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1.0 INTRODUCTION

By emphasizing the importance of physical science in teacher education programs,
we ensure that prospective teachers are well-prepared to inspire and educate their
future students effectively. Physical Science is the collective human endeavor to
comprehend, or gain a deeper understanding of, the history of the natural world and
the processes that govern it, using observable physical evidence as the foundation
of that knowledge
Physical science, encompassing physics and chemistry, provides foundational
knowledge about the natural world. Understanding basic principles like energy,
matter, forces, and reactions is essential for interpreting how the world operates.
Prospective teachers equipped with this knowledge can foster a deeper
understanding in their students, laying the groundwork for future learning in science
and other related fields. This is achieved by observing natural phenomena and/or
conducting experiments that attempt to replicate natural processes in controlled
conditions.
1.1 LEARNING OBJECTIVES

After reading this unit, you will be able to:

— Understand and express the definition of physical science, including its
branches such as physics and chemistry.

— Explain the empirical and theoretical nature of physical science.

— Understand and outline the scope and complexity of physical science as an
area of study

— Understand and articulate the broad objectives of teaching physical science in
educational settings.



1.2 MEANING OF PHYSICAL SCIENCE

Physical science is a branch of natural science focused on the study of non-living
systems, distinguishing it from biological sciences, which examine living systems. It
includes various fields such as physics, chemistry, astronomy, and earth sciences,
all aimed at understanding the basic principles that govern the natural world.
Broadly, physical science is defined as "the systematic study of the physical and
chemical properties and behaviors of matter and energy" (Hewitt, 2010). In essence,
physical science explores non-living materials and their functions, as opposed to life
sciences, which concentrate on living organisms.

Physical science involves several major fields of study cantered on the non-living
matter or physical properties A primary objective of physical science is to understand
how non-living matter and energy in the universe affect human life. It encompasses
numerous branches, each known as a "physical science," collectively referred to as
the "physical sciences."

Physical science is:

A branch of science, which systematically builds and organizes knowledge
through testable explanations and predictions about the universe.

A subdivision of natural science, aimed at explaining and predicting natural
phenomena based on empirical evidence. In natural science, hypotheses
must be scientifically validated to become recognized theories. The process
involves ensuring validity, accuracy, and implementing quality control
mechanisms such as peer review and the repeatability of results. Natural
science is divided into two main branches: life science (e.g., biology) and
physical science, along with their various subfields.

The study of the inorganic world, in contrast to the organic world studied in
biological science.

The exploration of matter, energy, space, and time, focusing specifically on
non-living matter.

Core Areas

Physics: Physics is the study of matter, energy, and the interactions
between them. It aims to understand the fundamental forces of nature and the
behavior of particles and objects in different states and conditions (Serway &
Jewett, 2018).

Chemistry: Chemistry focuses on the composition, structure, properties, and
transformations of matter. It investigates how substances interact and the
energy changes that occur during these processes (Brown et al., 2015).

Astronomy: Astronomy is the study of celestial bodies and phenomena
beyond Earth's atmosphere.

It includes the investigation of the origins, evolution, and properties of stars,
planets, and galaxies (Seeds & Backman, 2018).

Earth Sciences: Earth sciences encompass the study of the Earth and its
components, including geology, meteorology, oceanography, and



environmental science. It involves understanding the physical processes that
shape the planet's structure and environment (Lutgens et al., 2019).

Self-Check Exercise- 1

What are the core areas of physical science?
1.3 The Essence of physical science
The nature of physical science can be understood through several key
characteristics, which define its essence and contribute to its development and

ongoing discoveries. These attributes are:

e« Accuracy

o Validity
e Organize and clear
e Durability

Ever-evolving
Unable to provide definitive answers to all questions
A combination of logic and creativity

The nature of physical science pertains to the fundamental principles, traits, and
methods that define this field. It stands out for its distinct approach and focus,
concentrating on the study of non-living systems through empirical data and
theoretical models The following aspects outline the fundamental nature of
physical science:

Physical science relies heavily on empirical evidence, meaning it is based on
observation and experimentation. Scientists conduct experiments, make
observations, collect data, and use this empirical evidence to develop theories and
laws. This process helps ensure that scientific knowledge is reliable and based on
real-world phenomena (Popper, 1959).

— Quantitative Methods

Physical science often uses quantitative methods, involving measurements and
mathematical modeling. Quantitative data allows scientists to describe phenomena
precisely and make accurate predictions. The use of mathematics is crucial in
formulating scientific laws and theories, such as Newton's laws of motion or the
equations of thermodynamics (Tipler & Mosca, 2008).

— Theoretical Framework

Theoretical frameworks play a significant role in physical science. Theories in
physics and chemistry, such as the theory of relativity or quantum mechanics,
provide deep insights into the fundamental nature of the universe. These theories
help explain observations and predict new phenomena, guiding further scientific
exploration and experimentation (Hewitt, 2010).



— Systematic Approach

Physical science uses a systematic approach to study natural phenomena. This
involves the scientific method, which includes steps such as asking questions,
forming hypotheses, conducting experiments, analyzing data, and drawing
conclusions. This structured approach helps ensure that scientific investigations are
thorough and reproducible (Serway & Jewett, 2018).

— Interdisciplinary Connections

While physical science focuses on non-living systems, it is inherently
interdisciplinary, connecting with other scientific fields. For example, principles of
physics are applied in engineering, medicine, and environmental science. Chemistry
intersects with biology in biochemistry and with earth sciences in geochemistry. This
interdisciplinary nature broadens the application and impact of physical science
(National Research Council, 2012).

— Objective and Unbiased

Physical science aims to be objective and unbiased. Scientists strive to eliminate
personal biases and rely on observable, measurable phenomena to draw
conclusions. Peer review and replication of experiments are essential practices that
help maintain objectivity and integrity in scientific research (Popper, 1959).

— Dynamic and Evolving

The nature of physical science is dynamic and continually evolving. New discoveries
and technological advancements lead to revisions and expansions of existing
theories. For instance, the development of quantum mechanics significantly altered
the understanding of atomic and subatomic processes that classical physics could
not explain (Hewitt, 2010).

