Model
compared to the existing method of teaching for the content transaction. The
investigator believes that it will provide a roadmap for future researchers and
practitioners of cutting-edge instructional strategies. Therefore, physics teachers and

students in secondary schools can profit greatly from this work.

Delimitations of the Study

The variables chosen for the current investigation were done with sufficient
care by the researcher. Carefully chosen prior research on the factors under

consideration was done, along with a thorough study of the literature.

Despite having overseen the entire experimental process, including the choice
of variables, tactics used, instruments, methods, and supplies used, as well as the

adequate data analysis with caution, certain restrictions might have crept into its route.

Since the researcher is a Post graduate in Physics, The experiment focused
exclusively on Physics and was taught fully in English. The researcher solely

considered standard IX students from Kerala state.
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The sample included four distinct classes: Experimental Group I,
Experimental Group II, Control Group I, and Control Group II. However, there may
be early disparities in pre-experimental status in terms of Problem Solving Ability in
Physics, Self-Concept, Verbal Intelligence, and Socio-Economic status and theses
were statistically controlled using analysis of covariance. Therefore study guarantees
a reliable outcome. Investigator did all possible attempts to negotiate the impact of
extraneous variables, hence the investigator anticipates that the study's findings will

be generalisable.

The chosen topic only covered one unit from the IX standard Physics textbook.
The results may only apply to the state of Kerala, as the curriculum was based on a

required textbook for students in Kerala .

Investigator has selected Problem Solving Ability in Physics and Self-Concept
as the dependent variables for the study. Productive Thinking Model was selected as
the independent variable. The researcher considered that the variables that were
chosen had greater relevance among the cognitive and affective factors that influence

learning.

The study was confined to two schools by the investigator purposefully for the
better implementation of Productive Thinking Model. The researcher have spend lot
time with in the school before the experimental phase for the purpose of understanding
the student teacher relationships and to know the status of students, their attitude
towards the subject physics and also their previous achievements. This is for

establishing the equivalence of the groups to some extent.
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Regardless of these delimitations, the researcher made every conceivable
attempt to ensure that the current investigation was as legitimate as possible. The
researcher hopes that this study will provide insightful information to Productive

Thinking Model in physics classroom.

Organization of the Report

Introduction, Review of Related Literature, Methodology, Analysis,
Summary, and Finding and Recommendations are the six chapters. And the whole
thesis is organized in this manner. The explanation of each chapter and their

subdivisions are provided below.

Chapter I: Introduction

This chapter goes into detail regarding the study's history, need, and
importance. It also includes a synopsis of the Study's objectives, variables, definition
of key terms, and hypotheses. This section depicts the study's limitations, scope, and
methodology as well. The report's structure is described in detail in a later section of

introduction chapter.

Chapter II: Review of Related Literature

The review of literature and previous research in the area of this study are
covered in this chapter. The first section describes the theoretical underpinnings of the
Problem Solving Ability in Physics and Self-Concept. Second part details about the
Review of Related Studies on Models of Teaching and Problem Solving Ability, Self-

Concept and Models of Teaching, Problem Solving Ability and Self -Concept.
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Chapter I1I: Methodology

The third chapter is Methodology, which includes the study's sample, tools

used, data collection procedures, and statistical techniques used.

Chapter I'V: Analysis and Interpretation

The statistical procedures used to test the hypotheses and achieve the goals are

covered in the fourth chapter.

Chapter V: Summary of Findings

Comprises an overview, the study's key findings and the plausibility of the

hypotheses

Chapter VI: Recommendations of the Study

The final chapter is recommendations of the study and it includes educational
implications derived, suggestions for further research and recommendations for more

research.
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REVIEW OF RELATED LITERATURE

A review of the literature is an essential component of every research. It
includes a comprehensive framework regarding related ideas, other pertinent studies,
the research design used, and also the relevance of the variables chosen to conduct the
investigation. A review assists a researcher to have a detailed knowledge that will lead
to establish a connection with the variables they have chosen. It also keeps them from
doing redundant research. The present study aimed to find out the effectiveness of
Productive Thinking Model on Problem Solving Ability in Physics and Self-concept
of standard IX students of Kerala. The researcher has worked seriously to manage the
evaluation of the sources that are now available for the chosen variables in the years
leading up to 2023. The following headings organize the related studies and the

theoretical framework.

. Theoretical overview of the variables

. Review of related studies

Theoretical Overview of the Variables

The essential theoretical aspects of the independent and dependent variables
in the present study are explained in detail in this section. Independent variables of
the study are Model of Teaching (Productive Thinking Model) and Existing Method
of Teaching. The dependent variables include Problem Solving Ability in Physics and

Self-Concept. Theoretical overview of the Independent variable for the current
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investigation, which is Model of Teaching (Productive Thinking Model) is described

as follows:

Models of Teaching

Teaching models are the teaching process approach, which falls somewhere
between the teaching method and the teaching approaches. It seems to be putting
forward a specific, measurable method of dealing with students that fosters their
growth more than any other method could. When employing the teaching models the
teacher has a clear focus and frame of reference. It is helpful in structuring the course
of study, creating teaching theories, organizing and planning instructional activities

for young learners.

A teaching model offers suggestions for creating an environment and activities
that are informative. Teaching models are developed from a variety of sources,
including behavior modification, psychology, group dynamics, academy, and
personal experiences. Models of teaching have been helped for the functional and
structural guidelines to develop instructional materials. With the learning theory,
supporting procedures, the available support technology, the learner’s intellectual and
personal qualities, and a social and cognitive goal, they are dynamically interactive.
In order to rationalize them and divide learning outcomes into separate categories,
they have a frame and point of reference. Learning contexts can be specified using
teaching models. They support teachers in expanding their reach and providing a more

stimulating and engaging learning environment for students.
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Various educationists have given the phrase "Model of Teaching" varied
interpretations. Nonetheless, models of teaching are perspective point-based
instructional techniques (Eggen et al., 1979). Their ability to achieve certain learning

objectives sets them apart from more generic teaching approaches.

Dececco and Crawford (1997) distinguished between a theory of teaching and
teaching models, claiming that models lacked the rigor of Formal theories. They are
purposefully and methodically designed to take into account every significant

variable. Theory with empirical testing may eventually emerge from the model.

Hunt (1970) proposes a model for optimal growth that allows educators to
tailor the learning environment to each student's specific needs. However, he views

this as a teaching model.

A model of teaching is defined as "a term, imitation, condition, category,
prototype representation considered as a standard of excellence to be envied, emulated

and accentuated, of course, in teaching," according to Taneja (1989).

A teaching model does not take the place of an effective teacher. It is a kind
of goes well with the latter. Numerous models have emerged from efforts to make
society better, including the goal of drastically reforming it either on purpose or by

accident.

"A model of teaching seeks the systematical exploration of interaction among
educational purposes, pedagogical strategies, curricular designs or materials, and
social and psychological theories," state Joyce, Weil and Showers (1991). The motto

of instructional models is "teaching through creating environments."
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According to Passi and Sansanwal (1991), a well-structured and demonstrable
theory, the stipulations of both intentional and unintentional objectives, intellectual
syntax expressed in terms of a step-by-step sequence, teacher’s explicit reactions, and

a description of classroom support are characteristics of a teaching model.

According to Brady (1985):

1. The models are not highly developed theories; rather, they represent

guidelines for planning and carrying out instruction.

2. No single model is thought to be better than another, and no single model is

able to achieve the variety of subjects and goals.

3. The models lack clear boundaries between each other, therefore they are not

very discrete.

4. A comprehensive understanding of every model results in increased

adaptability and effectiveness.

The development of instructional models is still in its early stages. As of right
now, we know very little about how to support students development in a variety of
phases, and even less about creating instructional models that appeal to students. The
continuum that contains several paradigms can be found at two extremes: teacher-
dominated and learner-centered. The teacher can more easily link a certain method or

a specific model with a wider scheme by identifying the models on the continuum.
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Classification of Models of Teaching

Joyce and Weil (1985) categorized teaching models into "four families" based

on the educational goals attained through the use of various approaches.

1. Information Processing Family
2. Personal Family
3. Social Interaction Family

4. Behavioral Family

Information Processing Family

Information processing includes how people hold inputs from their
environment, classify information, identify problems come up with ideas and
solutions, and use both spoken and nonverbal symbols. While some information
processing models focus on the learner's capacity for problem-solving and hence
encourage creative thinking, others are more interested in the general intellectual
concepts and knowledge found in academic subjects. It is important to note,
nevertheless, that almost every model in this family also addresses social interactions

and cognitive expansion of an unified, functioning self.

Information processing models demonstrate to students ability to think
inductively, work with others to get knowledge, and reason in certain ways. They also

help students strengthen their memory.

Information processing models aim to achieve the following:

. The proficiency with which the inquiry is processed.
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. The understanding of information, ideas, and generalizations.

. The development of several cognitive abilities, including observation, drawing

conclusions, making hypotheses, etc.

The table below provides specific information about models in the information

processing family.

Table 1

Different models in Information Processing Family

SI. Important .
No. Model theorists Objectives or Goals
Intended to support the development
L ‘II‘quII'y Hilda Taba of mducftlve thought processes and
Training Model academic reasoning, or theory
construction.
’ Science Inquiry Joseph J. Developed to teach the inquiry
) Model Schwab framework of an area of study.
This tool is mostly for inductive
Concept . .
. reasoning, although it can also be
3. Attainment Jerome Bruner
used to generate and analyse
Model
concepts.
Inquiry Richard . o
4. Training Model Suchman Instruction of planned inquiry
Designed to improve the capacity to
Advance meaningfully take in and relate
5. organizer David Ausubel different collections of knowledge
Model and to process information more
efficiently.
Je?“ P1aget, Intended to promote overall
6 Development Irving Sigel, intellectual growth, particularly in the
’ Model Edmund g P y

Sullivan

area of logical reasoning
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Personal Family

Personal models are focused on the growth of the individual. They place
special emphasis on the methods by which people create and arrange their own reality.
This approach focuses primarily on emotional life. The model's primary goal is to
enhance interpersonal relationships by assisting people in creating dynamic
relationships with their environment. Since every person is different, developing a
cohesive, self-assured, and significant personality requires a personal approach. The
teacher has a responsibility to enable learners to reach their full capability by

implementing this strategy in teaching learning process

The major objectives of personal models are,

. To improve the perceptions of self-esteem among students.
. To assist students in their self-understanding.
. To assist students to set their learning goals.

The Personal Development Model Family includes four models: David Hunt's
Conceptual System Model, Fritz Perls’ Awareness Training Model, William J.J.

Gordon's Synectics Model, and Carl Rogers’ Non-Directive Model.

Social Interaction Family

The relationship between an individual and society or other individuals is
highlighted by social interaction models. The main goal of the approach is to help
people become better communicators, participate in democratic processes, and work

kindly in and with society.
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The models focus on a person's social associations, how they maintain

relationships and fit in with society at large.

The goals of the models are,

. To assist students in working to recognize and resolve social and personal
problems.

. To develop human relationship skills.

. To become conscious of one's own and society's social and personal values.

The social interaction methods include Group Investigation, Laboratory
Method, Jurisprudential, Role Playing, Classroom Meetings, Social Inquiry, and

Social Simulation.

Behavioral Family

Every model in this family shares a common theoretical foundation known as
behavior theory. The learner's observable behavioral improvements are highlighted.
The emphasis of these approaches is on reinforcement and feedback. The
development of skills such as intellectual, social, personal, and psychomotor skills is
the main objective. They also foster interpersonal skills, societal values awareness,

and self-awareness.

Behavioural family models include desensitization, assertive training, direct

training, self control, stress reduction, relaxation, and contingency management.
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The researcher went over the specifics of teaching models, teaching tactics,
and various techniques. The investigator selected a model namely Productive
Thinking Model, created by Canadian author Tim Hurson (2007) specifically in the
field of marketing. It was changed in the academic context by applying necessary
changes and modifications with the help of supervising teacher in the current study to
achieve better results. This model will fall under the information processing family

when its structure and features are taken into consideration.

Productive Thinking

Productive thinking was first described by gestalt psychologists. Reproductive
and productive thinking were the two processes they distinguished. Reproductive
thinking is essentially the mechanical application of previously learnt and reinforced
associations through habits and experience. Repetition, conditioning, habits, or well-
known intellectual ground are linked to it. The practice of employing higher order
thinking skills to create something new is known as productive thinking. Various
types of cognitive activity are covered by constructive thoughts like, Inference,
comprehension, causal reasoning, Problem-solving, creative thinking, assessment and
critical thinking, as well as decision-making and conservative thinking. Constructing
more complete and significant thoughts that transcend the information provided is
made possible by higher order thinking, which is achieved through the combining and
indirect application of knowledge. In an academic setting, productive thinking is
frequently used to improve comprehension, evaluation, reasoning, and decision-
making. The word "productive thinking" was also used by Romiszowski (1981) to

refer to Bloom's (1956) higher level thinking processes, which include analysis,
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synthesis, and evaluation. He asserts that successful idea generation and
comprehensive plans serve as a roadmap for decision-making. It is a type of thinking
which will take steps to change brain and existence, making it a useful tool for those

trying to interact with and survive in the world.

According to the definitions provided by researchers, productive thinking is
the mental capacity to organize, reason rationally, analyze, synthesize, evaluate, and
make decisions in order to arrive at a solution. Deduction, comprehension, reasoning,
creative thinking, problem solving, evaluative thinking, decision making, and
intelligent reasoning are the main areas of emphasis for productive thinking.
Productivity thinking is regarded by Cunningham and Macyregor (2013) as a system
of perspective shifts to address an issue. According to Alexander (2022), it is a
synthesis of creative and critical thinking. It is described as a problem-solving strategy

by Hurson (2007).

Conceptualization of productive thinking in science teaching

Because it incorporates higher order thinking components thinking
productively is never a novel idea in the educational process but it is an essential
component of it. Since science offers a vast amount of opportunity for these elements,
developing the student’s capacity for analysis, synthesis, and evaluation is our main
priority while teaching science. Teaching productivity with thinking establishes a
balance between both components in scientific learning so that students can learn

something new instead of just memorizing drills and exercises.
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Higher order thinking skills are essential to science, research and technology.
Without critical and innovative thinking, science is extinct. All of the higher order
thinking skills particularly in scientific classes can be enhanced in students through
the use of productive thinking. It is an integrated application of critical and creative
thinking to generate novel and valuable ideas as well as to make creative thinking

useful.

Productive Thinking Model

The ability to be creative is crucial for solving problems. Lack of creativity
makes it difficult to comprehend the issues that surround a problem and to choose
appropriate solutions. Also, you might not be able to resolve the issue. The answer to
this is found in Hurson's Productive Thinking Model. It is a useful strategy for
increasing creativity in Problem-solving. This model encourages innovation and
critical reflection at each and every stages. This implies that you gain a deeper
comprehension of the issues you encounter, leading to the generation of more creative

concepts and solutions.

The Productive Thinking Model was developed by author Tim Hurson, and
was published in his book Think Better in 2007. This is a six staged model and is an
integration of creativity and Problem solving. The six steps include Foundation,
Ideation, Evaluation, Stabilization, Implication and Application. Tim Hurson has
developed Productive Thinking Model for Management studies. But the investigator
has made an attempt to extend it in to the field of education. Necessary changes and
modifications are done by considering the available models and adding the needed

components.
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This model can be included into the syllabus to teach scientific content. The

Productive Thinking Model follows the processes shown in the illustration.

Figure 1

Processes of Productive Thinking Model

Foundation

\ 4

Application [ CE]

* \ 4

Implication

Stabilization

The six steps are,

Foundation

The idea behind this stage is that creativity never occurs in a vacuum. In order
to achieve this, we must offer a knowledge base from which productivity can be
derived. Since motivation, memory, creativity, and critical thinking all play a part in
productive thinking, it is important to establish a foundational stage in which teachers
manipulate students' prior knowledge to engage them in the material and use student-
centered strategies like activities, technology-enhanced instruction, and

demonstrations to teach.
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Ideation

In this level, ideation fluency is prioritized over the creative part of productive

thinking. The following ideas serve as the foundation for ideation.

. Quantity comes before quality.
. Innovation is hindered by functional fixedness.
. The obstacle preventing creation is criticism.

Students are free to think creatively and from a variety of angles by sticking
to the previously mentioned principles. In this situation, a teacher's job is to pose an
issue in a way that challenges students, upsetting their balance and encouraging them
to come up with solutions. To do this, we must reduce criticism. That is criticism of
oneself or criticism from others, as it prevents one from being creative and avoids
emphasising memorization, drill, and skill. This methodology allows for the use of
forced connection, brainstorming, creative free writing, and cognitive inquiry in this

aspect of science education.

Evaluation

The critical thinking component of productive thinking is represented by this
phase. It entails assessing creative thought through critical thinking in order to change
the idea and make it workable. As critical thinking takes domain criteria into account,
it gives the developing ideas value, strength, potential, usefulness, and
appropriateness. Peer assessment and presentation are two tactics that can be used in

science classroom instruction to assess concepts that are still in their infancy.
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Stabilization

This is the fourth step in the productive thinking process. During this phase,
teachers clarify any doubts students may have. Students then use strategies such as
concept maps and summaries to solidify the topic. By doing this, students stabilise the

topic in a disciplined fashion that will last for several days.

Implication

The fifth step of the productive thinking model distinguishes between creative
and productive ideas. Following evaluation, the next step is to apply the idea to a real-
life scenario to provide feedback. Productive ideas are those that can solve problems
in real-life situations. After completing the five steps of constructive thinking,

students will have a solution to the problem.

Application

In this stage of the model teacher should give similar situations to students to

apply the learned ideas. Real life application comes in this step.

Metaphysical analysis of Problem Solving Ability

One of the higher order skills that one needs to develop in order to improve
one's existence in the universe as it exists today is the Problem Solving Ability. In the
study of psychology, Problem Solving is the process of reaching an objective that is
not immediately apparent but may be reached by removing all obstacles. The Greek
word "problema," which meaning impediment, is where the term "problem"

originates. The term "problem" may refer to an issue or circumstance that is thought
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to be undesirable or dangerous and that requires investigation and resolution. People
deal with a variety of problems with their daily lives for which there may not be a
quick solution. Problems can be referred to as issues, disputes, obstacles, dilemmas,
or difficulties depending on the context. But from a cognitive perspective, there are
questions that need to be answered. An issue that arises when someone has a condition
of affairs, a series of events, or a goal they wish to effectively bring about or reach but
they are unsure of how to get there. According to Newell and Simon (1972), To
analyse a scenario, three key pieces are required: the starting problem state, operators
that convert it to new states, and operators that judge if it is a solution. A problem is
described as a controversial or challenging issue that has to be resolved and is
challenging to comprehend, carry out, or handle (Concise Oxford Dictionary, 1995).
According to Hayes (1989), an issue arises whenever there is a difference between
where you are and where you want to be and you are unable to figure out how to get
across it. A problem is one that has sets of starting states, target states, and path
restrictions (Wood, 1983).The components of a problem are called givens, which are
the elements, relations, and conditions that determine the original state; the
components of an obstacle are the qualities of the problem solver or the circumstances
of the problem that make it difficult to change the initial state into the desired state

(Davidson, Deuser & Sternberg, 1994).

It is clear from the several definitions of problem that there are two things in
common: an obstacle and a goal. A goal is an objective that a person has previously
set out to achieve. Distinct people have developed distinct goals. A student claims that

his objective is to master the material. He may set objectives and sub-goals to



47 Review

accomplish the purpose of the subject learning in order to do that Setting goals is the
most important and vital step in solving problems. The limitations or barrier we
encounter when trying to solve problems make up the second component of the
obstacle. These obstacles prevent us from achieving the goal right away. For instance,
when a student is attempting to solve a problem related to their course work, they
thoroughly analyze the issue, come up with solutions, assess the solution, and use
various tactics to reach the objective. The learner's degree of expertise, the nature of
the problem, and the topics could be the barriers that need to be removed in order to

achieve the objective.

An organized study up on a challenge or inability in order to discover a
solution is known as Problem Solving Ability. Reflective thinking is the process of
carefully considering the facts, one's own judgment, and other elements of one's
mental experience in order to arrive at conclusions that are reasonable in relation to a
given issue or inadequacy. Finding a way out of a situation or around an obstacle to
achieve a goal that was not immediately reachable is known as Problem Solving
(Polya, 1981). Mayor (1992) summarizes the following three key elements of the
Problem Solving definition: a) The reason Problem Solving is cognitive is that it takes
place inside intellectual system of the problem solver. b) Problem Solving is a
procedure because it requires a problems solver to manipulate or perform operations
on their knowledge, and c) it is directed because the problem solver is trying to
accomplish a certain objective. It involves organizing an issue in student’s brains to
stimulate eager, thoughtful thought that leads to a logical solution. Three elements

seem to be of concern in this instance: which presents an incapacity, problem, or
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awkwardness that needs to be solved, a goal or aim involving a situational feature for
which a direct response cannot be given, and an aspiration or desire that motivates an
effort to find a solution. Problem Solving occurs when the problem solver gives the
situation enough weight to be solved, but his planning or behavior is insufficient or
inappropriate to enable him to come up with a workable solution. In cases such as
these, workable solutions will only come to pass when he acquires new information

or makes use of connections that he previously did not recognize.

The majority of Problem Solving is a cognitive process, and several theorists
have provided various explanations and descriptions of it. There are two categories of
problem solvers that we can consistently identify: general problem solvers and high
spotters of two types of thought processes associated with Problem Solving abilities.
According to Newell and Simon (1972), they comprehend processes and search
processes. And the other is a skilled problem solver, who views Problem Solving as a
sophisticated process that involves defining and expressing the issue, identifying
potential solutions, investigating potential courses of action, implementing those
solutions, and then reflecting on and assessing the results of those actions (Bransford
& Stein, 1984). Problem Solving is a cognitive process that calls for the identification
and examination of a specific issue, the expansion of potential courses of action, and
the application of skills and knowledge to overcome obstacles and arrive at a suitable
solution. The approach we'll take in relation to the nature of the issue. Psychologists
use a cycle to explain how they solve problems (Bransford & Stein, 1984; Hayes,

1989: Stenberg, 1986). The cycle's main parts include problem identification, problem
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representation, strategy planning, information organization, resource allocation,

progress tracking, and assessing the solution.

Problem Solving — Distinct viewpoints

Behaviorists view Problem Solving as a process that can be replaced. That is,
when someone approaches a challenge, he or she subsequently demonstrates a
conduct that was shown effective in a prior occasion. As a result, effective behavior
is developed by a trial-and-error approach based on Thorndike's (1898) law of effect.
Thus, the viewpoint on Problem Solving also holds that if an individual tries to solve
an issue by using the trial and error approach and comes up with a solution, that
stimulus response connection that gives strength to the problem and solution will be

retained more.

Gestalt psychologists view resolving problems as a useful endeavor. They
assert that when an issue is being thought through, we can restructure the problem
depiction in a way that could trigger an unanticipated epiphany that would help us
solve the problem. Gestalt psychologists view a problem as a whole, as opposed to
breaking it down into its component pieces. This progress addresses two categories of
barriers to effective problem solving: the Einstell effect and functional fixedness. The
Einstell effect refers to a person's tendency to become ill from or adhere to a single
approach as well as a person's tendency to use a particular strategy that he keeps
private, even when there are alternative, more effective ways to address that particular
issue. It highlights the detrimental effects of prior experience on Problem Solving and
discourages us from choosing better answers to the problem at hand. Functional

fixedness is a collection of cognitive biases that lead someone to believe that an object
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or technique originally intended for one particular event should only be used for that
occasion, without considering the object's or method's potential uses for other

purposes.

Psychologists who specialize in cognitive processes In 1972, Newell and
Simon researched insight difficulties. They proposed labeling generic problem solvers
(GPS) with computational theory. This hypothesis falls within the category of
traditional cognitive psychology theories of information processing. The problem is
given to the solvers with the beginning state, goal state, and operator to move from
one state to another, according to Newell and Siomon (1972) and Mayer (1992). In
order to construct movements or transition from the initial state to the objective state
through intermediate stages, solutions to that type of move problem involve the
implementation of operators sequentially. Thus, insight is a key component in the
negotiating move problem since it helps to design a fruitful move at multiple stages,
according to cognitive theorists. The PISA (Program for International Student
Assessment) framework from 2003 states that the following four reasoning skills are

part of the fundamental competencies for problem solving.

1. Analytical reasoning: characterised by an incident in which the learner must
apply formal logic principles to determine required or sufficient conditions or
to establish causation between the restrictions and conditions presented in the

problem stimulus.

2. Quantitative reasoning: characterised by circumstances in which the learner
must employ mathematical properties and procedures to solve a given

problem.
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3. Analogical Reasoning: characterised by circumstances in which the learner
must solve an issue using a context that is similar to the problem. The learner
is familiar with or incorporates a problem framework that they have previously
solved. The characteristics or context in the stimulus material vary, but the
driving force or casual mechanism remains the same. The student should be
able to answer the problem by interpreting it in terms of previous experiences

with similar situations.

4. Combination Reasoning: characterised by instances in which the learner must
analyse a range of components, consider all combinations in which they may
exist, evaluate each of these different combinations in relation to the same

objective constraint, and then select from, rank, and order the combinations.

Analytical conception — Problem Solving Ability

Problem Solving is considered one of the composite intellectual activities.
Because it is a higher-order cognitive procedure, we can change talents depending on
the nature of the situation. Over the last century, psychologists have been interested
in travel over problems solving. There are various approaches for researching problem
solving, including as task analysis, experimentation, introspection, factor analysis,
psychological exams, cross-sectional and longitudinal studies. There are numerous
theoretical formulations on problem resolution presented by experts in this field.

Several of them are highly spotted below,

According to Walla's description (1926), the issue-solving process consists of

a range of methods to obtain a solution, including 1. Preparation, which comprises
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describing the problem and conducting trials to find a solution.2. Incubation - having
done a lot of tries to solve the problem and couldn't reach the solution, and then the
problem is laid aside for some time with the aim that the answer would pop in to the
mind of the problem solver while the solver is thinking of it. 3. Illumination is the
process by which a solution arises unexpectedly, and 4. Verification is the evaluation
of the solution to determine whether it works on the problem (Sadler Smith, 2015).
Dewey (1933) emphasised the importance of cognitive processes that help individuals
adapt with a new hostile environment, and reflective thinking exists in such settings.
When a person experiences doubt and attempts to clear it up. He divides the reflective
phase into two stages: pre-reflection and post-reflection. And the level of thought that
occurs between the two stages. According to Ducker (1945), Problem Solving
necessitates a sequence of interpretations of the issue, each one lead to new vaguely
interpreted expression till the end solution is gained. Ducker described Problem
Solving as the observation of what people actually say while solving a laboratory
challenge. The theoretical formulations imply that when a person attempts to solve a
problem, he progresses through the phases from a broad scope to a practical solution
to a concrete solution. Gagne's (1965) approach organises learning into eight sets in a
hierarchical structure. Such abilities include sign or signal learning, stimulus response
learning, chaining, verbal association, multiple discrimination, idea and principle
learning, and problem solving. According to Gagne (1965) Problem Solving is the
greatest coniguration of learnedness, and achieving the skill will naturally allow all
other learning stages mentioned above to follow in order, with the exception of signal

learning.
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In their book Human Problem Solving, Newell and Simon (1972) distinguish
problem space theory from other Problem Solving approaches. According to this idea,
individuals can solve problems by distinguishing in a problem space. The problem
space is divided into three sections: initial state or current state, goal state, and all
possible states in between. In order to shift from one state to another, we must take
specific actions. Such activities are referred to as operators. The person's knowledge
domain assists him in selecting operators, but they provide heuristics in the event of

new problems. There are three heuristic techniques:

1. Repeat state avoidance or back up avoidance which implicit individual will

avoid such behaviours that may lead to a past problem

2. Difference reduction or hill- climbing, the individual will choose these actions

that help find a similarity between the beginning state and goal states.

3. Means ends analysis - is a composite heuristic that, using difference reduction,

identifies actions that must be completed in order to reach a conclusion.

The following are the different states to compare the two states, which are the
initial state and the goal state: goal setting to resolve the differentiation between the
two states, operator selection to resolve the differences, ensuring that the operators
work for the goal that has already been set; if not, set a new goal that can be achieved
with that operator and return to the previous step with the newly discovered goal set.
To obtain operators, we can utilise one of three methods: trial and error, direct

instruction, or analogies.
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Duncker (1945) developed the funnelling theory of problem solving, which
provided a novel description of various features of problem solving. Duncker suggests
that issue-solving involves rephrasing the problem until a definitive solution is
reached. Dunker's explanation focuses on what people actually do and say while
attempting to solve laboratory-created problems. This analysis means that as one
begins to solve problems, his concepts can be defined in terms of these major phases.

That is, from a broad range of functional solutions to specific solutions.

According to Bransford and Stein (1984), successful problem-solving
involves five processes. And they are: identify, define, explore, act, look, and learn.
According to this theory, the initial step in the process is to recognise the problem,
define and characterise the possible solution, or formulate a hypothesis. Next, we must
test the hypothesis. Finally, we should review the solution and understand how it will
assist us tackle sub problems. When a final satisfying answer is established, we can
apply the IDEAL technique to a variety of challenges. Mayor High spots three crucial

features when building a course on teaching problem solving.

1. Problem Solving ability can be developed by means of training and practice,
and it can be taught as a single monolithic capability or as a group of smaller
skills. Component skills can be taught separately. Mathematical Problem

Solving and linguistic skills are examples of this.

2. To teach problem-solving, either focus on the outcome (e.g., correct answer)

or the method used to solve the problem.
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3. Problem Solving can be taught using a domain-free general framework so that
students can transfer between domains rather than relying on knowledge for a
specific domain or subject domain so that students can only apply strategies
within that domain. Mayer argues that emphasising component skills over a
single general ability will assist to teach Problem Solving more effectively.
This indicates that we must prioritize procedure over product, and domain

specific over context-free settings.

Marzano's model of Problem Solving (1997) proposed a six-step procedure for
making Problem Solving easier. This model's processes include establishing the aim,
determining potential methods for reducing limitations, selecting the best substitute,
and evaluating the substitute's efficacy. According to Polya (1957), a well-known
mathematics educator, Problem Solving skills can and should be taught in order to
recognise the technique for problem solution. He proposed four fundamental
principles. They are: Understand the situation, design a solution, implement the plan,
then look back to reflect. Campell (1995) proposed a different stage approach for
problem resolution known as P.A.C.E, where 'P’ for problem' refers to the
identification of a goal. ‘A" stands for Alternative, which is the re-solution to the
problem solution 'C'. Impose the consequence and 'E' for evaluation, which means

selecting the most appropriate substitution.

Problem Solving Ability and its dominant components

According to Smith (1991), Problem Solving Ability is influenced by two
factors: internal and external. Internal factors are those that are associated with the

issue solver's personal characteristics, such as primary domain expertise, previous
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knowledge, or experience with identical problems. Knowledge of tactics and
cognitive skills that help a person solve problems. It fully depends on the problem
solver. External variables also influence the nature of the problem. Jonassen described
five external characteristics that are associated with Problem Solving skills. Such as,
1. Structuredness: There are several types of problems based on their structure, such
as well-structured problems and poorly organized problems. The eccentricity of ill-
structured problems is (i) Problems that arise in daily life. (ii) They are not barriers to
a specific content domain and are emerging, with no authorized methods of resolution.
(iii)) They must include different content domains to demonstrate their
interdisciplinary nature. (iv) They have conflict aims, numerous solution methods,
and use different criteria to evaluate the solutions. The well-structured difficulties (i)
are associated with conventional education (ii) are established at the end of the
textbook and in assessments. (iii) All of the information required to solve the problem
is provided. (iv) To solve the problem, a restricted set of principles and rules should
be applied sequentially. (v) obtain valid and convergent solutions (vi) have approved

solution processes (Wood, 1983).

The second factor influencing problem solutions is context, which touches on
the framework in which the problem is rooted. Well-structured problem categories,
such as strong problems, reveal that the difficulty is founded in superficial story
conditions that have no impact on the learners. On the other hand, ill-structured
problems, like design difficulties, are so context-oriented that the problem has no
importance outside of the settings under which it occurs (Jonassen,2006). The third

component is complexity. Meacham and Emont (1989) discovered that there are
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challenges that differ in terms of complexity. Complexity refers to the
interdependence of the internal and exterior components. Problem Solving difficulty
is related to the way in which the problem solver interacts with the problem. The
problem's significance to the problem solver, as well as the necessity or urgency of
solving it. The total number of variables and functions related to the problems are also
evaluated. In this approach, we can distinguish three types of complexity: components
complexity, coordinate complexity, and dynamic complexity (Wood, 1993). The first
two types deal with the number of elements and their interconnections, while dynamic
complexity deals with changes in interactions over time and context. The fourth factor
that mediates problem resolution is Dynamicity - This is another component that deals
with the interactions and exchanges that can take place on the interactions in relation
to the nature of the problem and the period of demand for these changes. The fifth
aspect is domain or context specificity, which indicates that psychological issues
within a certain domain are determined by the strategies associated with that area
(Mayar, 1992; Smith, 1991; Sternberg & Frensch, 1991). Domain-specific techniques
are significantly more effective than domain-general strategies. As a result, it is
possible to conclude that Problem Solving is a cognitive process that involves a

number of internal and external components.

Classifications of Problems

Besides Structure and regimen issues Jonassen (2000) identified eleven types

of difficulties. They are:



1)

2)

3)

4)

5)

6)
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Logic problems - They dictate the use of abstract logic tests. They are used to
assess mental alertness, clarity, and logical reasoning. Examples of this

category include the Rubic Cube and the Tower of Hanoi Challenge.

Algorithmic problems — These are those that use a predefined set of processes.
They address the problem using a bit-by-bit approach, hence it cannot be

considered a category of problem.

Story problems - They are word problems that appear at the back of the
textbook after each unit is completed. Jonassen (2003) proposed several ways
for solving story issues, including a collection of identifiers, a situational
model, an equation builder, a structural model builder, and alternative

representations of the problems' outcomes.

Rule indication problems - One example of this type is the operation of a steam

engine, which has rules or procedures for solving problems.

Decision making problems - The problem solver chose this solution from a list
of alternatives. In our daily lives, we must make decisions about a variety of

conditions and choose the most appropriate criteria.

Trouble shooting problems- It is connected with technical jobs, although
experts also use this strategy to modify or correct an existing system. This
group of challenges necessitates domain and system knowledge, as well as
techniques such as search and replace, serial elimination, and fault testing

processes. These talents, together with the troubleshooter's experience, help to
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7)

8)

9)

10)

repair the system. A mechanic attempting to start an engine is one of the

examples.

Diagnosis solution problems- Like troubleshooting, one should be aware of
the fault stage. First, after examining the error, the problem solver compiles
appropriate suggestions for improving the system rather than quickly
correcting the system, as in troubleshooting. Example of medical diagnosis

and recovery of heart block comes under this.

Strategic performance problems- Strategic performance problems are those
that require a more complex and unstructured approach to tackle. This
immediate review of methods to satisfy the strategy is required in these

problems. This type of problem can be illustrated by piloting a helicopter.

Policy problems - It is a poorly constructed problem, and we must effectively
describe it and analyse the numerous perspectives before a solution becomes
apparent (Jonassen, 1997). The solution is contextual since the problems are
more context dependent. For example, consider efforts to enhance India's low

crop production.

Design problems - These are the most poorly structured problems. (Jonassen
2000). This type of challenge makes extensive use of domain knowledge, has
roughly defined or unclear goals, and is subject to unspoken restrictions. They
have varied solutions, solution paths, and numerous criteria for evaluating
solutions. This includes the design of electronic circuits and mechanical

systems.
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11)  Dilemmas - Dilemmas are often complex social announcements with opposing
viewpoints. It is also ambiguous and poorly structured. For this type of
problem, there will be no bearable remedies because they will not be totally
bearable to a group of arrogant people. Manufacturing a profitable product that

is not environmentally safe is an example of a dilemma.

As a result, we can notice a wide range of challenges that we may encounter
in both our daily lives and in the classroom. In light of these issues, the investigator
advocated the development of new techniques for dealing with them and providing

our younger generations with problem-solving skills

Theoretical framework - Self-Concept

Expansion of Self-Concept

The self-concept played an important role in considering an individual's
actions in order to fully understand ourselves and overcome any disagreements that
exist within one self. Also to describe the proficiency they had. So, a strong self-
concept serves as a foundation for one's life (Cervone & Pervin, 2011). Regardless of
Self-Concept, a person's innateness develops during the growth phases from
childhood to adulthood. Self-concept develops as an individual interacts with his

surroundings on a constant basis.

Burns (1897) emphasizes various aspects that are dependent on the

development of Self-Concept. They are:
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Overview of Self (Body Image):

Self-concept is a person's perspective on oneself knowingly or unknowingly.
This comprises both understanding and suspicion regarding the body's size, look, and
capability. Self-image is linked to personality. The world's perception of the
individual has a significant impact on their psychological features. Accepting and
appraising portions of the body can help to generate a sense of safety, reduce anxiety,

and boost self-esteem.

Ideal self

Objectives or a specific person voting the individual's opinion of how one
should conduct oneself in accordance to the standard of aspirations. Depending on the
standard of aspirations, childhood is when the ideal self first begins to emerge in a
person, mediated by those closest to them which will lead to adolescent wellbeing and

beliefs.

Self esteem

Self-esteem is the individual's appraisal of how far he has come towards
becoming his ideal self. Self-esteem is a highly dangerous intrusion during youth and
old age. High self-esteem is linked to group effectiveness and other people's actions.

Low self-esteem is linked to strained relationships and increased risk of depression.

Role

Role refers to a person's expected attitudes, behavioural beliefs, and

aspirations in connection to their social position. Roles are established in which an
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individual has no other alternative, whereas acceptable roles are those of selected

individuals.

Identity

Identity is an individual's idea of themselves based on observation and
judgement, and encompasses several facets of the self concept. From childhood, the

identity card began to evolve in tandem with the development of Self-Concept.

There are four basic aspects of self concept they are ,

1. How do people perceive themselves?

2. How do people view themselves?

3. How do people rank themselves?

4. How do you improve and comfort yourself?

An individual's Self-Concept as a youngster and as a teenager are completely
different. At the initial level, our self-concept as children is unrealistic, but it is
replaced by a new Self-Concept in accordance with his discovery or experience in

subsequent phases

According to Hurlock (1979), a structured Self-Concept develops over time
through a variety of experiences. Consider children as a basic factor for developing a
Self-Concept. Subsequent experiences evolved from the core sections of the cycle.
Every element of a new self idea is made up of elements from the previous Self-

Concept, and that arrangement influences the structure of the next arrangement.
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The fundamental and secondary self concepts are interrelated. This means that
the creation of subsequent experiences is related to the basic composition. The
previously possessed Self-Concept is not the true Self-Concept; both are distinct, and
it differs from the self image that may not be preferred. During the construction of an
ideal Self-Concept, it is influenced by previously existing Self-Concepts and other
specialised Self-Concepts until a hierarchical Self-Concept emerges. Desires and
expectations are not always obvious in one's life so that a realistic ideal Self-Concept
can be developed by growing out of dissatisfaction with oneself, which is linked to
self-image and the fundamental unit of Self-Concept ownership. This will have an
impact on both behaviour and adaption. Because the combination of Self-Concept in

a hierarchical fashion has been validated, it might be difficult for modification.

The ideal Self-Concept is derived from a realistic Self-Concept. This might
motivate individuals to strive for greater success. Ideal Self-Concept can be associated
with desires and aspirations to alleviate dissatisfaction and seek escape from others.
As a result, a negative ideal self perception may limit adaptability. In Self-Concept
formation, the concepts that someone possesses or desires, which may be in
contradiction to reality, include dramatic intentions and assumptions which are
extremely tough to achieve. Assuming a link uniting what is wish for and actuality,

self-acceptance does emerge (Jersild, 1963).

According to Rogers, the individual recognises both the occurrence and the
external object and assigns meaning to them. Individuals' phenomenological sphere is
formed by the complete system of perception and meaning. The primary goal of the

phenomenal field is to recognise one's self, sometimes known as "me" or "I." The self
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or self idea, represents a systematic and coherent understanding. Despite the fact that
it changes, it always maintains, merges, and arranges the quality of the design. Rogers'
self is more than just a small part of ourselves. It is a confined behaviour that occurs
alone. However, the self is a collection of recurring perceptions held by individuals

(Cervone et al., 2011).

Rogers realised that there are two levels of Self-Concept: actual self and ideal
self. Rogers thought that people typically think about themselves in the present as well
as in the future. As a result, they organised designs of perceptions of their ideal self,
as well as patterns of perception about themselves. So, the ideal self is the self notion
that the individual aspired to possess. Perceptions and meanings that are potentially
necessary for oneself and strongly recommended by others create the ideal self.
Rogers described our image of ourselves as consisting of two distinct elements:

Consider your current self and your ideal self for the future.

Individuals develop their self-concept through interactions with others and

their surroundings, rather than independently.

Functioning of Self-Concept

The Self-Concept is rooted in three key parts of human life: reflective
consciousness, interpersonal interactions, and executive functioning, which drive
decisive activity (Bauermeister, 1998). For optimal functioning, the underlying
motivation and tremendous human impulse to preserve and protect positive self-
images are critical (GeCas, 1991; Stets & Burke, 2003). People seek for authenticity

by reflecting on their past, present, and future selves, ensuring consistency between
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behaviour and perceptions, and valuing themselves. According to Sheldon et al.
(1997) and Stets and Burke (2000), self-efficacy refers to a sense of competence which
act as motives for many aspects of the self, such as group membership (e.g., motive
for self-worth) or self-actualization (e.g., motive for self-efficacy). The self-concept
is then connected to a number of outcomes, including people's well-being, adaptive

functioning, and academic performance (Oyserman et al, 2012; Sheldon et al, 1997).

Analytical context of Self-Concept

Rene Descartes' ideas of philosophy, published in 1644, marked a watershed
moment in human inquiry on the metaphysical, inner self. Descartes argued that doubt
was a fundamental tool of focused investigation, but he could not deny that he
questioned. He reasoned that if he doubted, he was thinking, so he must exist. Thus,

perception governs existence.

Sigmund Freud's (1990) writing was a second watershed moment in the
development of Self-Concept theories. He helped to gain a better awareness of the
importance of internal mental processes. When Freud and many of his followers were
hesitant to include Self-Concept as a previous psychological factor in their theories,
his daughter Anna (1946) made ego development and self-interpretation central to her

views.

The Self-Concept theory has always had a stronger impact on the emerging
counselling profession. Prescott Lecky (1945) believed that when it comes to human

behaviour, self-consistency is the major motivator. Rainy (1948) proposed
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measurements of self-concept during counselling interviews and claimed that

psychotherapy is primarily a method for changing how people perceive themselves.

Carl Rogers (1947) was by far the most influential and strong voice in Self-
Concept theory, having constructed a comprehensive method of assisting based on the
significance of the self. According to Rogers, the self is an essential component of
human nature and adjustment. Rogers defined the self as a social product shaped by
interpersonal relationships and a drive for stability. He stressed that humans have a
natural desire for positive feedback from both others and ourselves. He also contended
that every individual has a yearning for self-actualization and development, as long
as it is permitted and fostered by an appealing environment (Purkey & Schmidth,

1987).

Self-Concept through psychological theories

The key theoretical views influencing study and thought about Self-Concept

are:

1. The groundbreaking work of Jame
2. The concept of symbolic interaction, especially by Cooly and Mead
3. Erickson's work with identity

4. Phenomenology, particularly by Rogers

While many other theorists have investigated the Self-Concept (often in novel
ways), the four techniques discussed above provide the most fascinating ideas about

self theory.
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The groundbreaking work of James

William James was the first psychologist to discuss the Self-Concept. James
saw the Global Self as both me and 1, distinguishing between different aspects of the
same person, notably between pure experience (I) and the contents of that experience
(me). Such a classification is pretty evident in linguistic terms, and it undoubtedly
looks to be emphasizing the obvious by stating that we all recognize that humans have
awareness, which allows us to be aware of our surroundings, one of which is
ourselves. Regardless of how basic this distinction appears, it does raise psychological
concerns since the self-reflexive effort required to recognise myself connects and
combines the knower and the knowing. Each cannot exist independently; the self is

both me and L.

It is difficult to imagine consciousness in an abstract form with no content, or
content existing independently of the consciousness that enables awareness of it.
Experience must involve some form of experience. James was aware of this argument
and stated that, while language allows us to categorise as knower or known, these are
only discriminating parts of the originality of experience, a common element that is
identical to the individual themselves. James is thus presenting a model of a
conceivable global self structure, which must be interpreted accordingly instead of

reality.

For James, the self as known by or myself, refers to whatever a man may label
his own. He defined every aspect of this objective self and ranked them in decreasing
order of importance. This includes our mystical, substance, social, and physical

selves. One characteristic of a complex civilisation is the ability to choose between
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numerous goals. We can set our own goals, each referring to a different facet of
ourselves, and track our progress towards them, leading us to James Law. Everything
relies on how you identify yourself. James discussed the aspects that determine a
person's capacity for self-examination He claimed that self-worth is defined by a
person's desired place in the world, despite whether he achieves or loses. Despite our
desire to maximise all of our various selves, limited talent and time make this difficult.
As aresult, everyone of us has to pick the particular self for which we are laying down
our salvation. After we've made our decision, our self-esteem can only be reduced by

flaws (or enhanced by accomplishments) that are pertinent to our worries.

The fundamental problem with this argument is that it presupposes that being
the best always results in high self-esteem. However, James did establish a rich and
comprehensive formulation of the knowing self, which included analytic
classifications, assessment, and emotion, as well as predictions for future concepts.

He recognised the integrative characteristics of the Self-Concept.

The symbolic interactionists

During the first few decades of this century, the study of the Self-Concept
switched from traditional psychology to sociology, with Mead (1934) and Cooley
(1912) emerging as key thinkers. They were symbolic interactionists who offered a

fresh take on the individual-society relationship.

Symbolic interactionism is founded on three key concepts. The first is that
individuals respond to their circumstances based on what those environments mean to

them as individuals. Second, such meanings arise as a result of interpersonal
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interaction, and third, these sociological or ethnic meanings are created by one's
interpretation within the framework of collective interaction. Self and others are
tightly connected since society, which is made up of the sum of the actions of the
individuals who comprise it, puts societal limitations on each person's conduct. While
it is possible to separate self and society analytically, interactionists believe that a
thorough understanding of others is built on a mutually dependent connection. Cooley

and Mead (1934) provided the key notions.

Cooley's initial position was that individual originate before society, but he
later changed his mind and placed a greater emphasis on society, to the point where
self and society are twin births, and the concept of an independent and distinct ego is
a fiction. Individual behaviour and social pressures have a mutual influence. Mead's
(1934) later thesis that the ego emerges from social conditions represented a further

shift in focus.

Experimentally demonstrates that the other self, or how you believe others
perceive you, is a significant aspect of the Self-Concept. The contents of the self as
perceived by others and the self as you believe you are have regularly been shown to
be very similar. Cooley was the first to emphasise the importance of subjectivity,
viewing feedback from others as a fundamental source of information about the self.
Cooley first proposed the hypothesis of the looking glass self in 1912. He contended
that an individual's self-concept is significantly influenced by what he believes others

think of him. The looking glass displays people's perceived attitudes towards one.

This looking glass identity emerges by means of symbolic interactions

between individuals and their respective core groups. A group with direct interactions
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among its members gives feedback for the individual to assess and relate to his son.
As a result, the Self Concept emerges from a process of experimentation in which

beliefs, mindsets, positions and personalities are acquired.

In keeping with Cooley's concept of the looking glass self, Mead (1934)
suggested that the self was primarily a social process within the individual involving
two analytically distinct stages - the 'I' and the 'Me', which were initially found by
James. Mead also stated that by comprehending a culture, a man can forecast both the
conduct of other person and the assumptions made by other person about his own
conduct. The individual can be described in the same manner as items, behaviours,
and characteristics are. As a result, Mead felt that describing oneself as a specific
member in a given relationship entailed acknowledging and expressing the

significance and standards that others assigned you.

Mead (1934) explains how a kid develops a reciprocal, interpersonal
perspective by playing alone, initially directly mimicking others and then taking on
the roles of both parties in the imagined interaction as the roles of play (or, more
accurately, the game) become clear. Role acting allows him to experience, or at least
approximate, the type of reaction that his own actions generate in others.
Communication with others is severely limited in the absence of a shared repertory of
attitudes, feelings, and behaviours. A young child may play, but only until he
understands the rules of a game and can manage his behaviour in light of the referee's
perspective. In Mead's terms, 'the generalised other'-the child is merely playing, not
gaming. This ensures a core commonality of attitudes while yet allowing for

individual distinctiveness. These longitudinal changes in the form and functions of
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play correspond to the progression of images, thoughts, and language. And Self-
Concept construction is well established. Social penalties, demands, rationales, and
models are eventually transformed into personal values and integrated into the self-

concept.

Individuals begin to respond to him and acquire self-attitudes that are
Congruent with the beliefs of others in the universe he created. He appreciates himself
just as much as others do: to the point where they reject and disregard him. The
consequence is the same conclusion Cooley arrived in a very similar theory: the
individual will perceive himself as possessing the characteristics and qualities that

others attribute to him.

Erickson on Identity

Erickson employed the concept of identity rather than self in his literature, and
he extended Freudian Theory by emphasizing ego formation in the cultural setting.
He explained how cultures create an identity based on biological principles that are
relevant to the culture in question and manageable by the individual. Erikson claimed
that identity stems from culturally important achievement. Identity emerges from the
progressive blending of all identities. Thus, it is vital for young students to connect
with grownups with whom they identify. Erikson proposes eight stages of identity
formation and expansion, as well as the unique conflicts that define each stage and the
characteristics that appear as a result of overcoming them. Identity is a unique
difficulty in adolescence, and Erikson paid great importance to the crisis and its
impact on identity at that stage. He characterised identification as an internal process

that promotes familiarity and consistency. However, he was uncertain to provide a



Review 72

stringent definition of Identity which encompassed not only the sum of rolls figured
by the individual, but also appearing structures of identifications and abilities as a
function of immediate knowledge of self and surroundings, as well as views on others'
reactions to oneself. It was psychological in the sense that it considered an individual's

relationship with their cultural environment.