The nature of physical science, characterized by its empirical basis, quantitative
methods, theoretical frameworks, systematic approach, interdisciplinary connections,
objectivity, and dynamic nature, underscores its importance in advancing our
understanding of the natural world.

Self-Check Exercise- 2

What are key aspects that describe the nature of physical science?

1.4 SCOPE OF PHYSICAL SCIENCE

. The scope of physical science encompasses a wide range of disciplines focused on
studying the natural world, with a particular emphasis on non-living systems. It
involves understanding the fundamental principles governing matter and energy,



their interactions, and the practical application of this knowledge across various
domains. The main branches of physical science are physics, chemistry, astronomy,
and earth sciences. Below is an overview of the scope of physical science:

1. Physics
Physics is the study of matter, energy, and their interactions. It aims to
understand the fundamental forces of nature and how particles and objects
behave under different conditions. Key areas within physics include:
* Mechanics: The study of motion and forces (Serway & Jewett, 2018).
* Thermodynamics: The study of heat, work, and energy transfer (Tipler &
Mosca, 2008).
* Electromagnetism: The study of electric and magnetic fields and their
interactions (Serway & Jewett, 2018).
» Optics: The study of light and its behavior (Hecht, 2002).
» Quantum Mechanics: The study of particles at the atomic and subatomic
levels (Griffiths, 2017).

Chemistry

Chemistry is concerned with the composition, structure, properties, and
transformations of matter. It investigates how substances interact and the energy
changes that occur during these processes Key areas of chemistry include:

e Inorganic Chemistry: The study of inorganic compounds and materials (Atkins
& Jones, 2010).

e Organic Chemistry: The study of carbon-containing compounds (Bruice,
2017).

e Physical Chemistry: The study of the physical properties and behavior of
molecules (Atkins & de Paula, 2010).

e Analytical Chemistry: The study of the composition of substances (Skoog,
Holler, & Crouch, 2017).

3. Astronomy

e Astronomy is the study of celestial bodies and phenomena outside Earth's
atmosphere. It involves exploring the origins, evolution, and characteristics of
stars, planets, galaxies, and the universe in its entirety. Key areas within
astronomy include:
» Planetary Science: The study of planets and their systems (Arnett, 2019).
« Stellar Astronomy: The study of stars and their life cycles (Carroll & Ostlie,
2017).Galactic Astronomy: The study of galaxies and their structures (Binney
& Merrifield, 1998).

« Cosmology: The study of the universe's origins, structure, and ultimate fate
(Ryden & Peterson, 2020).

4. Earth Sciences
Earth sciences encompass the study of the Earth and its components, including

geology, meteorology, oceanography, and environmental science. Key areas of
earth sciences include:



o Geology: The study of the Earth's physical structure, history, and processes
(Tarbuck, Lutgens, & Tasa, 2019).

e Meteorology: The study of the atmosphere and weather patterns (Ahrens,
2018).

e Oceanography: The study of the oceans and marine environments (Thurman
& Truijillo, 2017).

e Environmental Science: The study of the interactions between the physical,
chemical, and biological components of the environment (Cunningham &
Cunningham, 2017).

e The scope of physical science, which includes physics, chemistry, astronomy,
and earth sciences, underscores the vastness and significance of this field in
enhancing our understanding of the natural world.

Self-Check Exercise- 3

What are key aspects that describe the nature of physical science?

1.5Aims and Objectives of Teaching Physical Science
Teaching physical science is essential for cultivating scientific literacy, promoting
critical thinking, and preparing students for diverse careers in science,
technology, engineering, and mathematics (STEM). The goals and objectives of
teaching physical science can be broadly grouped into key areas: knowledge,
skills, attitudes, and societal applications.

Aims of Teaching Physical Science

— Develop Scientific Knowledge: To provide students with a comprehensive
understanding of the fundamental concepts and principles of physical science,
including physics and chemistry (National Research Council, 2012).

— Foster Critical Thinking and Problem-Solving Skills: To enhance students’
ability to think critically, analyze problems, and develop solutions using
scientific methods and reasoning (Bybee, 2013).

— Promote Scientific Literacy: To cultivate an informed and scientifically
literate society capable of making educated decisions about scientific and
technological issues (Shwartz, Ben-Zvi, & Hofstein, 2006).

— Encourage Curiosity and Lifelong Learning: To stimulate students'
curiosity about the natural world and encourage a lifelong interest in science
and learning (Osborne & Dillon, 2008).

— Prepare for STEM Careers: To equip students with the knowledge and skills
necessary for further education and careers in STEM fields (National
Academy of Sciences, 2007).

Objectives of Teaching Physical Science
— Knowledge Objectives: Understand and apply the core concepts and

principles of physics and chemistry, such as energy, matter, force, atomic
structure, and chemical reactions (Hewitt, 2010). Explain the scientific method
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and its application in conducting experiments and investigations (Popper,
1959). Describe the historical development of physical science and its impact
on technology and society (Serway & Jewett, 2018).

— Skills Objectives: Develop practical laboratory skills, including the safe and
effective use of scientific instruments and materials (Bennett, Lubben, &
Hogarth, 2006). Enhance problem-solving abilities through the application of
scientific concepts to real-world situations (Bybee, 2013). Improve data
analysis and interpretation skills, including the use of quantitative methods
and graphical representations (Tipler & Mosca, 2008).

— Attitudes Objectives: Foster a positive attitude towards science and an
appreciation for its role in understanding and addressing global challenges
(Osborne & Dillon, 2008). Encourage open-mindedness, curiosity, and a
willingness to engage in scientific inquiry and experimentation (Shwartz, Ben-
Zvi, & Hofstein, 2006). Promote ethical considerations and respect for the
environment in scientific practices and applications (National Research
Council, 2012).

— Societal Objectives: Develop an understanding of the societal implications of
scientific and technological advancements, including their benefits and
potential risks (National Academy of Sciences, 2007). Encourage informed
decision-making on issues related to science and technology, such as energy
use, environmental protection, and public health (Bybee, 2013). Foster
collaboration and communication skills necessary for effective teamwork and
the dissemination of scientific information (Shwartz, Ben-Zvi, & Hofstein,
2006).

The aims and objectives of teaching physical science emphasize developing a deep
understanding of scientific principles, fostering critical thinking and problem-solving
skills, promoting scientific literacy, and preparing students for future careers in STEM
fields.

Self-Check Exercise- 4

What are the main emphasis of the aims and objectives of teaching physical science
?

1.6 Summary Physical science is an area of science that deals with materials that
are not alive and how non-living things work. It is any of the natural sciences (as
physics, chemistry, and astronomy) that deal primarily with non-living materials.
Physical science aims to be objective and unbiased. Scientists strive to eliminate
personal biases and rely on observable, measurable phenomena to draw
conclusions. The scope of physical science, encompassing physics, chemistry,
astronomy, and earth sciences, highlights the breadth and depth of this field, as well
as its critical role in understanding the natural world. This includes understanding the
fundamental principles governing matter and energy, the interactions between them,
and the application of this knowledge in various fields. The main branches of
physical science are physics, chemistry, astronomy, and earth sciences. Here is an
overview of the scope of physical science.

1.7 Glossary
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STEM is an acronym that stands for Science, Technology, Engineering, and
Mathematics. These four disciplines are essential for fostering innovation, solving
complex problems, and driving economic growth in modern society. Each component
of STEM contributes uniquely to a holistic educational framework that emphasizes
critical thinking, creativity, and practical skills.

1.8 Answers to self-check exercises

Answers to Self-Check Exercise 1

Physics, Chemistry, Astronomy and Earth Sciences

Answers to Self-Check Exercise 2

Key aspects that describe the nature of physical science are Empirical Basis,
Quantitative ~ Methods,  Theoretical = Framework,  Systematic =~ Approach,
Interdisciplinary Connections, Objective and Unbiased and Dynamic and Evolving.

Answers to Self-Check Exercise- 3

Key areas of physics include Mechanics, Thermodynamics, Electromagnetism,
Optics and Quantum Mechanics.

Answers to Self-Check Exercise- 4

The aims and objectives of teaching physical science emphasize developing a deep
understanding of scientific principles, fostering critical thinking and problem-solving
skills, promoting scientific literacy, and preparing students for future careers in STEM
fields.
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1. What is physical science, and how does it differ from other branches of
science?

2. Describe the empirical basis of physical science and its importance.

3. What are the main branches of chemistry, and how do they differ in their focus
and applications?

4. What are the primary goals of incorporating physical science into the
educational curriculum?

5. How can teaching physical science encourage positive attitudes toward
science and foster a lifelong love of learning?

6. Taxonomy of Educational Objectives; Writing Instructional Objectives in
Behavioural Terms.

UNIT II

TAXONOMY OF EDUCATIONAL OBJECTIVES & WRITING
INSTRUCTIONAL OBJECTIVES IN BEHAVIOURAL TERMS

STRUCTURE
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2.1

2.2

2.0 Introduction

2.1 Learning Objectives
2.2 Taxonomy of Educational Objectives
Self-Check Exercise- 1
2.3 Writing Instructional Objectives in Behavioral Terms

Self-Check Exercise- 2
2.4 Summary
2.5 Glossary
2.6 Answers to self-check exercises
2.7 References/ Suggested Readings
2.8 Terminal Questions

2.0 Introduction

Taxonomies like Bloom's provide a structured framework for defining
educational goals and objectives across different domains (cognitive, affective,
psychomotor). This clarity helps teachers articulate what students are expected
to learn and achieve. Whereas Behavioral objectives provide clear, specific
descriptions of desired student behaviors. They help teachers articulate exactly
what students should be able to do after completing a lesson or unit. tudying
these aspects equips prospective teachers with essential tools for effective
teaching and learning, supporting the design of coherent curricula, the
development of meaningful assessments, and the promotion of higher-order
thinking skills among students. These skills are foundational for fostering
engaged, successful learning environments in educational settings.

Learning Objectives
After reading this unit, you will be able to:

Define Bloom's taxonomy of educational objectives.

Identify the three domains of Bloom's taxonomy: cognitive, affective, and
psychomotor.

Apply Bloom's taxonomy to categorize educational objectives for different
subject areas.

Define behavioral objectives in the context of instructional planning.

Write behavioral objectives for different levels of learning (e.g., knowledge,
comprehension, application) within a specific subject area.

Develop instructional plans that incorporate behavioral objectives to guide
teaching and assessment.

TAXONOMY OF EDUCATIONAL OBJECTIVES:
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Taxonomy is a science of classification of things or ideas. The term taxonomy
is derived from two Greek words ‘taxis’ (meaning arrangement) and ‘nomos’
(meaning law). Thus, taxonomy is the law of systematic arrangement. Taxonomy is
an educational-logical- psychological classification system in which every term
should be defined precisely. The movement to develop a taxonomy of educational
objectives gained significant momentum in 1948 at the American Psychological
Association convention held in Boston. Participants expressed a desire to create a
theoretical framework that could improve communication among examiners.
Between 1948 and 1953, several meetings were held to develop this taxonomy,
culminating in the publication of the influential book Taxonomy of Educational
Objectives, edited by Benjamin S. Bloom. Bloom's Taxonomy, created in 1956 under
the leadership of Dr. Benjamin Bloom, an Educational Psychologist, aimed to
encourage higher-level thinking in education, focusing on analysis and evaluation
rather than merely memorizing facts, which often results in rote learning.

The three primary domains of learning in educational activities are:

» Cognitive — mental skills or knowledge

« Affective — development in feelings or emotional areas (attitudes or self)
* Psychomotor — manual or physical skills

If domain is referred to as categories and some people simply refer to the three
categories as KSA (Knowledge, Skills and Attitude) then it would not be out
of place if we conclude that the taxonomy of learning behaviour is “the
focus of the learning process”. However, the psychomotor domain is not
well dealt with by Bloom committee perhaps because their experience is
limited and they have little knowledge of what goes on in say, drama or
sports.

* THE COGNITIVE DOMAIN

According to Bloom (1956), this domain involves knowledge and the development of
intellectual skills. It encompasses various categories, ranging from the simplest
behaviors to the most complex.