This method of identity creation is comparable to the Cooley-Mead formation
in terms of the function of the generalized other. However, Erikson argued that these
procedures were primarily unintentional. He accused concepts like self-
conceptualization, self-worth, and confidence of presenting a static viewpoint on what
he regarded as an evolving process, stating that one's identity cannot be established as
an achievement in a form of a personality shield or anything permanent or everlasting.
Identity formation, like Rogers' beliefs on self-actualization, is a constant process of
differentiation and condensation that fosters awareness of oneself and exploration of
oneself. As life goes on, a sudden recognition of the inadequacy of one's present
identity creates first confusion, followed by an examination of alternate identities and
techniques for existence. Erikson claims that a possible feelings of identity
understands wherever you going and has inner confidence.. The particular elements
of an experience may be less important in determining an individual's identity than a

capacity to recognise continuity - diverse experiences that represent the same being.

Phenomenological approach to the Self-Concept

The phenomenological approach to psychology seeks to understand man
through the subject's impressions from the perspective of a spectator. It seeks to

comprehend how an individual views himself, particularly how his desires, emotions
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morals, convictions, and distinct perceptions of his environment shape his behaviour.
Behaviour is determined by the personal meanings associated with an ideal
individual's view of past and present events. We can't control events, but we can
modify how we see and understand them. Therapy cannot resolve an issue; rather, it
helps the client view himself in a new perspective and adapt better. Perceptions is a
key idea in phenomenology, and it encompasses the procedures of selecting,
arranging, and analysing materials in order to build a cohesive psychological context.
The perceptual field, psychological field, phenomenal field, and living space are some
of the titles given to this environment. Apart from language, what matters to us are
the individual meanings that each person has at any given moment and how those
meanings impact his conduct. Only from the viewpoint of the person performing the
behaviour can a phenomenologist comprehend it. Reality is a person's interpretation
of an event, not the event itself. Due to distortions brought about by intentions,
ambitions, attitudes, and defensive mechanisms, perceptions are selective and

frequently inaccurate (Bruner and Goddman, 1947).

Self-Concept in Carl Rogers theory

With the perceived Self-Concept at its core, Rogers modified phenomenology
to bolster his expanding client-focused psychotherapy frameworkHe was able to use
a perceptual frame of reference to describe therapeutic improvement. The majority of
Rogers' body of work is encompassed by the current state and formulation of self-

contained theory, which is founded on his therapeutic experience.

The self is a construct that emerges from stimuli input as raw material via

reflexive thought. Appraise and emotional perceptions are gathered around the
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notions, making each one either great or horrible. One absorbs these evaluative
elements from others, from the social context, and from oneself. One way to
conceptualise Rogers Self-Concept is as an ordered arrangement of self-perceptions.
It consists of components including views of a single characteristic and one's own
skills, values perceived as connected to experiences and objects, thoughts of oneself
in connection to people and the environment, and objectives and ideas perceived as
evoking either happy or negative emotions. According to Rogers, humanity is
fundamentally good and is progressing towards socialisation, maturity, and self-
actualization. According to him, Freud portrayed humanity as illogical, unsocialised,
and harmful to both themselves and other people. Although someone might
occasionally behave in this way, according to Rogers, they are neurotic and not acting
in their capacity as a whole human being. Man is open to experience and capable of
positive, reliable, and productive behaviour while operating in a free and unrestricted

manner.

Generally speaking, the phenomenological approach has been a significant
component of some psychologists' significant attempts to accept behaviour as it is in
order to make sense of human experience. It may surpass scientific theories and it may
omit important and crucial variables from study, which are its two main potential

limitations.

The significant points of Rogers theory are,

1. The self theory, a component of personality theory, is phenomenological. The

essence of phenomenology is that man exists fundamentally..
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2. As aresult of the environment's actualizing propensity, the self notion became
differentiated. Transactions with the environment, specifically the social
environment. Rogers does not go into depth about the method, although it is

likely to follow the lines indicated by Cooley and Mead.

3. The self concept organises self-perceptions. When it comes to personality and

behaviour, the self-concept is more significant than the true self.

4. How people respond to their environment is mostly connected to one’s Self-
Concept. It regulated how people perceived the meanings assigned to the

environment.

5. Others' positive regard for you is an acquired or innate need that grows with
your self-concept. It appears plausible to incorporate this motivation as an

aspect of self-actualization, even if Rogers prefers to credit it to learning..

6. According to Rogers, positive self-esteem can be learnt through
internationalization or projections of others' favorable perceptions.

Alternatively, it could be regarded a component of self-actualization.

7. Relying on external evaluations for high self-esteem might lead to inequality
between the organism's experience and its own demands. Thus, there is an
incongruence between self and experience, often known as psychological
maladjustment. Mal adjustment is the result of seeking to maintain the
presence of a Self-Concept in the face of conflicting experiences, resulting in
selective perception and distortion. Alternatively, rejection of experience

through wrong interpretation.
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8. According to organism theorists, the organism has a single dynamic drive:
self-actualization, which aims to preserve and improve the experiencing

organism.

9. Developing a Self-Concept involves more than merely accumulating
experiences, conditioning, and external definitions. The Self-Concept is a set
of arrangements. The nature of the entirety could be drastically changed by
altering one aspect. Thus, Rogers refers to an individual's self-perception as
their "self-concept." The self-concept in Rogers' theory is not a managerial
one. Such a position does not need to be posted. Since actualisation is the goal
of every organism, it follows that the self notion, which is a part of the

organism, also pursues actualisation through continuous activity.

10. Rogers' concept of the ideal self suggests that therapy can help individuals

become more realistic and aligned with their ideal self.

Self-Concept - Types

According to Calhoun et al. (1976), there are two types of self-concepts:

positive and negative.

Positive Self-Concept

People with a positive self-concept have a high level of self-awareness, which
means they know themselves better. A positive Self-Concept is varied and consistent.
People that have a positive Self-Concept can acknowledge and value the diverse
aspects of who they are. He therefore thought well of himself and believed that he was

able to understanding who he was.
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Negative Self-Concept

Calhoun et al. (1976) distinguished between two types of negative self-

concepts:

1. This category refers to those who have disorganized perceptions of themselves
and lack sensations of firmness and completeness. People here have no idea

who he is, his potential, or his weaknesses in life.

Individuals in this category have well-organized and consistent self-
perceptions. This will be developed when individuals have received extensive
education and have a solid foundation of information. As a result, he develops a strong
self-image with no deviations from the set of standards that he has previously

established.

Mainly there are two categories of self-concept. They are,

1. A positive Self-Concept includes the following aspects.

. Have confidence that he could overcome the challenge.

. Perceive uniformity with others.

. Accepting compliments without unwillingness or shame.

. Recognizing that each individual has unique desires, feelings, and

characteristics that may not be entirely accepted by society.
. Have a knowledge or realization of his own flaws and are willing to work to

correct them.
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2. Negative Self-Concept can be distinguished as follows.

. Reacting to criticism, one can't always take criticism well. He perceived it as
others efforts to lower his pricing therefore he frequently appears stubborn and
attempting to justify his position with repeated justifications and incorrect

logic.

. When someone receives praise but acts as though they don't care, it's still clear

that they are enthusiastic.

. Being inclined towards feeling uncomfortable around strangers. When he
realises that they are rivals, he will react by believing that he is a victim of a

seriously defective social structure.

Fitts (1971) states that there are five aspects of the overall category within the
self-concept. Those are: physical self-concept, personal self-concept, social self-

concept, moral self-concept, and family self-concept.

Physical Self-Concept: This idea encompasses adolescents' perspectives, beliefs,
fondness, and evaluation on their own. Individuals developed a physical self-concept
when they looked positively at their body language, appearance, health, skin tone, and
overall body shape. Individuals believe they have a bad Self-Concept when working

on these unpleasant topics.

Personal Self-Concept: This idea refers to teenagers' perceptions, reasoning, and
affection for their own self. A positive self-concept occurs when he sees himself as

joyful, optimistic, capable of controlling themselves, and possessing a variety of
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abilities. Conversely, when people believe they are depressed, unyielding, incapable
of controlling themselves, and subject to several limitations, they are considered to

have a negative self-concept.

Social Self-Concept: It concept encompasses the behaviour of adolescent’s
perspectives, thoughts, judgments, and sentiments about the prevailing social system
or himself. The social self notion linked it to the ability to engage with the
environment around him. Affection, ability, and value in the context of social
interactions will lead to a positive social Self- Concept if the individual is interested
in others, understands others, finds it cool to accept and keep the feelings of others,
and is always active in social activities. On the other hand, one is predisposed to have
a bad social self image. If a person regards himself as being completely different from
others, it is impossible to live happily with others, since he avoids social interactions

and never pays attention to other people.

Moral Self-Concept: It includes the adolescents' own perceptions, feelings, and
moral judgments. This idea is associated with the values and beliefs that provide
meaning and direction to one's life. If a person believes that they are someone who
values moral ethics, they will have a good self-concept of moral ethics. However, they

were shown to have a weak self-concept regarding morality.

The family Self-Concept: Which include opinions, thoughts, judgment, and an
adolescent's perspective on his own family. The family self idea is associated with the
presence of a person in the family. If someone enjoys and is proud of their family,
feels that they are affective and beloved by them, and gets a lot of support and

assistance from them, they will have a positive family self-concept. Instead, a negative
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family Self-Concept person sees himself as an uncomfortable person in family

situations; he despises his own family and never feels happy or satisfied with them.

The goal of evolving Self-Concept

People will hear themselves in relation to the Self-Concept they have since the
Self-Concept starts to grow. When an individual hears himself competing with the
concept itself, he experiences an unpleasant emotion. This is the most important

concept of self. The action will be determined by one's perception of himself.

A person with a positive Self-Concept will be highly appreciative of
themselves as well as others, or in other words. He has a higher self-esteem. Self-
evaluation is self-respect, which defines the level of his ability and achievement, and
he will have a positive Self-Concept based on high self-esteem. Every aspect of his
actions could be aimed towards achievement. He always tries to recognize the concept
itself. For example, if someone believes that he can successfully do a specific activity,
he will try hard to complete it in order to demonstrate that his conviction was correct.
Others are unlikely to discourage such individuals since they are self-assured and
strong as a result of their innovation. On the other hand, consider someone who has a
bad self-image. He will always have a negative judgment of himself, and as a result,
he will be afraid of failure and will be hesitant to take on any endeavour in life. For
example, if a person believes that he is a "bad person," his attitude towards life as a
whole will reflect this. Anything that compliments him in the opposite direction, such

as "he is a good individual," will make him miserable.
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There are many ways to generate a positive self-concept, such as finding joy
in life, developing positive opinions of oneself and others, enhancing the quality of
interpersonal relationships, taking initiative, preserving balance in one's life, and

altering one's communication style.

Review of Related Literature

A survey of relevant literature is an unavoidable component of any research
scheme, because no one can successfully conduct a research without a solid

foundation.

In the words of Mouly (1963), "A thorough review of the related literature is
an integral part of the conduct of research, helping the researcher in the classification

of his/her problem and the avoidance of unnecessary duplication".

In the words of Best (1977), "A familiarity with literature in any problem area
helps the student to discover what is already known, what others have attempted to
find out, what methods of attack have been promising or disappointing and what

problems remain to be solved".

A review of the literature will assist the researcher in establishing a context
for his or her study as well as understanding his or her role in the current investigation.
It aids in identifying and addressing gaps in prior studies. It allows the investigator to
begin his or her investigation with greater confidence and clarity. A review of relevant
literature will provide a variety of related research and allow you to understand how

they addressed it. It provides the researcher with a fundamental understanding of the
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available tools and procedures, as well as the numerous ways for doing research,

sample methodologies, and data analysis approaches.

Taking into account all of the benefits of reviewing related literature, the
researcher carefully examined dissertations, papers, and studies from journals and
periodicals, as well as all available resources from the internet, which are summarized
in the pages that follow. The investigator had a solid comprehension of the numerous
publications and attempted to highlight the topic, study design, sample size, tools

employed, statistical techniques used, and main findings in each review.

The current study's goal is to implement a model called the Productive
Thinking Model to help secondary school students improve their Self-Concept and
Problem-Solving Abilities in Physics. As a result, the investigator investigated the
literature on several models or strategies established to improve science education,
Problem Solving Abilities, and Self-Concept, which are provided under the headings

listed below.

. Studies related to Problem Solving Ability in Physics

. Studies related with Models of Teaching and Self-Concept

. Studies related with Models of Teaching and Problem Solving Ability in
Physics

Studies related to Problem Solving Ability in Physics

The investigator analyses articles, theses, and research papers on Problem

Solving Ability and presented only those that explored the difficulties students
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encounter when addressing issues in Physics, as well as models and solutions for
improving Problem Solving Ability in Physics. The studies are listed chronologically

in descending order.

Sapriyadin et al. (2023) studied the effects of inquiry-based learning on
students' use of work and energy materials to solve physics problems and grasp of
concepts. The purpose of the study was to determine how students who learnt through
inquiry-based learning differed from those who learnt through conventional learning
in terms of their concept mastery and problem-solving skills in the area of work and
energy, as well as how students' problem-solving skills in the physics topic related to
their concept mastery skills. The research methodology employed in this study was
quasi-experimental and quantitative in nature, with no equivalent control group. A
control class in this study employed conventional learning with learning stages based
on the teacher's learning model, and an experimental class that used the Inquiry
learning model with learning stages based on the Inquiry learning model syntax. A
process of random sampling was used. Tests with physics concept mastery skill
instruments, consisting of 10 multiple-choice questions and 5 descriptive questions
for problem solving, were part of the data gathering instrument. The results showed
that there were notable differences in students' problem-solving skills and idea
mastery between those who used inquiry learning and those who used conventional
learning. Moreover, the results of the research data analysis show that mastery of the
concept and problem-solving skills are related. The results of the study show that
students can improve their conceptual knowledge and Problem Solving Abilities by

engaging in inquiry-based learning about work and energy materials.
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Pelobillo (2022) conducted research on assessment creation for testing
student’s context-rich Problem Solving Abilities in Physics. In order to evaluate
students' performance in resolving context-rich problems, this study created a 17-item
physics Problem Solving ability scale. Eight students were interviewed for this
method to find out how they deal with physics challenges. 37 latent traits that
characterised their competency were identified by the qualitative analysis. In order to
establish psychometrics using the rating scale-graded response model (RSGRM) and
to verify psychometric assumptions using Mokken's scale analysis, attributes were
surveyed with 370 students. According to MSA analyses, there are 17 legitimate items
or sets of outcomes that should be considered when creating assessment tasks that
outline the skills required of issue solvers. The assessment results gave insightful
details on the students' problem-solving abilities. Additionally, it displayed 3-ordered
answer expectancies, which might be a cognitive structure representing the solver's
real reasoning. This study found that more research is necessary to fully understand

the recommended response.

Qotrunnada (2022) did a study to determine what elements contribute to high
school students' difficulty increasing Problem Solving Abilities while studying
physics. Using journals obtained through Publish or Perish on the Scopus and Google
Scholar databases, 40 journals or publications were examined between 2018 and 2022
as part of a literature study with qualitative analysisThe study's findings indicate that
the models and learning media employed must be relevant since they are crucial
aspects to examine first when boosting high school student’s Problem Solving

Abilities. Additionally, students still find it difficult to distinguish between the physics
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formulas and equations that will be used in problem solving, and they are limited to
writing only what they understand and are expected to solve. Enhancing Problem
Solving requires applying relevant learning models, like PBL, PjBL, inquiry, and
discovery learning models that academics have used in the literature study. In
addition, STEM-based learning has been demonstrated in multiple studies to increase
high school students' Problem Solving Ability in physics. Furthermore, pupils require

much practice in problem solving.

Distrik et al. (2022) explored the idea of utilising the Concept Attainment
Model to enhance online learners' comprehension of physics concepts and problem-
solving abilities. The study's main objective was to enhance online learners'
comprehension of physics concepts and their ability to solve problems by utilising the
Concept Attainment learning model. This research employed a non-equivalent control
group pre-test-post-test design in a quasi-experimental manner. The participants were
Pringsewu, Lampung, Indonesia's Public Islamic School 1 grade XI students. 35
students in the experimental group (class IPA 3) and 34 students in the control group
(class IPA 2) were the samples. The test results for problem-solving skills and physics
concept knowledge were grouped, the n-gain was calculated, and the data was then
interpreted to perform a descriptive analysis. The results showed that, in terms of
physics concept understanding and problem-solving ability, the n-gains of the
experimental class fell into the high and moderate categories, respectively, whereas
those of the control class fell into the moderate and intermediate categories.
Significant variations in conceptual understanding and problem-solving abilities

between the experimental and control classrooms were found by the independent
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sample t-test. This research showed that when it came to improving senior high school
students' understanding of physics concepts and problem-solving skills, the concept
attainment model in online learning performed better than other traditional learning

methods.

Rokmat et al. (2022) examined how the Causalitic-Learning Model (CLM)
affected three areas (a) Problem Solving ability; (b) mastery of physics concepts; and
(c) the link between CLM and knowledge of physics concepts on Problem Solving
Ability. A pre- and post-testing phase, an untreated control group, and a quasi-
experimental research methodology were all features of the study. The cluster random
sampling technique was used to choose students for the experimental class X-1 (14
men and 16 women) and the control class X-2 (9 men and 21 women). A Problem
Solving Ability test was used to obtain the data, which were then analysed using
parametric statistics such as two-way ANOVA. The findings show a substantial
difference in the experimental and control groups' Problem Solving Abilities in
Physics. High gain score associated with experimental group highlights the advantage
of Causalitic-Learning model over existing method of teaching in terms of Student’s

Problem Solving Ability.

Putri et al. (2022) carried out a study to evaluate how well a multimedia-based
physics module affected students' ability to solve problems. This module was made
with Flip PDF Professional and the ADDIE development methodology. Thirty-four
students in Banjarbaru high school's class X MIPA used it. Problem Solving indicators
were used to create data collecting tools from student learning outcomes. A mean pre-

test score of 4.63 in the extremely bad category, a post-test average score of 52.68 in
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the sufficient category, and an n-gain of 0.50 in the moderate category all
demonstrated an improvement in the students' problem-solving ability. Therefore, it
was concluded that the multimodel-based physics module that was developed is

beneficial in enhancing students' problem-solving abilities.

Setiawan et al. (2022) did a study on the topic “Utilising Augmented Reality
on Online Learning: The Impact for Students”. This study looked into how students’
abilities to solve physics problems online during the COVID-19 epidemic were
affected by augmented reality instruction. The randomised Control Group Pre-test-
Post-test Design was employed as the design research in this true-experimental
investigation. 69 students were participated in this study and is divided into two
groups: the experimental and the control. Both the experimental and control groups
were found to be normal by considering homogeneous populations based on the
preliminary analysis. The findings of the independent t-test showed that using
augmented reality in online instruction during the COVID-19 pandemic significantly
improved students' problem-solving skills. Incorporating Augmented Reality into the
teaching process also provided students with a firsthand, real-world experience with
a physics phenomenon, which made it easier for them to visualise the event and solve

problems.

Athira and Bindhu (2022) investigated Emotional Competence and Problem
Solving Ability in Physics among secondary school students. The study's goal is to
determine the gender differences in Emotional Competence and Problem Solving
Ability in Physics, as well as the link between the two variables. The study used a

survey method with a randomly selected sample of 50 secondary school students. The
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tools employed were the Emotional Competence Scale and the Physics Problem
Solving Ability Test. The study found a significant relationship between Emotional
Competence and Problem-solving Abilities in Physics. Furthermore, the study found
that students with high Emotional Competence have stronger Problem Solving Ability

in Physics.

Tyas et al. (2021) conducted a need analysis study for the development of
STEM-PjBL Physics teaching materials. The study's main objectives were to increase
students' problem-solving skills and assess teacher and student demands for physics
teaching materials in the twenty-first century. The study focused on improving
students' problem-solving skills in grade X high school. Surakarta-based grade X
students made up the research sample for this study. The study's data came from
questionnaires, interviews, and early student evaluations; descriptive data analysis
was done. The results of this study indicate that students need more teaching materials,
such as STEM-PjBL-based E-modules, which come with accompanying photographs
and videos and a model of learning that can help students become more capable at

solving problems.

Palloan et al. (2021) seek to investigate the relationship between Self-Concept,
Emotional Intelligence and Problem Solving Ability in Physics. The sample size was
150 students. The ability to answer physics issues is tested using a Problem Solving
Ability Test. Both multiple regression and basic linear regression were used to
evaluate the study data. The results showed that there was a very weak and
insignificant positive relationship between Emotional Intelligence and Problem

Solving Ability in Physics; a weak and significant positive relationship between Self-
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Concept and Emotional Intelligence as well as Problem Solving Ability; and a weak
and significant positive relationship between Self-Concept and Problem Solving

Ability in Physics.

Kaur (2021) investigated the effects of concept mapping and problem-based
learning approaches on ninth-grade students' academic performance, problem-solving
abilities, and capacity for self-regulated learning. The 'randomised groups' pre-test-
post-test design was employed, which is an actual experimental design. There were
240 students in the study. A purposive sample strategy was used to pick 30 students
(15 males and 15 girls) from each of the eight schools. Additionally, 30 students were
divided into three groups at random: the Control group (C), the PBL Experimental
group (E1), and the Concept mapping Experimental group (E2). Each group consisted
of 10 students (5 boys and 5 girls). The study's findings clearly demonstrated that
problem-based learning and concept mapping methodologies improve students' ability
to retain and comprehend the information presented in terms of content. Both
strategies contribute to the development of students' scientific curiosity as well as their
abilities to reflect on, organise, and govern the learning process. The Problem Based
Learning (PBL) method helps both male and female students tackle scientific

problems more effectively and practically.

Bhakti et al. (2020) study attempts to increase student’s Problem Solving
Abilities using learning-based video scribe. The primary goal of the study was to
determine Problem Solving Abilities in Physics using media-based video scribe
learning. This research employed a quasi-experimental design using a Randomised

Post-Test Only Control Group Design. Thirty students from the Physics Education
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program at Indraprasta PGRI University served as samples. The findings indicated
that employing learning medium video scribe helped increase Problem Solving
Abilities in Physics. The usage of video scribe was proven to have substantial
favorable effects on delivering physics teachings. Learning in physics is more
efficient while using a video scribe. Students understand abstract physics subject and
can engage pupils in learning. These findings are congruent with studies on the

improvement of students' Problem Solving abilities in physics learning.

Gebze et al. (2020) did research on improving Problem Solving Ability in
Physics Using an Android-Based Mobile Learning Application. This study's main
objective was to compare students' problem-solving skills before and after using
Android-based learning resources to study physics content (light reflection on
concave and convex mirrors). The 27 students of class XI MIPA 2 at MAN 2
Yogyakarta participated in this study. With a pre-experiment research, this study is
set up as a pre-test-post-test involving just one group. Problem-solving tests and
technical data analysis using descriptive and inferential analysis are two methods of
obtaining data. The pre-test and post-test data are from homogenous, normally
distributed populations, according to the inferential analysis. The study's conclusions
showed that students' problem-solving skills increased at a low to medium N-gain

rate.

Annisa et al. (2020) carried out a study to evaluate the efficacy of the comic-
based modules andro-web and the improvement in students' problem-solving skills in
physics following the use of the online comic based on andro-based modules on the

ideal gas. During the second semester of the 2018—-19 academic year, thirty students
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from class XI of IPA 2 State Senior High School Jenggawah served as the sample.
The preliminary study, also known as preliminary research, the design phase, also
known as the prototype phase, and the assessment phase are the stages of research
design. The Andro-based modules webcomic obtained an average score of 81.7% with
a valid category based on expert validation results; on the other hand, user validation
results produced a score of 93.3% with a very valid category that could be used in test
site construction. As a result of this study, XI IPA 2 State Senior High School
Jenggawah's comics modules with an androgynous theme can aid students in solving
problems during physics class. It was thus suggested that the use of comic-based
modules and the internet in teaching materials for the XI science module will improve

students' ability to solve physics problems related to ideal gas.

Fiteriani et al. (2020) investigated the effect size of the PjBL learning model
combined with the STEM method on boosting student’s creative Problem Solving
Ability and meta cognitive skills in learning physics. A non-equivalent control group
design was employed in the investigation. Researchers used a purposive sampling
strategy because of the characteristics of the population and the sample requirements
of the study. The degree of originality in problem-solving abilities, the degree of
subject similarity studied, and the fact that all students were taught by the same teacher
were among the factors. A test measuring creative Problem Solving ability, a non-test
instrument in the form of a questionnaire measuring students' metacognitive abilities,
and observation sheets were the research tools used. The results of the data analysis

showed that students' creative problem-solving abilities and metacognitive
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capabilities were impacted by the PjBL learning model's application with the STEM

approach.

Smitha and Praveen (2019) conducted a study among higher secondary school
students in Kerala state to investigate the impact of selected cognitive variables
(logical mathematical intelligence, meta-cognitive awareness in physics) and non-
cognitive variables (achievement motivation, social competence) on Problem Solving
ability in Physics. The study focused on the importance of non-cognitive
characteristics in predicting Problem Solving Abilities in Physics, in addition to
cognitive variables. Data were acquired using multiple scales. The subjects were 781
higher secondary school students from various districts of Kerala state. The sample
was selected using a random sampling procedure. The results demonstrate that only
logical mathematical intelligence varies by gender, while all other variables do not
change. The study's findings show that gender has a role in the development of logical
and mathematical ability. The results reveal that male students have higher

mathematical intelligence than female students.

Ellah et al. (2019) examined the relationship between scientific students’ low
ability problem-solving skills, working memory, and attention span. A correlation
survey research approach was used in the study. Secondary School students studying
biology, chemistry, and physics at all public senior secondary schools in the study
area during the 2017-2018 school year made up the study population. There were 450
scientific students in the sample, drawn from 24 senior secondary schools in the
research locality. The Wechsler Adult Intelligence Scale (WAIS), the Attention

Lapses Clicker (ALC), and the Backward Digit Span task were used to gather data.
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Multiple regression analysis was used to evaluate the data, and the 0.05 threshold of
significance was used to test the null hypothesis. The findings revealed a little
percentage difference in the students' scientific problem-solving abilities, which may
be explained by working memory and attention span tests. Measures of working
memory, attention span, and the combination of working memory and attention span
in students did not show any discernible correlation. Among other things, it was
proposed that science teachers should alter their students' attention spans by naturally
reproducing the same kind of cognitive shift in tasks involving original Problem

Solving and thought.

Suryani et al. (2018) carried out a study to evaluate the viability and efficacy
of student worksheets based on different representations for enhancing problem-
solving skills and conceptual understanding, especially with regard to magnetic
materials. Quasi-experimental design with pre-test-post-test control group was the
research methodology employed. Using a purposive sampling technique, XII standard
high school students from Bandar Lampung made up the study's sample. The student
worksheet on feasibility, the observation sheet, the student's answer to the student
worksheet, the student activity sheets, the conceptual understanding test, and the
problem-solving skill test were the tools used. N-gain analysis, an independent t-test,
and percentage-based descriptive analysis were used to analyse the data. The
outcomes showed a worksheet for students based on various representations: 1)
Practical, as shown by a) the student's favourable reaction (83.75%) to the student
worksheet and b) the average score of 87.31 for enforceability in any learning activity,

with extremely high standards. 2) Effective, as shown by: a) the active group of
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students' participation in the study; and b) the notable differences in conceptual
understanding and problem-solving abilities between the experimental and control
classes through student worksheets based on many representations of the experimental
class outperforming the control class, conceptual understanding and problem-solving

skills are taught.

Yulindar et al. (2018) investigated the "enhancement of Problem Solving
Ability of high school students through learning with real engagement in active
Problem Solving (REAPS) Model on the concept of heat transfer". The purpose of
this study is to see how the Real Engagement in Active Problem Solving (REAPS)
model affects Problem Solving Skills before and after learning about heat transfer.
The quantitative research approach was adopted, and the sample size was 35 high
school students from Pontianak. Students' Problem Solving Abilities are assessed
through a test consisting of three description questions. Expert opinion and field
testing were used to validate the validity of the instrument, and the result was a value
of 0.84. According to data analysis, students' problem-solving abilities have improved
in the medium category, as indicated by their N-Gain score of 0.43. This was due to
pupils being less accurate in calculating the results of their answers, as well as having

limited time to complete the tasks offered.

Smitha and Praveen (2018) aimed to ascertain the degree of achievement
motivation among secondary school students, the level of problem-solving ability
among them, the differences in problem-solving ability among them based on gender,
location, and institution type, and the noteworthy differences in achievement

motivation among them based on gender, location, and institution type. The sample
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was drawn at random from 130 secondary school students to ensure adequate
representation of gender, location, and institution type. The tools employed were the
Problem Solving Ability Test and the Achievement Motivation Scale. Percentage
analysis and the test of significance for mean difference were the two main methods
of analysis. It was found that the problem-solving skills of children in secondary
school varied widely. The results showed that 16.92% of the students had low
Achievement Motivation, whereas 68.46% had an average Achievement Motivation.
Only 14.62% reported strong levels of achievement motivation. There was also no
significant difference (at the 0.05 level) in secondary school pupils' Problem Solving
Abilities based on gender, location, or institution type. Girls, urban, and government
school students reported stronger accomplishment motivation than males, rural, and

assisted pupils, according to another important finding.

Simbolon et al. (2017) examined the effect of employing multimode
representation in physics learning materials on students' ability to solve problems.
This study set out to find out how employing multimode representation in physics
learning materials affected students' ability to solve problems. 69 students from
Bandung's standard IX served as the study's samples; they were divided into two
groups: the experimental and the control. While the control group was taught with
textbooks from the school, the experimental group received instruction from the
researchers using materials they had prepared. Random sampling was used as the
sampling technique. An assessment of Problem Solving skills related to material
temperature and heat was used as the research instrument. Rosengrant problem-

solving techniques was used for this purpose, it includes four steps such as
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understanding the question posed, streamlining the issue, characterising its
mathematical shape, and describing its physical form. The results showed that
employing multimodal physics learning material representations can significantly

improve students' capacity for problem-solving.

Sutha and Vanitha (2017) conducted a study to see whether higher secondary
school students' achievement in physics and their problem-solving skills are
significantly correlated. Simple random selection was used to pick 326 Higher
Secondary School Students from the Coimbatore district for the survey. The
investigator employed standardised instruments to collect data on Problem Solving
Ability and Achievement in Physics. Following that, the obtained scores were
analysed using Pearson's Product Moment Correlation, ANOVA, t-test, and
percentage analysis. The findings showed that students in higher secondary schools
have a modest degree of success and an insufficient level of problem-solving ability.
The mean scores of Higher Secondary Students' achievement in Physics and their
ability to solve problems were not significantly different based on factors such as
gender, school location, father's and mother's educational backgrounds, occupations,
or mode of instruction. Additionally, there is no significant correlation between senior

secondary school pupils' achievement in physics and their problem-solving skills.

Reddy and Panacharoensawad (2017) conducted an empirical study to assess
student’s Problem Solving Abilities in Physics, as well as the elements that make
Problem Solving challenging. A questionnaire designed specifically for the purpose
was used to collect data from 303 high school students from Chittoor district in

Andhra Pradesh. The collected data was evaluated using percentage analysis. The
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findings showed that students struggled with Problem Solving because they were
unable to recall physics equations, did not practise solving physics problems in class,
had poor mathematical skills, the teacher lacked motivation and experience, did not
have a thorough understanding of physics definitions, laws, and fundamental

concepts, and did not have access to enough books or resources on the subject.

Caino et al. (2017) investigated cognitive and non-cognitive aspects
influencing complex problem Solving. The primary goal was to identify the influence
of certain variables on Problem Solving and to investigate the links between cognitive
processes, perseverance, and openness in three dimensions of complicated problem
solving. The sample consisted of 235 university students from various specialties,
including both men and women. Data was collected using a socio demographic
questionnaire, AOSPAN to measure WMC, the Attention Network Test, and two
PISA Likert scales. Data was acquired with a computer delivery battery. The study's
findings revealed a substantial association between working memory capacity and
perseverance; students with high WMC and high Openness or Perseverance
performed best across both categories of CPS. The results also revealed a strong main

influence of executive attention on knowledge application and strategies.

Chang et al. (2017) conducted a study with the primary goal of analysing
student’s collaboration patterns and Problem Solving tactics when addressing a
physics problem. Thirty high school students made up the sample, and the study
collected data from a number of sources, such as open-ended questionnaires, group
discussions, and problem-solving exercises in a collaborative classroom. Data was

analysed using the Lag sequential analysis technique. Collaborative simulation helped
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students focus on the problem space and facilitated the path to Problem Solving. The
findings revealed that successful and failed groups differed significantly in terms of
collaboration patterns and Problem Solving tactics. The majority of pupils were able
to employ the trial and error technique, but they were ultimately unable to solve the
problem. Students who employed analytical thinking procedures could readily answer
difficulties; however, those who couldn't investigate the Problem Solving process

failed to solve the problem.

Siregar (2017) studied the impact of problem-based learning on students'
Problem Solving Abilities and self-confidence. The study also examined the
relationship between gender and learning. This study's sample consisted of 73 pupils,
including 36 in grade VIII-5 and 37 in grade VIII-6. These students' tools included a
problem-solving test and a self-confidence scale (66). The study found that problem-
based learning improved students' Problem Solving Abilities more than conventional

learning. Gender did not have an impact on students' Problem Solving Ability.

Studies related with Models of Teaching and Self-Concept

Sharma and Sharma (2023) examined the relationship between higher
secondary school students' academic achievement and their self-concept and problem-
solving skills. The study's goal was to investigate the impact of Self-Concept, Problem
Solving Ability, and their relationship on students' academic achievement. The study's
population consists of students in classes XI and XII who attend upper secondary
schools in the Indore district. The sample includes 104 students in Class XI and XII
from two distinct C.B.S.E. higher secondary institutions in Indore District. The Self-

Concept Rating Scale, established by R. Saraswat, and the Problem Solving Ability



99 Review

Test (PSAT), designed by L. N. Dubey, were utilised to collect data for this study.
The selected student’s academic achievements were assessed based on their previous
examination results. The data was analysed using a Two way ANOVA. The study's
findings show that the interaction of male and female student's Self-Concept and
Problem Solving Ability had no effect on academic achievement in higher secondary

schools.

Critical Thinking Skills and Student Self-Concept on Student Learning
Outcomes by Applying the Inquiry Model was the subject of research by Suryaneli et
al. (2021). The survey approach was used to perform the investigation. Ninety
students made up the sample for this investigation. Simple random sample with
proportionate allocation to each class was the sampling strategy used. Data for this
study were gathered by documentation, surveys, observation, and literature review.
By using the inquiry model, the results demonstrates how critical thinking abilities

and self-concept affect student learning outcomes.

Gathage et al. (2021) examined how secondary school physics students in
Kenya's Kitui County perceived themselves after receiving instruction in science
through an inquiry-based approach. The Solomon Four Non-Equivalent Control
Group Research Design, in particular, was used in this quasi-experimental study
design. Four schools' worth of 160 kids made up the sample. According to the study,
students who were taught utilising IBSTA and those who were taught using traditional

methods differed significantly in their Self-Concept.

Gagan (2020) examined how the small group method affected standard IX

students' self-concept, confidence, peer relationships, and academic performance. The
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primary goal of this study is to compare the mean increase academic achievement
scores and peer group relations scores of experimental and control groups of students
taught using the small group teaching technique (SGTM) and the traditional method.
Also, the experimental and control groups of students taught using SGTM and
traditional methods were compared in terms of mean gain Self-Concept and self-
confidence ratings. The quasi-experimental, pre-test-post-test control group approach
was used to conduct this investigation. The results demonstrate that subjects exposed
to small group education had considerably higher mean gain scores on Self-Concept
compared to subjects taught using the conventional method. This demonstrates how
the small group teaching technique affects the Self-Concept of ninth-grade students.

SGTM was proven to be more successful at improving students' Self-Concept.

Rani (2015) carried out a comparison study to examine how students' self-
concept and English grammar achievement were affected by the idea attainment and
memory models. Three designs were used: control, post-test, and pre-test. Three
student groups were involved: one control group, two experimental groups, and one
group for each. Purposive sampling was employed in the study. The results of the
study show that students who learnt English grammar through the use of the Concept
Attainment Model and the Memory Model did better than those who learnt it through
the Conventional Method. The study also discovered that students' Self-Concept was
much greater in those who were taught English grammar using the Concept
Attainment Model and the Memory Model than in those who were taught using the

Conventional Method.
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Devi (2015) conducted research on the impact of cooperative learning on
student’s academic progress and Self-Concept. The primary goal of this study is to
compare the accomplishment and Self-Concept of students taught using a cooperative
learning strategy to those taught using a traditional way of instruction. Using a
purposive sample of eighth-graders from the same school, a pre-test post-test control
group quasi experimental design was used for the investigation. The study's findings
shows that Team Game Tournaments and Students-Team success Divisions under
cooperative learning considerably enhanced the scores of students in the experimental

group in terms of academic success and Self-Concept.

Stephen and Utibeabasi (2011) carried out a study to find out the impact of
self-concept on secondary school physics students' academic achievement. The study
was carried out in Nigeria's Akwa Ibom State, in the Uyo LGA. The study included
five hundred (500) senior secondary two physics students as a sample. The Self-
concept Questionnaire (SQ) and the Physics Achievement Test (PAT), two
instruments created by the researchers, were utilised to collect the data for the study.
The study's main conclusions demonstrated that pupils with strong self-concept
outperformed those with low self-concept in terms of academic achievement. Physics
students with high self-concept did not significantly differ in their academic

achievement based on their gender.

Kumari and Sushila (2002) examined how well gaming and mastery learning
approaches affected students' self-perceptions and academic performance when
teaching chemistry. The investigator used pre-test post-test control design and

consisted of one hundred and twenty students studying in IX standard. The findings
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indicate that compared to the group of students taught using the traditional technique,
the group of students taught using the gaming and mastery learning model had higher
ratings in self-concept and achievement. Additionally, students educated using the
mastery learning approach have a higher self-concept than those who only play video

games.

Vikram and Gulati (2001) examined the effects of teaching accounting using
the Inquiry Training Model, the Mastery Learning Model, and the traditional
technique on students' performance, self-concept, adjustment, and cognitive styles.
The sample comprised of 60 students in XI Class. The participants were separated
into two experimental groups and one control group. The results demonstrated that
there was no discernible change in the students' Self-Concept scores between the
inquiry training model and the mastery learning model, nor in the students' Self-

Concept scores when compared to the control group.

Dabas and Anju (2000) investigated how well students' self-concept, creative
ability, and scientific success were affected by the Mastery Learning and Inquiry
Training Model. A purposive sample of all of class VII from the same school was
utilised in a quasi-experimental pre-test-post-test control group design. The findings
showed that the Mastery Learning model greatly improves student’s Self-Concept
compared to the Inquiry Training model. Again Mastery Learning Model outperforms
traditional teaching methods in improving student’s Self-Concept. Also students Self-
Concept is same when compared to inquiry training model and Traditional teaching

methods.
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Renu and Bala (1997) did a study to determine the impact of the Concept
Attainment Model and the Mastery Learning Strategy on students' self-concept,
science achievement, and trust-building behaviour in the classroom. pre-test-post-test
control group design was used with a sample of 90 students from IXth standard. The
results show that both the mastery learning strategy and classroom trust behavior are

helpful to improve the Self-Concept of students.

Studies related with models of teaching and Problem Solving ability in Physics

Patel and Mikulkumar (2023) examined the impact of the concept attainment
model and the advance organiser model on scientific accomplishment. Experimental
design used was two Experimental group Control group Post-test only Design (As a
true experimental design). The sample consisted of 102 secondary school students.
Purposive sampling technique was utilized. The study's findings demonstrated that
CAM instruction was superior to traditional instruction in terms of effectiveness.
Comparably, AOM instruction proved to be more successful than conventional
instruction. Also the results revealed that AOM and CAM both had an equivalent

effect on student’s academic achievement.

Kaur (2023) examined Impact of inquiry training model on scientific success
and creativity in relation to scientific curiosity. The equivalent group design for the
pre-test and post-test was used. 200 VIII standard students from the Fazilka district
make up the sample; 100 students are in the experimental group and 100 students are
in the control group. Study result showed that the Inquiry Training Model effectively

improves student’s scientific creativity and achievement in science.
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Rokmat et al. (2022) examined the effects of the Causalitic-learning Model
(CLM) on mastery of physics concepts and Problem Solving Ability. This study
employed a quasi-experimental design with pre- and post-testing procedures, as well
as an untreated control group. The sample comprised of 60 students. The results
revealed a considerable difference in problem-solving skills between the experimental
and control groups in physics. CLM and mastering physics concepts both have an

effect on PSA, but there is no interaction between the two.

Nainesh (2021) did a study to determine the effectiveness of the inquiry
training model in teaching mathematics to standard IX students. The study's main goal
was to investigate the impact of an inquiry training model on mathematical
achievement. The researcher used an equivalent group post-test experimental design
with a representative sample of 160 students from standard 9. The researcher divided
these pupils into two equal groups in each schools. While the control group received
standard instruction, the experimental group received training using an inquiry-based
model. The techniques employed included an inquiry training approach and a
mathematics achievement test. The result showed that the inquiry training model is

more effective in mathematical achievement than traditional teaching method.

Herayanti, Widodo, Susantini, and Gunawan (2020) created a collaborative
blended learning model based on an inquiry tutorial to test its effectiveness. The goal
of the study was to determine the usefulness of the created model on Problem Solving
Skills in physics. The model included four dimensions: define, design, develop, and
disseminate. The model's effectiveness was assessed using a one-shot case study and

a pre-post test design. 88 Pre-Service This model involved physics teachers from three
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classes at a private institution in Mataram, Indonesia. Gain scores were analysed using
ANOVA. The research findings suggested that the inquiry-based collaborative

blended learning paradigm increased students' Physics Problem Solving skills.

Singh and Kaushik (2020) conducted a quantitative study to assess the impact
of inquiry-based learning on chemistry teaching and student achievement. A sample
of 80 XI standard students from Jhunjhunu district were recruited, with 40 being rural
and 40 being urban. Purposive sampling was used to identify participants. While the
control group received common training, the experimental group received instruction
based on inquiry. Non-equivalent groups design for the pre-test-post-test was
employed. The study found that students who were taught using the inquiry-based
method were more likely to support the SE method compared to those who were taught
traditionally. The study found that inquiry-based learning leads to increased
knowledge and a broader viewpoint among students. And perform more actively in

the classroom than those taught in traditional methods.

Veena (2020) investigated the impact of the Creative Teaching Model Using
Robots on IX Standard Students' Creativity and Physics Achievement. The primary
goal of this study was to accomplish a specified degree of learning in physics through
a creative teaching strategy that utilised direct experience. And to create and test the
benefits of a creative teaching paradigm involving robots on creativity and physics
achievement. A pre-test-post-test parallel group experimental design was the study
methodology employed. The methods used in the study comprised a typical
progressive matrix-based intelligence exam, a physics accomplishment test, a

nonverbal test of creative thinking, a questionnaire based on socioeconomic status,
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and a creative teaching model utilising robots. The results of the study show that the
Control and Experimental groups' scores on the Physics Learning Achievement Test
differed significantly from one another. And the creative teaching methodology
developed by the researcher employing robots is more successful for creativity and

physics learning.

Bhaskara (2018) conducted a study titled "Comparative study of the
effectiveness of Concept Attainment Model over Existing Method of Teaching a unit
from physical science between homogenous and heterogeneous groups in higher
secondary classes." The study aimed to assess the effectiveness of CAM and standard
teaching techniques for teaching physical science to higher secondary pupils. The
study utilised a non-equivalent post-test experimental design. The sample comprised
of 100 students (40 men and 60 women). The researcher employed parametric
statistics to analyse the data. This study found that using a computer-assisted learning
(CAM) approach can help students learn and apply theories more successfully than

traditional teaching methods.

Maryam et al. (2018) conducted studies on the use of the Conceptual Change
Model to rectify mistakes and teach fundamental physics ideas. Determining how well
the conceptual change model (CCM) teaches the foundational concepts of
electrostatics was the main objective of the research. The study population consisted
of female junior high school pupils. This study used the quasi-experimental Solomon
four-group design. The conveniently and randomly selected samples were divided into
two experimental and two control groups. The tools utilised were tests created by

researchers to assess academic achievement in three areas: knowledge,
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comprehension, and concept application. The hypotheses were tested using central
and dispersion measures, the t-test, and two-way ANOVA. The study's findings
suggest that Concept Change Model teaching approaches outperform Existing
Method of Teaching in terms of learning physics ideas, detecting and correcting

misunderstandings.

Turnip et al. (2016) distinguished the problem-solving skills of Physics
students taught with the traditional cooperative approach to those taught utilising the
inquiry-based just-in-time teaching model. The study aimed to determine if the
inquiry-based just-in-time teaching model has an impact on Problem Solving Skills
of General Physics students. This is a quasi-experimental study with physical
education and physics students at University of Medan. The sample was selected by
cluster random sampling. The study found that the inquiry training model has a
significant positive impact on physics student’s Problem Solving Abilities, compared

to the cooperative learning model.

Paliwal (2014) examined how standard IX students' capacity for ambiguity
tolerance and inductive reasoning differed between the Inquiry Training Model and
the Concept Attainment Model. With pre-tolerance of ambiguity as a covariate, the
study looked at how the Inquiry Training Model, Concept Attainment Model,
Scientific Attitude, and their interactions effect ambiguity tolerance. The sample for
the study consisted of 100 students aged 13-15 years (50 boys and 50 girls) of IX
standard studying at private Hindi medium schools in Indore City. The study found
that students taught using the Inquiry Training Model outperformed those taught using

the Concept Attainment Model in terms of tolerance for ambiguity. Additionally,
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inductive reasoning using the Inquiry Training Model and the Concept Attainment

Model yielded no significant differences.

Amith and Mathur (2013) examined how the Concept Attainment Model
affected students' understanding of physics ideas. The data used in this study came
from two Mohindergarh (Haryana) schools. This study's main objective was to
compare the effects of the standard teaching approach and the concept attainment
model on students' achievement in class IX physics concept acquisition. In this study,
an experimental research design was adopted. The sample for the study included 228
ninth-grade high school students. The results of the study indicate that there is a
significant difference in students' understanding of physics between the traditional

approach (TM) and the concept attainment model (CAM).

Khan and Igbal (2011) compared the Inquiry Training Method to typical lab
techniques for teaching ninth-grade biology. The study examined the effect of inquiry
lab training on students' scientific process skills. The study included two groups of
students: control and experimental. The Scientific Process Skill Scale was given to
both student groups. Following the pre-test, the experimental group received 30 days
of instruction utilising the inquiry lab approach, whereas the control group received
standard lab instruction. The science process skill scale was used as a post-treatment
evaluation. The study found that inquiry-based lab instruction is more successful for

improving scientific process skills among secondary school biology students.

Saeed (2011) studied the impact of inquiry-based learning on secondary
school students chemistry achievement. The study aimed to examine the effectiveness

of inquiry-based instruction as a supplementing technique on chemistry academic
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performance and low IQ. The study used an experimental research design with the
Chemistry Achievement Test (CAT) as the research instrument. The study's sample
size consisted of 45 senior secondary students. The obtained data was examined using
the t-test. The study found that the inquiry method outperformed traditional methods

for high achievemment in Chemistry.

Hussaini et al. (2011) conducted a study on Physics teaching approaches,
comparing scientific inquiry training to traditional lecture methods. This study aimed
to assess how three levels of scientific inquiry training and standard lecture methods
affect students' performance and ability to apply physics knowledge in real-life
settings. This A pre-test, post-test control group design was used in the research
investigation. The sample for the research study included 175 male tenth-grade
physics students. Content Alignment Analysis was applied to the data analysis. The
study found that guided, unguided, and combined scientific inquiry had a greater
impact on students' achievement and ability to apply physics principles in real-world
scenarios compared to standard teaching methods. The study indicated that scientific

inquiry training increases student achievement in physics.

Praveen (2006) investigated how secondary school students' ability to solve
physics problems was affected by their mastery learning method. Pre-test post-test
equivalent groups design was the methodology employed in this investigation.
Additionally, 74 students from two divisions within the same school make up the
sample. The results show that The Mastery Learning Strategy does not significantly
improve students' Problem Solving Abilities compared to the Conventional Learning

Strategy.
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Conclusion

Since the researcher was attempting to use Productive Thinking Model which
is not frequently used in instructional settings, Much studies about Productive
Thinking Model was not available. So, the investigator done a thorough review
through different models of teaching that comes under information processing family
to fix the direction of the study. Also, the effect of dependent and independent variable
on different models and methods of teaching and their relationships were reviewed.
since the studies related to Productive Thinking Model on Problem Solving Ability in
Physics is very few in number the investigator reviewed studies that were attempted
to study the effectiveness of models of teaching on achievement and other higher order

skills.

The Research on several models and techniques within the information
processing family demonstrates that they do, in fact, improve retention and
achievement. There are remarkably few research examining the impact of specific
models on higher order cognitive functions, particularly Physics Problem Solving
Ability. Certain research studies (Herayanti et al., 2020; Turnip et al., 2016; Paliwal,
2014) demonstrate that teaching models improve high-level outcomes such as

problem solving, inference, inductive reasoning, and deductive reasoning.

Investigator reviewed many studies related to the variables of studies from
2015 on words (for some cases studies before 2015 also reviewed). Altogether, the
investigator has presented 56 investigations that were carried out in India and other

countries.
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In the literature review the investigator found that there were lots of studies
related to the effect of models of teaching on Achievement in Physics. But only few
studies which is related to the effect of models of teaching on Problem Solving Ability

in physics. It gives ways and confidence to conduct research in this area.

Also, through the literature review the investigator has found that there were
only few studies which were related to effect of a model of teaching on Self-Concept

of students. It points to possibility of deeper studies in this area.

Research shows that Academic Achievement is influenced by the models of
teaching. The majority of research investigating the impact of instructional models
reveals a stronger correlation with academic achievement. But the studies to
investigate the effect of Models of teaching on Problem Solving Ability in physics
was less. The review also points out that there aren't many research that use Self-
Concept as a dependent variable. As a result, the investigator has a thorough
understanding of the variable and has been exposed to its various dimensions. After
reviewing relevant research, the investigator was compelled to look into how the

Productive Thinking Model affected Problem Solving Abilities and Self-Concept.
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METHODOLOGY

Research methodology is the way in which the investigator carrying out the
research. In order to lead the research to success the methodology adopted should be
apt. It includes what data we are going to collect and where from as well as how it is
being gathered and analyzed. The relevant selection of methodology leads to sound

findings. Research methodology helps the investigator to stick on the track.

Methodology is the procedure of selection of appropriate method, tools and
techniques for the study. In order to solve a research problem successfully, various
strategies adopted by the investigator for collecting and analyzing data should be
relevant to the area of study. The present study entitled as EFFECTIVENESS OF
PRODUCTIVE THINKING MODEL ON PROBLEM SOLVING ABILITY IN PHYSICS

AND SELF CONCEPT OF STANDARD IX STUDENTS intended to find out the
effectiveness of standard IX students. This chapter describes variables selected,
objectives and hypotheses, design opted for this study, tools used, samples selected

and the statistical techniques used.

Rationale for the selection of variables

Science is a subject which is much more connected with our daily life. We
often use scientific phenomenon, laws, and theories by knowingly or unknowingly.

So the investigator selected science specifically physics as area of research.
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For the selection of independent variable investigator conducted thorough
review of literature, and it was found that there are lots of strategies and methods were
introduced over existing method of teaching some are successful but some are not.
But there were a lot of limitations while implementing those models in various
aspects. Most of the methods introduced have practical difficulties regarding time,
classroom environment, attitude of students etc. Physics is such a subject which need
more activities and space for critical and creative thinking. Instructional strategies
which foster creative thinking in physics was very less in number so the investigator
selected a model namely Productive Thinking Model. It is a model introduced in the
marketing field to improve their outcome. The investigator has done necessary
changes and modifications and transformed it in to the educational context. Productive
Thinking Model can be included in the information processing family of models of

teaching and the investigator fix it as the independent variable.

For the selection of the dependent variable the investigator studied various
theories related to Productive Thinking Model and the factors associated with it. It is
a model of teaching to solve problems critically and creatively and also it foster self
thinking of students. Through literature review the investigator figured out different
variables associated with Productive Thinking Model. Since Problem Solving ability
is the variable mostly related, with this the investigator selected Problem Solving

Ability as one of the dependent variable and Self-Concept as the other.

From the literature review it is evident that there is growing interest to develop
different models to enhance the achievement of students. But there are not much

models which foster Problem Solving Ability of students. Since Productive Thinking
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Model is much more related to Problem Solving the investigator selected Problem
Solving Ability in physics as one of the dependent variable. Self-Concept is the other
dependent variable because in order to solve a problem effectively it is important to
have awareness about once strength and weakness. New ideas are come out only if
students are aware of their potentials. Therefore Self-Concept and Problem Solving

Ability in Physics are the dependent variables of the study.

Variables of the Study

Variables are the conditions or characteristics that the experimenter
manipulates controls or observes. Independent variables are the conditions or
characteristics that the experimenter manipulates or controls in order to ascertain the
relationship to observed phenomena (Best & Khan, 2012). The dependent variables
are the conditions or characteristics that appear, disappear or change as the
experimenter introduces, removes, or changes independent variables (Best & Khan,

2012).

The following provides an explanation of the dependent, independent, and
control variables that were chosen for the research. The primary objective of this study
was to evaluate the effectiveness of the Productive Thinking Model in comparison to
the Existing Method of teaching. A deep literature review was carried out for the
appropriate selection of the variables. The instructional strategy selected was
Productive Thinking Model and Existing Method of Teaching. Two experimental
groups and two control groups were selected for this study and hence the study was

an experimental one.
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The dependent, independent and control group variables are explained in detail

below.

Independent Variables

The independent variable selected for the study was Models of Teaching.

Models of Teaching

A model of teaching is a plan or pattern that can be used to shape curriculums
(long-term courses of studies), to design instructional materials, and to guide
instruction in the classroom and other settings (Joyce &amp; Weil, 1985). Similar to
instructional designs, teaching models involve distinct procedures and the creation of
specific environments that have the potential to influence students' behaviour.
Teaching models assist students in learning a range of concepts, morals, ways of
thinking, and self-expression techniques. Show them by example how to learn
efficiently. Productive Thinking model is selected as the independent variable for the

present study.

Productive Thinking Model. It is a methodical technique to Problem Solving
or developing innovative ideas. This model incorporates many strategies that are done

at different stages of the process (Hurson, 2007).

In the present study, Productive Thinking Model is a Teaching model in which
the physics concept is taught through six stages. Researcher employed the six staged

lesson plan to teach the content.
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Existing Method of Teaching

The most common approach used in Kerala State's secondary Schools is the
process skill oriented Method. The process skill-oriented method, which has been
approved by subject matter experts, served as the foundation for the creation of the

lesson transcripts.

Dependent variable

This study was trying to find out the effectiveness of Productive Thinking
Model over Existing Method of Teaching on Self-Concept and Problem Solving

Ability in Physics of Secondary school students of Kerala.

Problem Solving Ability in Physics

Problem Solving Ability is a mental procedure aimed towards obtaining a
goal, when no possible solution becomes apparent to the problem solver (Mayer and

Wittrock, 2006).

In this study, students' "Problem Solving Ability in Physics" was defined as
their capacity to solve a problem using previously covered physics ideas, taking into
account the elements of understanding the problem, making sense of the problem, and

coming up with a solution.

Self-Concept

The person's belief about themselves, taking into account their characteristics

and sense of self (Baumeister, 1999).
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In the context of this study, self-concept is defined as optimism, self-
acceptance, and self-confidence in one's abilities and potential among IX" std

students.

IX Standard Students

IX standard students means, students studying in secondary levels in schools

recognized by the Government of Kerala state.
Control Variables

In a research study, control variables are those that must remain constant or
restricted. Although this variable is not related to the goal of the study, it should be
controlled since it may have an impact on the findings. There is a possibility that, these
elements could have an impact on the research outcomes. Therefore, the researcher
anticipated certain characteristics of the subjects that would interfere in the
experimental setting. ANCOVA was used to statistically control these factors. The
students' pre-experimental status in terms of pre-tests was one of the variables that the
investigator controlled. verbal group test of intelligence and socio-economic status

were also controlled.

Rationale for the selection of control variables

Pre-test scores are used as a control variable by researchers to ensure that the
experimental and control groups have the same physics Problem Solving Ability at
the start. This initial equality mitigates the impact of pre-existing differences across
groups, which might otherwise distort the study's outcomes. Experimental research

typically aims to determine the impact of a specific intervention or treatment (here,
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the Productive Thinking Model). Variations in pre-tests may be misattributed to the
intervention rather than the underlying cause if the baseline Problem Solving Abilities
of the students is not controlled. The study's internal validity is enhanced by the use
of pre-test results as a control variable. The degree to which the outcomes can be
consistently ascribed to the independent variable (Productive Thinking Model) as
opposed to other variables is known as internal validity. This will aid in determining
if any changes in the experimental group were caused by the introduction of the

Productive Thinking Model or by other factors.

The investigator employs a verbal group test of intelligence as a control
variable to ensure that the experimental and control groups are initially equivalent in
terms of general cognitive abilities related to verbal intelligence. This baseline
equivalency helps to mitigate the influence of pre-existing IQ differences on Self-
Concept and Problem Solving Abilities. A standardised test was used to assess
student's verbal intelligence, which included language comprehension, reasoning
ability, and verbal fluency. These cognitive skills are significant because they
influence how students approach Problem Solving activities and assess their own
abilities (Self-Concept). Controlling for verbal intelligence enables researchers to
concentrate on the Productive Thinking Model's effects on Self-Concept and Problem
Solving Ability rather than overall cognitive abilities. The use of a verbal group test
of intelligence as a control variable in this experimental study assures that
comparisons between groups are fair and that any observed improvements in Self-
Concept and Problem Solving Ability may be more accurately attributed to the

Productive Thinking Model.
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Income, parental education level, and occupation are all significant Socio-
Economic Status determinants that influence student's access to resources,
opportunities, and support networks. By controlling for Socio-Economic Status,
researchers ensure that any observed differences in Self-Concept and Problem Solving
Ability between the experimental and control groups are not due to Socio-Economic
Status. This enables neutrality while evaluating the influence of the Productive
Thinking Model on various student populations. Internal validity refers to the degree
to which observable improvements in the dependent variables (Self-Concept and
Problem Solving Ability) can be attributed to the independent variable (Productive
Thinking Model) rather than other causes. By controlling for Socio-Economic Status,
researchers increase the study's internal validity by ensuring that variations in
outcomes are more likely to be caused by the intervention (Productive Thinking
Model) rather than socio-economic factors. The use of socio-economic position as a
control variable in this experimental investigation ensures that the Productive
Thinking Model is carefully and objectively tested. It allows researchers to draw more
firm conclusions on the efficacy of the Productive Thinking Model in enhancing Self-
Concept and Problem Solving Abilities while controlling for socio-economic factors

that would otherwise bias the results.

Objectives of the study

1. To identify the prevailing and innovative Instructional Strategies, Methods

and Models adopted by teachers to teach Physics at Secondary School Level.

2. To find out the issues (if any) experienced by the Physics teachers in

implementing innovative Instructional Strategies, Methods and Models at
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Secondary School Level and to suggest measures (if any) to overcome the
constraints in implementing the innovative Instructional Strategies and

Models at Secondary School Level.

To compare the mean post-test scores of Problem Solving Ability in Physics

of experimental and control groups for the Total sample, Boys and Girls.

To compare the mean post-test scores of Self-Concept of experimental and

control groups for the Total sample, Boys and Girls.

To compare the mean gain scores of Problem Solving Ability in Physics of

experimental group I and control group II for the Total sample, Boys and Girls.

To compare the mean gain scores of Self -Concept of experimental group I

and control group II for the Total sample, Boys and Girls.

To compare the mean retention scores of Problem Solving Ability in Physics

of experimental and controlled groups for the Total sample, Boys and Girls.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on Problem Solving Ability in Physics of pre-tested experimental

and control group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on Problem Solving Ability in Physics of non pre-tested

experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method

of Teaching on Self-Concept of pre-tested experimental and control group.



121 Methodology

11.

12.

13.

To study the effectiveness of Productive Thinking Model and Existing Method

of Teaching on Self-Concept of non pre-tested experimental and control

group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on retention in Problem Solving Ability in Physics of pre-tested

experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on retention in Problem Solving Ability in Physics of non pre-

tested experimental and control group.

Hypotheses of the Study

There will be no significant difference in mean post-test scores of Problem
Solving Ability in Physics of experimental and control groups for the Total

sample, Boys and Girls.

There will be no significant difference in mean post-test scores of Self-
Concept of experimental and control groups for the Total sample, Boys and

Girls.

There will be no significant difference in the mean gain scores of Problem
Solving Ability in Physics of experimental group I and control group II for the

Total sample, Boys and Girls.
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There will be no significant difference in the mean gain scores Self-Concept
of experimental group I and control group II for the Total sample, Boys and

Girls.

There will be no significant difference in the retention scores of Problem
Solving Ability in Physics of experimental and control group for the Total

sample, Boys and Girls.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability

in Physics of pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability

in Physics of non pre-test experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of pre-

tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of non

pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem

Solving Ability in Physics of pre-tested experimental and control group.
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11. There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem

Solving Ability in Physics of non pre-tested experimental and control group.

Method selected for the Study

The major aim of the study is to investigate the effectiveness of the Productive
Thinking Model on Self-Concept and Problem Solving Ability in Physics among IX
standard students. The investigator used experimental method to find the effect of

independent variable on dependent variable.

Experimental method

To a researcher, an experimental method is analogous to a blueprint for an
architect. With the use of statistical analysis of the data, it gives the researcher the
chance to perform the comparison that the experimental hypotheses require in order

to create a meaningful interpretation of the findings of the study (Lokesh, 2000).

There are Different types of experimental designs based on factors such as
adequacy and complexity. The nature of the experiment, its goal, the variables to be
changed, the type of data, the settings we establish for the experiment, the
experimenter's skill level, etc. are all taken into consideration when choosing an
experimental method. In the present study the investigator intended to investigate the
effect of teaching model namely Productive Thinking Model over the Existing

Method of Teaching. So the investigator selected Solomon Four Group Design.
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Experimental design selected for the study

The aim of the present study is to measure the relative effectiveness of two
instructional methods namely, Productive Thinking Model and Existing Method of
Teaching for teaching Physics subject and to compare Problem Solving Ability in
Physics and Self-Concept of students. Since the study is experimental, the design must
be sufficiently controlled and scientific to address any concerns with internal and
external validity. Inadequate control of the extraneous variable may have an impact
on the study's anticipated outcome. The Solomon Four Group Design will be a
preferable choice in light of all these variables and different experimental designs
because it can somewhat mitigate risks to internal validity. So the investigator has

selected Solomon Four Group Design as the design of this study.

Two control groups (control group I and control group II) and two
experimental groups (experimental groups I and II) are included in this design. The
Productive Thinking Model was used to instruct Experimental Groups I and II (PTM).
The Kerala state syllabus was used to teach the control groups utilising the present
method of instruction used in Standard IX. Only one Experimental group and one
Control group will receive pre-tests out of the four groups. While post-tests will be

given to the four groups.

By using the Solomon Four-Group Design an experimenter can determine
whether the pre-test, the treatment, or the combination of the treatment and pre-test
was the source of the post-test differences. Because of the thing that it takes four
groups to assess the effects of only two levels of a method, this approach is

an expensive one. Four groups are needed because there is pre-test received and pre-
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test non received groups for comparison. The Solomon Four Group Design is a
combination of Post-test only and Pre-test Post-test Equivalent Groups Design,
offering advantages like no interference from pre-testing effects and greater precision

in measuring treatment effects (Kidder, 198 1).

Solomon Four Group Design allows for two simultaneous experiments,
incorporating replication advantages. ANCOV A allows for statistical control for pre-

test and other variables, preventing post-test differences (Best & Kahn, 2006).

The following is an illustration of the design,

Group Pre-test Intervention Post-test
A —> 0; Os o X1 0, Oy
B > X e 04012
C > X3 _ O6 Ous
D _—> 0; 07 —_— X4 e Os O16

(Best & Khan, 2017)
Where,

O1, O3 and Os, O7 are the Pre test Scores of Problem Solving Ability in Physics

and Self-Concept respectively

02, 04,06, Og and O19, 012, O14, O16 are the Post test Scores of Problem Solving

Ability in Physics and Self-Concept respectively.

0,-0;
Gain scores of Problem Solving ability in Physics

05— 03
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O10 - Os
Gain scores of Self-Concept
Ois— 07
A&B - Experimental Groups
C&D - Control Groups
X1 - Experimental Treatment I (Productive Thinking
Model)
X2 - Experimental Treatment II (Productive Thinking
Model)
X3 and X4 - Control Treatment (Existing Method of Teaching)
Procedure

The following sections provide a description of the method that was used for
the study. This section includes details on the study sample, topics chosen, tools,
procedures, and other learning materials used, treatment execution, and statistical

approaches used for the analysis.

Sample for the study

The study's population consisted of Standard IX student from Kerala state's
secondary schools. Since the study is experimental, gathering data from a
large sample proved to be challenging. Therefore, two schools, of reasonable Physical
distance were selected for treatment. Four groups are selected from two schools, two
classes from each school. The investigator selected the two schools which are of
greater physical distance so that there will be no contact of students. The investigator
has been frequently contacted the school authorities before the experimental phase of

the study to ensure the equivalency of the sample. In both the schools the classes are
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divided on the basis of the previous achievement test records taken from the schools.
To make sure the groupings were equivalent, a few further characteristics of these
four classes were taken into account during the selection process. The following is a

description of these aspects.

Rural-Urban Locality

The two schools were selected from semi-urban areas of Kozhikode district.

Gender

Co-education was offered to both schools. The outcomes of the experiment
might change if a school for boys or females was chosen. For this reason, mixed

divisions were chosen for the study in order to properly include boys and girls.

The school environment and other factors are made convenient to execute the
treatment and the physical distance between the two schools (so that the students of
these two schools cannot mingle mutually) were also considered in the selection of
the sample. The study was conducted using a Solomen Four Group design, so the
investigator tries to establish the equivalence of the experimental and control groups.
But in the present study random assignment of subjects was not possible as four
classroom groups from two different schools were assigned as experimental and
control groups. Anyway random assignment was done while classifying classroom

groups to experimental and control groups by considering above mentioned aspects.

Instructional Efficiency

The previous year's terminal exam outcomes were compared to guarantee that

the subjects in the two groups (classes) had equal instructional efficiency. Also
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Problem Solving Ability in Physics and Self-Concept of students before the actual
implementation of Productive Thinking Model was measured using a pre-test on
Problem Solving Ability in physics and Self-Concept. Finally, the investigator has re-
evaluated student’s Problem Solving Ability and Self-Concept after the

implementation of Productive Thinking Model.

The ease with which the schools could carry out the experiment and the actual
distance between the two schools were taken into account while choosing the sample.
Based on their Pre-Experimental Status in terms of their ability to solve physics
problems and their level of Self-Concept, Verbal Intelligence, and Socio-Economic
Status, the four classroom groups were compared. Tools that were appropriate for this

purpose were being used.

Selection of Experimental and control Groups

Two classes were chosen from one school, while the remaining two classes
from a different school based on availability and feasibility as the study required two
experimental groups and two control groups. Table 2 provides information about the

schools chosen for the trial.

Table 2

Details of Schools Selected for the Study

I\Sll; Name of Schools Nature of Group
1 Poilkavu HSS, Polkavu Experimental Group I
2 Poilkavu HSS, Polkavu Experimental Group II
3 Thiruvangoor HSS, Thiruvangoor Control Group I
4 Thiruvangoor HSS, Thiruvangoor Control Group II
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Table 3 displays the actual number of studentsin the Control and

Experimental groups at the start of the experiment.

Table 3

Details of Sample Selected for the Study

Expt eroup I Expt Control Control
Sample (pPI§SS)p GroupIl  GroupI  GroupIl  Total
(PHSS) (THSS)  (THSS)
Girls 18 15 17 16 66

The Experimental Group I and Experimental Group II were taught through
Productive Thinking Model in which experimental group I undergoes both pre-test
and post-test but there is only post-test to experimental group II and the Control Group
I & II, were taught through the Existing Method of Teaching, in which control group

I undergoes both pre-test and post-test but control group II undergoes only post-test.

Topic selection for the Treatment

The topics that will be covered in this experiment were chosen from the
Physics syllabus that Kerala State's standard IX students follows in the 2021-2022
school year. While selecting the topics for the experiment the investigator had go
through; the curriculum, syllabus, textbook and teachers text book and studied it well.
Important information about the subjects was also gathered from expert instructors
and specialists. By considering various aspects of Productive Thinking Model that we

are going to implement, the chapter selected for the treatment was ‘Motion and Laws
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of Motion’. Additionally, this topic was broken down into smaller sections. The

following are the topic and the subunits.

Motion and Laws of motion

10.

1.

12.

13.

Unbalanced external force and motion
Observations of Galileo

Newton’s first law of motion

Mass and inertia

Momentum

Newton’s second Law of motion
Examples of Newton’s laws of motion
Impulses

Newton’s third Law of motion

Law of conservation of momentum
Examples of Law of conservation of momentum
Circular motion

Centripetal force and centripetal acceleration

Each unit was selected with proper care and thorough examination and found

agreeable to Productive Thinking Model. Thirteen Malayalam lesson transcripts, each

with a 40-minute time constraint, were generated for the Experimental groups I, II,

and Control groups I and II, by utilising the corresponding lesson patterns.

To test the applicability of the draft Lesson Transcript of the Productive

Thinking Model, the investigator conducted an experiment with 40 standard IX
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students. Before the tryout even began, the investigator established a strong rapport
with the students. Students were given a clear understanding of the necessity for and
goals of the new learning model. The major goals and characteristics of the model, as
well as how education is designed to fit this specific model, have also been addressed
by the investigator. Concerned teachers in the school were asked to attend the tryout
session and their feedback was gathered. The draft lesson transcripts were revised,
rewritten, and finished in light of the teachers' recommendations and the students'
input.

Data collection Tools, Techniques and Other Learning Materials

used for the Study

Unquestionably, the accuracy of the tools and the process of gathering data
affect the quality of a study. Various tools and techniques were used at different
phases of the data collection to ensure the study's excellence. These comprise the
investigator's own tools as well as those created by other writers, all of which are
covered in length in this section. The tools and other instructional materials that were

used at various stages of the data collection procedure are listed below.

Preliminary Phase

1. Semi-structured Interview Schedule for Secondary school Physics Teachers

(Athira & Bindhu, 2021)

Experimental Phase

1. Lesson Transcript for Productive Thinking Model (Athira & Bindhu, 2021)

2. Lesson Transcripts for Existing Method of Teaching (Athira &Bindhu, 2021)
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3. Problem Solving Ability Test in Physics (Athira & Bindhu, 2021)
4. Self-Concept Scale (Bindhu & Alphonsa, 2015)
5. Verbal Group Test of Intelligence-VGTI (Kumar, Hameed & Prasanna, 1997)

6. Socio-Economic Status Scale (Bindhu & Vineetha, 2017)

Phase I - Preliminary Phase

In this phase, the investigator conducted an interview on Secondary School
Physics Teachers to find out their views on Instructional Strategies, Methods and

Models using a Semi-Structured Interview Schedule.

Semi-structured Interview Schedule for Secondary school Physics Teachers (Athira

& Bindhu, 2021)

In this study, a sample of Secondary school Physics teachers was interviewed
using a semi-structured format to understand the current pedagogical system in

Physics. The focus areas were,

. To know the prevailing methods, strategies and models of teaching proposed

or tested in teaching Physics at secondary Level.

. The constraints faced by teachers, if any, in executing these methods in

Secondary level Physics students.

. Ideas to overcome the constraints, if any, and other measures to be taken.

A semi-structured interview schedule was created to enable respondents to
freely share their thoughts on the focus areas in order to collect data on the

aforementioned areas. After looking through the available resources, a preliminary
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draft of the schedule consisting of eight items was made. Experts were consulted for
additional feedback and modifications. The schedule has been modified to include

five open-ended questions based on their ideas.
Phase 2 - Experimental Phase

This phase comes right before real experimentation in order to create a solid
foundation for doing experimental research. Here the researcher intended to find out
the effectiveness of Productive Thinking Model on Self-Concept and Problem Solving
Ability in Physics among standard IX students. The experiment was conducted using
Solomon Four Group design. The two levels of teaching strategies such as Method of
Teaching (Existing Method) and Models of Teaching (Productive Thinking Model)
was used. Dependent variables are Problem Solving Ability in Physics and Self-
concept. Intelligence, Socio-Economic Status and previous knowledge are the control

variables of the study.

The researcher chose the samples from the Kozhikode district's Poilkavu
Higher Secondary School and Thiruvangoor Higher Secondary School. Both the
students and the school administration were willing to assist with the study as needed.
According to Piaget's classification, students in the IX" standard were chosen for the

experimental group, which falls under the formal operational stage (12—15 years).

The investigator visited the selected schools frequently and collects all the
information regarding school environment, classroom structure, student’s previous
achievements, teacher’s attitude toward the particular subject Physics etc. And also

gathered information regarding teacher’s opinion about student’s attitude towards
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Physics subject and their learning strategies. These all data from school authorities
and students were helped the investigator to form various groups for experimentation.
The physical separation between the two schools (so that the pupils of these two
schools cannot mingle mutually) was also taken into consideration during this stage,
along with other variables that make the school environment convenient for

conducting the experiment.

Experimental stage

Two Experimental Groups and a Control Group had their pre-experimental
status in terms of their Problem Solving Ability in Physics is measured prior to the
experiment. Using the Productive Thinking Model, experimental treatments were
given to experimental groups I and II. Control groups were taught using Existing
Method of Teaching. Pre-test on Problem Solving Ability in Physics and Self-Concept
were conducted to experimental group I and control group II. After the treatments,
post-tests on Problem Solving Ability in Physics and Self-Concept were conducted to
all the four groups. Other data for Verbal Intelligence and Socio-Economic Status

were collected during this stage.

Lesson Transcript for Productive Thinking Model (Athira & Bindhu, 2021)

The investigator created lesson transcripts using the Productive Thinking
Model for the chosen chapters to standard IX students under Kerala state syllabus.
There were thirteen subunits in the chapter that was chosen for the treatment. For each
learning unit, the two experimental groups and the two control groups had the

identical topics chosen and precise goals defined.
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Lesson Transcript for productive Thinking Model is created by the
investigator for treatment in the Experimental group I and Experimental group II.
Since this model incorporates higher order thinking components, the Productive
Thinking Model is not a novel idea in the educational field but, it is an essential
component of it. Since science offers so much opportunity for analysis, synthesis, and
evaluation, our main goal in teaching science is to help students develop these skills.
Productive Thinking is the area in science education that strikes a balance between
these components so that students can learn something new instead of just memorizing
and practising. Here, Productive Thinking Model is developed by Tim Hurson (2007)
for practising in management studies. Therefore, the investigator has modified this
model by considering the available model and adding the needed components for
applying it in the educational field. The six staged Productive Thinking Model Lesson

transcript are as follows,

Foundation. The idea behind this stage is that creativity never occurs in a
vacuum. In order to achieve this, we must offer a knowledge base from which
productivity can be derived. Since motivation, memory, creativity, and critical
thinking all play a part in productive thinking, it is important to establish a
foundational stage in which teachers manipulate student’s prior knowledge to engage
them in the material and use student-centered strategies like activities, technology-

enhanced instruction, and demonstrations to teach.

Ideation. In this level, ideation fluency is prioritised over the creative part of

productive thinking. The following ideas serve as the foundation for ideation.

v Quantity comes before quality.
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v Innovation is hindered by functional fixedness.

v The obstacle preventing creation is criticism.

Students are free to think creatively and from a variety of angles by sticking
to the previously mentioned principles. In this situation, a teacher's job is to pose an
issue in a way that challenges students, upsetting their balance and encouraging them
to come up with solutions. To do this, we must reduce criticism. That is criticism of
oneself or criticism from others, as it prevents one from being creative and avoids

emphasising memorization, drill, and skill.

Evaluation. The critical thinking component of productive thinking is
represented by this phase. It entails assessing creative thought through critical
thinking in order to change the idea and make it workable. As critical thinking takes
domain criteria into account, it gives the developing ideas value, strength, potential,
usefulness, and appropriateness. Peer assessment and presentation are two tactics that
can be used in science classroom instruction to assess concepts that are still in their

infancy.

Stabilization. The idea is to be stabilised during this phase. Students may have
begun to question the stability of the material they were given and the ideas they had
created. Two tactics that can be utilised in science classrooms are concept maps and

conclusion writing.

Implication. Students are now free to logically infer the generated ideas. At
this point, teaching science in the classroom can make use of concept maps and

foresight.
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Application. In this stage, the model provide enough life opportunities for the

students to apply in real life situations.

A Malayalam version of the Model Lesson Transcript on Productive Thinking

Model is presented in Appendix

Lesson Transcript for Existing Method of Teaching (Athira & Bindhu, 2021).

The term "Existing Method of teaching" refers to a strategy that is currently
using the teachers in secondary schools under Kerala state syllabus. The most
common approach used in Kerala State's secondary Schools is the process skill
oriented Method. The lesson transcripts were created based on the process skill
oriented Method, to highlight their approach to instruction through engaging activities
in which students actively participate and produce effective learning outcomes. It
takes a child-centered perspective. Process skills are ways of thinking about and
engaging with objects and situations that can help understand novel scientific theories
and concepts. These abilities enable students to gather data, put their beliefs to the
test, and create scientific explanations for the world around them. This is an approach
where students actively participate both physically and psychologically. The primary
goal of this approach is learning by doing. Since it is generally established that the
more senses are activated, the more and longer an individual retains what they have
learned, learning by doing is essential to successful learning. Process skill oriented
methodology is a well-established fact that learning is active. We forget the things we
hear. We might recall what we observe. However, we completely comprehend what
we do when we take action. However, one may easily argue that activities include

playing, singing, dramatisation, and experiments where the learner's bodily
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participation is the only need. The issue with this mindset is that pursuits are made

just for their own sake. A good learning activity should capable of:

> Assist in the formation of concepts and skill development

> Guarantee everyone's involvement

> Encourage the child's cognitive development.

> Be designed to make learning fun and challenging for the student.
> Should be in tune with the age and nature of the learner.

Aside from this, the substance and the lessons that need to be learned should
be adequately represented. The Malayalam version of the lesson transcript is given in

Appendix II.

Problem Solving Ability test in Physics (Athira & Bindhu, 2021)

This test is meant to measure the Problem Solving Ability in Physics of the
students. The test is constructed by the investigator and the supervising teacher on the
topics selected for treatment, as explained earlier the investigator has reviewed
various studies and collected many components and dimensions. The investigator
concluded that, among all the data gathered, Comprehending the Problem, Clarifying
the Problem, and Finding a Solution to the Problem (Praveen, 2006) are the key
elements most appropriate for getting ready for the Physics Problem Solving Ability

test. The components for the test were described below.

Comprehending the problem. Comprehending the issue emphasizes the first
step in becoming familiar with the issue. An in-depth comprehension of the issue is

necessary in order to fix it. Understanding entails specific thought processes that assist
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the problem solver in creating a more detailed problem structure. The following list

contains the subcomponents needed to understand the problem.

Sensing the problem. When faced with a circumstance, an individual may
choose to react to it or not. He should be able to notice or feel an issue in that
circumstance that will throw him in disequilibrium if he wants to react to it. It may

take him some time to restore his equilibrium in order to solve that issue.

Defining the problem. One of the most crucial phases in Problem Solving
involves defining the problem. We should begin Problem Solving by translating our
mental images of the problem into verbal descriptions. Once a problem has been
sensed or identified, one should be able to provide a verbal explanation for that

problem.

Analysis of the problem into discrete elements. This section of Problem
Solving Ability emphasises decomposing an issue into its component elements. To
aid in understanding, the problem has been made simpler in this instance by

highlighting the pertinent ideas, numbers, people, or objects.

Clarifying the Problem. Clarifying the problem is the second important
aspect of Problem Solving ability. The investigator refers to untie the fundamentals
of the problem in order to approach it intellectually by providing clarification on the
topic. Clarification entails thought processes that take into account potential solutions

for the problem that the researcher is trying to solve.

Ability to discriminate between the most relevant and closely related

concepts. In this case, the procedure involves categorizing problem-related notions
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according to their applicability. Here, we're separating and identifying the smaller

ideas that the problem involves but that are crucial to its development.

Using analogies for reasoning. Using similarities between related elements
or objects that are highlighted in the problem is known as analogy. An ordered system
of symmetrical relations based on the identities of structural components is what
constitutes an analogy. Analogies emphasise the similarities between a difficult topic

and something simpler, paving the way for comparisons to explain it.

Using Inductive or deductive reasoning. Here, certain relationships between
crucial terms in the issue are discovered in this component, and the conclusions drawn
from them can be applied to a broader setting. Here, two types of thinking are applied
as an intellectual exercise to solve problems: general to particular and specific to

general

Hypothesizing. Developing hypotheses involves using creative and analytical
imagination. A hypothesis is a well-informed estimation or a provisional conjecture
that serves as an explanation for a certain circumstance or phenomena. Such kinds of
assumptions are essential to the advancement of science. Analogy and induction can
be used to formulate hypotheses, and effective hypothesis formulation calls for

creativity, in-depth knowledge, and a sincere interest in the topic.

Checking the testability of hypotheses. The testability of a hypothesis is one
of its main features. Only when a theory is well-established and compatible with all

pertinent data can it be accepted. A strong hypothesis is necessary for a scientific
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research to be successful because without it, we would not know what to do, what to

observe, or what experiment to do

Finding solution to the problem. The third main element of Problem Solving
ability is finding solution to the problem. The following list contains this component's

subcomponents.

Controlling of variables. One of the key components of Problem Solving is
controlling of variables. One of the crucial scientific process skills is this one. In
science investigations, it is actually necessary to control some variables in order to
observe variable relationships. The ability to determine which factors in an
experiment should be controlled and which should be explored is an essential skill for

science students.

Prediction of Happening. Another subcomponent that improves the capacity
to foresee unknown things based on existing knowledge is prediction of occurring. It
may also be thought of as the capacity to extrapolate from known knowledge into

novel and unfamiliar circumstances.

Conceiving ideas using diagrammatic representation. Diagrams and
illustrations are essential to the learning of science, thus we cannot ignore their
importance. Concepts are clarified and the material is given greater meaning through
the use of diagrams and illustrations. Using symbols and diagrams to help visualise

the concepts involved in an issue is crucial for addressing physics difficulties.

Conceiving a strategy to execute a plan of action to test the hypothesis. This

component requires the creation of an experimentation plan. The approach fixation
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aids the scientist in maximising parameters, eliminating logical mistakes, and figuring

out the most effective means of producing precise results

Drawing inference from relevant observed data. This part of the problem-
solving ability test makes recommendations for the conclusion that can be made from
a given collection of data. This has to do with applying common sense to interpret the

collected data in a useful way.

Generalizing. We can draw generalisations when our experiments yield a
collection of results that are similar. generalisation is a crucial facet of Problem

Solving Ability.

Design of the Problem Solving Ability Test

The basic ideas of physics, such as motion and the laws of motion, served as
the foundation for the development of the Problem Solving Ability test. After
reviewing the literature, the investigator created a draft Problem Solving Ability Test
in Physics for Students in the IX Standard. The 45 multiple-choice questions on the
test were created with help from the supervising guide and are based on the ideas of
motion and laws of motion. The components recommended by Praveen (2006) served
as the basis for the preparation of the Problem Solving Ability Test. To ensure that
each prepared item was relevant, the specialists reviewed the preparation process.
Multiple choice items were chosen because Ebel & Frisbie (1971) suggested that they
are the most commonly utilised test items since they are less susceptible to sampling
mistakes and more objective. They are simple to score and analyse, effective, and less

ambiguous. The Appendix contains a draft of the Physics Problem Solving Ability
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Test. A summary of the components included in the Physics Problem Solving Ability

test is provided in Table 4.

Table 4

Summary of the Distribution of Items of the Draft Problem Solving Ability Test in

Physics based on Components

Components of

Problem Solving Sub components Question Total
o Number
ability
Sensing the Problem 1,2,3
Comprehending the Defining the Problem 4,5,6 9
Problem Analysis of the Problem into
. 7,8,9
discrete elements
Ability to Discriminate between
the most relevant and closely 10,11,12
related concepts
Using analogies for reasoning 13,14,15
Clarifying the Problem  Using Inductive / Deductive 15
. 16,17,18
Reasoning
Hypothesizing 19,20,21
Checking the testability of 220324
hypotheses
Controlling of variables 25,26,27
Prediction of happening 28,29,30
Cpncewmg }deas using 31.32.33
diagrammatic representation
Finding solution to the  Conceiving a strategy to execute a 18
Problem plan of action to test the 3,35,36
hypothesis
Drawing inference from relevant 36.37.38

observed data
Generalizing 39,40,41
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Table 5 displays the item distribution for the draft Physics Problem Solving

Ability Test, which is based on fundamental ideas in motion and laws of motion.

Table 5

Summary of the Distribution of Items of the Draft Problem Solving Ability Test in
Physics based on Basic Physics Concepts

Basic concepts Number of questions
Balanced and Unbalanced forces 4
Newton’s Laws of motion 16
Inertia and mass 10
Momentum
Impulse

Circular Motion

45 questions based on motion and laws of motionin physics
concept comprised the draft Problem Solving Ability Test in Physics. Students were
instructed to select the right response from the four options provided for each question
on the test by surrounding the correct option. The possibilities were A, B, C, and D.
Every question carries a single mark, and the whole test has a maximum of 45 and a

minimum of 0.

Try out of the Problem Solving Ability Test

The 45 multiple-choice test draft was given by the investigator to a
representative sample of 100 students in four distinct standard IX classes at a separate
school (other than the Experimental and Control groups were selected for treatment).
Before the test was given, the subjects were made aware of its aim. The students were

given enough copies of the draft test materials and response papers. The test
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comprised all required instructions, and the investigator provided any extra
information that was required. The scoring key was used to assign scores to each of

the 100 response sheets. One hundred response sheets were chosen for item analysis.
Item Analysis

For item analysis, the method recommended by Ebel and Frisbie (1991) was
used. The response sheets that were chosen were ordered according to decreasing
score magnitude. The 27 participants who scored higher (27%) and the 27 subjects
who scored lower (27%) were considered to be in the upper and lower groups,
respectively. The difficulty index and discriminating power of each item were

determined in order to choose the items for the final test.

Difficulty Index. An item's difficulty index was determined by taking the
proportion of the group to which the subjects had given the correct response; the
greater the index, the easier the question. The formula by Ebel and Frisbie (1991) was

used to calculate each item's difficulty index.

+
Difficulty Index = v+l
2N

Where,

U - The number of correct responses in the upper group
L - The number of correct responses in the lower group

N - The number of subjects in each group.

Discriminating Power. According to Ebel and Frisbie (1991), test scores are

predicted to be more varied and reliable if higher the average discrimination index for
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each question on the test. The formula is used to determine each item's discriminating

power is,

Discriminating Power = %

Where,

U - The number of correct responses in the upper group
L - The number of correct responses in the lower group

N - The number of subjects in each group.

The difficulty index and discriminating power of each item are given in

Table 6.

Table 6

Difficulty Index and Discriminating Power of Items in Problem Solving Ability Test

in physics
Item No U L Di D, Selected Items
1 24 12 0.66 0.44 Selected
2 18 8 0.48 0.37 Selected
3 24 5 0.53 0.70 Selected
4 21 5 0.48 0.52 Selected
5 24 16 0.74 0.62 Selected
6 23 7 0.55 0.48 Selected
7 20 9 0.53 0.70 Selected
8 19 6 0.46 0.55 Selected
9 15 4 0.35 .033 Selected
10 15 5 0.37 0.40 Selected
11 14 9 0.35 0.40 Selected
12 21 6 0.50 0.44 Selected
13 15 7 0.40 0.33 Selected
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Item No U L Dj D, Selected Items
14 13 5 0.33 0.30 Selected
15 16 3 0.38 0.40 Selected
16 16 3 0.38 0.40 Selected
17 17 6 0.46 0.48 Selected
18 25 11 0.72 0.62 Selected
19 18 7 0.46 0.40 Selected
20 15 7 0.38 0.33 Selected
21 23 11 0.62 0.44 Selected
22 15 3 0.33 0.44 Selected
23 22 11 0.72 0.62 Selected
24 20 7 0.50 0.48 Selected
25 17 2 0.35 0.55 Selected
26 25 13 0.40 0.44 Selected
27 16 11 0.50 0.18 Rejected
28 18 7 0.46 0.40 Selected
29 12 5 0.31 0.25 Rejected
30 21 10 0.57 0.40 Selected
31 19 8 0.50 0.40 Selected
32 22 12 0.62 0.37 Selected
33 19 6 0.46 0.48 Selected
34 23 11 0.62 0.44 Selected
35 22 13 0.70 0.44 Selected
36 21 8 0.53 0.48 Selected
37 16 3 0.35 0.48 Selected
38 17 8 0.46 0.33 Selected
39 20 15 0.68 0.25 Rejected
40 18 10 0.51 0.30 Selected
41 22 11 0.61 0.47 Selected
42 19 11 0.55 0.30 Selected
43 24 10 0.62 0.51 Selected
44 20 1 0.57 0.33 Selected
45 19 9 0.51 0.37 Selected

U - The number of correct responses in the upper group; L - The number of correct responses in the
lower group, D; - Difficulty Index, D, — Discriminating power
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Appendices provide a draft of the Physics Problem Solving Ability Test

(English Version), the Response Sheet, and the Scoring Key.

The researcher made the decision to choose items with discriminating power
more than 0.3 and an initial difficulty index ranging from 0.3 to 0.7 from the entire
set of draft test items. Additionally, the investigator has taken into account a few items
with difficulty index ranging from 0.30 to 0.75. As a result, the investigator used 42
multiple-choice questions that were taken from the draft test to create the final test.

The test had an hour allotted for it, and 42 marks was the maximum possible result.

Validity of the Test

The Problem Solving Ability Test's validity was estimated using the Criterion
Related Technique. Other than the Experimental and Control groups, students from
two class divisions of standard IX from a different school were selected. The obtained
response papers were collected and scored. Additionally gathered scores were the
marks that the identical sample received on the first Physics terminal test. The two
sets of scores' coefficients were then determined using Pearson's Product Moment
Correlation. It was discovered that the validity coefficient achieved was 0. 70. It
implies that this test is a very reliable way to assess standard IX student’s proficiency

in Problem Solving ability in Physics.

Content Validity. As the name suggests, this type of validity is confirmed by
assessing each test item's relevance separately and collectively (Freeman, 1976). The
investigator sent the test items for expert evaluation in order to ascertain the content

validity of the Problem Solving Ability Test. Experts have concluded that the test's
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content covers key concepts and appropriately addresses the learning objectives.
Thus, it was determined that the Physics Problem Solving Ability Test has content

validity.

Face Validity. Experts assessed the items on the Problem Solving Ability Test
to confirm the test's face validity. Experts suggest that the items in the Problem
Solving Ability test may be utilised to assess the Problem Solving Ability in

Physics of standard IX students.

Reliability of the Test

Using the test-retest method, the Problem Solving Ability test's reliability was
determined. The same sample was given the same test three weeks later, and the data
used for validation was gathered from them. Consequently, two sets of scores were
generated: the original score and the retest score. The Pearson's Product Moment
formula was used to determine the correlation coefficient between the two sets of

scores. It was discovered that the correlation coefficient was 0.75.

Split half reliability. Two sets of scores such as first half and second half are
generated when the entire item is divided into two equal halves. The two sets of scores'
correlation coefficient was calculated using Pearson's Product Moment method. The
test's reliability is ensured by the 0.72 coefficient of correlation that was discovered.
Therefore the test appears to have appropriate to assess standard IX student’s Problem

Solving Ability in Physics based on the reliability and validity results.
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Self-Concept Scale (Bindhu & Alphonsa, 2016)

The Self-Concept scale created by Bindhu & Alphonsa (2016) was used to
measure Self-Concept for the study. The five components of the test include
academic self-concept, moral self-concept, social self-concept, and physical self-

concept. Table 7 below displays several components and the distribution of items.

Table 7

Component wise distribution of Items

SI. No. Components SI Number of the items
1 Physical Self-Concept 2,5,7,14, 17,24
2 Mental Self-Concept 1,3,4,9, 18, 19, 20, 23
3 Social Self-concept 6, 8,13, 16, 10, 21, 39
4 Academic Self-Concept 11, 25, 26, 27, 29, 30, 31, 32,

33, 34, 35, 36, 37, 38

Scoring Procedure

There are five possible answers for each sentence on the self-concept scale:
always, mostly, sometimes, rarely, and never. Alternatively, for the positive
statements, the five responses have the following scores: 5, 4, 3, 2, 1. the scoring for

the negative statements was conducted in the opposite order.

Reliability

The capacity to produce consistent results across a range of measures is known
as reliability. The Cronbach’s alpha approach was employed by the investigator to

determine reliability. The obtained coefficient of correlation was 0.72. This suggests
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that the scale has acceptable psychometric qualities to measure the Self-Concept of

IX Standard students.

Validity

The degree to which a procedure or instrument for gathering data allows one
to measure what is meant to be measured is known as its validity. The validity of the

Self-Concept scale was confirmed using face validity.

Verbal Group Test of Intelligence - VGTI (Kumar, Hameed, & Prasanna, 1997)

The Verbal Group Test of Intelligence (VGTI) developed by Kumar, Hameed,
and Prasanna (1997) was used to test verbal intelligence in the study. The test consists
of five subtests, each with twenty multiple-choice items (a total of 100 items). These
subtests are divided into five categories: verbal analogy, verbal classification,
numerical reasoning, verbal reasoning, and comprehension for students in the 10-15
age range. The test can be finished in not more than an hour. There was a 100
maximum score and a 0 minimum. The subjects' verbal intelligence score is calculated

as the sum of their scores on the five subtests.

Validity of the VGTI

Test creators used a criterion-related technique to establish the test's validity.
The external criterion was the Kerala University Verbal Group Test of Intelligence
(Nair, Pillai, & Amma, 1968). Verbal Analogy, Classification, Numerical Reasoning,
Comprehension, and Intelligence-The total obtained validity coefficients were 0.54,
0.54, 0.52, 0.40, 0.46, and 0.65, respectively, and the test constructors stated that it

has a high level of content validity.
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Reliability of the VGTI

Significant reliability coefficients on verbal analogy, verbal classification,
numerical reasoning, verbal reasoning, comprehension, and intelligence-total are
0.66, 0.56, 0.72, 0.63, 0.47, and 0.82, respectively. Test constructors used the Split-
half Method to establish the test's reliability, and the Spearman Brown Prophecy

formula was used to correct the reliability coefficient.

Socio-Economic Status Scale (Vineetha & Bindhu, 2018)

The variable called Socio-Economic Status (SES) holds great importance in
social science teaching and research. A family's socio-economic status refers to where
they are in relation to their environment. A good way to describe socio-economic
status is as one's ability to access sources of financial, social, cultural, and human
capital. The socioeconomic standing of a student is determined by their level of
education, employment status, and parental income. The researcher chose four zones,
including education, occupation, material possessions, and economic/social position
both in India and overseas, based on a review of the literature and the Socio-Economic
Status Scale. A score was assigned to each of the choices that were added under each
section. The scale has a maximum score of 100. People with a score below 33% are
classified as having a low socioeconomic status, those with a score between 33% and
66% as having a middle socioeconomic status, and those with a score above 66% as
having a high socioeconomic status. Table 8 shows the Socio-Economic Status Scale's

area-by-area scoring.
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Table 8

Area-wise scoring procedure of Socio-Economic Status Scale

Area

Scoring

Education

Professional
Master Degree
University graduate
Semi Professional
Higher secondary
Secondary

Primary

Iliterate

7

Occupation

Central

State

Public undertaking
Owner 0 a company
Self-mployed
Farmer

Skilled labour
Unskilled labour
Unemployed

Material possessions

Four-wheeler
Bike/Scooter
Washing machine
Refrigerator
Credit card
Telephone
Mobile phone
Cable connection
TV

Electricity

Ownership of Other buildings/
shops

Pets/cattle

—_ e = = = = e = = = O = D W R N 0O =N W R N

(if yes)
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Area Scoring
More than 4 10
. . Four 8
Nurpber of earning members in Three 5
family
Two 3
One 2
Economic/social position
Rs.75000 and above 10
Rs.50000-74999 9
. Rs.35000-49999 8
Monthly income
Rs.20000-34999 5
Rs.10000-19999 3
Below Rs.10000 2
) Single family 5
Type of family ) )
Joint family 3
Monthly 8
Once in three months 5
Trip to foreign countries Once in 6 months 3
Once in a year 2
No 0
Family tours 2
y (if yes)
. . 2
Family members working (if yes)
Abroad
Type of house Concrete to storey 10
Concrete one storey 8
House with tiles roofing 5
Thatched roof 3
Rented house 2
. 3
Salaried servant (f yes)
Urban 5
Residential area
Rural 3
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Data Collection Procedure

Before starting the experiment in order to assess the pre-experimental status
in terms of Problem Solving Ability in Physics and Self-Concept, a Problem Solving
Ability testin Physics and Self-Concept scale were administered to one of the
experimental and control groups. The response sheets were then collected. There were
two groups involved in the experimental treatment. The productive thinking
model was applied to Experimental Group I and Experimental Group I, although no

pre-test was given to experimental group II.

Administration of the Post-tests

Following the final phase of the treatments, the Experimental groups I and II,
as well as the Control groups, were administered the Post Tests on Problem Solving
Ability in Physics and the Self Concept Scale, which had previously been used as Pre-
tests to measure the pre-experimental state. The test was given once more to assess
the subjects' post-treatment proficiency in Self-Concept and Problem Solving Ability

in Physics.

Data on verbal intelligence, Socio-Economic Status, and other control

variables were collected from both experimental and control groups.

The major aim of the tests was explained to the students prior to their
administration, and the subjects received all essential instructions. The guidelines
provided in the manuals were carefully followed when giving the standardised tests,
and the subjects were briefed before using the instruments. For a better understanding,

the investigator worked through a few instances from each tool on the whiteboard.
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For the Control groups as well as the Experimental Groups, a uniform procedure was

used. Every test was conducted by the investigator directly.

Scoring and Consolidation of Data

The response sheets that were gathered were scored strictly in accordance with
the instructions provided in the corresponding test manuals. The response sheets for
the Physics Problem Solving test, the Self-Concept scale, the Verbal Intelligence test,
and the general data sheet for socioeconomic status was assessed using the provided
scoring keys. Response sheets were only considered, despite the fact that they were
completely accurate. As a result, 170 standard IX students were selected as the study's
final sample. Following the scoring of the response sheets, the Experimental groups I
and II, as well as the Control groups had their individual tool scores calculated and

consolidated independently.