It is therefore logical to say that the lower or simplest ones must be mastered before

the higher or complex ones.
“The categories in order of hierarchy are:
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Evaluation

Analysis '
\
/ Application ;

Design of Bloom’s Taxonomy

i).Knowledge — This has to do with real data or information. Knowledge, as
defined here, involves the recall of specifics and universals, the recall of
methods and processes, or the recall of a pattern, structure, or setting.

Knowledge of specifics: This involves recall of specific and isolable bits of
information.

»  Knowledge of terminology — This involves knowledge of referents for specific
symbols (verbal and non-verbal). For example, Calorie.

»  Knowledge of specific facts — This involves knowledge of dates, events,
persons, places, etc, For example, the atomic number of Sodium is 11.

Knowledge of ways and means of dealing with specifics:

This involves the knowledge of the ways of organising, studying, judging, and
criticising.

»  Knowledge of conventions — This involves knowledge of characteristic ways
of treating and presenting ideas and phenomena. For example, the magnetic
poles of a magnet are named north and south.

» Knowledge of trends and sequences — This involves knowledge of the
processes, directions and movement of phenomena with respect to time. For
example, the sequence of the evolution of the structure of atom since 1805.

»  Knowledge of classifications and categories — This involves knowledge of
the classes, sets, division, and arrangements which are regarded as
fundamental for a given subject field, purpose, argument or problem. For
example, burning of oil is classified as a chemical change.

»  Knowledge of criteria - This involves knowledge of criteria by which facts,
principles, opinions, and conduct are tested or judged. For example, the
criteria for classifying an element as a transition element.

»  Knowledge of methodology — This involves the knowledge of methods of
enquiry, techniques, and procedures employed in investigating particular
problems and phenomena. For example, the procedure of salt analysis.”
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Knowledge of universals and abstractions in a field:
This refers to understanding the key frameworks and patterns that organize
phenomena and concepts.

« Knowledge of principles and generalizations — This pertains to
understanding specific abstractions that summarize observations of
phenomena. For example, when the volume of a gas of a given mass remains
constant, the pressure decreases as the temperature drops.

« Knowledge of theories and structures — This involves understanding a set
of principles and generalizations, along with their interconnections, which
together offer a clear, comprehensive, and systematic view of a complex
phenomenon, issue, or field. For instance, the structure of an atom.

ii). Comprehension — This is the ability to grasp the meaning, translation,
interpolation, and interpretation of instructions and problems, as well as restating a
problem in one's own words. For example, applying classroom knowledge to a new
situation at work or using an algorithm to solve a problem. Common terms used
include: applies, changes, computes, constructs, demonstrates, discovers,
manipulates, modifies, and operates.

iii). Application — This refers to using concepts in new situations, applying learned
knowledge to novel circumstances. An example would be using a new law to solve a
problem. Commonly used words include: applies, computes, constructs,
demonstrates, discovers, manipulates, modifies, and operates. The first three levels
of Bloom's Taxonomy are considered lower-order thinking, while the next three are
considered higher-order thinking.

iv). Analysis — This involves breaking down material or concepts into their
component parts, as well as distinguishing between facts and inferences. Commonly
used words include: analyzes, breaks down, compares, contrasts, diagrams,
deconstructs, differentiates, discriminates, distinguishes, identifies, illustrates, infers,
outlines, relates, selects, and separates.

v). Synthesis — This is the process of constructing a structure or pattern from
various elements. It involves combining parts to form a whole, creating new
meanings or structures. Examples include designing a training program to solve a
problem, writing a program to compute results, or designing a machine for a specific
task. Commonly used words include: categorizes, combines, compiles, composes,
creates, devises, designs, explains, generates, modifies, organizes, plans,
rearranges, reconstructs, relates, reorganizes, revises, rewrites, summarizes, tells,
and writes.

vi). Evaluation — This refers to making judgments about the value of ideas or
materials. For instance, selecting the most effective solution or choosing the most
qualified candidate. Commonly used words include: appraises, compares,
concludes, contrasts, criticizes, critiques, defends, describes, discriminates,
evaluates, explains, interprets, justifies, relates, summarizes, and supports.
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»  Examples of Affective Domain Educational Objectives

Knowledge

e Objective: Students will be able to list the major parts of the human brain.

o Activity: Students will memorize and recite the names of the parts of the
brain from a diagram.

o Assessment: A quiz where students label the parts of the brain on a blank
diagram.

Comprehension

e Objective: Students will be able to explain the main idea of a scientific article.

o Activity: Students read a scientific article and write a summary of the main
points.

o Assessment: Graded written summaries checking for understanding of the
article's content.

Application

e Objective: Students will be able to solve a mathematical problem using a
specific formula.

o Activity: Students apply the quadratic formula to solve equations in a
worksheet.

o Assessment: Correctly solved equations in the worksheet.

Analysis

e Objective: Students will be able to analyze the components of a complex
chemical reaction.

o Activity: Students break down the steps of a chemical reaction in a lab
report.

o Assessment: Detailed lab reports that correctly identify and explain each
step of the reaction.

Synthesis

e Objective: Students will be able to design an experiment to test a hypothesis.

o Activity: Students create an experimental design proposal for a science fair
project.

o Assessment: Evaluation of the proposal based on creativity, scientific
validity, and thoroughness.

Evaluation
e Objective: Students will be able to critique a research study based on its
methodology.

o Activity: Students read a research paper and write a critical review
discussing strengths and weaknesses of the methodology.
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o Assessment: Graded critical reviews based on depth of analysis and
justification of opinions.

These examples illustrate how educators can create specific, measurable
objectives for each level of the cognitive domain to promote various types of
intellectual development in their students.

. THE AFFECTIVE DOMAIN:

In educational psychology, the affective domain refers to the emotional, attitudinal,
and motivational aspects of learning. These domains focus on the
development of attitudes, beliefs, and values, rather than just cognitive skills.
The major categories of the affective domain of educational objectives, as
proposed by Benjamin Bloom and his colleagues, are:

1. Receiving (Awareness): This category involves being aware of, willing to
listen to, and open to receiving information. It includes:

o Attending: Paying attention to specific phenomena or stimuli (e.g., actively
listening to a lecture).

o Listening: Showing willingness to receive and acknowledge information
without necessarily responding verbally.