Table 9 shows the exact number of students included in the final sample.

Table 9

Final Breakup of the Sample

Expt group I Expt Contrl Contrl
Sample (pPL%SS)p Group Il GroupI ~ Group Il Total
(PHSS) (THSS)  (THSS)
Boys 18 15 17 16 py
Girls 28 25 23 8 104

Total 46 40 40 44 170
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Statistical Techniques Used for Analysis

The present study demanded following statistical techniques to be used.

Percentage analysis

Percentage analysis was used to determine the most common methods, tactics,
and models employed in secondary schools, as well as the constraints associated with
applying these methods, strategies, and models. Also measures suggested for teaching

physics in secondary school classes.

Basic Descriptive Statistics

Basic descriptive statistics were calculated, including Mean, Median, Mode,
Standard Deviation, Skewness, and Kurtosis of each variable, such as the Total and
Component wise on Pre-tests and Post-tests of Physics Problem Solving Ability, as
well as scores on Self-Concept, Verbal Intelligence, and Socio-Economic Status.
Gender-wise calculation was also done. The measured descriptive statistics were used

to determine the distribution's nature.

Mean difference Analysis

The significance of difference between means test was used to compare the
main variables between the Experimental and Control groups. Garrett's (2004)

formula was employed.

t= M, -M,
gL,
N N
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One-Way ANOVA

For the entire sample of boys and girls, a one-way ANOVA was used to
compare the important variables between Experimental Groups I and II and the
Control groups. This statistical technique was primarily used to determine whether
the Experimental groups I and II and the Control groups differed in Problem Solving
Ability in Physics and Self-Concept, as well as gain scores in Problem Solving Ability
in Physics and Self-Concept, without controlling for the effects of Covariates such as
the students' Pre-Experimental Status in terms of Problem Solving Ability in Physics
and Self-Concept, Verbal Intelligence, and Socio-Economic Status. A graphical
depiction of the results is used to visually examine the comparisons of the important

variables between the four groups.

Single factor Analysis of Covariance

This statistical technique was used to compare the effectiveness of the
Productive Thinking Model to the Existing Method of Teaching in terms of Physics
Problem Solving Ability and Self-Concept in standard IX students. A statistical
technique known as analysis of covariance is used to account for the effect of one or
more uncontrolled variables, allowing for a more accurate evaluation of experimental
results (Ferguson, 1971). This method is employed when the dependent variable is
connected with one or more other variables. In the current investigation, the
ANCOVA technique is used to statistically control the effect of the covariates pre-

experimental status on Problem Solving Ability in Physics, Verbal Intelligence, and
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Socio-Economic Status. ANCOVA can be used to control the effects of any covariate

on the dependent variable. Significant F values were subjected to Scheffe's post hoc

comparison test.
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ANALYSIS

To examine the effectiveness of Productive Thinking Model on Self-Concept
and Problem Solving Ability in Physics of standard IX students, the collected data has
been analysed by the investigator. For the analysis of the present Experimental data,
relevant statistical approaches such as the Test of Significance of Difference between
Means, single factor ANCOVA employing three Covariates - separately and in
combination of three at a time (for pre-tested groups) and Single Factor ANCOVA
employing two Covariates - separately and in combination of two at a time (for non
pre-tested groups) were used. The formulated hypotheses has been tested by the

investigator on the basis of the results of statistical processing,

The statistical analysis was selected and done on the basis of objectives set in
this study. The entire analysis procedure done in this study is consolidated in the

following manner.

Results of Preliminary Survey
Preliminary Analysis
Important Statistical Properties
Equivalence of The Group
Major Analysis
Mean Difference Analysis
Analysis of Covariance for Problem Solving Ability in Physics and Self

concept
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Results of Preliminary Survey

A preliminary survey was undertaken to gather information on the current
methods, strategies and models utilised by Secondary School Physics Teachers, as
well as their perspectives on different methods of teaching. Innovative and engaging
ways can enhance classroom experiences, regardless of whether it is a teacher-
centered or chalk-and-talk approach. Using various instructional methods and models,
it is possible to effectively reproduce a Physics classroom. In this context, the
researcher asked about Innovative Strategies, Methods and Models of teaching to
instruct Physics at the secondary schools. A semi-structured interview was done with

Secondary School Physics Teachers (N=40) to obtain feedback on the following areas.

. To know the prevailing methods, strategies and models of teaching used or

tested in teaching Physics at secondary Level.

. Constraints that teachers may face while adopting these strategies with

Secondary level Physics students.

. Suggestions, if any, to overcome the constraints and alternative measures to

be taken.

The responses of Secondary School Physics teachers to a semi-structured
interview were assessed using percentage analysis. Details are provided in this

section.

Prevailing Methods, Strategies and Models of Teaching used for Physics

Instruction.

Teachers all over the world use a variety of teacher-centered and student-

centered educational approaches and methods. The teaching approaches, strategies,
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methods and Models of Teaching used in Secondary School Physics Instruction in
Kerala are expected to be distributed here. Table 10 displays the percentage of
teachers who supported each Strategy, Method, and Teaching Model, in decreasing

order of magnitude.

Table 10

Teacher Responses to Commonly Used Teaching Methods, Strategies and Models of

Teaching for Secondary School Physics Instruction

Ii(; Strategies/Method/Models Rfs‘;o‘;fdzga(%ﬁ%) Perc(‘;;;age
1 Activity oriented method 36 90%
2 Direct instruction method 36 90%
3 rz?lzs&lgoriiment and project 30 75%
4 Problem Solving method 19 46%
5  Issue based instruction 19 46%
6  Laboratory method 18 45%
7 gzgg;rative learning 16 40%

Blended learning 14 35%
Computer assisted instruction 8 20%

10 Inquiry based Model 4 10%

11 Productive thinking Model 2 5%

From Table, it is clear that 90% of the Physics teachers use Activity oriented
method and direct instruction method in Physics Instruction. Assignment and Project
method, which allows for differentiated instruction, is used by 75%. Problem Solving
method and issue based instruction are suggested by 46% while laboratory method
was supported by 45%. Co-operative learning strategy (40%) and Blended learning
(35%) were also recommended by teachers while only 20% suggested Computer

assisted instruction as an effective model. Inquiry based model (10%) was one of the
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least preferred model. Productive thinking model (0%) were not preferred by any of
the teachers, this might be because of the lack of awareness of such a model in the

field of education.

Constraints Faced by Secondary school Physics Teachers in Using Models of

teaching.

Teachers often confront constraints when implementing new teaching
methods, strategies and Models of Teaching in the classroom. The difficulties they
faced for the effective execution of different Methods, Strategies and Models of

Teaching are presented in its order in Table 11.

Table 11

Constraints Faced by Secondary School Physics Teachers in Using Innovative Models

of teaching
SI. Types of Constraints Number of Teachers Percentage
No. Identified Responded (N=40) (%)
Time constraints 33 83
2 Classroom management 28 70
3 lef.lculty to ‘complete the 75 63
portions on time
4 Assessment challenge 20 50
5 Lagk of teacher expertise and 19 48
training
6 Resource limitations 12 30
Financial constraints 9 23
3 Lack of interest from 6 15

students

The table clearly illustrates that, for 83% of instructors, time is the most critical

limitation they face when implementing innovative teaching models, as more time is
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necessary for the successful implementation of new teaching models. Other issues that
teachers confront include trouble with class management (70%) and completing
portions on time (63%). Teachers also reported difficulty in assessment (50%). Lack
of teacher competence and training (19%), resource limitations (30%), financial limits
(23%), and a lack of student motivation (15%) are all significant challenges when

implementing diverse innovative teaching Methods and Models.

Measures Suggested by Secondary School Physics Teachers’ to Overcome the

Constraints in Adopting different Methods, Strategies and Models of Teaching

Since the Secondary school Physics Teachers experience certain constraints
while implementing Methods, Strategies and Models of Teaching. They put forward

some suggestive measures to diminish these difficulties and they are,

. Time span of class should be increased to ensure the successful completion of

various teaching models.

. Teachers should receive proper training and seminars to become acquainted
with various teaching models and successful implementation tactics, which

will help them gain confidence and competency.

. Ensure that the necessary resources, such as technology tools, instructional
materials, and support staff, are available to properly implement the new
teaching methodologies. Advocate for budgetary allocations and develop ties

with organisations that can provide additional resources.

. Align new teaching approaches with the existing curriculum to ensure that

students' learning experiences are consistent and cohesive. Teachers should be
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encouraged to seamlessly integrate the new models into their lesson plans and

teaching strategies.

. Create support structures, such as mentorship programmes, coaching sessions,
and shared planning meetings, to assist teachers in implementing the new
teaching methodologies. Encourage peers to work together to transmit best

practices.

. Recognise the diverse needs and preferences of teachers and students. Allow
for freedom while adopting new teaching models, keeping in mind variances

in teaching styles, classroom environment, and student populations.

. Conduct research and assessment studies to see if the new teaching

methods improve student outcomes.

. When implementing a new teaching model, consider cultural norms, attitudes,
and beliefs, especially in diverse or multicultural environments. Ensure that
the models are inclusive and respectful to all student's backgrounds and

experiences.

Different teaching methods, strategies and models necessitate specific stages,
requiring additional time and resources to ensure successful lesson plans. A variety of
factors, including teaching skill, student interest, motivation, classroom facilities,

parental support, syllabus, and content, contribute to successful teaching models.

The preliminary survey revealed that teachers are eager to try new models of
teaching, but experience challenges in implementing them effectively. Based on the

responses, the investigator found that we can successfully implement innovative



Analysis 166

models, strategies and methods of teaching by negotiating the difficulties faced by the

teachers.

Also this preliminary survey gives strong base for the investigator to modify
Productive Thinking Model used in this study by considering almost all constraints
pointed out by the teachers to an extent. It also helps investigator to prepare the lesson

transcript effectively.

Preliminary Analysis

Preliminary Analysis was done for the purpose of identifying the important
statistical properties of the variables and to ensure the equivalence of Experimental
and Control groups with respect to the mean scores of the selected variables such as,
Pre-test & Post-test scores of Problem Solving Ability in Physics and Self-Concept,
gain scores of Problem Solving Ability in Physics and Self-Concept, Verbal
Intelligence and Socio-Economic status. The preliminary analysis constitutes the

following heads.

Important Statistical Properties

The major statistical properties like mean, median, mode, standard deviation,
skewness and kurtosis were computed for the scores on the Pre-tests of Problem
Solving Ability in Physics and Self-Concept, Post-tests of Problem Solving Ability in
Physics and Self-Concept, Gain scores of Problem Solving Ability in Physics and
Self-Concept, Retention in Problem Solving Ability in Physics, Verbal Intelligence
and Socio-Economic status of students. Solomon Four Group design under
experimental method is selected for the present study. Hence there will be two

experimental groups and two control groups. The statistical property has to find
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separately for each experimental groups and control groups. The results are shown

Table 12, 13, 14 and 15 respectively.

Table 12

Important statistical Properties of the variables for the Experimental Group I (Total

sample, Boys and Girls)

o0 O o0 O o0 O o
SR S = 2
zz = 22 = 2, 2 g
L, S:_ 3E_ 3%% B BE_ f@ 8 &
P 2 EZI% 878 B2 8% 8B8% 83 g o
2. 25 L2 2% S22 0O VU= O° = S @
= o = = = _ . | 1 [ =] — . =
S E&5 B8EL BEEZ BEE = =% =E FT §Z
G HE ATE £2& £<Z BKE K& K >E &5
Mean 18.652  27.673 9.021 48956 51.000 2.043 50.587 42.891
& Median ~ 19.000  30.000 10.000  48.500 50.000 2.000 51.500 42.500
%g Mode 19.000  30.000 10.000  40.000 50.000 3.000 54.000 41.000
I}
= Z s 3.114 5.185 3.958 6.889 7.235 1.685 6.513  6.168
% Skew -.196 -454 -.943 0.260 .089 -2.427 -090  -1.38
Kurt 822 -1.100 453 -0.875 -1.054 10.773 -1.251  .605
Mean 17.111  26.555 9444 45777 47944 2166 48.111 42444
Median  17.000  27.000 10.000  48.500 46.000 2.000 48.000 42.500
£ © Mode 18.000  30.000 10.000  42.000 40.000 1.000  42.000 41.000
I}
8 Z  Std 2.373 3.853 3.147 5514 5396 1339 5028  5.158
Skew -237 -326 -310 169 -.037  -505 076 -.808
Kurt .893 -973 -.669 -892  -779  -892  -1.299 525
Mean 19.642  28.392 8.750  52.964 51.000 1.960 52.178 43.178
Median ~ 19.000  30.000 10.000  54.500 51.000 2.000 54.000 43.500
A= Mode 19.000  30.000 10.000  58.000 55.000 3.000 59.000 41.000
& |
O Z Sud 3.164 5.839 4.435 7.608 7.050 1.895 6.933  6.815
Skew -.666 -714 -.984 285 -308 -2.758  -487  -.024

Kurt 2.145 -1.081 155 -1.078 -863 11.548 .858 467
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Table 13

Important statistical properties of the variable for the experimental group Il (Total

sample, Boys and Girls)

g ., ., 3
= 15 15) [=1
E & EZE EZ: £ZZ 3E 32 35 2 23
Mean Nil 24.725 Nil Nil 51.725 Nil 48.775 44.200
: Median Nil 24.000 Nil Nil 50.000 Nil 49.000 45.000
§$ Mode Nil 20.000 Nil Nil 48.000 Nil 48.000 48.000
§£ Std Nil 4.063 Nil Nil 7.448 Nil 4.347 49778
% Skew Nil 0.354 Nil Nil 0.109 Nil -0.050 0.451
Kurt Nil -1.052 Nil Nil -1.093 Nil 0.239 -0.128
Mean Nil 23.600 Nil Nil 49.600 Nil 47.600 44.266
Median Nil 23.000 Nil Nil 49.000 Nil 48.000 45.000
g © Mode Nil 20.000 Nil Nil 48.000 Nil 45.000 46.000
g£ Std Nil 3.813 Nil Nil 5.408 Nil 3.135 4.905
Skew Nil 0.213 Nil Nil 0.222 Nil -0.134 -0.684
Kurt Nil -1.163 Nil Nil 0.089 Nil -0.507 0.143
Mean Nil 25.400 Nil Nil  53.000 Nil 49.480 44.160
Median Nil 24.000 Nil Nil 55000 Nil 50.000 44.000
S e Mode Nil 21.000 Nil Nil 40.000 Nil 48.000 48.000
%£ Std Nil 4.133 Nil Nil 8.281 Nil 4.857 5.120
Skew Nil 0.390 Nil Nil -.187 Nil 316 0.362

Kurt Nil -1.345 Nil Nil -1.372 Nil 228 0.033
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Table 14

Important statistical properties of the variables for the control group I (Total sample,

Boys & Girls)

& . . . 3
o o A o Ay o Ay 15} 5 Q Q =]
5 g £%2&58 £228 £25% ZE 32 38 2 33
Mean Nil 20.675 Nil Nil 49.200 Nil 51.650 45.175
% Median Nil 20.000 Nil Nil 49.000  Nil 51.000 46.000
% = Mode Nil 19.000 Nil Nil 48.000 Nil 50.000 46.000
g £ Std Nil 2.432 Nil Nil 6.4377 Nil 3.230 4.829
LZ) Skew Nil 1.356 Nil Nil 0.010 Nil 0.251 -0.459
Kurt Nil 1.416 Nil Nil -0.161 Nil 0.223 0.228
Mean Nil 19.647 Nil Nil 48.058 Nil 50.529 46.352
Median Nil 20.000 Nil Nil 48.000 Nil 50.000 46.000
% % Mode Nil 19.000 Nil Nil 48.000  Nil 50.000 46.000
@ ~“ Std Nil 1.169 Nil Nil 7.676 Nil 3.064 3.920
Skew Nil 0.262 Nil Nil -0.138 Nil -0.320 0.187
Kurt Nil -0.554 Nil Nil -1.234 Nil -0.686 -0.271
Mean Nil 21.434 Nil Nil 50.043 Nil 52478 44.304
Median Nil 20.000 Nil Nil 49.000  Nil 52.000 45.000
S « Mode Nil 19.000 Nil Nil 48.000 Nil 51.000 48.000
% £ Std Nil 2.841 Nil Nil 5.372 Nil 3.160 5.320
Skew Nil .843 Nil Nil 0.841 Nil .652 -.440

Kurt Nil 0.291 Nil Nil 972 Nil -.025 935
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Table 15

Important statistical properties of the variables for the control group Il (Total sample,

Boys & Girls)

g . . . 3

o o Ay o A o A O = O [3) =

T tE3 ©E% TE 2 237 ¢ £ 3
g 2 223% 221 22z 9% 3% Y=z E g
5 & £2&€ £28 £28% Z2&E 38 38 2 33
Mean 19.000 20.250 1.386 47.159 49909 2.931 49.704 40.840
g Median 19.000 20.000 1.000 46.500 50.000 2.500 49.000 41.000
% % Mode 18.000 20.000 1.000 46.000 50.000 1.000 59.000 41.000
g Z sud 3.403 3.942 2.526 6.440  5..909 2.039 6.341 5.264
% Skew -0.208 -0.028 0.557 -.030 0.114 .907 0.236 -0.202
Kurt 0.089 -1.105 2.872 =733 .076 540 -1.013 0.536
Mean 17.875 18.312 812 46.562 49.0625 2.5000 47.687 40.562
Median 18.000 18.500 1.000 46.000 48.0000 2.0000 48.000 41.500
% % Mode 18.000 15.000 1.000 44.000 45.00* 2.00 45.000 35.000
@~ Std 1.821 2.548 2.072 5.452 4.76751 1.82574 4.422 4.560
Skew -.925 0.015 -.998 -.004 .095 1.164 0.048 -0.876
Kurt 174 -1.494 1.215 -1.150 -.460 1.205 -0.860 0.301
Mean 19.642 21.357 1.714 47.500 50.678 3.178 50.857 41.000
Median 19.500 22.000 1.000 47.000 50.000 3.000 50.500 41.000
‘_3 ® Mode 19.000 20.000 1.000 46.000 50.000 1.000 59.000 41.000
% % Std 3.927 4.200 2.733 7.015 6.481 2.143  7.027 5.702
Skew -0.581 780 1.7595 -.102 -.033 795 0.038 -0.059

Kurt -0.122 2.701 2.8566 -.753 -.817 465 -1.345 540
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Equivalance of the Group

The present study was conducted using Solomon Four Group design under the
category of experimental research. In an experimental method the experimental and
control group equivalence is provided by random assignment of subject to experiment
and control treatments. In the present study four intact classrooms from two different
schools were selected as experimental and control groups. So it is difficult for random
assignment of subjects. Random assignment was done while distinguishing classes to

experimental and control groups.

In present study the major barrier is finding sufficient subjects to allocate
randomly to four equivalent groups. For this purpose ANCOVA can be used.
ANCOVA permits to statistically control for differences on pre-test so that post test
differences would not be due to initial differences prior to treatment (Best & Kahn,

2006).

Even though it was not required the investigator thus used ANCOVA for
comparing the post test scores, so that the differences on the pre-test and control
variables namely, verbal intelligence and socioeconomic status can be statistically
controlled, so that differences in post tests would not be caused by initial differences

advance to treatment.

Solomon four group design possess two experimental and two control groups.
In the present study the four groups are distinguished as experimental group I and

experimental group II, control group I and control group II. Among these groups only
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experimental group I and control group II are received pre-tests, but post-tests to all

the four groups.

Moreover, the investigator used the test of significance of difference between
means with respect to the factors like pre-test scores on Problem Solving ability in
Physics, total Verbal group test of intelligence scores and its components (verbal
analogy, verbal classification, numerical reasoning, verbal reasoning and

comprehension) also Socio-Economic Status. The t test results are shown in table 16.

Table 16

Data and results of the t-test for the scores on Pre-test of Problem Solving ability in
physics, Verbal Intelligence (total and component wise) and Socio-Economic Status

between the Experimental group I and control group I1

Groups Mean Std. N t Significance

Variables .
! compared Deviation value

Problem Solving Experimental 18.652 3.114 46

Ability in group I 0.506 NS
Physics Control .
(Pre-test) group II 19.000 3403 44
Experimental 12000 1605 46
group |
Verbal analogy 0.424 NS
Control 1) 136 1440 44
group II
Exlggl?;e?tal 11347 1015 46
Vc‘er.bal. .847 NS
Classification Control
11.159 1.098 44
group II
| EXI;&‘:;?QI 10369  1.040 46
Numeqcal 0.658 NS
reasoning Control

group 11 10.227 1.008 44
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Variables Groups Mean S.t d'. N t Significance
compared Deviation value
Experimental ¢ 55 646 46
group [
Verbal reasoning 1.041 NS
Control 520 1731 44
group II
Experimental ¢ 173 1739 46
) group I
Comprehension 523 NS
Control =363 1671 44
group II
Verbal Experimental 56 507 513 46
) i group [
intelligence | 0.651 NS
(total) Contol g 704 6341 44
group II
Experimental ) g1 6168 46
group I
Socioeconomic C ) 1.693 NS
status OMIOl " 40840 5264 44
group II

From above table, Experimental group I and Control group II students (two
groups which received Pre-tests) does not significantly differ in their scores of Pre-
test, Verbal Intelligence Total (and it's scores with respect to the components Verbal
Analogy, Verbal Classification, Numerical Reasoning, Verbal Reasoning and
Comprehension), and Socio-Economic Status. So, it can be concluded that, the Pre-
tested groups that is Experimental group I and Control group II are equivalent with

respect to the covariates as explained earlier.
Major Analysis

In this study two major statistical techniques were used for analysis of data
and hypothesis testing which include Mean difference analysis and Analysis of
covariance. Each of these techniques is used for conforming the objectives set for the

experiment. Mean difference analysis is used to determine whether the two
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experimental and control groups differ significantly in their mean scores in pre-tests
of Problem Solving Ability in Physics and Self-Concept, post-tests of Problem
Solving Ability in Physics and Self-Concept, gain scores on Problem Solving Ability
in Physics and Self-Concept and Retention in Problem Solving Ability in Physics,
without controlling for control variables or covariates. Once the covariates were
controlled, analysis of covariance was utilised to determine whether or not the two
Experimental groups and the two Control groups differed in the Problem Solving

Ability in Physics, Self-Concept and Retention.

Since the Experimental design selected was Solomon Four-Group Design, the
difference between Experimental group and Control group and also the difference
between the Pre-test received groups and the Pre-test non received groups can be
investigated. Only two groups, Experimental group I and Control group II has
received Pre-tests and therefore comparison of pre-tests and Gain scores can be done

only for these two groups.

Mean difference analysis

Mean difference Analysis is used to find the difference in Pre-test scores of
Problem Solving Ability in Physics and Self-Concept, Post-tests of Problem Solving
Ability in Physics and Self-Concept, Gain scores on Problem Solving Ability in
Physics and Self-Concept and Retention in Problem Solving Ability in Physics, if any,
between the two Experimental and two Control groups before controlling the
Covariates. This technique was used to compare the Experimental and Control groups
with regard to pre-test score on Problem Solving Ability in Physics (component-wise
and Total score), pre-test scores of Self-Concept, post-test score of Problem Solving
Ability in Physics (component-wise and Total score), post-test scores of Self-Concept,

Gain scores on Problem Solving Ability in Physics and Self-Concept and Retention
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in Problem Solving Ability in Physics (component wise and Total score) without
controlling the effects of the Covariates. Each comparison was done in between the
two Experimental groups and two Control groups for the purpose of testing the

appropriate hypotheses.

Comparison of Pre-test Scores of Problem Solving Ability in Physics Before Control

Comparisons of Pre-test scores made in between the two Pre-tested groups
(Experimental group I and control group II) are discussed in this section. Group

comparison as well as sex-wise comparison was made in between the two groups.

Comparison of Mean Pre-test Scores of Problem Solving Ability in
Physics between the Experimental Group I and Control Group II for total
sample. The test of significance of difference between means was used to determine
if the Experimental group I and control group II differed significantly in terms of mean

Pre-test scores.

The means and standard deviations of the pre-test scores for Problem Solving
Ability in Physics were used to conduct Mean Difference Analysis. The results of the

t-test are shown in Table 17.

Table 17

Data and Results of the t-test for the Mean Pre-test Scores of Problem Solving Ability
in Physics between the Experimental Group I and Control Group Il for the total

sample
Std. t P L
Group N Mean Deviation value value Significance
Probl.em Experimental 16 18.652 3114
Solving group I
Ability in c i 505 614 NS
physics ONIOL 44 19.000  3.403

(Pre-test) Group IT
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Table 17 shows that the obtained t-value for Pre-test score of Problem Solving
Ability in Physics is not significant. From the result it is evident that Experimental
group I and control group I1 does not differ in their mean Pre-test score of Problem
Solving Ability in Physics. This suggests that the subjects in the Experimental group
I and the Control group II were in the same pre-experimental state. Figure 2 presents
a graphical analysis and presentation of overall student performance on the Pre-test of
Problem Solving Ability in Physics among Experimental group I and Control group

II.

Figure 2

Comparison of pre-test scores of Experimental group I and control group Il total)

Pr- test scores of Problem Solving Ability in Physics

Experimental group 1 ——— Control group 2
30

25

%20\ V A /\/\
fsl AN\ \[(MM [\ [T
SN VvV \J

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45
Student number

On the examination of the graphical representation of pre-test scores between
the Experimental group I (total) and Control group II (total) points that the individual
performance of these two groups is similar to a certain extent. Statistically significant
difference was not observed through the Mean Difference Analysis. The graphical

observation also aligns with mean difference analysis.
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Comparison of Mean Pre-test Scores of Problem Solving Ability in
Physics between the Experimental Group I and Control Group II (Boys and
Girls). To determine if there is any significant difference in the mean Pre-test scores
of Problem Solving Ability in Physics between the Experimental group I and the
control group II (boys and girls), a test of significance of difference between means

was employed.

The Mean Difference Analysis was performed on the means and standard
deviations of the pre-test scores of Problem Solving Ability in Physics. Table 18

shows the data and t-test results.

Table 18

Data and Results of the t-test for the Mean Pre-test Scores of Problem Solving Ability

in Physics between the Experimental Group I and Control Group II (Boys and Girls)

Std.
Gender Group N Mean L. T P value .Le.V(.ﬂ of
Deviation Significance
Experimental o 15 111 5373
group I
BOYS  problem 1.043 305 NS
Solving Conm}llgm“p 16 17.875  1.821
Ability in
Physics  Experimental  y¢ 19607 3164

) group I
Girls  (Pre-test) 0.000 1.000 NS

ControIlI group He 19,642 3.927

From the table, it is evident that the t-value is not significant It shows that the
mean pre-test scores of the boys and girls in the Experimental group I and the Control
group I1 are identical. They both performed the same in the Pre-test of Problem

Solving Ability in Physics. Figure 3 and 4 presents a graphical analysis and
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presentation of the boys' and girls' pre-test scores of Problem Solving Ability in

Physics for the Experimental group I and the Control group II.

Figure 3

Comparison of individual pre-test scores of Experimental group I boys and Control

group Il boys
Pre-test scores of Problem Solving Ability in Physics
Experimental group 1 Control group 2
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Figure 4

Comparison of individual pre-test scores of Problem Solving Ability in Physics among

Experimental group I girls and Control group Il girls

Pre-test scores of Problem Solving Ability in Physics

e Experimental group 1 Control group 2
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On the examination of the graphical representation of pre-test scores of boys

and girls between the Experimental group I and Control group I1 points that the
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individual performance of the Boys and girls of these two groups is similar to a certain
extent. Statistically significant difference was not observed through the Mean
Difference Analysis. The graphical observation also is an agreement with the mean

difference analysis.

Comparison of Pre-test Scores of Self Concept Before Control

Comparisons of Pre-test scores made in between the two Pre-tested groups
(Experimental group I and control group II) are discussed in this section. Group

comparison as well as sex-wise comparison was made in between the two groups.

Comparison of Mean Pre-test Scores of Self-Concept between the
Experimental Group I and Control Group II for total sample. To determine if
there are any significant differences in the mean Pre-test scores of Self-Concept
between the Experimental group I and the control group II, the Test of significance of

the difference between means was employed.

The Mean Difference Analysis was performed on the means and standard
deviations of the Self-Concept Pre-test results. Table 19 displays the data and t-test

results.
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Table 19

Data and Results of the t-test for the Mean Pre-test Scores of Self-Concept between
the Experimental Group I and Control Group Il for the total sample

Std. t P C
Group N Mean o Significance
Deviation Vvalue value
Self. Exzigl?;e?tal 46 48956  6.889
Concept 1.277 0.205 NS
(pre-testy  Contol 47150 6440
Group II

Table shows that the obtained t-value for Pre-test score of self concept is not
significant. From the result it is evident that Experimental group I and control group
I1 does not differ in their mean Pre-test score of self concept. This suggests that the
subjects in the Experimental group I and the Control group II were in the same pre-
experimental state in terms of Self-Concept. Figure 5 shows a graphic analysis and
presentation of the entire student performance on the self-concept (pre-test) for

Experimental group I and Control group II

Figure 5

Comparison of pre-test scores of Self-Concept of Experimental group I and control

group Il (total)
Pre-test scores of Self-Concept
——Experimental group 1 ——Control group 2
70
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©
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On the examination of the graphical representation of pre-test scores of Self-
Concept between the Experimental group I (total) and Control group II (total) points
that the individual performance of these two groups is similar to a certain extent.
Statistically significant difference was not observed through the Mean Difference

Analysis. The graphical observation also aligns with mean difference analysis.

Comparison of Mean Pre-test Scores of Self-Concept between the
Experimental Group I and Control Group II (Boys and Girls). Test of significance
of difference between means was used to study whether the Experimental group I and
control group II (Boys & Girls) differ significantly in terms of mean Pre-test scores

of Self-Concept.

The Mean Difference Analysis was performed on the means and standard
deviations of the Pre-test scores of Self-Concept. Table 20 shows the data and t-test

results.

Table 20

Data and Results of the t-test for the Mean Pre-test Scores of Self-Concept between

the Experimental Group I and Control Group II (Boys and Girls)

Std.
Group N  Mean o t Level of
Deviation value  Significance
Experimental ¢ 45797 5396
Boys g group I 0.250 NS
concept Control group I 16  46.562 5.452
Pre- i
_ (test) EXpe“mei’tal 28 51000  7.050
Girls group 1.133 NS

Control group I 28  47.500 7.615
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As the table indicates, the obtained t-value is not significant, which shows that
there is no difference in the mean pre-test scores for Self-Concept between the boys
and girls in the Experimental group I and the Control group II. They both scored the

same on the pre-test of Self-Concept.

Comparison of Post-Tests on Problem Solving Ability in Physics Before Control

Difference in Problem Solving Ability Scores in Physics (component wise and
total score) was investigated between the two experimental groups and control groups
for the comparison of groups. Comparison was done in between each Experimental
and each Control group, between Experimental group total and Control group total
and also in between the Boys and Girls of Experimental group total and control group

total. The control variables were not considered in all these comparisons.

Comparison of Mean Post-test scores of Problem Solving Ability in
Physics (Component-wise and Total) Between the Experimental Group I and
Control Group I for the total sample. The test of significance of difference between
mean was used to determine if there is a significant difference between the mean post-
test scores of Problem Solving Ability in Physics (Component-wise and Total) of
Experimental group I and the Control group I. The Mean Difference Analysis was
performed using the means and standard deviations of the post-test scores of Problem
Solving Ability Test in Physics (Component-wise and Total). Table 21 displays the

data and t test results.
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Table 21

Data and Results of the t-test for the Mean Problem Solving Ability scores in Physics
(Component-wise and Total) between the Experimental Group I and Control Group 1

for the total sample

Experimental group I Control group I | Level of
t value . .
Mean SdlI NI mean Sd2 N2 significance
Comprehending —(so7 1300 46 5325 764 40 5352 0.01
the problem
Clarifying the 16 637 5407 46 7475 175 40 63856 0.01
problem
Finding solution 5 315 5553 46 7805 1483 40  6.092 0.01
to the problem
Problem Solving
Ability (tota) 27.673 5.185 46 20.675 2432 40 7.617 0.01

Table shows that the obtained t values for total Problem Solving Ability scores
and component wise scores in Comprehending the Problem, Clarifying the problem

and Finding solution to the problem are significant at 0.01 level.

The results specify that the mean Problem Solving Ability scores of the
Experimental group I and Control group I (component wise and total scores) are
significantly different. Higher mean Problem Solving Ability score of the

Experimental group indicate its superiority over control group.

Comparison of Mean Post-test scores of Problem Solving Ability in
Physics (component-wise and total) Between the Experimental Group I and
Control Group II for the total sample. Test of significance of difference between
mean was used to study whether the Experimental group I and Control group II differ

significantly in terms of mean post-test scores of Problem Solving Ability in Physics



Analysis 184

(Component-wise and Total). The Mean Difference Analysis was performed on the
means and standard deviations of the Problem Solving Ability scores (Component-

wise and Total) in Physics. The results are shown in table 22.

Table 22

Data and Results of the t-test for the Mean post-test scores of Problem Solving Ability
in Physics (Component-wise and Total) between the Experimental Group I and

Control Group Il for the total sample

Experimental group I Control group II t Level of
Mean SD1I NI mean Sd2 N2 Value significance

Comprehending ¢ 57 1 309 46 4659 1199 44 7.273 0.01
the problem
Clarifying the 16 630 9407 46 7318 2020 44 7.055 0.01
problem
Finding solution 1y 3)7 5 253 46 8270 1703 44 4954 0.01
to the problem
Problem Solving 57 673 5185 46 20250 3942 44 7.620 0.01

Ability (total)

Table shows that the obtained t values for the total Problem Solving Ability
score and component wise scores in Comprehending the Problem, Clarifying the

problem and Finding solution to the problem are significant at 0.01 level.

The results specify that the mean Problem Solving Ability scores of the
Experimental group I and Control group II (component wise and total scores) are
significantly different. Higher mean Problem Solving Ability score of the

Experimental group indicate its superiority over control group.
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Comparison of Mean post-test scores of Problem Solving Ability in
Physics (Component-wise and Total) Between the Experimental Group II and
Control Group 1. The significance of the difference between means test was used to
determine if there is a significant difference between Mean post-test scores of Problem
Solving Ability in Physics (Component-wise and Total) of Experimental group II and
Control group I. The Mean Difference Analysis was performed on the means and
standard deviations of the Problem Solving Ability scores (Component-wise and

Total) in Physics. The result of the test is shown in table 23.

Table 23

Data and Results of the t-test for the Mean post-test scores of Problem Solving Ability
in Physics (Component-wise and Total) between the Experimental Group Il and

Control Group I for the total sample

ExperlmeIrIltal group Control group I . Level of

value  significance

Mean SDI N1 mean Sd2 N2

Comprehending ¢ 1751059 40 5305 764 40 4115 0.01
the problem
Clarifying the  g0/5 9011 40 7475 1753 40 4621 0.01
problem
Finding solution g o751 045 40 7825 1483 40 3.340 0.01
to the problem
Problem Solving ) 755 4 063 40 20675 2432 40 5408 0.01

Ability (total)

Table shows that the obtained t values for Total Problem Solving Ability
Scores and component wise scores in Comprehending the Problem, Clarifying the

problem and Finding solution to the problem are significant at 0.01 level.
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The results specify that the mean post-test scores of Problem Solving Ability
scores of the Experimental group II and Control group I (component wise and total
scores) are significantly different. Higher mean Problem Solving Ability score of the

Experimental group indicate its superiority over control group.

Comparison of Mean post-test scores of Problem Solving Ability in
Physics (Component-wise and Total) Between the Experimental Group II and
Control Group II for the total sample. Test of significance of difference between
mean was used to determine if there is a significant difference between Mean post-
test scores of Problem Solving Ability in Physics (Component-wise and Total) of
Experimental group II and the Control group II. The Mean Difference Analysis was
performed on the means and standard deviations of the Problem Solving Ability
scores (Component-wise and Total) in Physics. Results of the test are shown in Table

24.

Table 24

Data and Results of the t-test for the Mean post-test scores of Problem Solving Ability
in Physics (Component-wise and Total) Scores between the Experimental Group 11

and Control Group Il for the total sample

Experimental group
I

Mean SD1 N1 Mean Sd2 N2

Control group II t Level of

value significance

Comprehending ¢ 175 1059 40 4659 1199 44 6113 0.01
the problem
Clarifying the o \r5 5011 40 7318 2020 44 4783 0.01
problem
Finding solution g (75 g45 40 8272 1703 44 2072 001
to the problem
Problem Solving ) 255 4063 40 20250 3942 44 5.121 0.01

Ability( total)
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Table shows that the obtained t values for Total Problem Solving Ability and
component wise scores in Comprehending the Problem, Clarifying the problem and

Finding solution to the problem are significant at 0.01 level.

The results specify that the mean Problem Solving Ability scores of the
Experimental group II and Control group II (component wise and total scores) are
significantly different. Higher mean Problem Solving Ability score of the

Experimental group indicate its superiority over control group.

Comparison of Mean post-test scores on Problem Solving Ability in
Physics (component-wise and Total) between the Experimental Group and
Control Group Boys. Test of significance of difference between mean was used to
study whether the Experimental group and Control group Boys differ significantly in
terms of Mean post-test scores of Problem Solving Ability in Physics (Component-
wise and Total). The Mean Difference Analysis was performed on the means and
standard deviations of the post-test scores of Problem Solving Ability in Physics

(Component-wise and Total). The results are shown in table 25.

Table 25

Data and Results of the t-test for the Mean post-test scores of Problem Solving Ability

in Physics (Component-wise and Total) between the Experimental Group and Control

Group Boys
Experimental
xperm];f;r;: group Control group Boys t Level of
value  significance
Mean SD1 N1 Mean Sd2 N2
Comprehending 5, 034 33 4515 1202 33 5927 0.01
the problem
Clarifyingthe 15030 1911 33 6757 1323 33 8.085 0.01
problem
Finding solution g 3, 5506 33 7787 1430 33 2.695 0.01
to the problem
Problem Solving = 5 515 4060 33 19.000 2.046 33 7.849 0.01

Ability (total)
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Table shows that the obtained t values for Problem Solving Ability in Physics
total score and component wise scores in Comprehending the Problem, Clarifying the

problem and Finding solution to the problem are significant at 0.01 levels.

The results specify that the mean Problem Solving Ability scores of the
Experimental group boys and Control group boys (component wise and total scores)
are significantly different. Higher mean Problem Solving Ability score of the

Experimental group Boys indicate its superiority over control group.

The individual performance of experimental and control group Boys on
Problem Solving Ability Scores (Total) was graphically analyzed and presented in

figure 6.

Figure 6

Comparison of the individual Problem Solving Ability scores (total) of the

experimental group boys and control group boys

Post-test scores of Problem Solving Ability in Physics

= Experimental group 1 Experimental group 2 Control group 1 Control group 2
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From the graphical representation of individual Problem Solving Ability
scores between the Boys of the Experimental and Control groups, it is evident that the
performance of the boys in the two experimental groups is similar to and higher than
that of the boys in the control groups. Additionally, a statistically significant
difference was discovered by Mean Difference Analysis. The boys in the experimental
group performed better than the boys in the control group, and this was a result of the
treatment. The Mean Difference Analysis finding is thus validated by the graphical

observation.

Comparison of Mean post-test scores of Problem Solving Ability in
Physics (Component -wise and Total) Between the Experimental Groups and
Control Groups Girls. Test of significance of difference between mean was
employed to study whether the Experimental group and Control group Girls differ
significantly in terms of Mean Problem Solving Ability in Physics scores Component-
wise and Total. The Mean Difference Analysis was performed on the means and
standard deviations of the Physics Problem Solving Ability scores (Component-wise

and Total). The results are shown in table 26.
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Table 26

Data and Results of the t-test for the Mean post-test scores of Problem Solving Ability
in Physics (Component-wise and Total) between the Experimental Group and Control

Group Girls

Experimental group
Girls

Mean SD1 NI Mean Sd2 N2

Control group Girls t Level of

value significance

Comprehending  ¢sy7 1294 53 5274 850 51 5901 0.01
the problem

Clarifying the 1,094 2528 53 7.803 2088 51 5026  0.01
problem

Finding solution

10.207 1974 53 8235 1.703 51 5.444 0.01
to the problem

Problem Solving

. 269811 5.278 53 21.392 3.617 51 6.275 0.01
ability total

Table shows that the obtained t values for Total Problem Solving Ability score
and component wise scores in Comprehending the Problem, Clarifying the problem

and Finding solution to the problem are significant at 0.01 levels.

The results specify that the mean Problem Solving Ability scores of the
Experimental group girls and Control group girls (component wise and total scores)
are significantly different. Higher mean Problem Solving Ability score of the

Experimental group indicate its superiority over control group.

The individual performance of experimental and control group girls on
Problem Solving ability scores (Total) was graphically analyzed and presented in

figure 7.
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Figure 7

Comparison of the individual Problem Solving Ability scores (total) of the

experimental group Girls and control group Girls
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A visual analysis of the graphical representation of individual Problem
Solving Ability scores between the girls of the Experimental and Control groups
indicates that the performance of the girls in the two experimental groups is
comparable to, or better than, that of the girls in the control groups. Also, a statistically
significant difference was discovered using Mean Difference Analysis. The
experimental girls performed well than the control girls as a result of the effect of
Productive Thinking Model. The conclusion of the Mean Difference Analysis is thus

validated by the graphical observation.
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Comparison of Mean post-test scores of Problem Solving Ability in

Physics (Component-wise and Total) Between the Experimental Groups and

Control Groups Total. The significance of the mean difference was tested to

determine whether there is a significant difference between the overall Mean post-test

scores of Problem Solving Ability (Component-wise and overall) of the Experimental

and Control groups. The Mean Difference Analysis was performed on the means and

standard deviations of the Problem Solving Ability scores (Component-wise and

Total) in Physics. The test results are shown in table 27.

Table 27

Data and Results of the t-test for the Mean Post-test scores of Problem Solving Ability

in Physics (Component-wise and Total) between the Experimental Groups and

Control Groups Total

Experimental groups Control groups ¢ value Level of
Mean SDI NI mean  Sd2 significance
Comprehending ¢ 395 1510 86 4976 1.063 84 8.112 0.01
the problem
Clanifyng the =16 060 2209 86 7392 1888 84 8283 0.01
problem
Finding solution g 755 5 141 g6 8059 1608 84 5.829 0.01
to the problem
Problem Solving ¢ 305 4 999 86 20452 3208 84 9111 0.01

ability total

Table shows that the obtained t values for Total Problem Solving Ability and

component wise scores in Comprehending the Problem, Clarifying the problem and

Finding solution to the problem are significant at 0.01 level.



193 Analysis

The results specify that the mean Problem Solving Ability scores of the
Experimental group girls and Control group girls (component wise and total scores)
are significantly different. Higher mean Problem Solving Ability in Physics scores of
the Experimental group indicate its superiority over control group due to the overall
effect of the treatment. A graphical representation of the performance of students in

each experimental group and control group are shown in figure 8.

Figure 8

Comparison of the Problem Solving Ability test scores (total) of the two experimental

groups and two control groups (total)
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From the graphical analysis it is evident that the performance of the students
in the two experimental groups is better than that of the control groups. This indicates

the advantage of Productive Thinking Model over existing method of teaching.
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Discussion. Many studies have similar results, such as the introduction of
models of teaching (like, Concept attainment model, causalitic- learning model) have
shown benefit up on Problem Solving Ability in Physics of students. Studies
conducted by Rokhmat et al. (2021) and Distrik, Setwan and Ertikanto (2022)
supports the result obtained by the investigator. This could be because students in the
current generation are demanding new teaching strategies or methods that improve
their Problem Solving Abilities. Any big effort to establish a new teaching model will

be beneficial and a cure for the existing constructivist way of teaching.

Comparison of Post-Tests of Self-Concept Scores Before Control

For the purpose of group comparison, the differences in self-concept
scores between the two experimental groups and the control groups were examined.
Comparison was done in between each Experimental and each Control group,
between Experimental group total and Control group total and also in between the
Boys and Girls of Experimental group total and control group total. The control
variables were not considered in all these comparisons. Here one way ANOVA is used

for the comparison of groups.

Comparison of Self-Concept among experimental and control groups (for
the total sample). ANOVA is one method used to investigate whether there are any
significant differences between the Experimental and Control groups with respect to
the Mean Self-Concept scores for the entire sample. The means and standard
deviations of the Self-Concept scores were subjected to do one way ANOVA. Data

and results of the test are presented in table 28.
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Table 28

Data and Results of one way ANOVA for the comparison of Self-Concept scores

among Experimental and control groups (for the total sample)

N Mean SD Fvalue P value
Experimental group I 46  51.0000 7.23571
Experimental group II 40  51.7250 7.44893
1.131 338
Control group I 40  49.2000 6.43787
Control group II 44 49.9091 5.73370

The table shows that the p value is greater than 0.05, indicating that the
experimental and control groups' Self-Concept scores do not differ significantly.

Hence no further comparison was done among each group separately.

Comparison of Self-Concept scores among experimental and control
groups (for boys). ANOVA can be used, to determine whether there are significant
differences in Mean Self-Concept scores between the boys in the Experimental and
Control groups. The means and standard deviations of the Self-Concept scores were
subjected to do one way ANOVA. Data and results of the test are presented in table

29.

Table 29

Data and Results of one way ANOVA for the comparison of Self Concept scores

among Experimental and control groups (for boys)

N Mean SD F value P value
Experimental group I 18  47.9444 5.51439
Experimental group II 15  49.6000 5.40899
272 .845
Control group I 17  48.0588 7.67684

Control group II 16  48.8125 4.35460
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According to the table, there is no significant difference between the
experimental and control groups' boys' Self-Concept scores (p value greater than

0.05). Hence no further comparison was done among each group separately.

Comparison of Self-Concept among experimental and control groups (for
girls). ANOVA can be performed to investigate whether there are significant
differences in Mean Self-Concept scores between the girls in the Experimental group
and the girls in the Control group. The means and standard deviations of the self
concept scores were subjected to do one way ANOVA. Data and results of the test are

presented in table 30.

Table 30

Data and Results of one way ANOVA for the comparison of Self-Concept scores

among Experimental and control groups (for girls)

N Mean SD F value P value
Experimental group I 28  52.9643 7.60839
Experimental group II 25  53.0000 8.28151
1.268 .290
Control group I 23 50.0435 5.37230
Control group II 28  50.5357 6.37984

The table shows that the p value is greater than 0.05, indicating that there is
not a significant difference between the experimental and control groups' girls' Self-

Concept scores. Hence no further comparison was done among each group separately.
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Comparison of Gain Scores of Problem Solving Ability in Physics

The pre-tested groups' gain scores that is Experimental Group I and Control
Group II were compared and discussed in this section. Gain scores were compared in

between the groups as well as in between the Boys and Girls of the two groups.

Comparison of Mean Gain Scores of Problem Solving Ability in Physics
between the Experimental Group I and Control Group II. Mean difference
analysis (t) was employed to determine whether there were any appreciable
differences in Gain scores of Problem Solving Ability in Physics between the
Experimental group I and the Control group II. The Mean Difference Analysis was
performed on the means and the standard deviations of the gain scores of Problem
Solving Ability in Physics. The data and findings of the t-test are presented in Table

31.

Table 31

Data and Results of the t-test for the Mean Gain Scores of Problem Solving Ability in
Physics between the Experimental Group I and Control Group 11

Experimental group Control group
I I Level of
t value L
significance
M1 Sd1 N1 M2 Sd2 N2
Gain 9001 3958 46 1386 2.526 44 10.854 0.01
scores

The derived t-value for the Gain score is determined to be significant at the

0.0 1 level, as the table demonstrates.
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From the result it is evident that the mean Gain score of the Experimental
group I and Control group Il is significantly different. Higher mean Gain score of the
Experimental group show its advantage over the Control group and high spot the

effect of the model (Productive Thinking Model) before controlling the Covariates.

Comparison of Mean Gain Scores of Problem Solving Ability in Physics
between the Experimental Group I and Control Group II Boys. Test of
significance of difference between means was used to study whether the Experimental
group I boys and Control group II boys differ significantly in terms of Gain scores of
Problem Solving Ability in Physics, The Mean Difference Analysis was done using
means and standard deviations of the Gain scores of Problem Solving Ability in

Physics. Table 32 shows the data and results.

Table 32

Data and Results of the t-test for the Mean Gain Scores of Problem Solving Ability in
physics between the Experimental Group I and Control Group 11 Boys

Experimental groupI  Control group II

boys boys t ‘Le‘v.el of
value significance
M1 Sdl NI M2 Sd2 N2
Gain g 444 3147 18 8125 2072 16 9313 0.01
sScores

The table demonstrates that the t-value for Gain score is significant at the 0.01

level.

The results show that the mean Gain scores of the Experimental group I boys
and the Control group II boys differ significantly. Higher mean Gain score of the

Experimental group show its advantage over the Control group and high spot the
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effect of the Model (Productive Thinking Model) before controlling the Covariates.
The performance of the Boys in Experimental and Control groups on Gain score was

graphically examined and presented in Figure 9.

Figure 9

Comparison of the individual gain scores of the Experimental group I boys and

Control group Il boys
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The graphical representation of individual Gain scores between Experimental
group I and Control group II boys shows that the effect of these two groups are not
the same. Mean Difference Analysis again specify statistically significant difference.
Performance of Boys in the experimental group is higher than that of Boys in the
control group. So the graphical representation supports the result of Mean Difference

Analysis.

Comparison of Mean Gain Scores of Problem Solving Ability in Physics
between the Experimental Group I and Control Group II Girls. Test of
significance of difference between means was employed to study whether the
Experimental group I girls and Control group II girls differ significantly in terms of

Gain scores of Problem Solving Ability in Physics, the means and standard deviations
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of the Gain scores of Problem Solving Ability in Physics were used for the Mean

Difference Analysis. Data and results of the t-test are presented in Table 33.

Table 33

Data and Results of the t-test for the Mean Gain Scores of Problem Solving Ability in

Physics between the Experimental Group I and Control Group Il Girls.

Experimental group II Control group II
Girls Girls t Level of

value significance
M1 Sdl N1 M2 Sd2 N2

Gain
scores

80750 4.435 28 1.714 2733 28 7.145 0.01

Table shows that the obtained t-value for Gain score is found to be significant

at 0.01 level.

From the result it is evident that the mean Gain score of the Experimental
group I Girls and Control group I1Girls is significantly different. Higher mean Gain
score of the Experimental group show its advantage over the Control group and high
spot the effect of treatment (Productive Thinking Model) before controlling the

Covariates.

The performance of the Girls in Experimental and Control groups on Gain

score was graphically examined and presented in Figure 10.
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Figure 10

Comparison of the individual gain scores of the Experimental group I girls and

Control group II girls
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The graphical representation of individual Gain scores between Experimental
group I and Control group II girls shows that, the effect of these two groups are not
the same. Mean Difference Analysis again specify statistically significant difference.
Performance of girls in the experimental group is higher than that of girls in the control
group. So the graphical representation supports the result of Mean Difference

Analysis.

Discussion. The high gain scores in Problem Solving Ability in Physics of
experimental group over control group were also obtained in studies conducted by
(Rokhmat, 2021) & (Idafiteriani, 2020). This also supports the result obtained by the
investigator. This might be due to the high demand of students for the introduction of
new and innovative method of teaching rather than sticking on same way of teaching

and learning.



Analysis 202

Comparison of Gain Scores of Self Concept

In this section Gain scores of the Pre-test received groups (Experimental
Group I and Control Group II were compared and discussed. Gain scores were
compared in between the groups as well as in between the Boys and Girls of the two

groups.

Comparison of Mean Gain Scores of self concept between the
Experimental Group I and Control Group II. Mean difference analysis (t) was
used to study whether the Experimental group I and Control group II differ
significantly in terms of Gain scores in self concept. The means and standard
deviations of the Gain scores in Self-Concept were subjected to the Mean Difference

Analysis. Data and results of the t-test are presented in Table 34.

Table 34

Data and Results of the t-test for the Mean Gain Scores Self-Concept between the

Experimental Group I and Control Group 11

Experimental group

I Control group II t Level of
value significance
Ml  SdI NI M2 Sd2 N2
Gain 5931 2039 46 2.043 1.685 44 2257 0.05
SCOores

Table shows that the obtained t-value for Gain score is found to be significant

at 0.0 5 level.

From the result it is evident that the mean Gain score of the Experimental

group I and Control group II is significantly different at 0.05 levels of significance.
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Higher mean Gain score of Self-Concept associated with Experimental group show
its advantage over the Control group and high spot the effect of the model (Productive

Thinking Model) before controlling the Covariates.

Comparison of Mean Gain Scores of Self-Concept between the
Experimental Group I and Control Group II Boys. Test of significance of
difference between means was used to study whether the Experimental group I boys
and Control group II boys differ significantly in terms of Gain scores of self-Concept.
The means and standard deviations of the Gain scores of Self-concept were subjected
to the Mean Difference Analysis. Data and results of the t-test are presented in Table

35.

Table 35

Data and Results of the t-test for the Mean Gain Scores of Self-Concept between the

Experimental Group I and Control Group Il Boys

Experimental Group I ~ Control Group II

Boys Boys t .Le.v.el of
value significance
MI Sdl NI M2 Sd2 N2
Gain 5500 1.825 18 2165 1339 16 0.612 NS
SCOres

Table shows that the obtained t-value for Gain score is found to be significant at 0.0 1 level.

From the result it is evident that the mean Gain scores of self concept among
Experimental group I boys and Control group II boys is significantly different. Higher
mean Gain score of the Experimental group show its advantage over the Control group
and high spot the effect of Productive Thinking Model before controlling the

Covariates.
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Comparison of Mean Gain Scores of self concept between the
Experimental Group I and Control Group II Girls. Test of significance of
difference between means was employed to study whether the Experimental group I
girls and Control group I1 girls differ significantly in terms of Gain scores of Self-
Concept. The means and standard deviations of the Gain scores were used to the Mean

Difference Analysis. Data and results of the t-test are presented in Table 36.

Table 36

Data and Results of the t-test for the Mean Gain Scores of Self-Concept between the

Experimental Group I and Control Group Il Girls.

Experimental group II Control group II
Girls Girls t Level of

value significance
Ml SDI N1 M2 SD2 N2

Gain
scores

3.178 2143 28 1964 1.895 28 2.246 0.05

Table shows that the obtained t-value for Gain score of Self-Concept is found

to be significant at 0.01 level.

From the result it is evident that the mean Gain score of Self-Concept among
Experimental group I Girls and Control group II Girls is significantly different. Higher
mean Gain score of the Experimental group show its advantage over the Control group
and high spot the effect of treatment (Productive Thinking Model) before controlling

the Covariate.
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Comparison of Retention Scores in Problem Solving Ability in Physics Before

Control

In order to study the difference in Retention in Problem Solving Ability in
physics between the groups, the comparison of Retention scores (component wise and
total) were done between each experimental and each control group. Again in between
the total experimental groups and control groups. Comparison was also done in

between the groups with respect to gender.

Comparison of Mean Retention Scores in Problem Solving Ability in
Physics (Component-wise and Total) Between the Experimental Group I and
Control Group I for the total sample. Here, Test of significance of difference
between means was used to know whether the Experimental group I and Control
group I significantly differ with respect to mean Retention scores on Problem Solving

Ability in Physics (Component-wise and Total).

For doing mean difference analysis the means and standard deviation of the
Retention scores (component wise and Total) were utilized. Data and results of the t-

test are shown in Table 37.
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Data and Results of the t-test for the Retention in Problem Solving Ability in Physics

(Component wise and Total) Scores between the Experimental Group I and Control

Group I for the total sample

Experimental group I Control group 1 t Level of
Components e
Mean Sdl NI Mean Sd2 N2 Value significance
Comprehending 5,17 916 46 5575 812 40 1.901 NS
the problem
Clarifying the 8391 1.949 46 9.100 1316 40 1.945 NS
problem
Finding solution 7 o761 983 46 8400 1215 40 1.167 NS
to the problem
Problem Solving 3 306 3183 46 220950 2263 40 0622 NS

Ability (total)

Table indicates that the obtained t values for all the components are not

significant. It shows that the mean Retention scores of the Experimental group I and

Control group I (Component-wise and Total) are not significantly different.

Comparison of Mean Retention Scores in Problem Solving Ability in

Physics (Component-wise and Total) Between the Experimental Group I and

Control Group II for the total sample. Here, Test of significance of difference

between means was employed to know whether the Experimental group I and Control

group II significantly differ with respect to mean Retention scores in Problem Solving

Ability in Physics (Component-wise and Total).

For doing mean difference analysis the means and standard deviation of the

Retention scores in Problem Solving Ability (component wise and Total) were

utilized. Data and results of the t-test are shown in Table 38.
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Table 38

Data and Results of the t-test for the Retention (Component wise and Total) Scores

between the Experimental Group I and Control Group Il for the total sample

Experimental group I Control group II t Level of
Mean SD1I NI mean Sd2 N2 Value significance
Comprehending 5,17 916 46 5150 861 44 311 NS
the problem
Clanifyingthe g 391 1049 46 8977 2017 44 1402 NS
problem
Finding solution 5 o7¢ 953 46 8954 1346 44 2720 00l
to the problem
Problem Solving 3 306 3183 46 21113 3272 44 3249 001

Ability (total)

Results shows that the t value of the components, finding solution to the

problem and Problem Solving ability total are significant at 0.01 levels of

significance. Which indicate that the mean Retention scores of the Experimental

group | and Control group II (except finding solution to the problem and Problem

Solving Ability total) are not significantly different.

Comparison of Mean Retention Scores in Problem Solving Ability in

Physics (Component-wise and Total) Between the Experimental Group II and

Control Group I for the total sample. Here, Test of significance of difference

between means was used to know whether the Experimental group II and Control

group I differ significantly with respect to mean Retention scores in Problem Solving

Ability in Physics (Component-wise and Total).
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For doing mean difference analysis the means and standard deviation of the
Retention scores in Problem Solving Ability in Physics (component wise and Total)

were utilized. Data and results of the t-test are shown in Table 39

Table 39

Data and Results of the t-test for the Retention (Component wise and Total) Scores

between the Experimental Group Il and Control Group 1

ExperlmeIrIltal group Control group I . Level of

value significance

Mean SD1I N1 mean Sd2 N2

Comprehending 5,5, 919 40 5575 812 40 1.804 NS
the problem
Clarifying the ¢ 150 1747 40 09100 1316 40 2746 0.01
problem
Finding solution ¢ 55} 367 49 8400 1215 40 1296 NS

to the problem

Problem Solving
ability total 21.325

Table indicates that the obtained t values for the components, clarifying the

3.540 40 22950 2263 40 2.446 0.05

problem and Problem Solving ability total are significant (at 0.05 level).

Comprehending the problem and finding solution to the problem are not significant.

Results shows that the mean retention scores of the experimental group II and
control group I (Component wise and total except clarifying the problem ) does not

differ significantly.

Comparison of Mean Retention Scores in Problem Solving Ability in
Physics (Component-wise and Total) Between the Experimental Group II and
Control Group II for the total sample. Here, Test of significance of difference

between means was used to know whether the Experimental group II and Control
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group II differ significantly with respect to mean Retention scores in Problem Solving

Ability in Physics (Component-wise and Total).

For doing mean difference analysis the means and standard deviation of the
Retention scores in Problem Solving Ability in Physics (component wise and Total)

were utilized. Data and results of the t-test are shown in Table 40.

Table 40

Data and Results of the t-test for the Retention in Problem Solving Ability in Physics
(Component wise and Total) Scores between the Experimental Group Il and Control

Group Il for the total sample.

Experimental group
I

Mean SD1 N1 mean Sd2

Control group II t Level of

value significance

Comprehending 5555 919 40 5159 861 44 339 NS
the problem
Clarifying the ¢ 150 1747 40 8977 2017 44 200 0.05
problem
Finding solution ¢ (55 1367 40 8954 1346 44 3137 00l
to the problem
Problem SolVIng 51 355 3540 40 21113 327 4 o84 NS

Ability (total)

Table indicate that the obtained t value for clarifying the problem and finding
solution to the problem are significant at 0.01 and 0.05 level of significance. While
comprehending the problem and Problem Solving ability total are not differ

significantly.
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Result shows that Problem Solving components (except clarifying the problem
and finding solution to the problem) and Problem Solving Ability total scores are not

significantly different.

Comparison of Mean Retention Scores in Problem Solving ability in
Physics (Component-wise and Total) Between Experimental Group Boys and
Control Group Boys. Test of significance of difference between means was
employed to know whether the Experimental group boys and Control group boys
differ significantly with respect to mean Retention scores in Problem Solving Ability

in Physics (Component-wise and Total).

For doing mean difference analysis the means and standard deviation of the
Retention scores in Problem Solving Ability in Physics (component wise and Total)

were utilized. Data and results of the t-test are shown in Table 41.

Table 41

Data and Results of the t-test for the Retention in Problem Solving Ability in Physics

(Component wise and Total)Scores between the Experimental Group and Control

Group Boys
Experimental group
Boys Control group Boys t Level of
value significance
Mean SD1 NI mean Sd2
Comprehending ) 5c9 909 33 5424 830 33 2252 0.05
the problem
Clarifyingthe - ¢ac 1673 33 8424 1323 33 2.123 0.05
problem
Finding solution — 2»7 | 375 33 8030 1103 33 987 NS
to the problem
Problem Solving ) 454 5905 33 21303 1976 33 248 NS

Ability( total)
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Results shows that the mean Retention scores of the boys in experimental
group and control group (Component-wise and Total) except the components
comprehending the problem and clarifying the problem does not differ significantly.
The effect of the Boys in the Experimental and Control groups on Retention scores

was graphically analyzed and shown in Figure 11.

Figure 11

Comparison of the mean Retention scores in Problem Solving Ability in Physics of the

Experimental group Boys and Control group Boys
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From analyzing the graphical representation of individual Retention scores in
Problem Solving Ability in Physics between all the Experimental and Control groups
Boys it was clear that the individual performance of the boys of these four groups are
almost same. Through the Mean Difference Analysis also statistically more significant
difference was not observed. So, the graphical representation stresses the result of

Mean Difference Analysis.
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Comparison of Mean Retention Scores in Problem Solving Ability in
Physics (Component-wise and Total) Between Experimental Group Girls and
Control Group Girls. Test of significance of difference between means was
employed to know whether the Experimental group Girls and Control group Girls
differ significantly with respect to mean Retention scores in Problem Solving Ability

in Physics (Component-wise and Total).

For doing mean difference analysis the means and standard deviation of the
Retention scores in Problem Solving Ability in Physics (component wise and Total)

were utilized. Data and results of the t-test are shown in Table 42.

Table 42

Data and Results of the t-test for the Retention in Problem Solving Ability in Physics
(Component wise and Total) Scores between the Experimental Group and Control

Group Girls

Experimental group
Girls

Mean SD1 N1 mean Sd2

Control group Girls t Level of

value significance

Comprehending 5377 945 53 5313 882 51 354 NS
the problem
Clarifying the g 79 1858 53 9431 1824 51 2082 005
problem
Finding solution ¢ 159 gg¢ 53 9117 1259 51 2999 001
to the problem
Problem Solving ) gg1 3702 53 22431 3407 51 787 NS

Ability (total)

Table indicates that the obtained t value for clarifying the problem and finding

solution to the problem are significant at 0.01 and 0.05 level of significance. While
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comprehending the problem and Problem Solving Ability total score are not differ

significantly.

Result shows that Problem Solving components (except clarifying the problem
and finding solution to the problem) and total are not significantly different. The effect
of the Girls in the Experimental and Control groups on Retention scores was

graphically analyzed and shown in Figure 12.

Figure 12

Comparison of the mean Retention scores of the Experimental group girls and Control

group girls
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From analyzing the graphical representation of individual Retention scores in
Problem Solving Ability in Physics between the Experimental and Control groups
girls it was evident that the individual performance of the Girls of these two groups
are same. Through the Mean Difference Analysis also statistically significant
difference was not observed for the components of Problem Solving Ability in Physics
(except clarifying the problem and finding solution to the problem) and total Problem
Solving Ability score in Physics. So, the graphical representation also agree the result

of Mean Difference Analysis.

Comparison of Mean Retention Scores in Problem Solving Ability in
Physics (Component-wise and Total) Between Experimental Group Total and
Control Group Total. Test of significance of difference between means was
employed to know whether the Experimental group Total and Control group Total
differ significantly with respect to mean Retention scores in Problem Solving Ability

in Physics (Component-wise and Total).

For doing mean difference analysis the means and standard deviation of the
Retention scores in Problem Solving Ability in Physics (component wise and Total)

were utilized. Data and results of the t-test are shown in Table 43.
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Table 43

Data and Results of the t-test for the Retention (Component wise and Total) Scores

between the Experimental Group Total and Control Group Total

Experimental group

Total Control group Total t Level of
value significance
Mean SD1 NI Mean Sd2 N2
Comprehending 5509 915 g6 5357 859 84 1.001 NS
the problem
Clarifying the ¢ 57 1 g51 86 9035 1710 84 2.766 0.01
problem
Finding solution ¢ 55 1 714 g6 8690 1307 84 2.947 0.01
to the problem
Problem Solving 5 395 3481 86 21988 2967 84 820 NS

Ability (total)

Table indicates that the obtained t value for clarifying the problem and finding

solution to the problem are significant at 0.01 and 0.05 level of significance. While

comprehending the problem and Problem Solving Ability total score are not differ

significantly.

Result shows that Problem Solving components (except clarifying the problem

and finding solution to the problem) and total are not significantly different. The effect

of the students in the Experimental and Control groups on Retention scores was

graphically analyzed and shown in Figure 13.
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Figure 13

Comparison of the mean Retention scores in Problem Solving Ability in Physics of

the Experimental groups and Control groups
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Discussion. Gebze,(2020) and Distrik (2022) in their studies also found the
same result that the mean Retention scores in Problem Solving Ability is same for
both the experimental and control groups. this might be similar due to the factors like
consistent test conditions, similar learning experiences or effective teaching method

applied.

Summary and Discussion of Mean Difference Analysis

The comparison of the mean Pre-test scores of Problem Solving Ability in
Physics, Problem Solving Ability test scores (component-wise and Total), Gain scores
in Problem Solving Ability in Physics and Retention scores (component -wise and
Total) between the two Experimental and two Control groups from the Results of the

Mean Difference Analysis conducted are consolidated in the following tables.
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Table 44

Summary of t-values for Pre-test Scores

S Groups compared t value Level of
No: p p significance
Experimental group I and control group II .505 NS
2 Experimental group I boys and control group II
boys 1.043 NS
3 Experimental group I girls and control group II
girls 0.000 NS

From table 44 it is evident that t values obtained are not significant. So it can
be understood that the pre-test scores doesn’t differentiate the Experimental and
Control group which received pre-tests. That means the pre-experimental status of the

groups remains same.

Table 45
Summary of t-values for Problem Solving Ability in Physics (Total) Scores

S1. Group compared t Level of

No. value significance
1 Experimental group I and control group I 7.617 0.01
2 Experimental Group I and Control Group I1 7.620 0.01
3 Experimental Group I1 and Control Group I 5.408 0.01
4  Experimental Group II and Control Group II 5.121 0.01
5  Experimental Group Boys and Control Group Boys 7.085 0.01
6  Experimental Group Girls and Control Group Girls 7.255 0.01
7  Experimental Group Total and Control Group Total 9.111 0.01

Here all the t values of Problem Solving Ability in Physics are significant that
means Problem Solving Ability scores in Physics differentiate Experimental group
and control group. These comparison which gives significant t value reveals the

superiority of experimental groups over control groups. Also high mean score
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associated with the Experimental groups implies the Effect of Productive Thinking

Model over Existing Method of Teaching.

In gender wise comparison, Experimental group I Boys and Girls were seen to

have superiority over Control group Boys and Girls.

Table 46

Summary of t-values for Gain Scores

SI No: Groups compared t value si;r?i\;ieia(;fce
1 Experimental group I and control group II 10.854 0.01
2 Experimental group I boys and control group Il boys 9.313 0.01
3 Experimental group I girls and control group II girls ~ 7.145 0.01

Table underlies that the t values obtained for all the three comparisons are
significant at 0.01 levels of significance. Results specify that the experimental and
control groups (Pre-tested experimental group I and control group II) can be
differentiated by the gain scores. Comparison shows the advantage of Experimental

group, since greater mean Gain scores are linked with Experimental group.

In gender wise comparison also, Boys and Girls in the experimental group I

were superior over Boys and Girls in control group II.
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Table 47

Summary of t-values for Retention in Problem Solving Ability in Physics Total) Scores

SI. No. Group compared t value siér?i\;iega(;fce
1 Experimental Group I and Control Group I 0.622 NS
2 Experimental Group I and Control Group 11 3.249 0.01
3 Experimental Group I1 and Control Group I 2.446 0.05
4 Experimental Group I1 and Control Group 11 77 NS
5 Experimental Group Boys and Control Group Boys 248 NS
6 Experimental Group Girls and Control Group Girls 187 NS
7 Experimental Group Total and Control Group Total .820 NS

From table 47 it is evident that out of the seven comparisons only two t values
are significant. Retention in Problem Solving Ability does not differentiate the control

groups and experimental groups.

For a visual analysis of the performance graphical comparison of the scores
were also done for the two experimental groups and two control groups on Pre-test
scores on Problem Solving Ability in Physics, Post-test scores on Problem Solving
Ability in Physics (Total), Gain scores and Retention scores (Total). All the graphical

representations support the results of mean difference analysis.

Mean Difference Analysis results on Pre-test scores, Problem Solving Ability
in Physics (Component-wise and Total), Gain scores and Retention scores
(component-wise and Total) disclose the fact that the two groups such as
Experimental groups and Control groups differ significantly in terms of Problem
Solving Ability and Gain, even without controlling the covariates in the Experiment.
But in their Retention scores there is no significant difference in the Experimental

groups and Control groups
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Analysis of Covariance for Problem Solving Ability in Physics, Self-Concept and

Retention in Problem Solving Ability in Physics

Covariance analysis was used to determine whether the Experimental and
Control groups differed significantly in terms of standard IX students' Problem
Solving Ability in Physics, Self-Concept, and Retention in Problem Solving Ability
after controlling for the effects of three control variables. Since the subjects in the
study not randomly assigned to experimental and control groups, ANCOV A was used.
ANCOVA allows the investigator to statistically control the differences on the pre-
tests and the concerning control variables so that the differences in the post tests would

not be due to initial differences prior to Experiment.

For the pre-tested groups such as Experimental group I and Control group II,
single factor ANCOV A with three covariates separately and a combination of three at
a time was used. And for the non pre-tested groups that is Experimental group II and
Control group I, single factor ANCOVA with two covariates separately and a

combination of two at a time was used.

The output of Analysis of Covariance again used to understand the relative
effectiveness of Productive Thinking model and Existing Method of Teaching on
Problem Solving Ability in Physics and Self-Concept after controlling the single as
well as combined effect of covariates. The controlled variables were pr-tests, Verbal
Intelligence and Socio-Economic status. Then the Effectiveness of productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability in

Physics and Self-Concept was studied.

Separate Analysis of Covariance were used for Pre-tested groups and non Pre-

tested groups. For Problem Solving Ability in Physics, Retention and Self-Concept
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separate ANCOVA were employed for both these groups. Thus Pre-tested groups 12
ANCOVA (four ANCOVA when Problem Solving Ability treated as dependent
Variable and four ANCOVA when Self-Concept treated as dependent Variable),and
four ANCOVA when Retention is treated as dependent variable. And non Pre-tested
group has 9 ANCOVA (3 ANCOVA when Problem Solving Ability treated as
dependent variable and 3 ANCOV A when Self-Concept treated as dependent Variable

also 3 ANCOVA when Retention is treated as dependent variable).

The basic assumptions like linearity and homogeneity is to be checked before
conducting ANCOVA. Statistical Package for Social Sciences (SPSS) was used to

establish the normality of the distribution of the dependent variable scores.

Tests for Basic Assumptions

The essential assumptions of ANCOV A were examined by examining the data

acquired, and the results are shown below.

Linear Relationship between the Dependent Variable and the Covariates.
Scatter plots were used to analyse the connection between the covariates Verbal
Intelligence, Socio-Economic status, and the pre-test and the dependent variables,
Problem Solving Ability in Physics and Self-Concept. The Scatter Plots' visual
analysis demonstrated that there was little deviation from linearity in the relationship

between the dependent variables and the covariate.

Scatter plots of the covariates with relation to dependent variables, Problem
Solving Ability in Physics, Self-Concept, and retention in Problem Solving Ability in
Physics of the experimental and control groups are represented in Figure 14, 15 and

16 respectively.



Analysis 222

Figure 14

Scatter Plots of Problem Solving ability in Physics (Post-test) Scores (Total) with all
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Figure 15

Scatter plots for Self concept scores with all covariates
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Figure 16

Scatter plots of Retention scores in Problem Solving Ability in Physics (total) for all

covariates
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Test of Homogeneity of Variance

Separate analysis of variance was used to evaluate if the slopes of regression
lines are the same (homogeneity of within class regression) for the level of
independent variable (Productive Thinking Model) in order to meet the homogeneity

of variance assumptions.

For every ANCOVA for Problem Solving Ability in Physics, Retention and
Self-Concept, Pre-test, Socio-Economic Status, and Verbal Intelligence, both
individually and in combination, different tests of homogeneity of variance were
conducted. It was concluded from all of the homogeneity tests that the within-class
regression coefficients for the two levels of the independent variable were
homogenous, or the same. In part, the test's result does not disprove pooling within-
class regression (Winer, 1977). Consequently, it was determined that the data fit the

ANCOVA model.

Analysis of Covariance for Problem Solving Ability in Physics

Single factor ANCOVA was employed to study the difference between
Experimental and Control groups in terms of Problem Solving Ability in Physics.
Single factor ANCOVA with three Covariate Pre-test score, Verbal Intelligence, and
Socio-Economic Status (separately and in combination of three at a time) was used
for Pre-tested groups and with two Covariate Verbal Intelligence and Socioeconomic
Status (Separately and in combination of two at a time) was used for non pre-tested

groups. ANCOVA was employed to examine whether significant difference exists
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even after controlling the effects of the covariate. By After adjusting for the individual
and cumulative effects of the covariate, the researcher could use single
factor ANCOVA to further examine the relative efficacy of the Productive Thinking
Model and the Existing Method of Teaching on Problem Solving Ability in Physics.
Two levels of Instructional Procedures such as Productive Thinking Model and
Existing Method of Teaching were incorporated in the ANCOVA as the two levels of
Independent variable. The Covariates were Pre-test score (only for Pre-tested groups),
Verbal Intelligence and Socio-Economic Status separately and in combination.

Problem Solving Ability in Physics was considered as the dependent Variable.

Analysis of Covariance for Problem Solving Ability in Physics for Pre-
tested Groups. To test this, the investigator studied whether or not significant
difference exists between the Pre-tested Experimental and Control groups with regard
to the mean Problem Solving Ability scores. All together 4 ANCOV A was done. Each
ANCOVA, controlling each covariate namely, Pre-test score, Verbal Intelligence,
Socio-Economic Status and the combined effect of three covariates. The result is

shown in below 48.



227 Analysis

Table 48

Summary of Single Factor ANCOVA for Problem Solving Ability in Physics for Pre-
tested Groups

. . Pre- test Verbal SOCIO-. Total effect of
Source of variation . Economic .
score Intelligence 3 covariates
status
Between 45, 058 1233.896 1375.734 1419.072
Sum of groups
Squares R
a Within 994.524 1877.718 1688.854 922.970
groups
Bgert(;vl;es“ 1 1 1 1
Df o
Within 87 87 87 85
groups
Between 55, 158 1233.896 1375.734 1419.072
Mean groups
Square s
a Within 11.431 21.583 19.412 10.858
groups
Total 55150.00 55150.00 55150.00 55150.00
F 118.189 57.170 70.870 130.688
Sig. 000%* 000%* 000%* 000%*

**_ difference is significant at 0.01 level of significance

As per table the obtained F (1,87) is 188.189 for the effect of Productive
Thinking Model on Problem Solving Ability in Physics was found beyond the table
value for 0.01 level of significance. The result of F-test supports that the effect of
Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX" standard students after controlling pre-test scores, F(1,87) = 118.189,

p<.01

As per table, the obtained F (1,87) is 57.170 for the effect of Productive
Thinking Model on Problem Solving Ability in Physics was found beyond the table

value for 0.01 level of significance. The result of F-test supports that the effect of
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Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX" standard students after controlling Verbal Intelligence, F(1,87) = 57.170,

p<.01

As per table, the obtained F (1,87) 1s70.870 for the effect of Productive
Thinking Model on Problem Solving Ability in Physics was found beyond the table
value for 0.01 level of significance. The result of F-test supports that the effect of
Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX™ standard students after controlling Socio-Economic status , F(1,87) =

70.870, p<.01

As per table, the obtained F (1,85) is 130.688 for the effect of Productive
Thinking Model on Problem Solving Ability in Physics was found beyond the table
value for 0.01 level of significance. The result of F-test supports that the effect of
Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX" standard students after controlling the total effect of 3 covariates (pre-test,

Verbal Intelligence, socio-Economic status), F(1,85) = 130.688, p<.01

This demonstrates that even after accounting for the linear effects of each
covariate, there is still a statistically significant difference between the group criteria
means. Thus, when a linear adjustment is made for the effect of variation due to the
difference in the Pre-test score, Verbal Intelligence, Socio-Economic Status, and the
combined effect of the three covariates on Problem Solving Ability in Physics, the
ANCOVA results show that there is a statistically significant difference between the
two experimental and control groups. Here we compared pre-test received two groups

and it was found significant even after controlling the covariates , since it was two
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groups compared and significant difference is clearly evident there for there is no

relevance of Posthoc comparison.

Analysis of Covariance for Problem Solving Ability in Physics for non

Pre-tested Group. All together 3 ANCOVA were done to examine the significant

difference between non pre-tested Experimental and Control group with regard to

mean Problem Solving Ability scores. One by one, each covariate namely, Verbal

Intelligence, Socio-Economic Status and the combined effect of two covariates were

controlled in the five ANCOVA. The result is shown in table 49.

Table 49

Summary of Single Factor ANCOVA for Problem Solving Ability in Physics for non

Pre-tested Groups

. . Verbal Socio-Economic Total effect of 2
Source of variation . .
Intelligence status covariates
Between 309.281 313.071 294.510
Sum of groups
Squares ithi
e Within 853.086 864.074 842.030
groups
B‘“'rt;vfzn 1 1 1
Df iv _ h?
tthin 77 77 76
groups
Between 309.281 313.071 294510
Mean groups
S . .
duare Within 11.079 11.222 11.079
groups
Total 42426.00 42426.00 42426.00
F 27916 27.899 26.582
Sig. 0007 0007 0007

**_ difference is significant at 0.01 level of significance

As per table, the obtained F (1,77) is 27.916 for the effect of Productive

Thinking Model on Problem Solving Ability in Physics was found beyond the table
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value for 0.01 level of significance. The result of F-test supports that the effect of
Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX standard students after controlling Verbal intelligence of non pre-tested

group, F(1,77) = 27.916, p<.01

As per table, the obtained F (1,77) is 27.899 for the effect of Productive
Thinking Model on Problem Solving Ability in Physics was found beyond the table
value for 0.01 level of significance. The result of F-test supports that the effect of
Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX standard students after controlling Socio-Economic status of non pre-tested

group , F(1,77) =27.899, p<.01

As per table, the obtained F (1,76) is 26.582 for the effect of Productive
Thinking Model on Problem Solving Ability in Physics was found beyond the table
value for 0.01 level of significance. The result of F-test supports that the effect of
Productive Thinking Model on Problem Solving Ability in Physics is significant
among IX standard students after controlling the total effect of 2 covariates ( Verbal

Intelligence & socio economic status), F(1,85) = 130.688, p<.01

The three F-values for the Instructional Procedure on Physics Problem Solving
Ability were discovered to be greater above the 0.01 level of significance . This
demonstrated a statistically significant difference between the groups' criteria means
even after accounting for each covariate's linear influence. Therefore, the ANCOVA
results indicate that there is a significant difference between the non-pre-tested
Experimental and control group on Problem Solving Ability in Physics when a linear
adjustment is made for the effect of variation due to the difference in Verbal
Intelligence, Socio-Economic Status, and the combined effect of two covariates. Here

also we compared non pre-tested two groups and it was found significant even after
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controlling the covariates. Since it was two groups compared and significant

difference is clearly evident there is no relevance of Posthoc comparison.

Summary and discussion of analysis of covariance for Problem Solving
Ability in Physics. Results of 7 ANCOVA employed to study the effectiveness of
Instructional strategies (Productive Thinking Model and Existing Method of
Teaching) on Problem Solving Ability in Physics for Pre-tested Group and non Pre-
tested Group are summarized and discussed. The table below presents the aggregated

F-values obtained for the 7 ANCOVA.

Table 50
Summary of the F-values of ANCOVA for Problem Solving Ability in Physics

SL Source of Dependent

No. variance variable Covariate F Sig
1 Pre-test 118.189 .000**
Verbal sk
2 Pre-test intelligence 57.170 .000
) Received Soci )
3 Instructional Group ocloeconomic 70.870 000
Strategy status
(Productive Problem
4 Thinking Solving Total effect 130.688 .000**
Model and Ability in
Existing Physics Verbal
ksk
> Method of intelligence 27.916 000
Teachlng) Pre'test
Non ; ;
6 . Socioeconomic 27809 000
Received status
Group
7 Total effect 26.582  .000%**

Total of seven ANCOV A were done on Problem Solving Ability for Pre-tested
and non pre-tested groups. Using Pre-test scores (only for Pre-tested groups) Verbal

Intelligence and Socio-Economic Status as Covariates separately and in combination.
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This was done to know whether variations in the mean Problem Solving Ability scores

of the Experimental and Control group occur or not after treatment.

When the effects of Covariates, Pre-test score, Verbal Intelligence, Socio-
Economic Status and combined effect was controlled, F-values were found significant
for the Pre-tested group. This confirms that the Pre-tested Experimental and Control

groups differ significantly in Problem Solving Ability in Physics

When the effect of Covariates, Verbal Intelligence, Socio-Economic Status
and combined effect was controlled, F values were found significant for the non Pre-
tested group. This confirms that the non Pre-tested Experimental and Control groups

differ significantly in Problem Solving Ability in Physics.

Out of 7 ANCOVA employed to study the difference between Experimental
groups and Control groups in Problem Solving Ability in Physics, all the 7 ANCOVA
gives significant difference. From these results it can be concluded that strategy in the
Experimental group (Productive Thinking Model) was more effective than the Control

group (Existing Method of Teaching).

After Covariance Analysis, it was found that the Pre-tested and non pre-tested
groups significantly differed in their Problem Solving Ability in Physics. In both
cases, Pre-tested and not pre-tested Experimental groups were seen to be Superior
over the Control groups. This underlies the advantage of Productive Thinking Model

over Existing Method of Teaching with regard to Problem Solving Ability in Physics.

Discussion. Since Productive Thinking Model is new in Teaching Learning
process not much studies available with the same covariates selected. So the

investigator reviewed other studies which comes under the same family of teaching
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and the results are used to support the present study. Hence can say that the result is
in line with the study conducted by Rekha(1988) ,where she found that Piagetian
model of teaching is significantly capable of developing Problem Solving Ability over
the traditional method of teaching, even though intelligence and Achievement in the
subject are controlled. Praveen ( 2006) also found the same result with the Mastery of

learning strategy with verbal intelligence and socio-Economic status controlled.

Analysis of Covariance for Self-Concept

Single factor ANCOVA was employed to study the difference between
Experimental and Control groups in terms of Self-Concept. Single factor ANCOVA
with three Covariate Pre-test score, Verbal Intelligence, and Socio-Economic Status
(separately and in combination of three at a time) was used for Pre-tested groups and
with two Covariate Verbal Intelligence and Socioeconomic Status (Separately and in
combination of two at a time) was used for non Pre-tested groups. ANCOVA was
employed to examine whether significant difference exists even after controlling the
effects of the covariate. By employing single factor ANCOVA, the investigator could
further study the relative effectiveness of Productive Thinking Model and Existing
Method of Teaching on Self-Concept, after controlling the single and combined
effects of the covariate. Two levels of Instructional Procedures such as Productive
Thinking Model and Existing Method of Teaching were incorporated in the
ANCOVA as the two levels of Independent variable. The Covariates were Pre-test
score (only for Pre-test received group), Verbal Intelligence and Socioeconomic
Status separately and in combination. Self-Concept was considered as the dependent

Variable.
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Analysis of Covariance for Self-Concept for Pre-tested groups. Here the
investigator studied whether or not significant difference exists between the Pre tested
Experimental and Control groups with regard to the mean Self-Concept scores. All
together 4 ANCOVA was done. Each ANCOVA, controlling each covariate namely
Pre-test score, Verbal Intelligence, Socio-Economic Status and the combined effect

of three covariates. The result is shown in table 51.

Table 51

Summary of Single Factor ANCOVA for Self-Concept for Pre-tested Groups

.. Pre- test Verbal SOCIO_. Total effect of
Source of variation ) Economic .
score Intelligence 3 covariates
status
Between 53.502 26.807 63.042 79.065
Sum of groups
Squares S
a Within 156 419 3769.591 3512.230 2091.843
groups
Bgert(‘)’l“l;‘;n 1 1 1 1
Df o
Within 87 87 87 85
groups
Between 53.502 26.807 63.042 79.065
Mean groups
Square i
a Within 25.051 43.329 40.370 24.610
groups
Total 233016.00  233016.00 233016.00 233016.00
F 2.136 619 1.562 3213
Sig. 148N 43488 2158 077N

NS- difference is not significant at 0.05 level of significance

The four F-values for the instructional procedure on self-concept were
obtained below the tabular value for the 0.05 level of significance, as shown in Table.
This demonstrates that, once the linear effect of each covariate is taken into account,

there is no longer a statistically significant difference between the criteria means of
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the groups. Therefore, it may be said that between the Experimental and Control

groups, there is no statistically significant difference in Self-Concept.

Post-hoc comparison was not done because none of the four F-values from

ANCOVA were determined to be significant for treatment groups on Self-Concept

Analysis of Covariance for Self-Concept for non Pre-tested Group. Here
the investigator studied whether or not significant difference exists between the non
pre-tested Experimental and Control groups with regard to the mean Self-Concept
scores. All together 3 ANCOVA were done to examine the significant difference
between non pre-tested Experimental and Control group with regard to mean Problem
Solving Ability scores. One by one, each covariate namely, Verbal Intelligence,
Socio-Economic Status and the combined effect of two covariates were controlled in

the three ANCOVA. The result is shown in table 52.

Table 52

Summary of Single Factor ANCOVA for Self concept for non pre-tested Groups

. Verbal Socio-Economic Total effect of 2
Source of variation ) )
Intelligence status covariates
Between 116.900 124.927 114.332
Sum of groups
Squares ithi
a Within 3760.118 3780.037 3759.712
groups
B‘“'rt;vfzn 1 1 1
Df fV , h‘,’
1thin 77 77 76
groups
Between 116.900 124.927 114.332
Mean groups
Square ithi
au Within 48.833 49.091 49.470
groups
Total 207625.00 207625.00 207625.00
F 2.394 2.545 2.311
Sig. 126N 115N 13308

NS- difference is not significant at 0.05 level of significance
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The three F-values for the instructional procedure on Self-Concept were
determined to be below the tabular value for the 0.05 level of significance, as shown
in Table. This demonstrates that, once the linear effect of each covariate is taken into
account, there is no longer a statistically significant difference between the criteria
means of the groups. Therefore, it may be said that between the Experimental and

Control groups, there is no statistically significant difference in Self-Concept.

Post-hoc comparison was not done because none of the four F-values from

ANCOVA were determined to be significant for treatment groups on self-concept

Summary and discussion of analysis of covariance for Self Concept. The
findings of seven ANCOVA tests used to compare the impact of instructional
methodologies (Productive Thinking Model and Existing Method of Teaching) on
the Self-Concept of the pre-tested and non pre-tested groups are compiled and

analysed. Table 53 presents the aggregated F-values obtained for the 7 ANCOVA.

Table 53
Summary of the F-values of ANCOVA for Self-Concept

SI Source of variance Depf?ndent Covariate F Sig
No. variable
1 Pre-test 2.136  .148N8
-test
2 pre-test — Verbal 619 4348
. Received intelligence
Instructional ] )
3 strategy Group. Socioeconomic 565 5yxs
(Productive Self- status
4 Thinking Model Total effect 3.213  .077™
. Concept
and Existing Verbal s
5 Method of Pre-test i iclligence 2.394 126
teaching) Non Soci .
6 Received oo o OmOMIC 9 545 115N
G status
7 % Totaleffect 2311 133"
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Total of seven ANCOVA were done on Self concept for Pre-test received and
non received groups. Using Pre-test scores (only for Pre-tested groups) Verbal
Intelligence and Socio-Economic Status as Covariates separately and in combination.
This was done to know whether variations in the mean Self-Concept scores of the

Experimental and Control groups occur or not after treatment.

When the effects of Covariates, Pre-test score, Verbal Intelligence, socio-
Economic Status and combined effect was controlled, F-values were found not
significant for the Pre-tested group. This confirms that the Pre-tested Experimental

and Control groups not differ significantly in Self-Concept.

When the effect of Covariates, Verbal Intelligence, Socioeconomic Status and
combined effect was controlled, F values were not found significant for the non pre-
tested group. This confirms that the non pre-tested Experimental and Control groups

also not differ significantly in Self concept.

Out of 7 ANCOVA employed to study the difference between Experimental
groups and Control groups in Self-Concept, all the 7 ANCOVA gives no significant
difference. From these results it can be concluded that strategy in the Experimental
group (Productive Thinking Model) was not that effective than the Control group

(Existing Method of Teaching) in terms of self-Concept of students.

After Covariance Analysis, it was found that the Pre-tested and non pre-tested

groups not significantly differed in their Self-Concept in both cases.
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Analysis of Covariance for Retention in Problem Solving Ability in Physics

Single factor ANCOVA was used to assess whether there was any difference,
if any, in the Experimental and Control groups Retention of Problem Solving Ability
in Physics even after the effects of the covariates were taken into account. For the pre-
tested groups, a single factor ANCOV A was used with three covariates (Pre-test score,
Verbal Intelligence, and Socio-Economic Status - singly and in combination of five
at a time); for the non pre-tested group, a single factor ANCOVA was used with two
covariates (Verbal Intelligence and Socio-Economic Status - singly and in

combination of four at a time).

After adjusting for the individual and cumulative effects of the covariates, the
researcher may use single factor ANCOVA to further examine the relative efficacy of
the Productive Thinking Model and the Existing Method of Teaching on Retention in
Problem Solving Ability in Physics. The next subsection details the procedure of the

ANCOVA on Retention for both the pre-tested and non pre-tested groups.

Analysis of Covariance for Retention for pre-tested Group. Total of four
ANCOVA were done on Retention for Pre-tested group using Pre-test scores (only
for Pre-tesedt groups), Verbal Intelligence and Socio-Economic Status as Covariates
separately and in combination. In each of the four ANCOVAs, the pre-test score,
verbal intelligence, socioeconomic status, and the cumulative effect of three factors
were accounted for. The three ANCOVAs' complete descriptions would be too

lengthy, thus they are shown in Table 54.
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Table 54

Summary of Single Factor ANCOVA for Retention in Problem Solving Ability in
Physics (Total Score) for pre-tested Groups

. Pre- test Verbal SOCIO_. Total effect of
Source of variation . Economic .
score Intelligence 3 covariates
status
Between 5, ¢gq 111.154 127.968 136.487
Sumof  groups
Squares SR
a Within - ¢ <15 914.817 885.640 732.442
groups
e |
Df o
Within 87 87 87 85
groups
Between 1,/ ¢e4 111.154 127.968 136.487
Mean groups
Square i
a Within 8.604 10.515 10.180 8.617
groups
Total 45560.00  45560.00 45560.00 45560.00
F 14.515 10.571 12.571 15.839
Sig. 000%* 0023 001 000%*

**_ difference is significant at 0.01 level of significance

As per table 54 the obtained F (1,87) is 14.515 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found
beyond the table value for 0.01 level of significance. The result of F-test supports that
the effect of Productive Thinking Model on Retention is significant among IX™

standard students after controlling pre-test scores, F(1,87) = 14.515, p<.01

As per table, the obtained F (1,87) is 10.571 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found

beyond the table value for 0.01 level of significance. The result of F-test supports that
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the effect of Productive Thinking Model on Retention is significant among IX®

standard students after controlling Verbal intelligence, F(1,87) = 10.571, p<.01

As per table, the obtained F (1,87) 1s12.571 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found
beyond the table value for 0.01 level of significance. The result of F-test supports that
the effect of Productive Thinking Model on Retention is significant among IX™

standard students after controlling Socioeconomic status, F(1,87) = 12.571, p<.01

As per table, the obtained F (1,85) is 15.839 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found
beyond the table value for 0.01 level of significance. The result of F-test supports that
the effect of Productive Thinking Model on Retention is significant among IX™
standard students after controlling the total effect of 3 covariates (pre-test, Verbal

Intelligence, socio-Economic status), F(1,85) = 15.839, p<.01

The three F-values for the Instructional Procedure on Retention in Problem
Solving Ability in Physics were discovered to be greater than the 0.01 level of
significance. This demonstrated a statistically significant difference between the
groups criteria means even after accounting for each covariate's linear influence.
Therefore, ANCOVA results indicate that the Pre-tested Experimental and control
group differ significantly when a linear adjustment is made for the effect of variation
due to the difference in the Pre-test, Verbal Intelligence, Socio-Economic Status, and
the combined effect of 3 covariates on Retention in Problem Solving Ability in

Physics. Here again we compared pre-tested two groups and it was found significant



241 Analysis

even after controlling the covariates, since it was two groups compared and significant

difference is clearly evident there is no relevance of Posthoc comparison.

Analysis of Covariance for Retention for non pre-tested Group. Total of
three ANCOVA were done on Retention for non pre-tested group using Verbal
Intelligence and Socio-Economic Status as Covariates separately and in combination.
In each of the three ANCOVAs, the pre-test score, verbal intelligence, socio-
Economic status, and the cumulative effect of three factors were accounted. The three
ANCOVAs' complete descriptions would be too lengthy, thus they are shown in Table

55.

Table 55

Summary of Single Factor ANCOVA for Retention in Problem Solving Ability in

Physics (Total Score) for non pre-tested Groups

_ Verbal Socio-Economic Total effect of 2
Source of variation . .
Intelligence status covariates
Between 56.107 49.944 53.156
Sum of groups
Squares st
d Within 681.436 686.007 678.875
groups
e | |
Df o
Within 77 77 76
groups
Between 56.107 49.944 53.156
Mean groups
Square fthi
a Within 8.850 8.909 8.933
groups
Total 39947.00 39947.00 39947.00
F 6.340 5.606 5.951
Sig. .014* .020* .017*

*- difference is significant at 0.05 level of significance
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As per table, the obtained F (1,77) is 6.340 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found
beyond the table value for 0.01 level of significance. The result of F-test supports that
the effect of Productive Thinking Model on Retention is significant among IX

standard students after controlling Verbal intelligence, F(1,77) = 6.340, p<.01

As per table, the obtained F (1,77) is 5.606 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found
beyond the table value for 0.01 level of significance. The result of F-test supports that
the effect of Productive Thinking Model on Retention is significant among IX

standard students after controlling Socio-Economic status, F(1,77) = 5.606, p<.01

As per table, the obtained F (1,76) is 5.951 for the effect of Productive
Thinking Model on Retention in Problem Solving Ability in Physics was found
beyond the table value for 0.01 level of significance. The result of F-test supports that
the effect of Productive Thinking Model on Retention is significant among IX™
standard students after controlling the total effect of two covariates (Verbal

Intelligence & socio economic status), F(1,76) = 5.951, p<.01

The three F-values for the Instructional Procedure on Retention was
discovered to be above the 0.05 level of significance. This demonstrated a statistically
significant difference between the groups criteria means even after accounting for
each covariate's linear influence. Thus, ANCOVA results indicate that the non-pre-
tested Experimental and control group differ significantly in retention in Problem
Solving ability in physics when a linear adjustment is made for the effect of variation

due to the difference in verbal intelligence, socioeconomic status, and the combined
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effect of two covariates of the subjects. Here we compared non pre tested two groups
and it was found significant even after controlling the covariates, since it was two
groups compared and significant difference is clearly evident there is no relevance of

Posthoc comparison.

Summary and Discussion of Analysis of Covariance for Retention. This
subsection summarises and discusses the findings of the seven ANCOVA tests used
to determine the impact of the instructional procedure (Productive Thinking Model
and Existing Method of Teaching) on retention (total) in Problem Solving ability in

physics for both the pre-tested and non-pre-tested groups.

The 7 ANCOVA are summarized and presented in table 56.

Table 56

Summary of the F-values of ANCOVA for retention

SL Dependent

No. Source of variance variable Covariate F Sig
1 Pre-test 14515 0.01
2 Pretest ' Cl0dl 10571 0.01

intelligence
Received _ ]
3 Instructional Group Socioeconomic 12.571 0.01
. status
strategy (Productive
4  Thinking Model and  Retention Total effect 15.839 0.01
existing method of Verbal
5 teaching) Pre-test . telligence 6.340  0.05
Non Soci .
i ocioeconomic
6 Received o0 5.06 0.05
Group
7 Total effect 5951 0.05

As Table indicates, 7 ANCOVA were employed for Retention in Problem

Solving Ability in Physics for Pre-tested group and non pre-tested group, using Pre-
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test scores (only for Pre-tested group) Verbal Intelligence, and Socio-Economic Status
as Covariates separately and in combination. The purpose of this was to ascertain
whether the mean Retention scores of the Experimental and Control groups would

differ after treatment.

When the effects of the covariates were eliminated separately and in
combination, the F-values for the pre-tested group and the non pre-tested group were
found to be significant. Therefore we can conclude that both the pre-tested and non

pre-tested experimental and control group differ significantly on Retention.

All seven ANCOVAs used to examine the Retention differences between the
Experimental and Control groups produced significant F-values. This demonstrates
that, in terms of Retention, the Productive Thinking model treatment given to the
experimental group is more successful. The experimental group is superior over the

control group.

Following the completion of Covariance Analysis, it was seen that there was
a difference in the Experimental and Control groups on Retention in Problem Solving
Ability in Physics between the pre-tested and non pre-tested groups. So it can be
concluded that the Productive Thinking Model is able to differentiate the

Experimental groups which is pre-tested or non pre-tested with regard to Retention.

Conclusion

The chapter on analysis is divided into two parts. The first portion covers the
initial examination of the experimental data, which was carried out in order to

determine the groups' equivalency and identify significant statistical features.
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Next section includes major analysis, where Mean difference analysis and
Analysis of Covariance were used. Without adjusting for variables, the mean
difference analysis revealed a significant difference in the experimental group's and
the control group's Problem Solving Abilities in physics. The experimental groups are

also linked to high mean scores.

Further ANCOVA results also shows that the pre-tested and non pre-tested
groups significantly differed both in their Problem Solving Ability in Physics and
Retention. In both cases, pre-tested and non pre-tested Experimental groups were seen
to be Superior over the Control groups. This underlies the advantage of Productive
Thinking Model over Existing Method of Teaching with regard to Problem Solving

Ability in Physics.