2. Responding (Active Participation): This category involves actively
participating in the learning process and responding in some way. It
includes:

o Following: Responding to directions or instructions (e.g., following
classroom rules).

o Responding: Participating in discussions or activities, showing interest and
willingness to engage.

3. Valuing (Appreciation): This category involves attaching a certain value or
worth to something and internalizing it. It includes:

o Valuing: Showing acceptance, preference, or commitment towards certain
attitudes or behaviors.

o Organizing: Integrating values into a consistent and coherent belief system.

4. Organization (Conceptualization): This category involves organizing values
into a coherent system or philosophy. It includes:

o Conceptualizing: Forming a consistent and logical structure of beliefs,
values, and principles.

o Characterizing: Acting consistently with one's beliefs and values in different
situations.

5. Characterization by a Value or Value Complex (Internalization): This
category involves demonstrating behaviors consistent with one's internalized
values. It includes:

o Internalizing: Adopting values and beliefs as one's own, guiding behavior
consistently.

These categories form a hierarchical framework where higher levels build upon
lower ones, reflecting increasingly complex emotional and attitudinal
dimensions of learning and development. They are essential for educators to
consider when designing curriculum and assessments that aim to develop
students' attitudes, beliefs, and values alongside cognitive skills.
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Examples of Affective Domain Educational Objectives

Receiving (Awareness)
Attending: Students will demonstrate attentive listening during class
lectures by maintaining eye contact with the speaker and avoiding
distractions.
Listening: Students will show willingness to receive feedback by actively
listening to constructive criticism without becoming defensive.

Responding (Active Participation)
Following: Students will follow classroom rules and procedures consistently
throughout the school year.
Responding: Students will actively participate in group discussions by
contributing relevant ideas and asking clarifying questions.

Valuing (Appreciation)
Valuing: Students will demonstrate respect for cultural diversity by
appreciating and celebrating different customs and traditions within the
classroom.
Organizing: Students will integrate the value of environmental conservation
into their daily habits by reducing waste and recycling materials.

Organization (Conceptualization)
Conceptualizing: Students will develop a personal code of ethics by
examining their beliefs and values in relation to moral dilemmas presented in
literature.
Characterizing: Students will consistently act with integrity by making
decisions that align with their moral principles, even when faced with peer
pressure.

Characterization by a Value or Value Complex (Internalization)
Internalizing: Students will internalize the value of lifelong learning by
independently seeking out opportunities for personal and professional
growth beyond the classroom.

These examples illustrate how educators can formulate specific objectives within

1.

the affective domain to promote the development of attitudes, beliefs, and
values alongside cognitive skills. These objectives are aligned with the
taxonomy proposed by Bloom and colleagues, focusing on emotional and
motivational aspects of learning.

PSYCHOMOTOR DOMAIN

The Psychomotor Domain involves physical movement, coordination, and the use of
motor skills. It focuses on the development of physical skills and the ability to
perform tasks that require physical actions The Psychomotor Domain is typically
linked to manual or physical activities, including sports, laboratory work, and practical
tasks. According to Dave's Taxonomy, the main categories within this domain are:

Imitation
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o Description: Watching and reproducing an action. This is the first
stage of learning, where learners mimic behaviors or actions
demonstrated by an instructor

Example: Students copy the teacher's demonstration of a particular dance step.

o

Objective: Students will be able to imitate the teacher's demonstration of a
simple dance step.

Manipulation
Description: Performing actions based on instructions rather than imitation.
At this stage, learners can perform tasks with some degree of proficiency
after receiving directions.
Example: Students follow a recipe to prepare a dish.
Objective: Students will be able to follow instructions to perform a lab
experiment.

Precision
Description: Refining and becoming more exact. This involves performing
tasks accurately, efficiently, and with few errors.
Example: A pianist plays a piece of music with accuracy and no mistakes.
Objective: Students will be able to perform a piece of music on the piano
accurately and without mistakes.

Articulation
Description: Coordinating a series of actions, achieving harmony and
consistency in complex tasks. Learners can modify their performance to
meet special requirements.
Example: A gymnast combines different moves smoothly in a routine.
Objective: Students will be able to combine different gymnastics moves into
a fluid routine.

Naturalization
Description: Performing tasks effortlessly and automatically. This is the
highest level where movements become second nature and require no
conscious thought.
Example: A professional athlete performs in their sport with a high level of
skill and efficiency.
Objective: Students will be able to perform advanced dance routines
automatically and with high skill.

Examples of Psychomotor Domain Educational Objectives

Imitation

Objective: Students will be able to imitate the teacher’'s demonstration of a
simple dance step.
Activity: Watch the instructor perform a basic dance move and then
replicate it.
Assessment: Teacher observes and provides feedback on the accuracy of
the students' movements.
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Manipulation

e« Objective: Students will be able to follow instructions to perform a lab
experiment.

o Activity: Follow a step-by-step guide to complete a chemistry experiment.
Assessment: Successful completion of the experiment according to the
given procedures.

Precision

e Objective: Students will be able to perform a piece of music on the piano
accurately and without mistakes.

o Activity: Practice a specific piece of music, focusing on hitting the correct
notes and maintaining rhythm.

o Assessment: Performance evaluation based on accuracy and fluency.

Articulation

e Objective: Students will be able to combine different gymnastics moves into a
fluid routine.

o Activity: Create and practice a gymnastics routine that includes various
learned skills.

o Assessment: Performance of the routine, evaluated on smooth transitions
and overall fluidity.

Naturalization

e Objective: Students will be able to perform advanced dance routines
automatically and with high skill.

o Activity: Engage in regular practice sessions to master an advanced dance
routine.

o Assessment: Demonstration of the dance routine in a recital or competition,
judged on ease of performance and skill level.

These objectives are designed to guide students through the stages of skill
acquisition, from initial imitation to automatic and skillful performance,
ensuring a comprehensive development of physical abilities.

Self-Check Exercise- 1

Write the major categories of the affective domain of educational objectives, as
proposed by Benjamin Bloom and his colleagues.