From the results of analysis it is evident that student who taught through
Productive thinking model Perform well than that of students who taught through
Existing Method of Teaching. It highlights the need for new method or way of
teaching other than existing one. Students are always interested to study new things
in a new and innovative way that will last forever. Productive Thinking Model is such
a Model that brings students to a world of productivity and fruitful thinking where
students themselves can link theories and facts in order to solve a problem. It will

bring confidence and self efficacy among students.
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SUMMARY OF FINDINGS

The whole idea of a study is what gives it life. This chapter provides a brief
overview of the complete procedure such as, variables chosen, the goals, the theories,
the techniques and processes, the data collection, the statistical analysis of the data,
and the results to have a comprehensive understanding of the current research. The

findings are summarized and presented in this chapter.

This session also includes a full discussion of the study's educational

implications as well as suggestions for further research.

Study in Retrospect

The purpose of the study was to evaluate the effectiveness of Productive
Thinking Model and Self-Concept over Existing Method of Teaching. Also to study
the main effect of Productive Thinking Model on Self-Concept and Problem Solving
Ability in Physics of IX standard students. To obtain pertinent information on the
prevalent instructional strategies, methods, and teaching models used in secondary
level physics classes, a preliminary survey on secondary school physics teachers was

also carried out.

Restatement of the Problem

The goal of the current investigation was to determine the effectiveness of

Productive Thinking Model on Self-Concept and Problem Solving Ability in Physics
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The problem of the study is restated as the ‘‘Effectiveness of Productive
Thinking Model on Problem Solving Ability in Physics and Self-Concept of IX

standard students”.

Variables of the Study

The following are the independent, dependent, and control variables that were

chosen for the current study:

Independent Variables

The independent variables selected for the study were:

. Models of Teaching (Productive Thinking Model)

. Method of Teaching (Existing Method of Teaching)

Dependent variables

The following dependent variables were assessed:

. Problem Solving Ability in Physics

. Self-Concept of students

Control variables

The control variables selected for the study are,

. Pre experimental status in terms of Problem Solving Ability in Physics
. Pre experimental status in terms of Self-Concept
. Verbal intelligence

. Socio-Economic status
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Objectives of the study

The following are specific objectives that have been developed.

1. To identify the prevailing and innovative Instructional Strategies, Methods

and Models adopted by teachers to teach Physics at Secondary School Level.

2. To find out the issues (if any) experienced by the Physics teachers in
implementing innovative Instructional Strategies, Methods and Models at
Secondary School Level and to suggest measures (if any) to overcome the
constraints in implementing the innovative Instructional Strategies and

Models at Secondary School Level.

3. To compare the mean post-test scores of Problem Solving Ability in Physics

of experimental and control groups for the Total sample, Boys and Girls.

4. To compare the mean post-test scores of Self-Concept of experimental and

control groups for the Total sample, Boys and Girls.

5. To compare the mean gain scores of Problem Solving Ability in Physics of

experimental group I and control group II for the Total sample, Boys and Girls.

6. To compare the mean gain scores of Self -Concept of experimental group I

and control group II for the Total sample, Boys and Girls.

7. To compare the mean retention scores of Problem Solving Ability in Physics

of experimental and controlled groups for the Total sample, Boys and Girls.
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10.

1.

12.

13.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on Problem Solving Ability in Physics of pre-tested experimental

and control group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on Problem Solving Ability in Physics of non pre-tested

experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method

of Teaching on Self-Concept of pre-tested experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method

of Teaching on Self-Concept of non pre-tested experimental and control

group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on retention in Problem Solving Ability in Physics of pre-tested

experimental and control group.

To study the effectiveness of Productive Thinking Model and Existing Method
of Teaching on retention in Problem Solving Ability in Physics of non pre-

tested experimental and control group.
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Hypotheses of the Study

The following hypotheses were intended to be tested by the current

investigation.

1. There will be no significant difference in mean post-test scores of Problem
Solving Ability in Physics of experimental and control groups for the Total

sample, Boys and Girls.

2. There will be no significant difference in mean post-test scores of Self-
Concept of experimental and control groups for the Total sample, Boys and

Girls.

3. There will be no significant difference in the mean gain scores of Problem
Solving Ability in Physics of experimental group I and control group II for the

Total sample, Boys and Girls.

4. There will be no significant difference in the mean gain scores Self-Concept
of experimental group I and control group II for the Total sample, Boys and

Girls.

5. There will be no significant difference in the retention scores of Problem
Solving Ability in Physics of experimental and control group for the Total

sample, Boys and Girls.

6. There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability

in Physics of pre-tested experimental and control group.
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10.

11.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability

in Physics of non pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of pre-

tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of non

pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem

Solving Ability in Physics of pre-tested experimental and control group.

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem

Solving Ability in Physics of non pre-tested experimental and control group.

Methodology

The investigation was carried out using an experimental method. There were

two phases of the investigation. In the first phase, which was preparatory, the

investigator surveyed teachers of physics in secondary schools to collect information

on the models, strategies, and instructional methods that are currently in use, as well

as any barriers that teachers may have had to overcome to start using these materials

to teach physics in secondary schools.
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Experimentation was the second phase. Experimental phase was to test the
effectiveness of the Productive thinking model on self concept and Problem Solving
ability in Physics among IX standard students. Second Phase consists of final
experimentation in which the effect of Productive thinking model on retention in
Problem Solving Ability in Physics among IX standard students was studied.
Productive Thinking Model was used for transacting concepts in Physics in
Experimental groups and Existing Method of Teaching was used in control groups.

Analysis was done based on the data obtained.

Design of the study

The study was designed using Solomon Four Group design. Experimental
group I and II was taught using Productive Thinking Model(PTM) and two control

groups using Existing Method of Teaching.

Sample of the study

Students in Kerala state syllabus schools enrolled in standard IX were the
population under consideration for the experimental study. Four intact standard IX
classrooms with about 40 pupils each made up the study's sample. All together 172
students from four divisions of these two schools. 88students were given experimental
treatment (Experimental group I & II) and 84 were given control treatment (Control

group I &II).

Selection of topics for Treatment

For the academic year 2021-2022, the recommended text book on Physics for
Standard IX in the Kerala State syllabus was used to select the content to be taught to

the experimental and control groups. A thorough analysis of the curriculum, syllabus,
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teachers manual, text book, and other educational resources was done prior. The
researcher sought advice from specialists and concerned teachers as well. A single
chapter was chosen based on practicality, keeping the syllabus's sequence intact. By
consulting Physics teachers and students, investigator found that the chapter "Motion
and Laws of Motion" is more related to real life and we can see lots of examples from
day today life. After a thorough analysis, the chosen chapter was determined to be

compatible with the chosen teaching model for the research.

Tools and Teaching Materials used for the study

The experiment was successfully carried out by the researcher using the
following Teaching Materials and Tools. It comprises tools created by the researcher

as well as additional tools created by other writers.

1. Semi- Structured Interview Schedule for Secondary school Physics Teachers

(Athira & Bindhu, 2021)
2. Lesson Transcript for Productive Thinking Model (Athira & Bindhu, 2021)
3. Lesson Transcripts for Existing Method of Teaching (Athira & Bindhu , 2021)
4. Problem Solving Ability Test in Physics (Athira & Bindhu, 2021)
5. Self-Concept Scale (Bindhu & Alphonsa, 2016)

6. Verbal Group Test of Intelligence — VGTI (Kumar, Hameed, & Prasanna,

1997)

7. Socio — economic status (Bindhu&Vineetha, 2017)
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Statistical techniques

1. Preliminary Analysis

2. Percentage analysis

3. Pearson’s Product moment Coefficient of correlation
4. The test of significance of difference between means

5. Analysis of Variance (ANOVA)

6. Analysis of Co Variance (ANCOVA)

Major Findings of the study

Mean difference analysis without changing the control variables, is the first
step in evaluating whether there is a difference between the two Experimental and the
two Control groups in terms of the Pre-test and Post-test on Problem Solving Ability
in Physics and Self-Concept, Gain scores in Problem Solving Ability in Physics and
Self-Concept and Retention scores in Problem Solving ability in Physics . The

outcomes together with an explanation are,

Findings of Preliminary Survey

The study starts with a preliminary analysis to gather responses from
Secondary School Physics teachers on existing teaching methods, strategies and

models.

Existing methods, Strategies and Models used by Secondary School Physics

teachers

The study started with a semi-structured interview with Secondary School
Physics teachers. The study found that the majority of teachers were aware of existing

strategies and procedures in Physics classes.
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Secondary School Physics teachers most commonly employed approaches
were found to be activity-oriented, direct instruction, assignment and project-based
method. The inquiry-based and productive Thinking Models are the least employed

models in schools.

The interview revealed that teachers understand the desired effects of many
strategies including logical thinking, reasoning, technology advancement, and
knowledge sharing. However, the majority of teachers are unwilling to implement

such methodologies in the present classroom environment.

Constrains faced by Secondary school Physics teachers in Implementing Strategies,

Methods and Models.

Teachers are aware of multiple methods for providing education, but they

confront certain obstacles in executing them. They face the following obstacles:

. Time constraints

. Class room management

. Difficulty to complete the portions on time
. Assessment challenge

. Lack of teacher experts and training

. Resource limitations

Because of the above mentioned obstacles teachers are not willing to

implement new and innovative strategies, methods and models in the class rooms.
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Measures suggested by Secondary School Physics teachers to overcome the
constraints in implementing Innovative Instructional Methods, Strategies and

Models

The physics teachers in secondary schools have proposed various solutions to
get beyond the limitations they face while putting techniques, strategies, and models

of instruction into practice. The following is a list of them:

. The time span of class should be increased to ensure the successful completion

of various teaching models.

. Teachers should receive proper training and seminars to become acquainted
with various teaching models and successful implementation tactics, which

will help them gain confidence and competency.

. Ensure that the necessary resources, such as technology tools, instructional
materials, and support staff, are available to properly implement the new
teaching methodologies. Advocate for budgetary allocations and develop ties

with organisations that can provide additional resources.

. Align new teaching approaches with the existing curriculum to ensure that
students' learning experiences are consistent and cohesive. Teachers should be
encouraged to seamlessly integrate the new models into their lesson plans and

teaching strategies.
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Findings of Experimental Phase

Comparison of Pre-test Scores on Problem Solving Ability in Physics Before

Control

Result 1. The mean pre-test scores of Problem Solving Ability in Physics

between Experimental group I and Control group II does not differ significantly

Mean difference analysis was used to determine whether there is a significant
difference in the mean pre-test scores on Problem Solving Ability in Physics between

experimental group I and control group II for the total sample.

The findings showed that, for the entire sample, there was no statistically
significant difference in the mean pre-test scores for Problem Solving Ability in

Physics between Experimental group I and control group II.

The two groups' comparability was further demonstrated by the graphical
representation of the mean pre-test scores on Problem Solving Ability in Physics

between experimental group I and control group II for the entire sample.

The mean pre-test scores on Problem Solving Ability in Physics for the entire
sample had a t value of .50, which is less than the table value of 1.96 at the.05 level
of significance. The result indicated that the experimental and control groups do not

differ significantly in mean pre-test scores for the total sample.

Problem Solving Ability in Physics(pre-test), Megxpi=18.652, Mcona1 = 19,

t=.50,p>.05
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Result 2. The mean pre-test scores of Problem Solving Ability in Physics
between Experimental group I Boys and Control group II Boys does not differ

significantly

Mean difference analysis was used to determine whether there is a significant
difference in the mean pre-test scores on Problem Solving Ability in Physics between

the boys in the experimental group I and the control group II for the total sample.

The findings showed that, for the total sample, there was no statistically
significant difference in the mean pre-test scores for Problem Solving Ability in
Physics between the boys in the Experimental group I and the boys in the control

group II.

The similarity between the two groups was further demonstrated by the
graphical depiction of the mean pre-test scores on Problem Solving Ability in Physics

for Boys in Experimental Group I and Control Group II for the total sample.

The mean pre-test scores on Problem Solving Ability in Physics between the
boys in Experimental Group I and Control Group II given a t value of 1.043, which is
less than the table value of 1.96 at the.05 level of significance. The outcome showed
that there is no statistically significant difference in the mean pre-test scores between

the experimental and control groups for the entire sample.

Problem Solving Ability in Physics(pre-test), Megxpi=17.111, Mconez = 17.875,

t=.50,p>.05
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Result 3. The mean pre-test scores of Problem Solving Ability in Physics
between Experimental group I Girls and Control group II Girls does not differ

significantly

Mean difference analysis was used to determine whether there is a significant
difference in the mean pre-test scores on Problem Solving Ability in Physics between

the experimental group I and control group II girls for the total sample.

The findings showed that, for the total sample, there was no statistically
significant difference in the mean pre-test scores on Problem Solving ability in

physics between the Experimental group I Girls and the control group II Girls.

The mean pre-test scores on Problem Solving Ability in Physics for the total
sample of girls in the Experimental Group I and Control Group II were further

demonstrated by the graph.

The mean pre-test scores for the girls in Experimental group 1 and control
group II on Problem Solving Ability in Physics yielded a t value of 0.000, which is
less than the table value of 1.96 at the.05 level of significance. The outcome showed
that there is no statistically significant difference in the mean pre-test scores between

the girls in the experimental and control groups.

Problem Solving ability in Physics(pre-test), Megxpi=19.642, Mcona1 = 19.642,

t=.000,p>.05
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Comparison of Pre-test Scores on Self-Concept Before Control

Result 4. The mean pre-test scores of Self-Concept between Experimental

group I and Control group II does not differ significantly

Mean difference analysis was used to determine whether there is a significant
difference in the mean pre-test scores on Self-Concept between experimental group I

and control group II for the total sample.

The findings showed that, for the total sample, there was not a significant
difference in the mean pre-test scores on Self-Concept between Experimental group |

and control group II.

The t value obtained for the mean pre-test scores on Self-Concept for the total
sample is 1.277 which is less than the table value 1.96 at .05 levels of significance.
The result indicated that the experimental and control groups do not differ

significantly in mean pre-test scores for the total sample.

Self-Concept (pre-test), Megxpi= 48.956, Mconm1 = 19, t=47.159,p>.05

Result 5. The mean pre-test scores of Problem Solving ability in Physics
between Experimental group 1 Boys and Control group 2 Boys does not differ

significantly

Mean difference analysis was performed to determine whether there is a
significant difference in the mean pre-test scores on Self-Concept between the boys

in the experimental group I and the control group II, on the total sample.
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The findings showed that, for the total sample, there was no discernible
difference in the mean pre-test scores on self-concept between the boys in the

Experimental group I and the control group II.

The similarity between the two groups was further demonstrated by the
graphical depiction of the mean pre-test scores on Self-Concept for the boys in

experimental group I and control group II for the total sample.

The mean pre-test scores on Self-Concept for the boys in both Experimental
Group I and Control Group II, had a t value of 0.250, which is less than the table value
of 1.96 at the.05 level of significance. The outcome showed that there is no
statistically significant difference in the mean pre-test scores for boys in two groups

between the experimental and control groups.

Self-Concept (pre-test), Megxp1=45.777, Mconc 11 = 46.562, t=.50,p>.05

Result 6. The mean pre-test scores of Problem Solving ability in Physics
between Experimental group 1 Boys and Control group 2 Boys does not differ

significantly

Mean difference analysis was used to determine whether there is a significant
difference in the mean pre-test scores on Self-Concept between the girls in the

experimental group I and the control group II, for the total sample.

The findings showed that, for the total sample, there was no significant
difference in the mean pre-test scores on self-concept between the girls in the

experimental group I and the control group II.
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The similarity between the two groups was further demonstrated by the
graphical representation of the mean pre-test scores on Self-Concept for girls in

experimental group I and control group II for the entire sample.

The t value obtained for the mean pre-test scores on Self-Concept for the Girls
in Experimental group I and control group Il is 1.133 which is less than the table value
1.96 at .05 levels of significance. The result indicated that the experimental and
control groups do not differ significantly in mean pre-test scores for Girls in the two

groups.

Self-Concept (pre-test), Megxp1=51.000, Mcont 1 = 46.562, t=47.500,p>.05

Comparison of Post Tests on Problem Solving Ability in Physics Before Control

Result 7. Mean Post test scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group I and Control Group

I differ significantly.

Total score. Mean difference analysis was used to determine whether there is
a significant difference between the mean post-test scores on Physics Problem Solving

Ability between Experimental Group I and Control Group I for the total sample.

The findings showed that, for the total sample, there is a significant difference
in the mean post-test scores on Problem Solving ability in physics between

Experimental group I and control group I.
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The difference between the experimental group I and the control group I on
the mean post-test scores for Problem Solving Ability in Physics for the entire sample

was further demonstrated by the graph.

The t value obtained for the mean post-test scores on Problem Solving Ability
in Physics for the total sample is 7.617 which is greater than the table value 2.58 at
.01 level of significance. The result indicated that the experimental and control groups

differ significantly in mean post-test scores for the total sample.

Problem Solving Ability in Physics(post-test), Megxpi=27.673, Mconta = 20.675,

=7.617,p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 5.352 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component comprehending the problem

for the total sample

Comprehending the Problem ,Megxp 1=6.587, Mcont1 = 5.327, t=5.352,p<.01

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 6.856 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental and control groups

differ significantly for the component clarifying the problem for the total sample
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Clarifying the Problem ,Megxpi=10.637, Mconc1 = 7.475, t=6.856,p<.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 6.092 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component Finding solution to the

problem for the total sample

Finding solution to the problem ,Megxpm 1=10.347, Mconc 1 = 7.825, t=6.092

p<.01

Result 8. Mean Post test scores on Problem Solving Ability in Physics (
Component-wise and total ) Between the Experimental Group I and Control Group II

differ significantly

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the mean post-test scores on Problem Solving Ability in

Physics between experimental group I and control group II for the total sample.

The findings showed that, there is significant difference in the mean post-test
scores on problem-solving ability in physics between Experimental group I and

control group II for the total sample.

The two groups' differences were further demonstrated by the graphical
representation of the mean post-test scores on Problem Solving Ability in Physics for

the entire sample between experimental group I and control group II.
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The mean post-test scores on Physics Problem Solving Ability for the entire
sample had a t value of 7.620, which is higher than the table value of 2.58 at the.01
level of significance. The outcome showed a significant difference in the mean post-

test scores for the entire sample between the experimental and control groups.

Problem Solving Ability in Physics (post-test), Megxpi=27.673, Mcont1 =

20.250, t=7.620,p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 7.273which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component comprehending the problem

for the total sample

Comprehending the Problem ,Megxp1=6.587, Mcont1 = 4.659, t=7.273,p<.01

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 7.055 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental and control groups

differ significantly for the component clarifying the problem for the total sample

Clarifying the problem ,Megxpi=10.630, Mconm1 = 7.318, t=7.055,p<.01

Finding solution to the problem. The t value obtained for the component

Finding solution to the problem for the total sample is 4.954 which is greater than the
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table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component Finding solution to the

problem for the total sample

Finding solution to the Problem ,Megxpi=10.347, Mconai= 8.272, t=4.954

p<.01

Result 9. Mean Post test scores on Problem Solving Ability in Physics (
Component-wise and total ) Between the Experimental Group II and Control Group I

differ significantly

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the mean post-test scores on Problem Solving Ability in

Physics between experimental group II and control group I for the total sample.

The findings showed that, for the total sample, there is a significant difference
in the mean post-test scores on problem-solving ability in physics between

Experimental group II and control group I.

The two groups' differences were further demonstrated by the graphical
representation of the mean post-test scores on Problem Solving Ability in Physics for

the entire sample between experimental group II and control group I.

The mean post-test scores on Physics Problem Solving Ability for the total
sample had a t value of 5.408, which is higher than the table value of 2.58 at the.01
level of significance. The results showed a significant difference in the mean post-test

scores for the total sample between the experimental group II and the control group I.
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Problem Solving Ability in Physics(postest), Megxpn=24.725, Mcona = 20.675,

(=5.408,p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 4.115 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component comprehending the problem

for the total sample

Comprehending the Problem ,Megxpn=6.175, Mcona = 5.325, t=7.273,p<.01

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 4.621 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental and control groups

differ significantly for the component clarifying the problem for the total sample

Clarifying the problem ,Megxpn=9.0425, Mcona= 7.475, t=4.621 , p<.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 3.340 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component Finding solution to the

problem for the total sample

Finding solution to the problem ,Megxpn=9.075, Mcona = 7.825, t=3.340, p<.01
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Result 10. Mean Post test scores on Problem Solving Ability in Physics
(Component-wise and total) Between the Experimental Group II and Control Group

IT differ significantly

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the mean post-test scores on Problem Solving Ability in

Physics between experimental group II and control group II for the total sample,.

The findings showed that, there is significant difference in the mean post-test
scores on problem-solving ability in physics between Experimental group II and

control group I for the total sample.

The two groups' differences were further demonstrated by the graphical
representation of the mean post-test scores on Problem Solving Ability in Physics for

the total sample between experimental group II and control group II.

At the.01 level of significance, the t value for the mean post-test scores on
Problem Solving Ability in Physics for the total sample is 5.121, which is higher than
the table value of 2.58. The outcome showed a significant difference in the mean post-
test scores for the total sample between the experimental group II and the control

group IL

Problem Solving Ability in Physics (post-test), Megxpn=24.725, Mconar =

20.250, t=5.121,p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:
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Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 6.113 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component comprehending the problem

for the total sample

Comprehending the Problem, Megxpn=6.175, Mcona1 = 4.659, t=6.113,p<.01

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 4.783 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental and control groups

differ significantly for the component clarifying the problem for the total sample

Clarifying the the Problem ,Megxpn=9.425, Mconmi= 7.318, t=4.783 , p<.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 2.072 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component Finding solution to the

problem for the total sample

Finding solution to the problem ,Megxpn=9.075, Mconm1 = 8.272, t=2.072 ,

p<.01l

Result 11. Mean Post test scores on Problem Solving Ability in Physics (
Component-wise and total) Between the Experimental Group and Control Group

Boys differ significantly.
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Total score. Mean difference analysis was used to determine whether there is
a significant difference in the mean post-test scores on Problem Solving Ability in

Physics between the experimental groups and the control groups of boys.

The findings showed that the mean post-test scores of Problem Solving Ability
in Physics for the experimental group Boys as well as Control group Boys differed

significantly.

The mean post-test results for Problem Solving Ability in Physics between the
experimental and control groups are shown graphically. It also shows a significant
difference in the post-test scores of Problem Solving Ability in Physics in the

Experimental and Control Groups.

The t value obtained for the mean post-test scores on Problem Solving Ability
in Physics total for Boys is 7.849 which is greater than the table value 2.58 at .01 level
of significance. The result indicated that the experimental groups and control groups

Boys differ significantly in mean post-test scores.

Problem Solving Ability in Physics (post-test), Megxp=25.212, Mcont = 19.000,

t=7.849.p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the Boys in the Experimental and Control groups is

5.927 which is greater than the table value 2.58 at .01 level of significance. The result



271 Summary

indicated that the experimental and control groups Boys differ significantly for the

component comprehending the problem .

Comprehending the Problem ,Megxp=6.175, Mcont = 4.515, t=5.927,p<.01

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the Boys in the Experimental groups and control groups is 8.085 which
is greater than the table value 2.58 at .01 level of significance. The result indicated
that the experimental and control groups Boys differ significantly for the component

clarifying the problem.

Clarifying the Problem ,Megxp=10.030, Mcont = 6.757, t=8.085 , p<.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 2.695 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
groips and control groups Boys differ significantly for the component Finding

solution to the problem .

Comprehending the Problem ,Megxp=9.030, Mconc = 7.787, t=2.695 , p<.01

Result 12. Mean Post test scores on Problem Solving Ability in Physics
(Component-wise and total) Between the Experimental Groups and Control Groups

Girls differ significantly.

Mean difference analysis was used to determine whether there is a significant
difference in the mean post-test scores on Problem Solving Ability in Physics between

the experimental groups and the control groups of girls.
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The findings showed that the mean post-test scores of Problem Solving Ability
in Physics for the experimental group girls and control group girls differ significantly.
The graph displays the average post-test results for Physics Problem Solving Ability
for both the experimental and control group girls. The total sample of girls

demonstrated the differences between the two groups as well.

The t value obtained for the mean postest scores on Problem Solving Ability
in Physics total for Girls is 6.275 which is greater than the table value 2.58 at .01 level
of significance. The result indicated that the experimental groups and control groups

girls differ significantly in mean post-test scores.

Problem Solving Ability in Physics (post-test), Megxp=26.9811, Mcont =

21.392, t=6.275,p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the Girls in the Experimental and Control groups is
5.901 which is greater than the table value 2.58 at .01 level of significance. The result
indicated that the experimental and control groups Girls differ significantly for the

component comprehending the problem.

Comprehending the Problem ,Megxp=6.547, Mcont = 5.274, t=5.901,p<.01

Clarifying the problem. The t value obtained for the component clarifying the
problem for the Girls in the Experimental groups and control groups is 5.026 which

is greater than the table value 2.58 at .01 level of significance. The result indicated
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that the experimental and control groups Girls differ significantly for the component

clarifying the problem.

Clarifying the Problem ,Megxp=10.094, Mcont = 7.803, t=5.026 , p<.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the Girls in the Experimental and Control groups
1s5.444 which is greater than the table value 2.58 at .01 level of significance. The
result indicated that the experimental groups and control groups Girls differ

significantly for the component Finding solution to the problem.

Finding solution to the Problem ,Megxp=10.207, Mcont = 8.235, t=5.444, p<.01

Result 13. Mean Post test scores on Problem Solving Ability in Physics (
Component-wise and total ) Between the Experimental Groups and Control Groups

Total differ significantly

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the mean post-test scores on Problem Solving Ability in

Physics between the experimental and control groups for the total sample.

The findings showed a statistically significant difference in the mean post-test
scores for Physics' Problem Solving Ability total score between the experimental and

control groups.

The two groups' differences were further demonstrated by the graphical
representation of the mean post-test scores on Problem Solving Ability in Physics for

the experimental and control groups for the entire sample.
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At the.01 level of significance, the t value for the mean post-test scores on
Problem Solving Ability in Physics for the total sample is 9.111, which is higher than
the table value of 2.58. The outcome showed that there is significant differences in
the mean post-test scores between the experimental and control groups for the total

sample.

Problem Solving Ability in Physics (post-test), Megxp=26.302, Mcon= 20.452,

=9.111,p<.01

Component wise comparison of post-tests on Problem Solving Ability in

Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 8.112 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component comprehending the problem

for the total sample

Comprehending the Problem ,Megxp=6.395, Mcont = 4.976, t=8.112,p<.01

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 8.283 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental and control groups

differ significantly for the component clarifying the problem for the total sample

Clarifying the Problem ,Megxp=10.069, Mconez = 7.392, t=8.283 , p<.01
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Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 5.829 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
and control groups differ significantly for the component Finding solution to the

problem for the total sample

Finding solution to the Problem ,Megxp=9.755, Mcont = 8.059, t=5.829 , p<.01

Comparison of Gain Scores Between the Pre-test Received Groups

Result 14. There is significant difference in the mean Gain scores on Problem
Solving Ability in Physics and Retention between Experimental group I and control

group II

Mean difference analysis was used to determine whether or not there is a
significant difference in the mean gain scores on Problem Solving Ability in Physics
between experimental group I and control group II for the total sample without

controlling the covariate.

The results show that, for the total sample, there was a significant difference
in the mean gain scores on Problem Solving ability in physics between experimental

group I and control group II.

The two groups' significant differences were further demonstrated by the
graphical representation of the mean gain scores on the Problem Solving Ability in

Physics for the total sample.
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The t- value obtained for the mean gain scores on Problem Solving Ability in
physics for the total sample is 10.854 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental and control groups
differ significantly in mean gain scores on Problem Solving in Physics for the total

sample.

Problem Solving Ability in Physics, Megxp1i=9.021, Mcont = 1.386, t=10.854

p<.01

Result 15. There is significant difference in the mean Gain scores on Problem
Solving Ability in Physics between Experimental group I Boys and control group II

Boys.

Mean difference analysis was used to determine whether or not there is a
significant difference in the mean gain scores on Problem Solving Ability in Physics
between experimental group I Boys and control group II Boys for the total sample

without controlling for covariates.

The results reveal that there was a significant difference in the mean gain
scores between experimental group I Boys and control group II Boys on Problem

Solving Ability in Physics for the total sample.

The graphical representation of the mean gain scores on Problem Solving
Ability in Physics for the Boys in the total sample also proved that the two groups

differ significantly.

The t- value obtained for the mean gain scores on Problem Solving Ability in

Physics for the total sample for Boys in experimental group I and control group II is
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9.313 which is greater than the table value 2.58 at .01 level of significance. The result
indicated that the experimental group I and control group II differ significantly in

mean gain scores on Problem Solving Ability in Physics of Boys.

Problem Solving Ability in Physics, Megxpi=9.444, Mconn= .8125, t=9.313,

p<.0l

Result 16. There is significant difference in the mean Gain scores on Problem
Solving Ability in Physics between Experimental group I Girls and control group II

Girls.

Mean difference analysis was used to determine whether or not there is
significant difference in the mean gain scores on Problem Solving Ability in Physics
between experimental group I Girls and control group II Girls for the total sample

without controlling for covariates.

The results reveal that there was a significant difference in the mean gain
scores between experimental group I Girls and control group II Girls on Problem

Solving Ability in Physics for the total sample.

The graphical representation of the mean gain scores on Problem Solving
Ability in Physics for the Girls in the total sample also proved that the two groups

differ significantly.

The t- value obtained for the mean gain scores on Problem Solving Ability in
physics for the total sample for Girls in experimental group I and control group II is

7.145 which is greater than the table value 2.58 at .01 level of significance. The result
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indicated that the experimental group I and control group II differ significantly in

mean gain scores on Problem Solving in Physics of Girls.

Problem Solving Ability in Physics,Megxpi=8.750, Mconni= 1.714, t=7.145,

p<.01

Comparison of Self Concept Scores Before Control

Result 17. Mean Self-Concept scores between the Experimental Group I and

Control Group I does not differ significantly.

Mean difference analysis was used to determine whether or not there exists a
significant difference between the Self-Concept scores of experimental group I and

control group I for the total sample.

The results showed that there was no significant difference in the mean Self-
Concept scores between Experimental group I and Control group I for the total

sample.

The t value obtained for the mean Self-Concept scores for the total sample is
1.221 which is less than the table value 1.98 at .05 level of significance. The result
indicated that the experimental and control groups does not differ significantly in

mean Self-Concept scores for the total sample.

Self-Concept, Megxpi=51.000, Mcona = 49.200, t=1.221,p>.05

Result 18. Mean Self-Concept scores between the Experimental Group I and

Control Group II does not differ significantly.
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The mean difference analysis was used to determine whether or not there
exists a significant difference between the Self-Concept scores between experimental

group I and control group II for the total sample.

The results showed that there was no significant difference in mean self-
concept scores between Experimental group I and Control group II for the entire

sample.

The t value obtained for the mean Self-Concept scores for the total sample is
0.794 which is less than the table value 1.98 at .05 level of significance. The result
indicated that the experimental group I and control group II does not differ

significantly in mean Self-Concept scores for the total sample.

Self-Concept, Megxpi=51.000, Mconmi= 49.909, t=0.794,p >.05

Result 19. Mean Self-Concept scores between the Experimental Group II and

Control Group I does not differ significantly.

Mean difference analysis was used to determine whether or not there exists a
significant difference between the Self-Concept scores of experimental group II and

control group I for the total sample.

The results showed that there was no significant difference in mean Self-
Concept scores between Experimental group II and Control group I for the total

sample.

The t value obtained for the mean Self concept scores for the total sample is

1.156 which is less than the table value 1.98 at .05 levels of significance. The result
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indicated that the experimental group II and control group I does not differ

significantly in mean Self-Concept scores for the total sample.

Self-Concept, Megxpni=51.000, Mcona = 49.200, t=1.156,p>.05

Result 20. Mean Self-Concept scores between the Experimental Group II and

Control Group II does not differ significantly.

Mean difference analysis was used to determine whether there is a significant
difference in the Self-Concept scores between experimental group II and control

group II for the total sample.

The findings showed that, for the total sample, there is no significant
difference in the mean Self-Concept scores between Experimental group II and

control group II.

The t value obtained for the mean self concept scores for the total sample is
1.044 which is less than the table value 1.98 at .05 levels of significance. The result
indicated that the experimental group II and control group II does not differ

significantly in mean Self-Concept scores for the total sample.

Self-Concept, Megxpn=51.000, Mcontar = 49.909, t=1.044,p>.05

Result 21. Mean Self-Concept scores between the Experimental Group Boys

and Control Group Boys does not differ significantly.

Mean difference analysis was used to determine whether there is a significant
difference in the Self-Concept scores between the boys in the experimental group and

the boys in the control group for the total sample.
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The findings showed that, for the total sample, there is no significant
difference in the mean Self-Concept scores between the boys in the Experimental

group and the control group.

The t value obtained for the mean Self-Concept scores for the total sample is
0.04 which is less than the table value 1.98 at .05 level of significance. The result
indicated that the experimental and control groups does not differ significantly in

mean Self-Concept scores for the total sample.

Even though there is no significant difference in mean Self-Concept scores
between boys in both groups, boys in the experimental groups shows high mean Self-
Concept score than control groups. It implies the advantage of Productive Thinking

Model over Existing Method of Teaching,

Self-Concept, Megxp= 48.5, Mcont =48.43, t=,0.04p>.05

Result 22. Mean Self-Concept scores between the Experimental Group Girls

and Control Group Girls does not differ significantly.

Mean difference analysis was used to determine whether there is a significant
difference in the Self-Concept scores between the girls in the experimental group and

the girls in the control group for the total sample.

The findings showed that, for the total sample, there is no significant
difference in the mean Self-Concept scores between the girls in the experimental

group and the control group.
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The t value obtained for the mean self-Concept scores for girls in the
experimental and control group is 1.95 which is less than the table value 1.98 at .05
level of significance. The result indicated that the experimental and control groups

girls does not differ significantly in mean Self-Concept scores.

Even though there is no significant difference in mean self-Concept scores
between girls in both groups ,Girls in the experimental groups shows high mean Self-
Concept score than control groups. It implies the advantage of Productive Thinking

Model over Existing Method of Teaching,

Self-Concept, Megxp= 52.98, Mcon=50.28, t=1.95,p>.05

Result 23. Mean Self-Concept scores between the Experimental Group Total

and Control Group Total does not differ significantly.

Mean difference analysis was used to determine whether there is a significant
difference in the Self-Concept scores between the experimental groups total and

control groups total.

The findings showed that, for the total sample, there is no
significant difference in the mean Self-Concept scores between the Experimental and

control groups.

The t value obtained for the mean Self-Concept scores for the total sample is
1.66 which is less than the table value 1.98 at .05 level of significance. The result
indicated that the experimental and control groups does not differ significantly in

mean Self-Concept scores for the total sample.
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Even though mean Self-Concept scores in both groups does not differ
significantly, the high mean Self-Concept score is associated with the experimental
groups. It implies the advantage of Productive Thinking Model over Existing Method

of Teaching,

Self-Concept, Megxp=52.98 ,Mcon=50.28, t=1.66,p>.05

Comparison of Retention Scores Before Control

Result 24. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group I and Control Group I

does not differ significantly.

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the retention scores for problem-solving ability in physics

between experimental group I and control group I for the total sample.

The findings showed that, for the total sample, there is no significant
difference in the mean retention scores for Problem Solving Ability in Physics

between Experimental group I and control group I.

It was also demonstrated that there is no difference between the experimental
group I and the control group I based on the graphical representation of mean retention

scores on Problem Solving Ability in Physics for the total sample.

The t value obtained for the mean retention scores on Problem Solving Ability

in Physics for the total sample is 0.622 which is less than the table value 1.98 at .05
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level of significance. The result indicated that the experimental and control groups

does not differ significantly in mean retention scores for the total sample.

Problem Solving Ability in Physics (retention), Megxpi=23.326, Mcona =

22.950, t=0.622,p>.05

Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 1.901 which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental group
I and control group I does not differ significantly for the component comprehending

the problem for the total sample

Comprehending the Problem ,Megxpi=5.217, Mconta = 5.575, t=1.901,p>.05

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 1.945 which is less than the table value 1.98 at .05
level of significance. The result indicated that the experimental group I and control
group I does not differ significantly for the component clarifying the problem for the

total sample

Clarifying the Problem ,Megxpi=8.391, Mcona = 9.100, t=1.945,p>.05

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 1.167 which is less than the

table value 1.98 at .05 level of significance. The result indicated that the experimental
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group I and control group I does not differ significantly for the component Finding

solution to the problem for the total sample

Finding solution to the problem ,Megxpi=7.978, Mcona = 8.400, t=1.167,p>.05

Result 25. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group I and Control Group
IT differ significantly for the total score and one of the component finding solution to

the problem.

Total score. Mean difference analysis was used to used whether there is a
statistically significant difference between the retention scores on the Problem
Solving Ability in Physics total for the experimental group I and the control group II

for the total sample.

The findings showed that, for the total sample, there is a significant difference
in the mean retention scores for Problem Solving Ability in Physics between

Experimental group I and control group II.

The two groups' differences were further demonstrated by the graphical
representation of the mean retention scores on Problem Solving Ability in Physics for

the experimental group I and the control group II for the total sample.

The t value obtained for the mean retention scores on Problem Solving Ability
in Physics for the total sample is 3.249 which is greater than the table value 2.58 at
.01 level of significance. The result indicated that the experimental and control groups

differ significantly in mean retention scores for the total sample.
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Problem Solving Ability in Physics (retention), Megxpi=23.326, Mconm1 =

21.113, t=3.249,p<.01

Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is .311 which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental group
I and control group II does not differ significantly for the component comprehending

the problem for the total sample

Comprehending the Problem ,Megxpi=5.217, Mconat = 5.159, t=.311,p>.05

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 1.402 which is less than the table value 1.98 at .05
level of significance. The result indicated that the experimental group I and control
group II does not differ significantly for the component clarifying the problem for the

total sample

Clarifying the Problem ,Megxpi=8.391, Mcona1 = 8.977, t=1.402,p>.05

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 2.720 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
group I and control group II differ significantly for the component Finding solution to

the problem for the total sample
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Finding solution to the problem ,Megxpi=7.978, Mcona1 = 8.954, t=2.720,p<.01

Result 26. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group II and Control Group
I differ significantly for the total score and one of the component Clarifying the

problem.

Total score. Mean difference analysis was conducted to study whether there
exists significant difference between the Retention scores on Problem Solving Ability

in Physics total between experimental group 11 and control group I for the total sample.

The results indicated that there exists significant difference in the mean
retention scores between Experimental group II and control group I on Problem

Solving Ability in Physics total score for the total sample.

The graphical representation of mean retention scores on Problem Solving
ability in Physics between experimental group II and control group I for the total

sample also proved that the two groups are different.

The t value obtained for the mean retention scores on Problem Solving Ability
in Physics for the total sample is 2.446 which is greater than the table value 1.98at .05
level of significance. The result indicated that the experimental group II and control

group I differ significantly in mean retention scores (total)for the total sample.

Problem Solving ability in Physics(retention), Megxpn=21.325, Mcona =

22.950, t=2.446,p<.05
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Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 1.802 which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental group
IT and control group I does not differ significantly for the component comprehending

the problem for the total sample

Comprehending the Problem, Megxpn=5.222, Mcona = 5.575, t=1.804, p>.05

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 2.746 which is greater than the table value 2.58 at .01
level of significance. The result indicated that the experimental group II and control
group I differ significantly for the component clarifying the problem for the total

sample

Clarifying the Problem, Megxpn=8.150, Mcona = 9.100, t=2.746, p<0.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 1.296 which is less than the
table value 1.98 at .05 level of significance. The result indicated that the experimental
group II and control group I does not differ significantly for the component Finding

solution to the problem for the total sample.

Finding solution to the problem, Megxpn=8.025, Mcona = 8.400, t=1.296, p>.05
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Result 27. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group II and Control Group
IT does not differ significantly for the total score and one of the component

Comprehending the problem.

Total score. Mean difference analysis was used to investigate if there is a
statistically significant difference in the retention scores on the Problem Solving
Ability in Physics total for experimental group II and control group II for the total

sample.

The findings showed that, for the total sample, there is a significant difference
in the mean retention scores for Problem Solving Ability in Physics between

Experimental group II and control group II.

The two groups are not different, as demonstrated by the graphical
representation of mean retention scores on Problem Solving Ability in Physics

between experimental group II and control group II for the total sample.

The t value obtained for the mean retention scores on Problem Solving Ability
in Physics for the total sample is .284 which is less than the table value 1.98 at .05
level of significance. The result indicated that the experimental group II and control
group II does not differ significantly in mean retention scores (total)for the total

sample.

Problem Solving Ability in Physics (retention), Megxpi1=21.325, Mconar =

21.113, t=.284,p>.05
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Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is .339 which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental group
IT and control group II does not differ significantly for the component comprehending

the problem for the total sample

Comprehending the Problem ,Megxp11=5.222, Mcona1 = 5.159, t=0339,p>.05

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 2.000 which is greater than the table value 1.98 at .05
level of significance. The result indicated that the experimental group II and control
group II differ significantly for the component clarifying the problem for the total

sample

Clarifying the problem ,Megxp11=8.150, Mcona1 = 8.977, t=2.00,p<0.05

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 3.137 which is greater than the
table value 2.58 at ..01 level of significance. The result indicated that the experimental
group II and control group II differ significantly for the component Finding solution

to the problem for the total sample

Finding solution to the problem ,Megxp11=8.025, Mconar = 8.954, t=3.137,p<.01
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Result 28. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group Boys and Control
Group Boys does not differ significantly for the total score and one of the component

Finding solution to the problem.

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the retention scores (total score) for problem-solving ability
in physics between the boys in the experimental group and the boys in the control

group for the total sample.

The findings showed that, for the total sample, there is not a significant
difference in the mean retention scores (total) for problem-solving ability in physics

between the boys in the experimental group and the boys in the control group.

The two groups are identical in terms of overall score, as demonstrated by the
graphical representation of mean retention scores on Problem Solving Ability in
Physics between experimental group Boys and control group Boys for the total

sample.

The t value obtained for the mean retention scores on Problem Solving Ability
in Physics for the total sample is .248 which is less than the table value 1.98 at .05
level of significance. The result indicated that the experimental group boys and control
group boys does not differ significantly in mean retention scores (total) for the total

sample.

Problem Solving Ability in Physics(retention), Megxp=21.454, Mconc = 21.303,

t=.248, p>.05
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Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is .2.252 which is greater than the
table value 1.98 at .05 level of significance. The result indicated that the experimental
groups and control groups Boys differ significantly for the component comprehending

the problem.

Comprehending the Problem, Megxp=4.969, Mcont = 5.424, t=0339, p<.05

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 2.123 which is greater than the table value 1.98 at .05
level of significance. The result indicated that the experimental groups and control
groups Boys differ significantly for the component clarifying the problem for the total

sample

Clarifying the problem ,Megxp=7.639, Mconl = 8.424, t=2.123,p<0.05

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is .987 which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental
groups and control groups Boys does not differ significantly for the component

Finding solution to the problem.

Finding solution to the problem ,Megxp=7.727, Mcont = 8.030, t=.987,p>.05
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Result 29. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group Girls and Control
Group Girls does not differ significantly for the total score and one of the component

Comprehending the problem.

Total score. Mean difference analysis was used to determine whether there is
a significant difference between the retention scores (total score) on Problem Solving
Ability in Physics between the girls in the experimental group and the girls in the

control group for the total sample.

The findings showed that, for the total sample, there is no
significant difference in the mean retention scores (total) for problem-solving ability

in physics between the boys in the experimental group and the boys in the control

group.

The two groups are identical in terms of overall score, as demonstrated by the
graphical representation of mean retention scores on Problem Solving Ability in
Physics between girls in the experimental group and control group for the total

sample.

The t value obtained for the mean retention scores on Problem Solving Ability
in Physics for the total sample is .787 which is less than the table value 1.98 at .05
level of significance. The result indicated that the experimental group girls and control
group girls does not differ significantly in mean retention scores (total) for the total

sample.
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Problem Solving Ability in Physics(retention), Megxp=21.981, Mcon= 22.431,

t=.787,p>.05

Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is .354which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental
groups and control groups girls does not differ significantly for the component

comprehending the problem .

Comprehending the Problem ,Megxp=5.313, Mcont = .354, t=0339,p>.05

Clarifying the problem. The t value obtained for the component Clarifying the
problem for the total sample is 2.082 which is greater than the table value 1.98 at .05
level of significance. The result indicated that the experimental groups and control
groups girls differ significantly for the component clarifying the problem for the total

sample

Clarifying the problem ,Megxp=8.679, Mcont = 9.431, t=2.082,p<0.05

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 8.169 which is greater than the
table value 2.58 at .01 level of significance. The result indicated that the experimental
groups and control groups girls differ significantly for the component Finding

solution to the problem.



295 Summary

Finding solution to the problem ,Megxp=8.169, Mcont = 9.117, t=8.169,p<.01

Result 30. Mean Retention scores on Problem Solving Ability in Physics
(Component-wise and Total) between the Experimental Group total and Control
Group total does not differ significantly for the total score and one of the component

Comprehending the problem.

Total score. Mean difference analysis was used to determine whether there is
a significant difference in the overall Retention scores on Problem Solving Ability in

Physics for the experimental group and the control group.

The findings showed that, for the total sample, there is no
significant difference in the mean retention scores for Problem Solving Ability in
Physics (total score and the component grasping the problem) between the

Experimental group total and the control group total.

The graphical representation of mean retention scores on Problem Solving
Ability in Physics between experimental group total and control group total also

proved that the two groups are not different.

The t value obtained for the mean retention scores on Problem Solving Ability
in Physics (total score) for the total sample is .820 which is less than the table value
1.98 at .05 level of significance. The result indicated that the experimental group total
and control group total does not differ significantly in mean retention scores (total)for

the total sample.

Problem Solving Ability in Physics(retention), Megxp=22.395, Mcont = 21.988,

t=.820,p.05
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Component wise comparison of Retention Scores on Problem Solving Ability

in Physics before control are given below:

Comprehending the problem. The t value obtained for the component
Comprehending the problem for the total sample is 1.001 which is less than the table
value 1.98 at .05 level of significance. The result indicated that the experimental group
totaland control group total does not differ significantly for the component

comprehending the problem for the total sample

Comprehending the Problem ,Megxp=5.220, Mcona = 5.5.357, t=1.001,p>.05

Clarifying the problem. The t value obtained for the component Clarifying
the problem for the total sample is 2.766 which is greater than the table value 2.58 at
.01 level of significance. The result indicated that the experimental group total and

control group total differ significantly for the component clarifying the problem .

Clarifying the problem ,Megxi=8.279, Mcont = 9.035, t=2.766,p<0.01

Finding solution to the problem. The t value obtained for the component
Finding solution to the problem for the total sample is 2.947 which is greater than the
table value 2.58 at ..01 level of significance. The result indicated that the experimental
group total and control group total differ significantly for the component Finding

solution to the problem for the total sample

Finding solution to the problem, Megxp=8.000, Mcon= 8.690, t=2.947, p<.01
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Conclusion of the Results of Mean Difference Analysis

The pre-tested groups had significantly different mean Problem Solving
Ability score and Gain scores. However, the mean pre-test and retention scores were
determined to be not significant. High scores in Problem Solving ability in Physics
and gain scores were associated with Experimental Group. That means the
experimental group using the Productive Thinking Model scored better than the

control group using the Existing Method of Teaching.

There was a significant difference in the average post-test scores for problem
Ability in physics for the pre-tested groups as well. But no significant difference was
obtained in their retention scores. Experimental group II has high Problem Solving
Ability score than the control group I which also high spot the advantage of Productive

Thinking Model over Existing Method of Teaching.

Here, the investigator compared all the four groups in terms of pos-test in
Problem Solving Ability in Physics. and it was found that in each comparison the
experimental groups has got high mean score in Problem Solving Ability in Physics
than the control groups which was taught through Existing Method of Teaching. It
clearly shows the advantage of experimental groups over control groups as a result of

introduction of Productive Thinking Model.

Analysis of Covariance for Problem Solving Ability in Physics

After controlling the covariates (pre-experimental status in terms of problem-
solving ability in physics and Self-Concept, verbal intelligence, and socio-economic

status), both separately and together for the total sample, ANCOVA was performed
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to determine the efficacy of the Productive Thinking Model over the Existing Method
of Teaching in cases of problem-solving ability in physics, self-concept, and retention.

The results are presented here.
Analysis of Covariance for Problem Solving Ability in Physics for Pre-tested Group.

Result 31. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of pre-
tested experimental and control group when pre-test in Problem Solving Ability in

Physics as covariate.

The obtained F (1,87) is 188.189 for the effect of Productive Thinking Model
on Problem Solving Ability in Physics was found beyond the table value for 0.01 level
of significance. The result of F-test supports that the effect of Productive Thinking
Model on Problem Solving Ability in Physics is significant among IX" standard

students after controlling pre-test scores, F(1,87) = 118.189, p<.01

Thus, when a linear adjustment is made for the effect of variation caused by
the difference in the Pre-test score on Problem Solving Ability in Physics, the
ANCOVA results show that there is a statistically significant difference between the

two experimental and control groups.

Result 32. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of pre-

tested experimental and control group when Verbal Intelligence as covariate.

The obtained F (1,87) is 57.170 for the effect of Productive Thinking Model

on Problem Solving Ability in Physics was found beyond the table value for 0.01 level
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of significance. The result of F-test supports that the effect of Productive Thinking
Model on Problem Solving Ability in Physics is significant among IX" standard

students after controlling Verbal intelligence, F(1,87) = 57.170, p<.01.

Thus, when a linear adjustment is made for the influence of variance due to
the difference in Verbal intelligence on Problem Solving Ability in Physics, the
ANCOVA results show that there is a statistically significant difference between the

two experimental and control groups.

Result 33. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of pre-

tested experimental and control group when Socio-Economic status as covariate.

The obtained F (1,87) is70.870 for the effect of Productive Thinking Model
on Problem Solving Ability in Physics was found beyond the table value for 0.01 level
of significance. The result of F-test supports that the effect of Productive Thinking
Model on Problem Solving Ability in Physics is significant among IX" standard

students after controlling Socio-Economic status , F(1,87) = 70.870, p<.01

Thus, when a linear adjustment is made for the influence of variance due to
the difference in Socio-Economic status on Problem Solving Ability in Physics, the
ANCOVA results show that there is a statistically significant difference between the

two experimental and control groups.

Result 34. There exist significant difference in the effectiveness of Productive

Thinking Model and Existing Method of Teaching on Problem Solving Ability of pre-
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tested experimental and control group when pre-test, Verbal intelligence and Socio-

Economic status as covariate in combination.

The obtained F (1,85) is 130.688 for the effect of Productive Thinking Model
on Problem Solving Ability in Physics was found beyond the table value for 0.01 level
of significance. The result of F-test supports that the effect of Productive Thinking
Model on Problem Solving Ability in Physics is significant among IX standard
students after controlling the total effect of 3 covariates (pre-test, Verbal Intelligence,

socio-Economic status), F(1,85) = 130.688, p<.01.

Therefore, when a linear adjustment is made for the effect of variation due to
the difference in Pre-test scores, verbal intelligence, and socio-economic status as
combination on Problem Solving Ability in Physics, the ANCOVA results show that
there is a statistically significant difference between the two experimental and control

groups.

Analysis of Covariance for Problem Solving ability in Physics for Pre-test Received

Group.

Result 35. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of non
pre-tested experimental and control group when pre-test in Problem Solving Ability

in Physics as covariate.

The obtained F (1,77) is 27.916 for the effect of Productive Thinking Model
on Problem Solving Ability in Physics was found beyond the table value for 0.01 level

of significance. The result of F-test supports that the effect of Productive Thinking
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Model on Problem Solving Ability in Physics is significant among IX standard
students after controlling Verbal intelligence of non pre-tested group, F(1,77) =

27.916, p<.01

Therefore, the ANCOVA results indicate that there is a statistically significant
difference between the two experimental and control groups when a linear adjustment
is made for the effect of variation due to the difference in Verbal intelligence of non

pre-tested groups.

Result 36. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of non

pre-tested experimental and control group when Socio-Economic status as covariate.

The obtained F (1,77) is 27.899 for the effect of Productive Thinking Model
on Problem Solving Ability in Physics was found beyond the table value for 0.01 level
of significance. The result of F-test supports that the effect of Productive Thinking
Model on Problem Solving Ability in Physics is significant among IX standard
students after controlling Socioeconomic status of non pre-tested group , F(1,77) =

27.899, p<.01

Thus, when a linear adjustment is made for the effect of variation caused by
the difference in Socio-Economic status of non-pre-tested groups, the ANCOVA
results show that there is a statistically significant difference between the two

experimental and control groups.

Result 37. There exist significant difference in the effectiveness of Productive

Thinking Model and Existing Method of Teaching on Problem Solving Ability of non
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pre-tested experimental and control group when Verbal Intelligence and Socio-

Economic status as covariate in combination

The obtained F (1,76) is 26.582 for the effect of Productive Thinking Model
on Problem Solving Ability in Physics was found beyond the table value for 0.01 level
of significance. The result of F-test supports that the effect of Productive Thinking
Model on Problem Solving Ability in Physics is significant among IX standard
students after controlling the total effect of 2 covariates (Verbal Intelligence & socio-

Economic status), F(1,85) = 130.688, p<.01

Thus, when a linear adjustment is made for the effect of variation caused by
the difference in the combination of Verbal Intelligence and Socio-Economic status
of pre-tested groups, the ANCOV A results show that there is a statistically significant

difference between the two experimental and control groups.

Analysis of Covariance for Self-Concept

Analysis of Covariance for Self-Concept of Pre-tested Groups

Result 38. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of pre-
tested experimental and control group when Pre-test on Problem Solving Ability in

Physics as covariate.

F-values for the instructional procedure on Self-Concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.
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Therefore, when the pre-test in Problem Solving Ability in Physics is taken
into account as a covariate, there is no statistically significant difference in Self-

Concept between the Experimental and Control groups.

Result 39. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of pre-

tested experimental and control group when Verbal Intelligence as covariate.

F-values for the instructional procedure on Self-Concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.

Thus, when verbal intelligence is considered as a covariate, there is no
statistically significant difference in Self-Concept between the pre-tested

Experimental and Control groups.

Result 40. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of pre-

tested experimental and control group when Socio-Economic status as covariate.

F-values for the instructional procedure on Self-Concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.
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Consequently, when Socio-Economic status is included as a covariate, there is
no statistically significant difference in Self-Concept between the pre-tested

Experimental and Control groups.

Result 41. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of pre-
tested experimental and control group when Pre-test, Verbal Intelligence and Socio-

Economic status as covariate in combination.

F-values for the instructional procedure on self-concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.

Therefore, when pre-test, verbal intelligence, and Socio-OEconomic level are
combined as covariates, there is no statistically significant difference in Self-Concept

between the Experimental and Control groups that underwent pre-testing.

Analysis of covariance for self-Concept of non pre-tested groups

Result 42. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of non

pre-tested experimental and control group when Verbal Intelligence as covariate.

F-values for the instructional procedure on Self-Concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.
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Thus, when verbal intelligence is considered as a covariate, there is no
statistically significant difference in Self-Concept between the non-pre-tested

Experimental and Control groups.

Result 43. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of non

pre-tested experimental and control group when Socio-Economic status as covariate.

F-values for the instructional procedure on Self-Concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.

Consequently, when Socio-Economic status is included as a covariate, there is
no statistically significant difference in Self-Concept between the non-tested

Experimental and Control groups.

Result 44. There exist no significant difference in the effectiveness of
Productive Thinking Model and Existing Method of Teaching on Self-Concept of non
pre-tested experimental and control group when Pre-test, Verbal Intelligence and

Socio-Economic status as covariate in combination.

F-values for the instructional procedure on Self-Concept were obtained below
the tabular value for the 0.05 level of significance. This demonstrates that, once the
linear effect of the covariate pre-test is taken into account, there is no longer a

statistically significant difference between the criteria means of the groups.
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Therefore, when the pre-test, verbal intelligence, and Socio-Economic
status are included as covariates, there is no statistically significant difference in Self-

Concept between the Experimental and Control groups that did not get the pre-test.
Analysis of Covariance for Retention in Problem Solving Ability in Physics

Analysis of covariance for Retention in Problem Solving Ability in Physics for pre-

tested groups

Result 45. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Retention in Problem Solving
Ability of pre-tested experimental and control group when pre-test in Problem Solving

Ability in Physics as covariate.

The obtained F (1,87) is 10.571 for the effect of Productive Thinking Model
on Retention in Problem Solving Ability in Physics was found beyond the table value
for 0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX"™ standard students after

controlling Verbal intelligence, F(1,87) = 10.571, p<.01

Therefore, ANCOVA results indicate that there is a significant difference
between the Pre-tested Experimental and control group when the effect of variation
caused by the difference in the Pre-test on Retention in Problem Solving Ability in

Physics is linearly adjusted for.

Result 46. There exist significant difference in the effectiveness of Productive

Thinking Model and Existing Method of Teaching on Retention in Problem Solving
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Ability of pre-tested experimental and control group when Verbal Intelligence as

covariate.

The obtained F (1,87) is 10.571 for the effect of Productive Thinking Model
on Retention in Problem Solving Ability in Physics was found beyond the table value
for 0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX" standard students after

controlling Verbal Intelligence, F(1,87) = 10.571, p<.01

Therefore, ANCOVA results indicate that there is a significant difference
between the pre-tested experimental and control group when a linear adjustment is
made for the influence of variation due to the difference in verbal intelligence on

retention in Problem Solving ability in physics.

Result 47. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Retention in Problem Solving
Ability of pre-tested experimental and control group when Socio-Economic status as

covariate.

The obtained F (1,87) is12.571 for the effect of Productive Thinking Model
on Retention in Problem Solving Ability in Physics was found beyond the table value
for 0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX" standard students after

controlling Socio-Economic status , F(1,87) = 12.571, p<.01
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As a result, ANCOVA results indicate that there is a significant difference
between the experimental and control groups' pre-test scores when the influence of

variance resulting from differences in socioeconomic status is linearly adjusted for.

Result 48. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Retention in Problem Solving
Ability of pre-tested experimental and control group when Pre-test in Problem Solving
Ability in Physics, Verbal Intelligence and Socio-Economic status as covariate in

combination.

The obtained F (1,85) is 15.839 for the effect of Productive Thinking Model
on Retention in Problem Solving Ability in Physics was found beyond the table value
for 0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX" standard students after
controlling the total effect of 3 covariates (pre-test, Verbal Intelligence, socio-

Economic status), F(1,85) = 15.839, p<.01

Therefore, ANCOVA results indicate that the Pre-tested Experimental and
control group differ significantly when a linear adjustment is made for the effect of
variation due to the difference in the Pre-test, Verbal Intelligence, and Socio-

Economic status as combination on Retention in Problem Solving Ability in Physics.

Analysis of covariance for Retention in Problem Solving Ability in Physics for non

pre-tested groups

Result 49. There exist significant difference in the effectiveness of Productive

Thinking Model and Existing Method of Teaching on Retention in Problem Solving
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Ability of non pre-tested experimental and control group when Verbal Intelligence as

covariate.

The obtained F (1,77) is 6.340 for the effect of Productive Thinking Model on
Retention in Problem Solving Ability in Physics was found beyond the table value for
0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX™ standard students after

controlling Verbal Intelligence, F(1,77) = 6.340, p<.01

Therefore, ANCOVA results indicate that there is a significant difference
between the non-pre-tested Experimental and control group when a linear adjustment
is made for the influence of variance due to the difference in Verbal Intelligence on

Retention in Problem Solving Ability in Physics.

Result 50. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Retention in Problem Solving
Ability of non pre-tested experimental and control group when Socio-Economic status

as covariate.

The obtained F (1,77) is 5.606 for the effect of Productive Thinking Model on
Retention in Problem Solving Ability in Physics was found beyond the table value
for 0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX" standard students after

controlling Socio-Economic status , F(1,77) = 5.606, p<.01

Therefore, ANCOVA results indicate that there is a significant difference

between the non-pre-tested Experimental and control group when a linear adjustment
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1s made for the influence of variation due to the difference in the Socio-Economic

status on Retention in Problem Solving Ability in Physics.

Result 51. There exist significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Retention in Problem Solving
Ability of non pre-tested experimental and control group when Verbal Intelligence

and Socio-Economic status as covariate in combination.

The obtained F (1,76) is 5.951 for the effect of Productive Thinking Model on
Retention in Problem Solving Ability in Physics was found beyond the table value for
0.01 level of significance. The result of F-test supports that the effect of Productive
Thinking Model on Retention is significant among IX" standard students after
controlling the total effect of two covariates (Verbal Intelligence & Socio-Economic

status), F(1,76) = 5.951, p<.01

Therefore, ANCOVA results indicate that there is a significant difference
between the non pre-tested Experimental and control group when a linear adjustment
is made for the effect of variation due to the difference in Verbal Intelligence and
Socio-Economic status as a combination on Retention in Problem Solving Ability in

Physics.
Conclusion on the Result of ANCOVA

ANCOVA results also shows that the Pre-tested and non pre-tested groups
significantly differed both in their Problem Solving Ability in Physics and Retention.
In both cases, Pre-tested and non pre-tested Experimental groups were seen to be

Superior over the Control groups. This underlies the advantage of Productive
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Thinking Model over Existing Method of Teaching with regard to Problem Solving

Ability in Physics.

From the results of analysis it is evident that student who taught through
Productive Thinking Model Perform well than that of students who taught through
Existing Method of Teaching. It highlights the need for new method or way of

teaching other than existing one.

Tenability of Hypotheses

This study evaluates the tenability of its hypotheses based on major findings.

Hypothesis 1

There will be no significant difference in mean post-test scores on Problem
Solving ability in physics of experimental and control group Total sample, Boys and

Girls .

The analysis of data revealed that there is significant difference between the
mean post-test scores of experimental and control groups on Problem Solving Ability
in Physics for the total sample. Also there exists significant difference exists between
the mean post-test scores of experimental and control groups Boys and Girls. So it can
be concluded that the experimental and control groups differ significantly in their

mean post-test scores on Problem Solving Ability in Physics for the total sample.

The results revealed that experimental group which was taught using
Productive Thinking Model was found more effective in enhancing Problem Solving
Ability in Physics of IX standard students when compared to control group which was

taught using Existing Method of Teaching. So, it can be stated that Productive
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Thinking Model is more effective in enhancing Problem Solving Ability in Physics.

Thus the null hypothesis formulated is rejected.

Hypothesis 2

There will be no significant difference in the mean gain scores on Problem
Solving Ability in physics of experimental group I and control group II for Total

sample, Boys and Girls.

The analysis of data revealed that there is significant difference between the
mean Gain scores of experimental and control groups on the dependent variable
Problem Solving Ability in Physic for the total sample. Significant difference in Gain
score exists for Boys and Girls also. So it can be concluded that the experimental and
control groups differ significantly between their mean Gain scores Problem Solving

Ability in Physics for the total sample.

The results revealed that experimental group which was taught using
Productive Thinking Model was found more effective in enhancing Problem Solving
Ability in Physics for Ix standard students when compared to control group taught
using Existing method of teaching. So it can be stated that Productive Thinking model
is more effective in enhancing Problem Solving Ability in Physics. Thus the null

hypothesis formulated is rejected

Hypothesis 3

There will be no significant difference in the retention scores on Problem
Solving ability in physics of experimental and control group Total sample, Boys and

Girls.
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The analysis of data revealed that there is no significant difference between
the mean Retention scores of experimental and the control group on Retention in
Problem Solving Ability in Physics for the total sample and also experimental and
control group Boys and Girls. So it can be concluded that the experimental and control
groups not differ significantly between their mean scores on Retention in Physics for

the total sample. Thus the null hypothesis formulated is accepted.

Hypothesis 4

There will be no significant difference in the Self-Concept scores of

experimental and control group for the total sample, Boys and Girls.

The analysis of data revealed that there is no significant difference between
the mean Self-Concept scores of experimental and the control group for the total
sample and also experimental and control group Boys and Girls. So it can be
concluded that the experimental and control groups does not differ significantly
between their mean scores on self-Concept for the total sample for the boys and girls

also there is no significant difference in self-Concept scores.

So it can be stated that Productive Thinking Model is not much effective in

enhancing Self-Concept of students. Thus the null hypothesis formulated is accepted.

Hypothesis 5

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of pre-

tested experimental and control group.
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ANCOVA was used to test this hypothesis. All together four ANCOV A was
done for Problem Solving Ability in Physics .the covariates selected were Pre-test,
Verbal Intelligence, Socio-Economic status and the combination of the three . Four
out of four ANCOVA employed, yielded significant F- values. In all the four
comparisons higher mean scores of Problem Solving Ability in Physics associated
with the Experimental groups to which Productive Thinking Model was implemented.
Thus Productive Thinking model proved its advantage over the existing method of
teaching with regard to Problem Solving Ability in Physics. Therefore the hypothesis

is rejected.

Hypothesis 6

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Problem Solving Ability of non

pre-tested experimental and control group.

ANCOVA was used to test this hypothesis. All together three ANCOVA was
done for Problem Solving Ability in Physics .the covariates selected were, Verbal
Intelligence, Socio-Economic status and the combination of the two .three out of three
ANCOVA employed, yielded significant F- values. In all the three comparisons
higher mean scores of Problem Solving Ability in Physics associated with the
Experimental groups to which Productive Thinking Model was implemented. Thus
Productive Thinking Model proved its advantage over the Existing Method of
Teaching with regard to Problem Solving Ability in Physics. Therefore the hypothesis

is rejected.
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Hypothesis 7

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of pre-tested

experimental and control group.

ANCOVA was used to test this hypothesis. All together four ANCOVA was
done for self concept .the covariates selected were Pre-test, Verbal Intelligence,
Socio-Economic status and the combination of the three . Four out of four ANCOVA
employed, yielded F- values which are not significant. Thus Productive Thinking
Model is not that effective over the Existing Method of Teaching with regard to Self-

Concept of students. Therefore the hypothesis is accepted.

Hypothesis 8

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on Self-Concept of non pre-tested

experimental and control group.

ANCOVA was used to test this hypothesis. All together three ANCOVA was
done for Self-Concept. the covariates selected were Verbal Intelligence, Socio-
Economic status and the combination of the three. Three out of three ANCOVA
employed, yielded F- values which are not significant. Thus Productive Thinking
Model is not that effective over the Existing Method of Teaching with regard to Self-

Concept of students. Therefore the hypothesis is accepted.
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Hypothesis 9

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem Solving

Ability and Self-Concept of pre-tested experimental and control group.

ANCOVA was used to test this hypothesis. All together four ANCOVA was
done for retention in Problem Solving Ability in Physics .the covariates selected were
Pre-test, Verbal Intelligence, Socio-Economic status and the combination of the three
. Four out of four ANCOVA employed, yielded significant F- values. In all the four
comparisons higher mean scores of retention in Problem Solving Ability in Physics
associated with the Experimental groups to which Productive Thinking Model was
implemented. Thus, Productive Thinking Model proved its advantage over the
Existing Method of Teaching with regard to retention in Problem Solving Ability in

Physics. Therefore, the hypothesis is rejected.

Hypothesis 10

There will be no significant difference in the effectiveness of Productive
Thinking Model and Existing Method of Teaching on retention in Problem Solving

Ability and Self-Concept of non pre-tested experimental and control group.

ANCOVA was used to test this hypothesis. All together three ANCOVA was
done for Retention in Problem Solving Ability in Physics. The covariates selected
were, Verbal Intelligence, Socio-Economic status and the combination of the two
.three out of three ANCOV A employed, yielded significant F- values. In all the three

comparisons higher mean scores of Retention in Problem Solving Ability in Physics
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associated with the Experimental groups to which Productive Thinking Model was
implemented. Thus, Productive Thinking Model proved its advantage over the
Existing Method of Teaching with regard to Retention in Problem Solving Ability in

Physics. Therefore, the hypothesis is rejected.

Conclusion

The investigator made conclusions based on the study's objectives. The study
reveals that Productive Thinking Model is more effective than Existing Method of
Teaching for developing Problem Solving Ability in Physics of secondary school
students. Research sample for experiment were equal in terms of their pre-test scores,
Intelligence and Socio-Economic status. Both groups received the identical lessons,
but were treated differently. Results shows that the Productive Thinking Model is
more effective to inculcate Problem Solving Ability in Physics and it is a very
interesting and engaging model of teaching to teach science contents specifically

Physics subject.

The present study has revealed the effectiveness of Productive Thinking
Model over Existing Method of Teaching, as the high mean scores are linked with the
groups to which Productive Thinking Model was executed in terms of Problem

Solving Ability in Physics and Self-Concept.
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RECOMMENDATIONS OF THE STUDY

Educational Implications derived

The primary goal of this study was to compare the effectiveness of the
Productive Thinking Model to the Existing Method of Teaching on Students' Self-
Concept and Problem-Solving Ability in Physics at the IX Standard. The study's
conclusions are used to infer some implications that will help the secondary schools

in educational system.

Productive Thinking Model

Form this study, it is evident that the Experimental group I and II taught using
Productive Thinking Model is more effective when compared to the Existing Method
of Teaching in the two controlled groups. This may be because of the features of the
particular model. Productive Thinking Model is a synchronized fusion of analytical
and creative thinking. This model also encourages creativity and critical thinking at
every step of the Problem Solving process. IX standard students come under
secondary school students and they have wide range of thinking capacity which helps
easy and fast learning. Particularly in physics classes, a teacher who employs the same
approach or method for the entire academic year may cause students to get bored,

uninterested, unmotivated, etc.
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In contrast to the existing Method of Teaching, the Productive Thinking Model
was a ground-breaking breakthrough in the teaching and learning process. Physics can

be taught in secondary schools using the Productive Thinking Model.

Productive Thinking Model have its own difference from Existing Method of
Teaching. Students taught using Productive Thinking Model was better in Problem
Solving Ability and self-Concept than the control group. Students were able to debate
the material in their groups using the various phases of the Productive Thinking Model
when they were unable to understand the broad explanation given in class. The study's

findings indicate that student involvement and communication have increased.

Additionally, the Productive Thinking Model facilitates productive student
communication. It is evident that the teacher, the groups of students, and the students
themselves were developing their interactions. That mean intra-group, inter-group and
teacher student interaction is found great. Apart from the autocratic setting teacher
plays entirely a different role here. Teacher build bond with students in different forms
like dividing the group, giving direction, giving follow up activities, clarification of

doubts and through the process of evaluation.

In addition, this model takes into consideration the intellectual, emotional,
social, and psychological benefits of nurturing. As a result of their active participation
in the classroom, students develop the self-Conceptand Problem Solving

Abilities necessary to address today's critical issues.

The study also showed that, while teaching Physics to students in the IX

standard, the Productive Thinking Model significantly outperforms the Existing
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Method of Teaching, regardless of gender. So, undoubtedly Productive Thinking
Model can be used for teaching Physics irrespective of Gender of the students. In
addition, Productive Thinking Model is found to be effective for different topics of
physics namely ‘Motion’, ‘forces’ and ‘examples of laws of motion” which indicates

that this strategy is applicable to different areas of secondary school physics topics.

In addition to academic success, it encourages students to develop other values
that they lack, such as sharing, problem-solving skills, tolerance, helping attitudes,
and leadership abilities. Despite the activity-based structure of the current curriculum,

teachers can adapt the concepts to make them more applicable to real-world situations.

Productive Thinking Model is a flexible model consisting of 6 different steps.
Each steps foster the thinking capacity, idea formulation, stability of thoughts,
evaluation of own ideas and decision making power of students. it is also designed to
increase students involvement in topics, better interaction with classmates that will
help the teacher to attain the objectives easily. The Productive Thinking Model does
not mandate a specific method or strategy to be used in a typical classroom setting.
And the student can learn at their own pace. This Model creating cooperative and

positive attitude towards learning.

Productive Thinking Model involves problem solving, creativity, and critical
thinking. When students engage in these activities, they often feel more competent
and capable, which enhance their self esteem and self concept. As student practice
productive thinking model they become more independent in their learning. This
autonomy fosters a sense of ownership and pride in their achievements, contributing

positively to their self concept.
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Productive Thinking Model helps to motivate and give enough confidence to
students. As all the students in the class have equal opportunities to think out of the
box and make as many ideas as possible on a topic. It also emphasis student based
learning and giving opportunity to students to evaluate the ideas generated to fix the
right one and find solution to the problem in hand by themselves. It will help the
students to solve problems through creative and Productive way and there by

improves their higher level thinking capacity.

Productive Thinking Model is common in marketing field, but it has long ways
to go in the field of teaching and learning. Proper implementation and addressing of
Productive Thinking Model to the present educational system can do more wonders

in each and every aspects of teaching and learning.

Suggestions for further research

The researcher anticipates that this investigation will offer fresh perspectives

on experimenting with the as-yet-undiscovered aspects of the variables being

examined.

1. A survey can be conducted to study the attitude of teachers towards Productive
Thinking Model.

2. A detailed survey study can be conducted to know the constraints facing by

the teachers while teaching Physics in IX standard

3. Learning Packages on Productive Thinking Model can be developed and its

impact can be studied
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Effect of Productive Thinking Model over Existing Method of Teaching on
Achievement in Physics, Attitude towards Physics and self efficacy in Physics

(both cognitive and affective outcomes) can be studied.

This study was delimited to one unit in IX standard Physics text book- Motion
and Laws of motion. Future investigation can found the effectiveness of

Productive Thinking Model on other topics in Physics.

This study concentrated to study the effect of Productive Thinking Model on
Problem Solving Ability in Physics and self-Concept of students. Other
variables like Achievement, scientific creativity, goal orientation, interest,

anxiety and creative thinking can be included.

There are similar physics topics in higher secondary level such as, fluid
dynamics, electro dynamics etc. which need more freedom to students to think
out of the box and create their own ideas. A similar study can be conducted in

the higher secondary level

Preparation of teaching module on Productive Thinking Model for secondary
school teachers. their knowledge and suggestions can be incorporated for the

improvement of this Model.

This particular study can be replicated in different school subjects and

standards with another Experimental design.
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Recommendations

The present study has found out the relevance of introducing new model of
teaching especially to teach contents in Physics subject. Teachers would like to
implement new methods and strategies to instruct students and students are always
happy to get the advantage of such methods. From the present study the investigator
realize that students are interested in Productive thinking model than existing method
of teaching since the experimental groups got highest mean scores than control
groups. From the initial survey the investigator found out that teachers are willing to
use different methods with respect to the content area also they are aware of such
methods or strategies. The study can significantly contribute to the improvement of
important skills and abilities among secondary school students. The findings of the
study can help the academic community in formulating and implementing strategies,
methods and models of teaching aiming for the betterment of curricular practices
which enhance different abilities such as Problem Solving ability in Physics among
secondary school students. The study recommends the following to enhance Problem
Solving ability among students and positive attitude among teachers towards new

models and methods of teaching.

. Proper empowerment programs to teachers in order to update their knowledge

and skills in Pedagogical practices are to be provided.

. Conduct in-service training on important 21% century skills to make teachers
aware of different abilities and skills that are to be inculcate among secondary

school students like, Problem Solving ability, self concept etc.
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Every year, school must organize awareness programs on different method
and strategies of teaching newly introduced in the field of teaching and

learning.

Promote journal and article reading among teachers in order to make teachers
aware of new method of teaching and acquisition of new skills and abilities

needed to survive in this changed society.

Teachers might receive incentives for taking additional courses to improve
their pedagogical techniques and skills, leading to increased professional

productivity.
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Appendix I
DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

SEMI STRUCTURED INTERVIEW SCHEDULE FOR
SECONDARY SCHOOL PHYSICS TEACHERS

Dr. Bindhu C.M. Athira V

Professor & Head Research Scholar
Department of Education Department of Education
Name of the Teacher :..........coceiiiiiiiiiinee, Gender :......ccoceeneene
Name of the Institution :.........ccccceeeevveercreeennnenn. Type of the Institution :....................
Educational Qualification :..........ccocceeeviiernieennnneen. Year of Experience :....................

1. Do you adopt any specific strategy to teach Physics at Secondary Level?

2. Suggest some of the strategy , methods and Models that you have attempted to
teach Physics at Secondary level.

3.  Have you ever experienced any constraints while adopting the Strategies,
Methods and Models you suggested?

If yes, what are the constraints you faced?

4.  Give you suggestions to overcome the constraints in implementing the different
strategies, Methods and Models




Appendix II

DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

LESSON TRANSCRIPT BASED ON
PRODUCTIVE THINKING MODEL
(Malayalam Version)

Dr. C.M. Bindhu Athira. V
Professor & Head Research Scholar
Department of Education Department of Education

LESSON TRANSCRIPT NO. 1

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS

Class o IX Std.

Unit ;. alelmojo alelm MIVNEBE0 Time : 1hr
Topic - quaellmenielnjo GRAVIEN® MILI0jo  Date
Objectives
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1012013
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Resources

* Videos, Demonstration

Presentation
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2) Ideation
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Video 1
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3) Evaluation
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5) Implications
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6) Application
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LESSON TRANSCRIPT NO. 3

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS

Class
Unit

Topic

IX Std.

2leIMojo 21LINMIVNEBBS0

Time : 1hr

m ég@(@ B0MIo aleIMIWANje RALDIOe  Date

Objectives
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2) Ideation

ome” AR U3 (@J3BUTla{lasa

Video 1

mdomlwls 8@ MY Oalgan’  B0S1HBEMINU3

MLl I@BNIWOS  alLiMo  BH0eM1HBAD

aflawlewo.
Video 2
Frictional force
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the surface on which the
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3) Evaluation
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5) Implications
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6) Application
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Home Assignment
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LESSON TRANSCRIPT NO. 4

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS
Class IX Std.
Unit 2leIM0jo alLINMIWABBGo Time : 1hr
Topic 2O THF DBIAO0EMEBBUB Date
Objectives
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3) Evaluation
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6) Application
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LESSON TRANSCRIPT NO. 5

Name of the Teacher Athira. V

Name of School Poyilkkavu HSS

Class IX Std.

Unit 2lLIN0Jo 2ILINMIVAEEBo Time : 1hr
Topic @rRydsHo Date
Objectives
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Home Assignment
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DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

LESSON TRANSCRIPT BASED ON
PRODUCTIVE THINKING MODEL
(English Version)

Dr. C.M. Bindhu Athira. V
Professor & Head Research Scholar
Department of Education Department of Education

LESSON TRANSCRIPT NO. 1

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS
Class : IX Std.
Unit - Motion and Laws of Motion Time : 1hr
Topic - Equilibrium force and unbalanced Date
force
Objectives

* Identifying situations where different forces are applied in everyday life
* Understanding the concept of balanced force and unbalanced force
* Finding the measurement of balanced and unbalanced forces
* Classification of balanced force and unbalanced force
Resources
¢ Videos, Demonstration

Presentation

1) Foundation Each student remembers

his previous knowledge
The teacher presents two different scenarios
about these two cases
in front of the students in a demonstration. . .
and tries to find the
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(i) When two students push a large stone from
the same side, the stone moves slightly. When
another child pushes from the other side, the

motion of the stone slows down.

(ii) Children are moved from both sides of a stone

Now the stone does not move.

answer. Curiosity arises
in them to know the

reason.

2) Ideation

Two videos are displayed.
Video 1

Animation shows the force exerted by people on each
side in a tug-of-war match. Also shows the movement
of the rod.

Video 2

Balanced Forces & Unbalanced Forces

.~ o

A large table runt is shown pushing from side to side
with varying force. Shows table movement.

Students have different
ideas about this. They
discuss and record them
all in the science diary.
For this, children use

their prior knowledge.
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Divide the children into different groups and ask them
to observe these situations and discuss what could be

the cause and make inferences.

3) Evaluation

The teacher shows the video shown earlier
in a demonstration to the class. Questions are asked
to the children through demonstration and their

answers are clarified through demonstration.

The student in each
group analyze the
hypotheses recorded by
him and exclude
immature ideas and self-
evaluate and accept and
record only mature
hypotheses. For that they
discuss among
themselves in the group.
They try to clear their
doubts from the teacher's

analysis.

4) Stabilization

Each group presents its conclusions. The

teacher corrects the mistakes.

Student consolidate the
ideas they have
discovered. That is, here
the answer to the
demonstration, videos &
questions asked by the
teacher at the beginning
of the class comes down
to the concept “Balanced
force does not move the
object, unbalanced force
is required to move the

object”.
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5) Implication
Video 1 & 2 are presented to students and

asked to analyse their ideas.
or

The same scenario is shown and explained
in the class through an experiment (calling on the

children themselves.)

Students consolidate the
ideas discovered. After
that, the concepts of
balanced force and
unbalanced force and the
factors affecting it are
organized and recorded

in the science diary.

6) Application
The teacher asks the child to record in the

science diary what he observes in some of the

following daily life situations.

* A number of people unload heavy pebbles
from a lorry. Analyze this context in relation

to the concept of unbalanced external force.

Home Assignment

List the situations where balanced and unbalanced external forces are applied

in everyday life.
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LESSON TRANSCRIPT NO. 2

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS

Class : IX Std.

Unit - Motion and Laws of Motion Time : 1hr
Topic - Galileo's observations Date
Objectives

* Finding out how to measure unbalanced forces.

* Identifying characteristics of unbalanced forces

* Recognize that not all unbalanced forces cause motion

» Identifying internal and external forces.

Resources
* Demonstration, Experiment

Presentation

1) Foundation

Keeping in mind, what has been learned
previously, two cases are presented to the children

in a question form (samsayarupena).

1. If a person tries to push a lorry, the lorry does
not move. But when pushed from outside, the

lorry moves.

2. When a child sits on a chair and tries to lift
the chair, the chair does not rise, but when he
gets up from the chair and lifts it, the chair

rises.

Each student remembers
his previous knowledge
about these two cases and

tries to find the answer.

2) Ideation

The teacher demonstrates an experiment in
the video.

Students have different

opinions regarding this
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(Experiment shown with adding sound and explaining)

The teacher divides the children into different
groups and asks questions related to this experiment.
The experiment and the accompanying description are
clearly observed and asked to discuss what the causes

might be and to make hypotheses.

context. Discuss as a
group and list them all.
Advance knowledge is

used for this.

3) Evaluation

The teacher shows the video shown earlier
in a demonstration in the classroom. During the
demonstration, the questions raised earlier are
asked to the children again and their answers are

clarified through the demonstration.

The students in each
group analyze the
hypotheses recorded by
him, discard the
meaningless hypotheses
and select only the ideas
that are compatible with
self-evaluation. For that
they discuss among
themselves in the group.
From the teacher's
explanation, students tries

to clear their doubts.

4) Stabilization

Each group presents its conclusions. The

teacher corrects the mistakes.

Students confirm the idea
they have found. That is,
here, through
demonstration, video &
teacher's explanation,
students recognize
Galileo's observations and
the role of Newton's

motions.

5) Implications

The teacher explains the answers to the
questions raised at the beginning of the class with

Galileo’s experiment.

Students codify the ideas
discovered. Then the
concepts of internal force

and external force, and
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how Galileo's
observations influenced
Newton's laws. Ideas are
organized and recorded in

science diary.

6) Application

The teacher asks the child to record in the
science diary what he observes and the reason for

it in the following cases.

e Aballrolls along a smooth surface and a rough
surface at the same time. Observe the

movement of the ball.
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LESSON TRANSCRIPT NO. 3

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS
Class : IX Std.
Unit . Motion and Laws of Motion Time : 1hr
Topic - Newton's first law of motion and Date
inertia
Objectives

* Understanding the concept of Newton's first law of motion.

* Identifying situations where Newton's first law of motion is experienced

in everyday life.
* Identifying the concept of inertia.
* Identifying factors influencing inertia.
Resources

* Demonstration, Experiment, Videos

Presentation

1) Foundation

The teacher presents two different scenarios Each student remembers

like an issue. his previous knowledge

i) A person jumps a long distance after running a about these two cases

long jump, but jumps only a short distance when and tries to find the

he jumps from a standing position without answer. It makes them

running. curious to know the

reason.
ii) The soil in the carpet did not come off

completely when it was tapped on the ground
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but when the carpet was tapped upright the soil

was completely removed and cleaned.

2) Ideation

Two videos are displayed

Video 1

A video showing the movement of passengers on a

bus as it suddenly drives away from a stopped bus.

Video 2

Frictional force

"An opposite force exerted by
the surface on which the
P object moves."

. »
—

.;—»
. )

Another animation shows a spherical ball rolling

along a smooth surface and a stone in the direction

of motion causing the ball to hit it and come to rest.

Divide the children into different groups and ask
them to observe these situations and discuss what

could be the reason and make inferences.

Students have different
ideas about this. They
discuss and record them
all in the science diary.
For this, children use

their prior knowledge.
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3) Evaluation

The teacher demonstrates the experiment of
putting a smooth paper in a table and a bottle on it.
Suddenly pulling the paper to one side and present
this situation in relation to the video shown earlier.
In between, teacher asks questions to the students
and their clarified through

answers are

demonstration.

The students in each
group analyze the
hypotheses recorded by
them and exclude
immature ideas and self-
evaluate and accept and
record only mature
hypotheses. For that they
discuss among themselves
in the group. They tries to
clear their doubts from the
teacher's explanations.

4) Stabilization

Each group presents their conclusions. The

teacher corrects the mistakes.

Students confirm the
idea they have found.
That is, here the
demonstration, video &
the answer to the
questions asked by the
teacher at the beginning
of the class come to the
idea that Newton's first
law of motion is the

answer.

5) Implications
Video 1 & 2 are played with explanation
OR

Same context is demonstrated and described
through experiment in the class. (Asks the students

to do experiment by themselves)

Students consolidate the
ideas discovered. Then
Newton's first law of
motion, the concept of
inertia and the factors
influencing it are

accurately organized and
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recorded 1n the science

diary.

6) Application

The teacher asks the child to record in the science
diary what he observes in some of the following

daily life situations.

e The mango is shocked by the flour.

* A person gets off a running bus and stops after

running for some distance.

Home Assignment

Find situations related to Newton's first law of motion from everyday life and

record them in the science diary.
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LESSON TRANSCRIPT NO. 4

Name of the Teacher Athira. V

Name of School Poyilkkavu HSS

Class IX Std.

Unit Motion and Laws of Motion Time 1 hr
Topic Examples of inertia Date
Objectives

* Deeper understanding of the concept of inertia

* Identifying situations in everyday life where inertia is felt

* Identifying factors influencing inertia.

Resources

* Videos, Demonstration, Story

Presentation

1) Foundation

The teacher presents a problem to the

children in the form of a story.

Story Line- I left early this morning to come to
school. I was relieved by seeing the usual bus I
prefer to travel. I reached the stand early and the
bus has not taken yet. I happily boarded and
seated the bus. After sitting for about 5 minutes, I
heard some argument. Suddenly, the driver
jumped on the bus in anger and started the bus at
speed, my upper body moved backwards and hit
my head on the back rail and I started crying in
pain. People came and gave me water and
comforted me. After a while it was alright. What

could be the reason for such an experience here?

Students recall their
previous knowledge to
find out what caused the
problem that the teacher
had. They become curious
to know what could be the

reason.
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2) Ideation

Two experiments are performed by children

themselves.

Expt.1: About 10 one-rupee coins are placed in a
pile on a smooth table. A child then
knocks over the bottommost coin of the

stack of coins with another coin.

Expt.2: A child is called and asked to roll a light
ball and another heavy steel ball together
on the floor. It is then asked to observe its
movement and the time it takes to come

to rest.

Divide the children into groups and ask them to
observe the experiments shown above and write

down the inference in their science diary.

Students have different
ideas about this. They
discuss and record all the
ideas in the science diary.
For this, students use their

prior knowledge.

3) Evaluation

The teacher repeats the experiment shown
earlier and in between asks questions to the

students and explains their answers.

Students in each group
analyze the inferences
they have recorded and
accept and record only the
correct inferences. For
that they discuss among
themselves in the group.
They try to clear their
doubts from the teacher's
explanation.

4) Stabilization

Each group presents its conclusions. The

teacher corrects the mistakes.

Students consolidate the
ideas they have
discovered. Students
understood that the reason
behind the story and the
experiment were the

concept of inertia.
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5) Implications

The teacher explains the concept of inertia

by presenting two or more examples.

Students consolidate the
ideas discovered. Then
the concept of inertia and
the influencing factors
and situations experienced
in daily life are accurately
organized and recorded in

the science diary.

6) Application

The teacher asks the children to find and
list instances where the concept of inertia is used

in everyday life.

Home Assignment

Find examples of inertia of motion and inertia of rest and classify it in table.
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LESSON TRANSCRIPT NO. 5

Name of the Teacher : Athira. V

Name of School : Poyilkkavu HSS

Class : IX Std.

Unit - Motion and Laws of Motion Time : 1hr
Topic . Momentum Date
Objectives

* To identify the concept of momentum.

* To identify instances of momentum in everyday life.

¢ To understand the measurement of momentum

* To understand the factors influencing momentum.

Resources

* Videos, Demonstration

Presentation

1) Foundation

The teacher presents the context of

everyday life to students like a problem.

A traffic signal is full of cars. Then a lorry
with a heavy load came at speed and when it
tried to stop, it hit the car in front and there
happens an accident. At the same time, when
a car came and tried to stop, there was no such

accident.

Each student remembers
his prior knowledge about
the context and tries to
find the answer. A
curiosity arises in them to

know the reason.

2) Ideation
An experiment shows.

Expt. (i) Two balls of different masses are
dropped downwards at the same speed

onto a sand mattress prepared on the

Students discuss and
make various inferences

based on what they
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ground. Observing the impact on the

sand.

Expt. (ii): Balls of the same mass are dropped
from different heights into the sand
bed. Monitoring the impact. Divide the
children into different groups and ask
them to observe these instances and
discuss and record what could be the

reason.

observe. For this, students

use their prior knowledge.

3) Evaluation

While showing demonstration, the teacher
again explains the experiment shown earlier.
Through this, teacher asks questions to elicit ideas

and explanations from the students themselves.

Student in each group
analyze the inferences
they have recorded and
accept and record only
mature inferences. For
that they discuss among
themselves in the group.
They try to clear their
doubts from the teacher's
explanation.

4) Stabilization

Each group presents its conclusions. The

teacher corrects the mistakes.

Students consolidate the
information they find.
That is, the answer to the
question and experiment
at the beginning is the
concept of momentum,
which is the product of

mass and velocity.

5) Implications

After understanding the concept teacher

asks the students to do the experiment again.

Students consolidate the
ideas discovered. After
that realising that
momentum is a specific
property of moving
objects, and understanding
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how to measure it,
organize it and record it in
a science diary.

6) Application

Students are asked to record what he observed in

the following situations in the science diary.

e While some children are playing in the ground,
a fat boy felt it difficult to run impulsively
and stopped running. What will be the reason
behind it?

Home Assignment

Conduct a simple experiment to understand the concept of momentum and write

down inferences in the science diary.
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DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

LESSON PLAN BASED ON
EXISTING METHOD OF TEACHING
(Malayalam Version)

Dr. C.M. Bindhu Athira. V
Professor & Head Research Scholar
Department of Education Department of Education

LESSON PLAN NO. 1

PRELIMINARY DETAILS
Name of the Teacher :Athira V. Standard  :IX
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LESSON PLAN NO. 4
PRELIMINARY DETAILS
Name of the Teacher : Athira V. Standard :IX
School : Thiruvangoor HSS Duration :45 Mins
Subject : Physics Date :13/09/2023
Unit : aleIMOfo alLIM MlA6BRSo
Topic mégsmg 80MJo alLINMIVN.

aloMEMS63BU3:
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INTRODUCTORY ACTIVITY
Good Morning all
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Concluding Activity
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LESSON PLAN NO. 5
PRELIMINARY DETAILS
Name of the Teacher :Athira V. Standard :IX
School : Thiruvangoor HSS Duration :45 Mins
Subject : Physics Date :13/09/2023
Unit 1 B0
Topic : alelMOfo alLINMIVNEEBRSo
®lo: L2ALDIo
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INTRODUCTORY ACTIVITY
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Concluding Activity
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LESSON PLAN NO. 6
PRELIMINARY DETAILS
Name of the Teacher : Athira v. Standard :IX
School : Tiravangoor HSS Duration  :45 Mins
Subject : Physics Date :20/06/2021
Unit : alelmOo alelM MlaEEs.
Topic @B
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DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT

LESSON PLAN BASED ON
EXISTING METHOD OF TEACHING
(English Version)

Dr. C.M. Bindhu Athira. V
Professor & Head Research Scholar
Department of Education Department of Education

LESSON PLAN NO. 1

PRELIMINARY DETAILS
Name of the Teacher :Athira V. Standard  :IX
School : Thiruvangoor HSS Strength :35
Subject : Physics Duration : 40 Mins
Unit : Balanced force Date
Topic Motion and Laws of Motion

Theme: Balanced Force

Learning Outcomes:

Identify the concept of Balanced force
Concepts

Balanced force
Facts

Not all forces lead to motion

There is no displacement occurs when the forces are equal and opposite
Process SKkills

Experimentation, observation and drawing conclusions
Values, Attitudes

Cooperation, scientific awareness



Prerequisites

Knowledge about the concept - Force

Learning Aids

Appendix

* Video of children moving through the Water Slide

e Figure 3.1, 3.2, 3.3, 3.4 in the textbook

Learning Outcome

Science diary where balanced force is defined

gone to Amusement Parks? Everyone
loves to go to the park, go on the rides
and go on the water slide. Let's watch a
short video showing the cages sliding
down the Water Slide. What is the reason
why children who come from height here
go high again? Do all movements require

force? Let's do an investigation.

Process Evaluation
INTRODUCTORY ACTIVITY
Good Morning, How many of you have Watching the video.

It was suggested that this happens
because students have a strength

Activity -1

Two students push the table with the
same force from the same side. Then both
of them are asked to push the table from
the opposite direction.

Students enthusiastically push the
table. Rabah and Nihal immediately
said we would.

Discussion Points

1) Does an object at rest move when the
resultant force on an object is zero?

2) Can a moving object be brought to
rest by applying such forces?

Consolidation
1) No

2) No

They said, No.
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Displays the chart where the balanced
force is defined. If the total force or
resultant force on an object is zero, the
forces applied are called balanced forces.
Such forces cannot move objects at rest
or bring objects in motion to rest.

Follow up:

Find more examples of balanced forces
and record them in your science diary
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LESSON PLAN NO. 2
PRELIMINARY DETAILS
Name of the Teacher :Athira V. Standard :IX
School : Thiruvangoor HSS Duration :45 Mins
Subject : Physics Date :13/09/2023
Unit : Motion and Laws of Motion
Topic : Unbalanced external force and motion

Theme: Unbalanced external force and motion

Learning Outcomes:
* Understand the concept of unbalanced force

* To explain the resultant effects when an unbalanced force is applied to objects.

Concepts

Unbalanced force

Facts

* Tires of vehicles get low in mud
* The carriage moves when pushed from behind
Process SKkills

Observation and conclusion
Values and attitudes

Scientific awareness and cooperative attitude
Learning Aids

Figure 3.1, 3.2, 3.3, 3.4, 3.5, 3.7 in the textbook
Prerequisites
* Previous knowledge about force

* Knowledge of balanced force
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Learning Outcome

Science diary, which is recorded with observations

Science diary, where unbalanced force is defined

A science diary describing the effects of unbalanced forces.

Process

Evaluation

INTRODUCTORY ACTIVITY
Good Morning all,

In the last class, we learned what is
balanced force? We also learned that in
balanced force, the total force or
resultant force is zero. But what about
cases where the resultant force is not
zero? What will be the force felt there?

Remembered concepts learned in
the last class.

Activity-1

Ask to analyze Table 3.1 in the textbook.
Then ask to complete the discussion
points.

Discussion Points

1) In which cases the resultant force
is not zero?

2) Do objects move in such cases?

Answering

Consolidation
1) Figure 3.1,33,385
2) There is

If the total force or resultant force on an
object is not zero, the forces applied are
called unbalanced forces.

Students repeats.

Activity-2

The activity in the textbook (Figure 3.6)
is explained by displaying a video. A
pulley is attached to each end of a table
and strings tied to both ends of a wooden
block are passed through the pulleys and
similar pegs are hung from their ends. As
weights are placed on the pegs they are
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asked to complete the discussion points.
Discussion Points

Is the force felt on the log balanced or
unbalanced when equal weights are
placed on the log?

In the above cases, does the wooden box
move?

Increase the weight on any of the rafters
attached to the wooden block. Is the force
balanced or unbalanced? Can wooden
block move?

If the weight on the log is gradually
increased, what will be the change in the
velocity of the block?

Can the current direction of motion of
the log be reversed gradually by
increasing the weight on the light weight
log?

Consolidation

1) Balanced force

2) No

3) Unbalanced wood has motion
4) increases

5) Yes

When an unbalanced force is applied to
an object, the object at rest moves and the
direction or speed of the object in motion
changes.

Equilibrium force

No

Unbalanced force, the log moves

Increasing

Yes

Students repeats

Concluding Activity

Figure 3.7 shows a vehicle being pushed
from inside a vehicle. Teacher asked to sit
on a chair and ask to lift the chair by
applying upward force.

Discussion Points
e  What would be the effect of trying to

push the vehicle from inside the
vehicle?

Marva and Salman try to lift the
chair.

Vehicle does not move
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* Is it possible to lift a chair by sitting
on it and applying upward force?

Consolidation
¢ Vehicle does not move

* No

It was thought no.

Internal forces cannot move an object.
For an object to move, an unbalanced
external force must be applied

Follow Up

Find more examples of balanced and
unbalanced forces and record them in
your science diary.

Reflection and Remedies

e Students cooperated well

+ Voice Modulation was good
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LESSON PLAN NO. 3
PRELIMINARY DETAILS
Name of the Teacher :Athira V. Standard :IX
School : Thiruvangoor HSS Duration :45 Mins
Subject : Physics Date :11/09/2023
Unit : Motion and Laws of Motion
Topic : Galileo's observations

Theme: Galileo’s Observations

Learning Outcomes:
* Understanding Galileo's observations.

* Understanding the concept that an unbalanced external force is not necessary to

maintain straight line motion.

Concepts
* An object can easily move along a smooth inclined surface.
* Not all forces can cause motion.
Process Skills

Observation, conclusion and analysis
Values and attitudes

Scientific attitude, Cooperation
Learning Aids

Chair, ICT on Slope experiment
Prerequisites

Children know that not all force can cause motion
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Learning Outcomes

Completed discussion points

Process

Evaluation

INTRODUCTORY ACTIVITY
Good Morning all

Have any of you helped push a car off the
road? What are you doing there? Yes, you
push the car forward, don't you?
Everyone look at this picture. Here
someone is trying to push the vehicle
away from a vehicle? Does the vehicle
move? No? What if it is pushed from
outside the vehicle? OK, let's discuss this
in detailed in today's class.

Nihan recounted the experience of
pushing his car

Activity-1

A student is asked to sit on a chair and
lift the chair without applying force to
the legs.

Discussion index
1. Can the chair be raised?
2. What force is used here?