2.3 WRITING INSTRUCTIONAL OBJECTIVES IN BEHAVIORAL TERMS

Writing instructional objectives in behavioral terms means clearly specifying what
students are expected to accomplish as a result of the instruction.
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These objectives should be specific, measurable, achievable, relevant, and time-
bound (SMART), and they focus on observable and measurable behaviors that
demonstrate learning.

Key Components of Behavioral Objectives

— Performance: What the learner is expected to do.
— Conditions: Under what circumstances the performance should occur.
— Criteria: The level of performance that will be considered acceptable.

Characteristics of Behavioral Objectives

— Specific: Clearly states what the learner will do.

— Measurable: The behavior can be observed and assessed.

— Observable: Involves actions that can be seen or heard.

— Achievable: Realistic for the learner to accomplish.

— Relevant: Pertinent to the course or lesson goals.

— Time-bound: Specifies the time frame for achieving the objective.

Example: Writing Instructional Objectives in Behavioral Terms

Cognitive Domain

Objective: Students will be able to solve quadratic equations.
« Performance: Solve

e Conditions: Given a set of quadratic equations

e Criteria: Correctly solving at least 80% of the equations

Objective in Behavioral Terms:

« Students will solve a given set of quadratic equations correctly, achieving an
accuracy rate of at least 80%[Mager, 1962].

Affective Domain

Objective: Students will demonstrate a commitment to teamwork.
e Performance: Demonstrate commitment

e Conditions: During group projects

o Criteria: Actively participating and contributing to group tasks

Objective in Behavioral Terms:

e Students will demonstrate their commitment to teamwork during group
projects by actively participating and contributing to group tasks[Bloom,

1956]).
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Psychomotor Domain

Objective: Students will be able to perform a basic chemistry experiment.
e« Performance: Perform

e Conditions: Following written instructions

e Criteria: Completing the experiment with accurate results

Objective in Behavioral Terms:

e Students will perform a basic chemistry experiment by following written
instructions and achieving accurate results[Simpson, 1972].

Detailed Examples

> Coqgnitive Domain: Application Level

Objective: Students will be able to apply Newton's Second Law of Motion to solve
problems.

o Performance: Apply
« Conditions: Given word problems involving forces and motion
e Criteria: Solving at least 90% of the problems correctly

Objective in Behavioral Terms:

e Students will apply Newton's Second Law of Motion to solve given word
problems involving forces and motion, achieving a correctness rate of at

least 90%[Bloom, 1956].

> Affective Domain: Valuing Level

Objective: Students will express the importance of environmental conservation.

e« Performance: Express

e Conditions: Through participation in a classroom discussion

e Criteria: Providing at least three well-reasoned points supporting
conservation

Objective in Behavioral Terms:
e Students will express the importance of environmental conservation through
participation in a classroom discussion, providing at least three well-

reasoned points supporting conservation (Krathwohl, Bloom, & Masia, 1964).

> Psychomotor Domain: Manipulation Level

Objective: Students will be able to construct a simple electrical circuit.
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e Performance: Construct
e Conditions: Using provided materials and a diagram
e Criteria: Successfully creating a working circuit within 20 minutes

Objective in Behavioral Terms:

e Students will construct a simple electrical circuit using provided materials
and a diagram, successfully creating a working circuit within 20

minutes[Dave, 1970].

»  Benefits of Writing Behavioral Objectives

1. Clarity: Ensures both the instructor and the students understand the expected
outcomes.

2. Focus: Helps in planning lessons and activities that are aligned with the
objectives.

3. Assessment: Makes it easier to create assessments that measure the
achievement of the objectives.

4. Feedback: Provides a basis for giving specific feedback to students on their
performance.

By writing instructional objectives in behavioral terms, educators can create clear,
specific, and measurable goals that enhance the teaching and learning
process.

Self-Check Exercise- 2

List the Key Components of Behavioral Objectives.

2.4 Summary
The term taxonomy is derived from two Greek words ‘taxis’ (meaning
arrangement) and ‘nomos’ (meaning law). Thus, taxonomy is the law of
systematic arrangement. Taxonomy is an educational-logical- psychological
classification system in which every term should be defined precisely. The
initiative in developing taxonomy of educational objectives gathered
momentum in 1948 in the convention of the American Psychological
Association held in Boston. In educational psychology, the affective domain
refers to the emotional, attitudinal, and motivational aspects of learning. These
domains focus on the development of attitudes, beliefs, and values, rather than
just cognitive skills.

2.5 Glossary

— STEM (Science, Technology, Engineering, and Mathematics): An
interdisciplinary approach that integrates science, technology, engineering,
and mathematics education to foster innovation, problem-solving, and critical
thinking skills.
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2.6

2.7

2.8

Taxonomy of Educational Objectives: A framework developed by Benjamin
Bloom that classifies educational goals into hierarchical levels, including
cognitive (knowledge-based), affective (emotion-based), and psychomotor
(skills-based) domains.

Behavioral Objectives: Educational objectives that specify desired behaviors
or actions students should demonstrate after instruction, typically described in
terms of observable and measurable outcomes.

Answers to self-check exercises

Receiving (Awareness), Responding (Active Participation), Valuing
(Appreciation), Organization (Conceptualization) and Characterization by a
Value or Value Complex (Internalization).

Key components of behavioral objectives are performance, conditions and
criteria.

References/ Suggested Readings

Bloom, B. S. (1956). Taxonomy of educational objectives: The classification of
educational goals. Handbook I: Cognitive domain. New York, NY: David
McKay Company.

Dave, R. H. (1970). Developing and writing behavioral objectives. Educational
Innovators Press.

Krathwohl, D. R., Bloom, B. S., & Masia, B. B. (1964). Taxonomy of
educational objectives: The classification of educational goals. Handbook II:
Affective domain. New York, NY: David McKay Company.

Mager, R. F. (1962). Preparing instructional objectives. Palo Alto, CA: Fearon
Publishers.

Simpson, E. J. (1972). The classification of educational objectives in the
psychomotor domain. The Psychomotor Domain. Vol. 3. Washington, DC:
Gryphon House.

Terminal Questions

. What are the main components of Bloom's taxonomy and how do they relate

to educational objectives?

. Can you explain why writing instructional objectives in behavioral terms is

important for effective teaching and learning?

Design a set of behavioral objectives for a science experiment. Include the
performance, conditions, and criteria.

How might you modify existing behavioral objectives to better accommodate
diverse student learning needs?

27



UNIT I

IMPORTANCE OF PHYSICAL SCIENCE AS A SUBJECT IN THE SCHOOL

CURRICULUM
STRUCTURE
3.0 Introduction
3.1 Learning Objectives
3.2 Importance of Physical Science as a Subject in the School
Curriculum

Self-Check Exercise- 1

3.3 Relationships of Physical Science with Other School Subjects
Self-Check Exercise- 2

3.4 Summary

3.5 Glossary

3.6 Answers to self-check exercises
3.7 References/ Suggested Readings
3.8 Terminal Questions

3.0 Introduction

Physical sciences, encompassing disciplines such as physics, chemistry, and earth
sciences, hold a pivotal role in shaping the educational landscape and preparing
students for the complexities of the modern world. Rooted in the exploration of
natural phenomena and governed by fundamental laws and principles, these
subjects form the bedrock of scientific understanding and inquiry. The inclusion of
physical sciences in the school curriculum is not merely a matter of academic study;
rather, it is an essential component in nurturing scientific literacy, fostering critical
thinking skills, and preparing students for future careers in science, technology,
engineering, and mathematics (STEM).

At its core, the study of physical sciences equips students with a deep appreciation
for the natural world and its underlying mechanisms. From unraveling the mysteries
of subatomic particles to understanding the dynamics of planetary systems, physical
sciences offer a window into the fundamental forces that govern our universe. This
foundational knowledge not only satisfies curiosity but also instills a sense of wonder
and inquiry that propels students towards deeper exploration and discovery.

Moreover, the relevance of physical sciences extends far beyond the confines of the

classroom. It influences technological innovations that shape our daily lives, informs
environmental stewardship practices essential for sustainability, and underpins
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medical advancements crucial for improving global health outcomes. By engaging
with physical sciences, students develop critical thinking abilities, analytical skills,
and problem-solving competencies—attributes that are indispensable in navigating
an increasingly complex and interconnected world

3.1 Learning Objectives
After reading this unit, you will be able to:

— Define the scope of physical science and its foundational concepts, including
matter, energy, forces, and motion.

— Discuss how the study of physical science promotes critical thinking, problem-
solving skills, and scientific inquiry.

— Explore the interdisciplinary nature of physical science and its connections
with other STEM fields (Science, Technology, Engineering, Mathematics).

— Analyze the overlap between chemistry and physical science in studying
atomic structure, chemical reactions, and material properties.

— ldentify interdisciplinary research areas where chemistry and physical science
converge.

— Discuss the interdisciplinary applications of physical science principles in
biological studies, such as biomechanics and biochemistry.

— Examine how physical science principles influence technological innovations,
such as in the development of materials, electronics, and communication
systems.

3.2 Importance of Physical Science as a Subject in the School Curriculum

The importance of physical sciences in the school curriculum refers to the significant
role that subjects such as physics, chemistry, and earth sciences play in the
educational development and holistic growth of students. It encompasses several
key aspects:

1. Foundation of Scientific Literacy:

o Understanding the Natural World: Physical sciences, including
physics, chemistry, and earth sciences, provide fundamental
knowledge about the natural world and its laws.

o Scientific Method: Studying physical sciences introduces students to
the scientific method—a systematic approach to observation,
experimentation, and theory-building.

= According to the National Research Council (1996), physical
sciences play a crucial role in developing scientific literacy by
explaining the fundamental principles governing the universe.
2. Relevance to Everyday Life:

o Technological Advancements: Many technological advancements

derive from principles in physical sciences.
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Environmental Awareness: Understanding physical sciences
contributes to environmental literacy, helping students comprehend
issues like climate change and pollution.
= The National Science Education Standards (National Research
Council, 1996) emphasize the importance of physical sciences
in fostering environmental literacy and technological literacy.

3. Career Opportunities:

o

STEM Fields: Proficiency in physical sciences opens doors to careers
in STEM fields, such as engineering, medicine, and environmental
science.
Innovation and Problem-Solving: Skills learned in physical sciences
are critical for innovation and problem-solving in various industries.
= The U.S. Department of Education (2010) underscores the
importance of STEM education, including physical sciences, in
preparing students for careers in high-demand fields.

4. Development of Critical Skills:

@)

Critical Thinking and Problem-Solving: Physical sciences develop
critical thinking skills through analysis, evaluation, and synthesis of
data.
Numeracy and Quantitative Skills: Subjects like physics and
chemistry enhance students' numeracy skills and quantitative
reasoning abilities.
= Research by Tobias and Raphael (1997) highlights how physical
sciences promote critical thinking and problem-solving skills
essential for academic and career success.

5. Cognitive Development:

@)

@)

Abstract Thinking: Studying physical sciences challenges students to
think abstractly about complex concepts.
Curiosity and Inquiry: Physical sciences encourage curiosity and
inquiry-based learning, fostering intellectual growth.
= According to Osborne and Dillon (2008), physical sciences
stimulate abstract thinking and inquiry skills necessary for
scientific inquiry and discovery.

6. Global Competitiveness:

@)

Education Equity: Access to quality physical sciences education
promotes equity by preparing students from diverse backgrounds for
STEM careers.
International Benchmarking: Countries emphasizing physical
sciences education perform well in global assessments, demonstrating
their commitment to educational excellence.
= The Organisation for Economic Co-operation and Development
(OECD) (2019) highlights the correlation between STEM
education and global competitiveness.

Integrating physical sciences into the school curriculum is essential for fostering
scientific literacy, promoting critical thinking skills, preparing students for STEM
careers, and addressing global challenges. By studying physical sciences, students
gain a deeper understanding of natural phenomena, develop valuable skills, and
contribute to scientific advancements globally.
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Self-Check Exercise- 1
Is it necessary to study Physical Science as a Subject in the School Curriculum?