3. Is it possible to lift the chair when the
force is applied to the leg?

4. Which force is used here?
Consolidation

1. No

2. Internal force

3. There is

4. External force

“Motion is only possible by external
forces”
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Activity -2

Arrange the two smooth surfaces so that
they are equally inclined as shown in the
figure. A ball is rolled from a given
height through a surface A

Discussion Points
1. What happens to the ball?

2. What would be the observed effect if
the slope of this surface were reduced?

3. What is the reason?

Fidal was rolling the ball and
everyone observing it.

Consolidation
1. reaches the same height as at B.
2. reaches the same height as at B.

3. The distance traveled increases as the
slope decreases.

Reached the same height as in B

Slope increases to reach the same
height as at B

Concluding Activity
Makes the slope of A to zero
Discussion Points
1. Does the ball move infinitely?
2. What is the underlying force?
3. What if this force does not exist?
4. What type of motion is this?
Consolidation
1. No
2. Frictional force
3. Ball moves infinitely

4. Uniform motion
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“An object in motion does not require an
unbalanced external force to remain in
straight line motion”

Follow Up.

Find more examples of straight line
motion

Reflection & Remedies
1. Students did all the activities well

2. There was noise.

All students repeat




Name of the Teacher
School

Subject

Unit

Topic

Learning Outcomes:

LESSON PLAN NO. 4
PRELIMINARY DETAILS

: Athira V. Standard
: Thiruvangoor HSS Duration
: Physics Date

: Motion and Laws of Motion

Newton's first law of motion

e Understanding Newton's first law of motion.

* Understanding examples of the first law of motion

Concepts

Newton's first law of motion

Facts

Appendix

IX
:45 Mins

:113/09/2023

An object requires an unbalanced external force to change its state of rest or

state of motion.

Process Skills

Experiment, observe and communicate

Values and attitudes

Scientific attitude, curiosity

Learning Aids

Book
Ball

Toy Car
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Prerequisites:

Know about Galileo's observation
Learning Outcomes

The Completed Science Diary

Process

Evaluation

INTRODUCTORY ACTIVITY
Good Morning all

Don't you like traveling in vehicles?
Which vehicle do you prefer to travel in?
Car, bike? everything is fine? When the
vehicles are moving, what should we do
to stop them? Yes, brake. Why do we have
to put the brakes on and stop them?
Shouldn't we apply accelerator to make
vehicles move faster? Let's find out why.

The students responded well

Activity-1

Inorder to do the work of pushing the
table, teacher call students.

Discussion Points

1) In what condition was the table
initially?

2) Did the table move when both
students applied equal force from
either direction?

3) When the force is exerted on both
ends from the same direction?

4) What type of force was applied?
Consolidation

1) At rest

2) No

3) The table moves

4) Unbalanced external force

Students discuss and complete the
discussion prompt.
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Activity — 2

A student pushes and rolls a ball.

Discussion Points
1) What causes the ball to roll?
2) What was the initial position of ball?

3) Wouldn't the ball remain at rest if the
child had not applied the force?

Consolidation
1) The child used force
2) At rest

3) will continue

Students observe the activity and
complete the discussion points.

Concluding Activity

A toycar moves along a straight line with
constant speed.

Discussion Points:
1) What condition was the car in?
2) What causes the car to stop?

3) If there was no frictional force,
wouldn't the car continue to move
endlessly?

Consolidation
1) State of motion
2) Frictional force

3) Yes

Moving

Frictional force

“The first law of motion states that any
object will remain in its state of rest or
state of motion until an unbalanced
external force is applied on it”
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Follow-up:

Find examples of Newton's first law of
motion and record them in your science
diary.

Reflections and Remedies
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LESSON PLAN NO. §
PRELIMINARY DETAILS
Name of the Teacher :Athira V. Standard :IX
School : Thiruvangoor HSS Duration :45 Mins
Subject : Physics Date :13/09/2023
Unit : Inertia
Topic : Motion and Laws of Motion

Theme: Inertia
Learning Outcomes:

* Recognizes the concept of inertia.
* Identifies situations in everyday life for inertia.
Facts
Every object shows a tendency to remain in its present state.
Concepts
Inertia, static inertia
Process Skill
Experiment, observation and conclusion
Values and attitudes
Cooperation, scientific awareness
Learning Aids
Bottle filled with water, thick paper, smooth paper, beaker, paper, coin
Prerequisites
* Knowledge of first law of motion
* Knowledge of state of rest and state of motion
Learning Outcome

The science diary that defined static inertia
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Process

Evaluation

INTRODUCTORY ACTIVITY
Good Morning,

Have you noticed the carpet at home?
Have you ever noticed that dust separates
from carpets when you sweep them while
cleaning them? Have you ever wondered
why the dust on the carpet changes when
you move it? Let's see.

Activity-1

Doing the activity in the textbook. The
bottle is filled with water and placed on
top of a thick, rough paper and pulled to
one side.

Discussion Points
1) What is observed?

2) Wasn't the bottle stationary before
pulling the paper?

3) Doesn't the top of the bottle tend to
remain stationary when the paper is
pulled?

4) The bottom of the bottle is moving
because of the frictional force
between the paper and the bottle?

Consolidation

1) The bottle falls backwards
2) Yes

3) Yes

4) Yes

Activity-2

The experiment is repeated with smooth
paper

Discussion Points

1) What is observed?

2) In what condition was the bottle
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initially?

3) Is the bottle being in motion along
with the paper?

Consolidation

1) The bottle remains at rest
2) At rest

3) No

Concluding Activity

A piece of paper is placed on top of a
beaker. A coin is placed on top of it. The
paper does a quick pulling action

Discussion Points

1) In what condition was the coin
initially?

2) What is observed

3) Can the coin move along with the
paper?

Consolidation

1) At rest

2) The coin falls into the beaker
3) No

"The tendency of an object at rest to
remain in its state of rest, or the inability
to change its state of rest, is called static
inertia."

Follow Up

Write one more example for static inertia
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LESSON PLAN NO. 6
PRELIMINARY DETAILS
Name of the Teacher : Athira v. Standard
School : Tiravangoor HSS Duration
Subject : Physics Date
Unit : Motion and Laws of Motion
Topic : Momentum

IX
:45 Mins

120/06/2021

Theme: Momentum
Learning outcomes

* Understand the concept of momentum.

* Able to understand the equation for calculating momentum.

* It is possible to find the unit of momentum.

Facts

*  When some objects are thrown against a wall, they bounce off the wall.

* Pits are formed when heavy objects crawl into the sand.
Concepts

Momentum
Process Skills

Observation and conclusion
Values and attitudes

Scientific awareness and cooperative attitude
Learning Aids

Picture of amusement park ride, ball and bowl of sand
Prerequisites

Previous knowledge of speed

Knowledge of units of mass and velocity
Learning Outcome

Science diary where momentum is defined
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Process

Evaluation

INTRODUCTORY ACTIVITY

Good morning, is our school buildings are
of good height? Did you know that
falling from a tall building can be
dangerous? Have you ever wondered why
trauma and danger increase with
height?

Activity — 1

An experiment is carried out by taking
two empty ice cream balls of similar
shape and size and filling one with sand.

Discussion Points:

1) Which of the following balls made a
greater depth in the sand even
though it falls with same speed?

2) Why?
Consolidation

1) Filled with sand

2) Due to increased mass
Activity-2

The experiment is repeated by dropping
the same ball from different heights.

Discussion Points

1) What is the change in the velocity of
the ball hitting the sand due to the
increase in height?

2) What change is observed for the
impact on the sand as the velocity
increases?
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Consolidation
1) increases
2) increases

Momentum is a specific property of
objects in motion. It is measured as the
product of the object's mass and velocity.

Concluding Activity:

The unit of momentum is found by
completing the written equation of
momentum by discussing the worksheet.

Discussion Points:
Momentum = mass x velocity

Unit of momentum = unit of mass x unit
of velocity

Consolidation

Unit of momentum =Kg x m/s
=Kgm/s

Follow-up:

Find instances from everyday life
related to momentum and record them in
your science diary.

Reflection & Remedies:
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CALICUT UNIVERSITY
DEPARTMENT OF EDUCATION
2022

PROBLEM SOLVING ABILITY TEST IN PHYSICS
(English - Final)

Dr. Bindhu CM Athira V

Professor Research Scholar

Instructions

1. This booklet has 14 parts (Part 1 to part 14) 8 pages. Each part has 1 to 3
questions.

2. Each question carries 1 mark.

3. Write answers to all the questions. Circle the correct answer while marking the
answer on the answer sheet. Eg:- If your answer is B then mark as given below.
A C D

4. Answers given by you will be used for research purposes only.

5. Nothing should be written on the question paper.

PART 1

Below are some of the situations in daily life. Circle and mark the number that

seems most unusual among the four facts given as A, B, C, D for each case.

1)

2)

Two children push a table in the same direction with force. Below are the
situations that occurred while pushing. Which of these surprises you?

A. Difficulty pushing the table.

B. The table moves very quickly and effortlessly in the same direction.
C. The floor is scratched when the table moves.

D. The position of the table does not change significantly.

Appu placed a water bottle filled with water on top of Ammu's paper on the table.
Ammu quickly pulls the paper to one side without changing the bottle. Below
are the circumstances that arose. Which of these situations feels different from
what we would normally expect?

A. The edge of the paper is wrinkled.
B. The top of the bottle tilts back and continues the previous position.
C. Half the water from the bottle drips onto the paper.

D. Difficulty picking up paper.
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3) Chandu jumps from the end of the canoe to the shore to get off the canoe; Below
are the instances that occurred while jumping. Which context caught your
attention here?

Chandu quickly reaches the shore.

B. Chandu reaches the shore without treading water.
C. Chandu jumps forward and the canoe moves backwards.
D. A greater force is felt when jumping to land.

PART 2

Some of the situations in daily life are mentioned in the questions below. Each case
contains a core problem. Circle the number and mark which of the four statements
associated with each case best describes the problem.

4) Do you not travel by bus regularly? Don't you fall forward when the bus brakes
suddenly? Which of the following statements best describes the problem here?

A. An object in motion tends to continue in motion.

B. Balance is difficult when the bus is running at high speed.
C. Because the bus is overcrowded

D. As the bus at rest suddenly moves.

5) Rajesh and Ramesh were friends. They used to practice long-jump together. Both
participated in a competition. Rajesh ran a long distance and did a long-jump.
But Ramesh suddenly came running and jumped. After the race, Rajesh won by
a good margin. But Ramesh was far behind. Which of the following statements
best describes the problem?

A. Ramesh found it difficult to jump because he was shorter than Rajesh.
B. Because Rajesh ran further and took advantage of inertia of motion
C. Because Rajesh practiced longer than Ramesh.

D. It was very easy for Rajesh to jump as it was a familiar playground.

6) Driving laden vehicles through passes often leads to accidents. Which of the
following statements best describes the problem?

Loaded vehicles have more mass and therefore greater inertia.

B. Because heavier vehicles try to turn the curve without slowing down.
C. Itis difficult for vehicles to slow down as the altitude increases.
D. Loaded vehicles are difficult to balance.
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PART 3

The following questions represent some situations in daily life. Each case contains a
scientific problem. What you need to do is figure out what are the key factors in this
problem. Find the correct set of prime factors and circle its number.

7

8)

9)

Unni and Kuttan were children of different weights. Taking two empty ice cream
balls of the same size and shape, filling one of them with sand, Unni and the
unfilled Caliball boy go to the nearby beach and climb on top of a rock, both of
them simultaneously throw the balls down to Manila below. A clay-filled ball
made more impact on the sand. Which of the following factors influenced this
event?

i.  Children's weight
ii.  Different weights of balls
iii. The initial velocity acquired by the balls when they are thrown down

iv. The material the ball is made of

A i&ii

B. 1,1 &iii
C. ii&iil
D. ivonly

Achu was spinning the pampara on a flat concrete surface in the yard of his house
when a cat came and jumped on the pampara and the pampara was thrown. What
are the set of key elements in this context?

A. Velocity, acceleration and centripetal force
B. Centripetal force, centripetal force

C. Speed, Velocity, Acceleration

D. Velocity, force, and acceleration of the cat

Ramu and Raju were practicing cricket. Both were good fielders. During
practice, Raju tried to hit a fast ball. Despite catching the ball, Raju's arm hurt
and he had to stop training. But at the same time Ramu pulled the hand back
while catching the ball very skillfully. So what are the main factors associated
with not feeling pain?

A. Time, Cricket, Speed

B. Force, Time, and Momentum
C. Momentum, Force, and Time
D

Velocity, Velocity, and Mass
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PART 4

All of the following contexts contain two relevant and related scientific concepts.
Read the given contexts carefully and find the matching pairs of ideas and circle the
answer and mark them.

10)

1)

12)

As part of a sudden firing in the festival grounds, the elephant burst into flames
and started running away. The elephant ran with one aloft. The elephant could
not kill him because he twisted and ran. Which pair of concepts is most relevant
and related in this context?

A. Mass and velocity
B. Distance and mass
C. Inertia and distance
D. Mass and Inertia

Ammu went to the shop to buy glasses with Grandpa and was surprised to find
glassware stacked in packets filled with sponges, straws, etc. She owes it to her
grandfather. Grandpa said it was to avoid the pots bumping and breaking in a
hurry. Which pair of concepts are most relevant and related to each other in this
context?

A. Time and force
B. Mass and force
C. Time and mass
D. Mass and Inertia

As part of a classroom experiment, children pass a long string through a straw
and tie it to two windows in the classroom. An inflated balloon is attached to a
straw. When the balloon is deflated, the balloon moves violently in the opposite
direction to the direction of the outflow. Which pair of ideas are most relevant
and related here?

A. Impact and action
B. Action and Reactivity
C. Passion and trauma
D. Motion and Impact
PART 5

Find and mark the conditions similar to the following scientific phenomena

13)

Inertia is the inability of an object to change itself to either its state of rest or
state of motion. Which of the following conditions is similar to this
phenomenon?

A. A person jumps ashore from a canoe on the surface of the water.

B. A sprinting athlete cannot stop running once he reaches the finish line.
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14)

15)

C. Passengers on a moving bus feel the trees outside move

D. A person running very fast reaches the finishing point earlier than a person
running slowly.

If the momentum difference is constant then the force felt by the object is
inversely proportional to the time it takes to exert it. Which of the following is
similar to this principle?

A. A practitioner breaks hard bricks by swinging his hand very quickly.
B. Two children pull a brick together and throw it from top to bottom.
C. A woodcutter cuts wood with an axe.

D. A man tries to break the stone with an axe.

'Every action has an equal and opposite reaction.' This is Newton's third law of
motion. Which of the following conditions is similar to this phenomenon?

A. The children paddle through the raft with their hands.
B. The raft is loose and the raft sways.
C. More than one child gets on the raft.
D. Pulling the end rope on the raft.
PART 6

Each question below contains more than one scientifically proven statement.
Determine which hypothesis you can reach based on those statements alone and circle
the number opposite the correct hypothesis.

16)

17)

Note the three statements in this paragraph

(1) When a boy jumps from a canoe to the shore, the canoe moves to the side
of the river.

(i1)) When the gun is fired the bullet moves forward and the gun recoils.

(iii)) The rocket moves forward as high pressure gas escapes from the rocket's
chambers.

What conclusions can we reach based on these statements alone?
A. An action has an equal reaction.

B. An action has a reaction in the opposite direction.

C. An action has a reaction.

D. A direction is associated with each activity.

Note the three sentences in this paragraph

(i) Heavy laden vehicles turning curves without slowing down lead to
accidents.

(i) Rolling a barrel full of tar is more difficult than rolling an empty tar barrel.
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(iii)) When two stones of different weights are rolled simultaneously, the lighter
stone keeps rolling and the heavier stone stops suddenly.

What can we conclude based on these sentences alone?

A. As mass of an object increases, inertia decreases.

B. Mass and inertia of an object are unrelated.

C. The greater the mass of an object, the greater the inertia.

D. Inertia remains the same no matter how much mass an object has.

Note the three statements in this paragraph

(1) The mango falls off when the horn starts to move when it is shaken.

(i) A person alighting from a running bus has to run a little further.

(iii) After the race the athlete runs some distance beyond the finishing point.
Based on these statements alone we can conclude that

A. An object has no ability to change its state of rest or state of motion by
itself.

B. Friction also slows down the motion of an object on a surface

a

Objects with greater mass increase in momentum.

D. Objects moving in the same direction must continue to move for a certain
amount of time.

PART 7

All of the following cases contain a scientific problem. After understanding this
problem circle the number that gives a logical justification for it.

19)

20)

A long-jump athlete jumps from a long distance rather than jumping from one
place. What could be the reason for this?

A. There will be a correlation between the distance the athlete runs and the
long jump finishing point

B. There will be a relationship between the speed at which the athlete runs and
the amount of muscle power the athlete exerts.

C. There will be a relationship between the speed at which the athlete runs and
the amount of muscle power the athlete exerts

D. A runner may be able to balance and long jump well.

A man is getting out of a moving bus, to avoid falling he runs a short distance in
the direction of the bus and then walks away without difficulty. What is the
reason why the person who got off the bus ran forward a little distance?

A. It may be to gradually reduce the inertia of one's own body which remains
in motion.

B. May be to gradually reduce the static inertia of one's own body which
remains at rest.
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C. To make the velocity of the person at rest equal to that of the bus.
D. The rider's body is stationary relative to the floor and may help stabilize
running.

21) Throws heavy objects very quickly and moves the hand back slightly when
catching it. What is the reason for moving the hand like this?

A. Adding time to the momentum difference may be necessary to reduce the
impact.

B. The velocity of the hand may be aligned with the object.

C. Hand-to-object contact may be necessary to reduce impact

D. The rate of change may be increased to reduce impact.

PART 8

A, B, C and D are statements that could be justified for the scientific problem
presented in each of the following questions. Mark the hypothesis (hypothesis) that is
most logical and can be proved by a simple experiment.

22) When children run and play in the field, a fat man finds it difficult to stop and
start running quickly. To understand why, we need to understand the relationship
between mass and inertia. Which of the following hypotheses can be used to
prove this by a simple experiment?

A. If spheres of different masses are rolled across a smooth floor at the same
speed, the sphere with greater mass will roll longer.

B. Spheres of different masses have a center of gravity of greater mass.

C. If spheres of different masses roll in vacuum, the sphere with greater mass
will roll longer.

D. If spheres of different masses are given escape velocities, all spheres will
reach vacuum.

23) The following are the logical statements made by the students of class 8 when a
teacher explained rotation. Which of these can be proved by a simple
experiment?

A. When the planets lose their centripetal force as they revolve around the
Earth, the planets slide out in a series of circular motions.

B. Centripetal force and centripetal acceleration are felt toward the center
when a string is rotated with a stone tied at the end. A sudden release of the
string causes the stone to fly out.

C. When a pebble is thrown at the wheels of a moving car, the car loses
momentum and overturns.

D. Centripetal force and centripetal acceleration are felt towards the center of
a giant wheel as it rotates from vacuum.
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Velocity and Momentum are related. As velocity increases, momentum
increases. To understand this, which of the following hypotheses can be proved
by conducting a simple experiment.

A. Two balls of the same mass are dropped from different heights into a bed
of sand. Throwing from a higher height causes more impact.

B. When two balls of the same mass fall from vacuum with different initial
velocities, they both fall at the same time.

C. If spheres of the same mass are given different escape velocities, all spheres
will reach vacuum at the same time.

D. When two persons of the same age jump into a river from different heights,
the person who jumped from higher reaches the bottom.

PART 9

There can be more than one factor influencing a scientific process. Understand the
influence on such critical factors and mark the correct answer.

25)

26)

27)

Momentum is a characteristic property of objects in motion. It is the product of
mass and velocity. To understand the relationship between these two iron spheres
of similar shape and weight are taken. After filling a flat bowl with wet sand, the
spheres are dropped from the same height into the sand. What factors do we hold
constant in this experiment?

A. Weight of object, shape and time of experiment

B. The surface on which the experiment is performed, the initial velocity of
the object, the shape of the object

C. Weight of the object, shape of the object, and initial velocity.

D. The time the object rests, the surface on which the test is performed, and
the weight of the object.

Inertia is the tendency of an object to continue its motion until an unbalanced
external force is applied to it. In an experiment that demonstrates this, a large
rock and a ball are rolled together on a level surface. Here the ball keeps moving.
The rock reaches rest after moving a short distance. What are the factors that are
kept constant in this experiment?

A. Mass and velocity of the object

B. The substance of which the object is made, mass
C. Velocity of object, rolling surface

D. Object shape and weight

Anu and his friends tried to make an Ola Pambaram as part of learning about
Varthula movement in class. As they ran faster in the wind, the palm began to
spin faster. The spinning wheel stops spinning when it touches the path. What
factors are held constant in this experiment?

A. Availability of wind blowing thatch.
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B. Acceleration
C. Centripetal acceleration, centripetal velocity
D. Speed, velocity

PART 10

Circle and mark the answer number that you can be sure is correct in the light of the
scientific truths and principles we know.

28)

29)

30)

The children were making a raft and traveling across the river. About six children
were rowing the raft. Because there was a favorable current in the direction they
were traveling, the speed of the raft increased. Suddenly the kids felt like
stopping the raft. Which of the following is most effective in slowing down the
raft?

A. All 6 keep their oars in the water and resist the forward course of the raft.
B. All 6 row in opposite direction.

C. The front three keep the oars in the water to resist the forward course of the
raft and the back three row in the opposite direction.

D. The three men in front row in the opposite direction, and the two men
behind hold the oars to prevent the forward course of the boat.

We know that mass and inertia are related. Stones of different masses are
dropped from the top of a 15-story flat to see if the relationship between them is
the same everywhere and if any factors affect it. Which of the following will
happen?

A. Both stones fall down together.

B. A stone with greater mass falls quickly.

C. A stone with greater mass takes longer to fall.
D. A stone with less mass takes longer to fall.

Momentum is a unique property of moving objects. In an experiment to
understand this, two rocks of different masses are dropped from the same height
onto the ground. Looking at the impact the rock fragments made on the soil. A
denser rock causes more impact. Here, instead of rock pieces of different mass,
what happens if the same mass is dropped from different heights instead of from
the same height?

A. The impact of both rock pieces on the soil will be equal.

B. Arock dropped from a greater height produces more impact.
C. Arock dropped from a lower height produces more impact.
D

There is no difference in impact when mass is equalized.
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PART 11

Analyze the pictures alone for each question and mark the answers to the question.

31) Which of the following graphs indicates convection?

A. B-“ C"‘

»
»

Time Time

»
»
>

A

Velocity
Velocity
Velocity

Velocity

v

v

v

Time Time

32) Which is the correct time-position graph based on the figure below?

0Os 2s {s 6_s 8.s 10_s
A B C D E F
Sm 20m 26m 44m 50m
A. A B. a C.a D.a
= = = =
.E .e .8 .8
c S o o
~ [ \ = =
Time Time Time Time

33) Analyze the graph given below and find the correct table.

Y
25+
20+
N
2 15
Q
2
S«
54 |
Al D
o T T T X
2 4 6 8 10
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A | Time 01214 ]6|8|10|B/|Time 0(2(4(6|8|10

C | Time 02|46 |8 |10|D| Time 0/2|4(6|8]10

Velocity | 10 | 10 | 10 | 10 | 10 | 10 Velocity |4 |4 (4|4 |4 4

Velocity [ O | 0O | O | 0| 0| O Velocity [ 8 [ 8 | 8|8 |8 | 8

PART 12

In each of the following questions a scientific statement is given To check whether the
statement is true choose the most inappropriate experiment and circle the number.

34) Momentum is a characteristic property of objects in motion. It is measured as
the product of the object's mass and velocity. Which of the following is the most
appropriate test to test whether this statement is true?

35)

36)

A.

B.

C.
D.

Fill a flat bowl with wet sand and drop balls of different weights into the
sand at equal speeds. Look at the depth of the sand.

Throw iron balls of different masses against a stone wall and measure the
distance the ball bounces.

Sketching the graph of velocity and mass.

By dropping iron balls of different mass on a mound of earth and measuring
the depth of the hole formed.

Every object remains in its state of rest or linear equilibrium until an unbalanced
external force is applied. Which of the following is the most appropriate test to
determine if this law is correct?

A.

B.

C.

D.

A glass is placed on a rough surface of cardboard. The hardboard moves
quickly to one side.

A glass filled with water on a rough surface of cardboard. Pulling the
cardboard.

After spreading a carpet full of soil, it is stood upright and tapped with a
stick.

Carrom coins are stacked and struck by the bottom coin striker.

The inertia of an object depends on its mass. As mass increases, so does inertia.
Which of the following is the most suitable experimental procedure to test
whether this statement is true?

A.

B.

a

Hitting a stationary cricket ball and an iron ball with a cricket bat and seeing
its distance after it bounces.

Throw a cricket ball and an iron ball together and see which comes to rest
more quickly.

Roll two balls of different mass along a level road and observe their motion.

Draw a time-velocity graph based on the motion of the two objects.
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PART 13

The information found during the experiment is given in each of the questions below.
Using this information, find the correct guess and circle its number.

37)

38)

o nw

39)

In an experiment in which two spheres of different masses hit the sand at equal
speeds, the sphere with greater mass made a greater depression in the sand.
Which of the following inferences is true from the given information?

A. Momentum is a vector quantity and is felt in the opposite direction of
velocity.

B. Momentum is a unique property of objects in motion. It is the product of
the object's mass and velocity.

C. Momentum is a unique property of objects in motion. It is an scalar
quantity.

D. Acham feels in the opposite direction of velocity.

A child inflates a balloon and releases the air. Here the balloon moves in the
opposite direction to the air escaping from the inside of the balloon. Force is
created when the air is forced out. This is a function and the motion of the balloon
is areciprocal function. Which of the following inferences is true from the given
information?

Action and reaction are equal in every way
The action cancels the reaction.

Action and reaction are equal and opposite.
Any action has an equal and opposite reaction.

The forces applied and the total force felt in different cases are given in the table
below. Which of the following assumptions is correct?

Total force(IN)

Context Fi(N) | Fo(N) Resultant force

The same force is applied in the same direction. | 50 50 100

The same force is applied in different direction. | 50 50 0

Applying different forces in different direction | 80 40 40

Applying the same force in different direction 120 120 |0

If the resultant force is zero, it is an equilibrium force.
The resultant force of the unbalanced force is zero.

The equilibrium force can move the object.

o nw

Balancing force is needed to bring a moving object to rest
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PART 14

There is more than one similar case in each question below. Understand these contexts
carefully and arrive at proper generalizations.

40) o

An overloaded bus lost its balance while turning a curve without slowing
down and the accident occurred.

A boy rolls a barrel full of tar with great difficulty. But the empty tarveepa
rolled quite easily.

When the elephant came to stab Ramu, the elephant turned around and ran,
unable to stab Ramu.

What generalities can be drawn from these cases about the relationship between
mass and inertia?

A.

B.
C.
D

41) o

It is difficult to carry an object with greater mass. Its inertia is low.
An object with greater inertia will have less mass.

Inertia increases as the mass of an object increases.

As the mass of an object increases, inertia decreases.

Children are made sure to wear seat belts while riding the rotating wheel in
amusement parks.

When the wind supply decreased during the rotation of the varnapambar, the
direction and speed of the movement changed.

A stone is tied to a rope and spun.

What general principle about rotation is arrived at from these cases?

A.

B.

e

42) o

An object in circular motion experiences a force towards the center of the
circle.

An object in circular motion experiences a force outward from the center
of the circle.

A rotating object experiences no acceleration.

A rotating object has no direction.
Unni watches in wonder as a grandpa paddles a canoe across the river.
When the bullet is fired from the gun, the gun feels recoil.

When Ram jumps from the boat to the shore, the boat moves backwards.

What general principle is arrived at from these cases?

A.

B.
C.
D

Every action has a reaction
Every action has an equal and opposite reaction
Any action has an equal reaction.

Eliminates reaction to any activity.
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PROBLEM SOLVING ABILITY TEST IN PHYSICS

Name of Student :

RESPONSE SHEET

Name of SChoOl & .......oiiiiiee e, Agel i

Gender : Boy/Girl
Type of Management: Govt./Aided/Unaided

Locale: Urban/Rural

SL SL
No. A B C D No. C D
1. 22.
2. 23.
3. 24.
4. 25.
3. 26.
6. 27.
7. 28.
8. 29.
9. 30.
10. 31
I1. 32.
12. 33.
13. 34.
14. 35.
15. 36.
16. 37.
17. 38.
18. 39.
19. 40.
20. 41.
21. 42.
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PROBLEM SOLVING ABILITY TEST IN PHYSICS

Name of Student :

SCORING KEY

Name of SChool & .......cooiiiii e, AZe: i,

Gender : Boy/Girl
Type of Management: Govt./Aided/Unaided

Locale: Urban/Rural

SI. SI.
No. A ¢ D No. ¢ D
1. 22.

2. 23.

3. C 24,

4. A 25. C
5. 26. C
6. A 217. C
7. C 28.

8. 29.

9. 30.

10. D 31 C
11. D 32.

12. 33.

13. 34,

14. A 35. C
15. A 36.

16. A 37.

17. C 38. C
18. A 39.

19. A 40. C
20. A 41.

21. A 42.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
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TEST I VERBAL ANOLOGY
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TEST II VERBAL CLASSIFICATION
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932a006Mo:
1.A . mWo, B.og®y

C.agalal, D.&

oml@d A, C, D agyamial ailailw @ailé:e8 @06mlesan. B (a8@y) @aile:slad 9u3eqlsanmmel,

@RDEGHINE YOOl HOMWO. ‘B’ @ryermy’

A B C
1. A @RWYIIRHD B.@jladavlejoud C.ailzydmal D.&Joanavad
2. A ey B.allmomo C.ooavanlud D.eenadl
3. A. MsaBd B.aflooilos3os C.nlames D.a10gd
4. A. Qoo B.ai®woo C.@leso6mo D.avag=o
5. A, quomaeye B.a1ndruae C.algenad D.ooqimo
6. A WP B.#sleein®oo C.ollgad D.&ilag@d
7. A qv@owomo B.woenyo C.wymo D.mlvaielo
8. A. Monilwowe:d B.msd C.mogﬁaomoﬁ D.@JoavoUilead
9. A. dlaiove B.&p16m@ C.m20M00 D.anyg
10.  A. &ild@d B.aneal C.oo0@3 D.ano
11.  A. moal B.oepy’ C.alef D.gssy
12. A ewoomi B.ooudl C.omel D.c1od
13.  A.atomi B.@lailenels C.@noem D.eomn
14. A ®acimdailod B.&s C.0a10108" D.ayoadanay
15.  A.moqal B.ogoal C.oomerd’ D.caonesy
16. A.moeB B.@gajlud C.od906] D.omaalesasd
17.  A.ealqil B.ailo@3d C.ood D.&0@3
18.  A.coo9l B.anys’ C.alw D.»oso
19. A 80adlay’ B.ails’ C.entogoal D.&sl@d
20. A. mo’l@”lqd@;o@ B.#0go903 C.oali0lmoal D.cu3ola9od
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TEST III NUMERICAL REASONING

@Y HHISOMIABIHBM 6 Ga136BREI03 560 MVEUE:U3 63060 (GHNOMITI 6)dHISOMIBH3.
B af)EMIOMQo Allgidlessan. @aee A, B, C, D ag)aml @aomilad moel oomosaBRud
£ HISOMIAEBOM. HAIWVIES WMo VOBIYAM Do HEENBOTN @PSVWIBHA|SOD .
9B2a006Mo: 1,2, 4,6, .......... ,10

A5, Bs, Cr, D11

A B C

1. 4,9,16,25,36, ..oooveeee.

A 39 B47 C49 D59
2. 25,24,22, 19, ..., 10

Al5 B16 C17 D14
3 6,8, ......, 20, 36

Al5 B.14 C16 D12
4. 2,6,12,20, 30, ...............

A42 B46 C40 D236
5 3,3,6,18, e,

A68 B33 C.72 D29
6 2,2,4,6, ... 10

AT B5 C38 D9

7 @ 10 AUHOWRSB G21068y68Bal0d B306EIMMIEl A, B, C, D agarilsmseom moey
MVoalidU8 MAMIGENE. @RI BT MVoaly AQ YAV MVANDHEBIGe CWILHILNIOD
MITBEBM0. @RGY a@O@ATY H6MBalSla] OOMOHHSLINIVIGE ERSWIBH A ISTD E:.

9B322006Mo:
Al B3, Cs, D7

O®l@d A,B,D agamilal 8Q quoalydhes ayailailosan. of)ano@d ‘C’ 89 quoaleal.
@RDEH IR DOTMOo ‘C’ WIG:AT.

A B C

7. A1, Bs, C25, D75

8. A3, B4, Cr, Do
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9. Al12, B24, C35, D48

10. A150, B3s, Ci12, D4

11 @@ 20 AUPOWSBS E210BYEREI08 YAV MVoed:U8 Qllmo MAMIGENE. MILIATD Vo6
MIBBUB  af) EEMEMBMIGT. @AVIAISBAN PAO  TVoONDSIT  @RYBIOO Q6N TV D3
®leJ88 MIMLe AMQJILINSE] GANIAHO TVoAIEWIS’ ¢RILHBAN Tuoaly A,B,C,D agaml
HOOWIT  HBISOMIAISBAN  MVoUEI@8 Mo H@OREVMSOV) DO HHSLIITVIGI
@RSWIRRA|STDH.

033a006Mo: 1: 2 : 120 .

As, B4, Ci, D5

SalHa3 MHEZIWM M. @GR EMElHF MOJIWIEM MILT, BRME:IENE DOMOo

‘B’@o6m.

A B C

11. 3:5::11 ...

A12, Bi3, Ci4, Di5
12. 5:25 113 1 v

As, B12, Cis5, D9
13. 1:6::7 e

A12, Bi3, Ci1, D14
14. 10:20::18 : ...

A26, B36, C46, D32
15. 4:5::8

As, B, Cs, D9
16. 1272 ::6 ¢ e

A58, B3s, C46, D52
17. 12:4::24: ...

As, Bio, Cs, D12
18. 28 22 ::46 : ............

A40, B3s, C42, D29
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19. 49 :7 ::4 1 ...
Al6, BS, C2, D12
20. 48 : 8 ::18 : ............

A8, B4, C2, D3

TEST IV VERBAL REASONING

O afledomle)88 30600 6a1d3yERWeR. A, B, C, D a)an @nomlad moejailmo
OOMO633U3 a@;og@mﬂgmf GaloBl AIWIVI AWl aMALNGS] VRIVWIVW DO
DOMOBHSEIINVIG3 BRSWIBE ST H:.

9392006Moe  eilmgallm’ avlawaillemendud algmoe @smeneam. asmalla)’ mimallemoniud
QIgRo G001061. ME@JNIMoe MVMLIYe DENAIINAIGTIBBG). af)aNIG3 AIGITI @RYBHHIETY
aBQ0)e Qle[Ro g™ ©3?

A ;e B.enilaz C.avloy D.aroawy

snilmallmasmegio AOQEI10QIBEEHITo QIR LG, BRDHH:6TE DOMAo ‘B’ ag)any’

BRSWIBE SO .
A B C
1. @a afla]alleme9d6d MAMIWV] aldge. EBAINY HEREMIBo al0S0MB BHAWIEL. demm

@0 |QlleMEHOU3 105008 B¥lQo af)IMIME MAIGIES BRI MAMOW] a FAMN®Y?
A.@0q] B. énemad C.aflo] D.ezaiad

2. @O0 OOEWHENIUE  allamlenem’ mMSesaN©). oa6Ml  EACVWSNIUWB  alflamigle
@IDBMHHIWB  AMMlejmdem’ MSHSBMD@. D)  ELMICVHEHIWE  AMBallelery’
MSABINO. )BT aBQ0Jo aJOBKIT3 MSHBINO) @RHOIGM?

A.00003 B. emem C.om D.oemy

3. @PRW allozlemaniud ¢Roell alQo. @REWIG. @RI, 2Rl 6 aIYMDI©3
@eIEeM. 0llRW GREWIGIENHENIWE MAMIW] GRIell HalQo. MOIGITE oBQQje
&HFO@3 2RI 6 21QM®IQ?

A .@RGUWIS B. @relon C.allzo D.@reRw’

4. 2y BONCWIBo MOMo HalQiel. Flaly EAEVWHNIWB MMMIV] POMo ealQo. All3y
Alanewenduwd POMODIGE  ASESIWIE. )@@ DAIGILINEET DO OHIC3
ollgailges?

A dlay B. cayy C.omy D.ailay

5. Glaidlng @IMIEM GRa0MOMG AMM af)@l@d Glaldo GRMIAOMMe Mmile)8s

NITWEDANIET?

Aooad B. 10Ga023003 C.@RMamMAIN3 D.s)oa)o%!aa)oﬁ



10.

11.

12.

13.

14.
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Oanlallay AMIGIEMENIB BHILQEE. oHUAIGIT YWICIEMENIWB &g  SHOQIIET).
mWloly” 0adleslemIBe &g WBMIVILL.  MAIGITE @RAHHIM  &IE aBQ0Jo
SSO@3?

A anywlolay B. auoilolay C.oanlailay D.gmlolay

Q63 Gal@ GaldaM alo® FlQITVo HEI6ME B@3 ¢eRoell 921Q OIBTD. af)Es103 B30I
B@ BlaIMo H@HINE af)(@ GRILI 621N HYIQo?

A1l/2 B.1/5 Ci/10 Di/20

BT HAUSHWI 4] Aaf)M MOLITD MMM B ag)am uOLIHOEmE™MIM af)SABOM TV
2 0lwg. of)MIT3 5 OAISIHWILHUWB A ap)m quoeigm mlamwe B agam
MUOLIHOCHOMIMS af)(@ TVAVWHASHE30?

A 10 ol B.2 ol C4 ol D5 oil

aHAAIBQ MILICENIUB (@JIWo MOAIIEI. MEAMo MMBRo DI (@JIVANIMBSB).
MWlaHly MBEYENIWB  @JIWo  &OANEM. MWlaHUHIT HBANBEWHHNIWT (@JIWo
SSOLIEM. M0e1Q MYWlaHIEMIBe @JIWo EL.  af)MIMT aBQ0Jo BSM@ @JIWo
@RYBHHIGM?

A oyWladd B. moe! C.aud0llg D.&e103

8@ 6568XEINRI a0lusWInd MITdHBMM &b{ém”lael SGDHBOS af)fiRo 70 @RYGH.
@RMIG3 GRIAOMHZ MuNLl RMENHNZ @RSO® WMo 54 -DCOMHMINEM ;T3 @AY
aJODI@3 af)(@ Gal@3 B:061M0?

A5 B. 16 C17 D.1s
DOES SISO AUSHHINEMESIT AUSHE BH1PES af) MIV|BIH630?
A a1Sleomod”  B. 6®E83alSleomod C.a19863a1S160mo0’ D.omas

A, B @es a&miem. B @o C Qo (0ea023a@la:826m. D, C @es @aromo. E, D @es
DHMAIE. af)MNIT3 @IHY o I0QYMNAIDITS aG@I6T Y0@1?

A AQHeSs GRIMQOS TVE0IBAIWIeM E

B. C @o E Qo 006a09Ba@IT0Ea0030MmI0I61
C. C, AQ6S @GRIm®IEM@R

D. Ao EQo q0Ea0230mMI061).

8@ HNTDee! HMILILNGEHBOS af)siRo 80 @RYG:MD. GRMIM3 1/4 GalB@HE &*HIQ1/2
Bal@d6) APSQo 1/10 GalBdE B0Qo QLSQAETE. af)MIB af)(@ GalBHNIEM &HIEOI
aQPSE0I MEIODD)?

A2 B. 32 C30 D28

51 Gal®88 @ KHOT1G3 @aIlelN21-0060m 038,06, G:Q0j BSANLIHO 08-S
&SIIE3  MWIMoo  HEMENIGBEMUIWE  @RAIENIM  af)@I2O@® 0080 @O0
O6NZ00 ) ?

A2 B.30 C31 D35
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15.

16.

17.

18.

19.

20.

80203 ‘X’ af)0N UORITH MIMMo 4 OONDI @:1@(80690% MSa MSEOMIT @IG16100)
aflege 5 ©OOE3 MM allengo MSEOMIT IGIENY 2 HORGE MSMMo. af)E:1T3 ERWIUS
DG ]0U8 MSHBM GV ®)?

A .Qiso B. alsleomoo’ C.al006) D.oomas

F, AQ®s mwean030moem. C, A @es adhgoem. K, F 603 10ea023a8lwoem. G,C @es
LEANIBOMIGM. MDIT3 @Y G QYOS @REMINING?

AF B.C CK D.A

aflmallemendoud oeng AUVLSS ool allcallemendiud ©eng nSees’ @ JOWeNE.
QMG IGBOSQo AUV @3l 19 &lo. af)eslTd Zlmallond AR o) @?

As B.3 C9 Dio

8@ mocalel eauooled gamleiss nﬂaéO_ﬂ(O"a WABABM X af) M@IGEIHAG TuN0Mo
Q@3 Moo 22::006OMDo  aflMI@d  MIMoe  28::00CGOHDAINEMEHITI @Y B>
(ﬁ)éaﬂet;gg ARBHAOS af)sINOAD?

A 48 B. 52 C50 D54

A @'Y c0enud Mlge &s@melnsem. B @ X aMéd9oud Mige &:00106m. X (oo Y Qo
o@ely MIgnImMmss®. Z M A GUEHIWB MIBo BSOMEIE. af)@l@d aBQ0je MI8o
B30QBHE?

AX B.Y CA DB

WPAIDMG  @R2IMIEM  TVIRWVINMP ANKOMBIC3 V0PN MVIRYo  OIRISS
ENIMLOHNAT)?

Aooad B. mﬁao%m(ﬂma C.avGa023003 D.@omamnoaiand
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TEST V VERBAL REASONING

DD QllRIVOMIIEIBS 621034REIE3 306EOMIE)e af)®OMo aflel @JAPIAUMB:UB OB:0SOTIGENE.
DAl (BRLIAYAYe QW] BRI @INY  HBHISOMIAIHBAN  GaldBYEBRUIHH DO
&0moma. A, B, C, D afan] @n0mI@3 ML) DOmMEBU3 6@ISOMIGIEsMD. (@] 9OmM@s
HHOENEO0)] HOMOEHSLIINVIGE @RSWIBE ST H:.

9320006Mo: TVMHUIHMG o J@@IEET AQo BQo, oJ@Imoooem’ CQo DQo. voyoaQes
DHO86M X0 Y Qo. 6MIHHB 089800 EQo Foo 8@ Hmimlofiad eorllasaiodsr.
Ao Do ailanaclmeism. X aflanede eai@lalesmoy C &Q. F, ailanao.
02IQlAlesM@ A 0o @M. AEMIHMo oA MG MVEANIBAITVEANIB
ENINWLAETY).

1. X 90 E @o monlleigs sninweanan)?
A. @R alMo DHMo
B. 00620236l00Ea0030mMIA3
C. MEa0230INVEA0IBEMIMHS NSHUZ

D. 0&8o @r2)Mo

A B C

I a8@ allgloel moel @r.vesgosm W, X, Y, Z enaidled W,X,Y ail3ioeiauassaloden.
W, Y,Z avoyavaw@e Y,Z ag)anlaid cRoeil@asamada:m. W, X, Z af)anlaidas’
alln@ajaens.

1. @yA@8HEM  all31EY0Me,  AVOINVIWD o)W DEMEBSBBDo  af)MNIMB
cRoeiluflenom®o?
AW BX CY DZ

2. 62R0eilQo afl3yEPAVAJe TVBTVAWM Qo DBBMIGHHIE?
AW BX CY DZ

3. @RHYABHHNIEM GRILIQoe TVETLAWMQYABBDo af)aNIMS QllBYERY VAL Do?
AW BX CY DZ

4. aflayePaLale AlMAOe 9eMEBIIE TV@ITVAWM Qo CRILIQ. SDEINOT @R)ABHE)?
AW BX CY DZ

5. MUORTVAWD Qo ¢2R0LiQ0 allmwaje 26MRWISe AllaJEPAVAIGIOCM®IBLHIE?
AW BX CY DZ

IL. Blamwlm’ A, B ag)am] o J@120@o C af)M aJ@MA6NE. WA P, Q af)am aJ@mI@o

R ag)an aJ@lQaenE. P Qo C Qo allainadl®moism. M 9o N 9o GRAIMHS aJ@MIT3o
6IOIDINMG aJ@B S, aJ@ T @aem. T allanede H:$lajldlesmmo B /@ @raimes
aJ@120006M'D Qo E Qo aJ@3 G.
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10.

I1I.

11.

12.

13.

14.

15.

Iv.

16.

17.

18.

Q ally’ N 2088 snInwenamIem?

A.@nojm B.pomajad C.@pomonimd D.aJ@d

dlemnuom E @aoQas sninuenamasm?

A. pomajad B. @pomoaiad C. @203 D.aJ@d

M 'R emosgas eniaweaamaem?

A. @oon B. 0603 C. @apmanileqiud D.@ronowi

B @' G 60ag88 snINLeHnamIem?

A. 0503 B. @oom C. @i D.@armanileqiud
E @'S 6mogss8 sninwenamaem?

A. Gal0seISOOT B. @aoomoaicd  C. (ueanB@la@] D.@r )03

5PQ8 =52 +8=25+8 =33 @O0

4PQ4 =7

A.16 B. 20 C.24 D. 12
4PQ1 =7

A.17 B. 12 C.8 D.9
5PQ5 =7

A.20 B. 30 C.15 D. 25
6PQ ? =108

A.72 B. 82 C.52 D. 42
7PQ 9 =109

A.50 B. 25 C.20 D. 10

agm aflgleel @d @r.cwersdem U, VW X)Y,Z oaclod 60008 «Qaueemioud
SN0 DHQIVIW BV HElENI0Mo,  MMIQRONIVIWB  BlHO]
HElono0M026am.  @RAINIOIMGHEIW U Qo X 9o 3@ »aSlWleje al@sasarial.
8Q (T&})ﬂcﬂ)%o 2QAEENINUE B&lfleeld @looqg dalwleeld agdoalsarlel. saIGlGd Bm
aflaneo  eRosloflpel c@BoMIAeM Z. Weoad aueanddomi® V 8@ 6alqy

HEHHO0EMI  Blong  HElHHO0EMI  @RAL. Y, Ves @ga00mo
@magaagms)oomom“.

@RI aQAUBENIIUE HElEH0003?

AX B.U CY D.Z
@RYEIM &) 2l dhailae201?

AU B.V CwW D. X

@RI Z 603 @247



19.

20.

AW B.V CU
@R®LJN6Y (Ul u3?

AUXV B.VYX CXZY
@RYHOLIONIEM o J@BaHMIQ?

AXUY B. UXV CVYZ

D.Y

D. UXW

D. WXZ
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Appendix XIV

Department of Education

University of Calicut

VERBAL GROUP TEST OF INTELLIGENCE

RESPONSE SHEET
NAME: .o Class: .......... Ageliiiiiiiien,
SchoOl:....ciiiieeiieeieeeee e, Govt./Aided................. Division:.......cccccvveennen.
Boy/Girl..........cccuuee.....
Answers Answers Answers Answers Answers

S(IJ Test | S(IJ Test |l S(I) Test llI S(I) Test IV S(IJ TestV

A|B|C|D A|B|C|D AlB|C|D A|B|C|D A|B|C|D
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
5 5 5 5 5
6 6 6 6 6
7 7 7 7 7
8 8 8 8 8
9 9 9 9 9
10 10 10 10 10
1 1 11 11 1
12 12 12 12 12
13 13 13 13 13
14 14 14 14 14
15 15 15 15 15
16 16 16 16 16
17 17 17 17 17
18 18 18 18 18
19 19 19 19 19
20 20 20 20 20




Appendix XV
SOCIO ECONOMIC STATUS SCALE

2018
Vineetha Prakash Dr. Bindhu C.M
Research Scholar Professor
School of Pedagogical Sciences Dept. of Education
Kannur University University of Calicut
INSTRUCTIONS

Given below are certain facts related with your family. Read them carefully
and record your responses using a tick mark in the relevant place. Be careful in
expressing your response to all facts separately. Your responses are meant for research

purposes and will be kept confidential.

SOCIO ECONOMIC STATUS OF THE FAMILY

1. Educational qualification of father

Professional [] Master Degree []
University graduate [] Semi Professional L]
Higher Secondary [] Secondary []
Primary [] Illiterate []

2. Educational qualification of mother
Professional Master Degree

University graduate Semi Professional

Ooon
Ooon

Higher Secondary Secondary
Primary Illiterate

3. Occupation of father
Central [] State []
Public Undertaking [] Owner of a company L]
Self-employed [] Farmer []
Skilled labor [] Unskilled labor []
Unemployed []
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4. Occupation of mother

Central [] State []
Public Undertaking [] Owner of a company []
Self-employed [] Farmer []
Skilled labor [] Unskilled labor []
Unemployed []

5. The valuables or house hold items in my house

Four-wheeler [] Bike/Scooter []
Washing Machine [] Refrigerator []
Credit Card [] Telephone []
Mobile Phone [] Cable Connection []
T.V [] Electricity []

6. Do you possess any buildings or shops etc. apart from the house in which you
are staying?

Yes [] No []
7. How many earning members are there in your family?
More than four [] Four []
Three [] Two []
One []
8. Monthly income of the family from all sources
Rs.

9. Type of family

[

Single Joint []

10. Do your family go to foreign countries

Monthly Once in 3 months []
Once in 6 months Once in a year L]
No

11. Type of our house
Concrete two storey Concrete one storey

Thatched roof

HEN

House with tiles roofing

Rented house

Ood OO



12.

13.

14.

15.

16.

Is there any salaried servant in your house?
Yes [] No

Type of your residential area?

Urban [] Rural
Does your family go for tours?

Yes [] No

Is there anyone in your family working abroad?
Yes [] No

Are there any pets or cattle in your house?
Yes [] No
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