3.3 Connections Between Physical Science and Other School Subjects

Understanding how physical science relates to other subjects in the school
curriculum is crucial as it demonstrates how different disciplines intersect and
complement each other within the educational framework. Here’s an exploration of
these relationships with proper citations and references:

Mathematics:

o

Quantitative Reasoning: Physical sciences, especially physics and
chemistry, heavily rely on mathematical principles for calculations, data
analysis, and modeling.

Citation: According to Tobias and Raphael (1997), mathematics
provides the quantitative foundation necessary for understanding and
applying physical science concepts.

Biology:

(@]

Biophysical Interactions: Physical sciences explain biological
processes through principles such as thermodynamics, fluid dynamics,
and molecular interactions.
Citation: The National Research Council (2009) highlights the
integration of physical and life sciences to deepen understanding of
biological systems.
= National Research Council. (2009). A Framework for K-12
Science Education: Practices, Crosscutting Concepts, and Core
Ideas. National Academies Press.

Environmental Science:

o

Natural Phenomena: Physical sciences contribute to environmental
science by explaining natural phenomena like climate patterns,
geological processes, and ecosystem dynamics.
Citation: The Intergovernmental Panel on Climate Change (IPCC)
reports emphasize the role of physical sciences in understanding and
addressing environmental challenges.
» Intergovernmental Panel on Climate Change (IPCC). (2014).
Climate Change 2014: Synthesis Report. Retrieved from
https://www.ipcc.ch/report/ars/syr/

Technology and Engineering:

o

Innovation and Application: Physical sciences underpin technological
advancements and engineering principles, shaping fields such as
materials science, nanotechnology, and renewable energy.
Citation: According to the National Science Foundation (NSF),
interdisciplinary approaches integrating physical sciences with
technology and engineering drive innovation and economic growth.
= National Science Foundation (NSF). (2020). NSF Engineering
Research and Innovation Conference. Retrieved from
https://lwww.nsf.gov/eng/

Social Sciences:
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o Policy and Societal Impact: Physical sciences inform social sciences
by providing data and insights into issues like energy policy,
environmental sustainability, and public health.

o Citation: Research by Osborne and Dillon (2008) discusses how
physical sciences contribute to evidence-based policymaking and
societal decision-making processes.

= Osborne, J., & Dillon, J. (2008). Science Education in Europe:
Critical Reflections. London: The Nuffield Foundation.

The relationships between physical science and other school subjects highlight the
interdisciplinary nature of knowledge and its applications. These connections enrich
educational experiences and equip students with a comprehensive understanding of
complex phenomena, preparing them to tackle global challenges effectively.

Self-Check Exercise- 2
Why to study the Relationships of Physical Science with Other School Subjects?

3.4 Summary the study of physical sciences equips students with a deep
appreciation for the natural world and its underlying mechanisms. From unraveling
the mysteries of subatomic particles to understanding the dynamics of planetary
systems, physical sciences offer a window into the fundamental forces that govern
our universe. This foundational knowledge not only satisfies curiosity but also instills
a sense of wonder and inquiry that propels students towards deeper exploration and
discovery. The importance of physical sciences in the school curriculum refers to the
significant role that subjects such as physics, chemistry, and earth sciences play in
the educational development and holistic growth of students. Understanding the
relationships of physical science with other school subjects is crucial as it
demonstrates how different disciplines intersect and complement each other within
the educational framework. Physical sciences contribute to environmental science by
explaining natural phenomena like climate patterns, geological processes, and
ecosystem dynamics.

3.5 Glossary

— Critical Thinking: The ability to analyze, evaluate, and synthesize information
to make reasoned judgments or decisions, essential for problem-solving and
lifelong learning.

— Inquiry-Based Learning: A student-centered approach where learners
engage in questioning, investigating, and exploring to construct new
knowledge, fostering curiosity and deeper understanding.

— Environmental Science: The study of interactions between humans and the
environment, including topics such as ecology, conservation, pollution, and
sustainable development.
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— Mathematical Reasoning: The process of applying logical and quantitative
methods to analyze, interpret, and solve problems, fundamental in STEM
disciplines like physics, engineering, and economics.

3.6 Answers to self-check exercises

1. Studying physical science in the school curriculum is essential as it builds
foundational knowledge of natural laws, fosters critical thinking through
scientific inquiry, promotes technological literacy, and prepares students for
careers in STEM fields crucial for global innovation and development.

2. Studying the relationships of physical science with other school subjects
elucidates interdisciplinary connections crucial for holistic learning. It
enhances understanding of real-world applications, promotes integrated
problem-solving approaches, and prepares students for diverse STEM
careers and societal challenges.

3.7 References/ Suggested Readings

Inter-governmental Panel on Climate Change (IPCC). (2014). Climate Change
2014: Synthesis Report. Retrieved from https://www.ipcc.ch/report/ar5/syr/

National Research Council. (1996). National Science Education Standards. National
Academies Press.

National Research Council. (2009). A Framework for K-12 Science Education:
Practices, Crosscutting Concepts, and Core Ideas. National Academies Press.

National Science Foundation (NSF). (2020). NSF Engineering Research and
Innovation Conference. Retrieved from https://www.nsf.gov/eng/
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2018 Results (Volume V): Effective Policies, Successful Schools. Paris: OECD
Publishing.
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Learning: Essential Practices in Teaching and Learning. Allyn and Bacon.
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Education for Global Leadership. Retrieved from https://www.ed.gov/stem

3.8 Terminal Questions
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. How does studying physical science contribute to developing critical thinking
skills in students?

. What role does physical science play in preparing students for careers in
STEM fields?

. How can knowledge of physical science principles be applied to address real-
world environmental challenges?

In what ways does studying physical science promote technological literacy
among students?

. How does interdisciplinary learning involving physical science enhance overall
educational experiences?
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UNIT IV

HISTORY OF EMINENT INDIAN SCIENTISTS AND
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STRUCTURE
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4.0

Learning about the achievements and perseverance of Indian scientists like
Chandrasekhara Venkata Raman, A.P.J. Abdul Kalam, and others can inspire

Terminal Questions

Introduction

students and teachers alike. It offers role models who have made notable
contributions to science and society, inspiring students to pursue careers in STEM

THEIR
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fields. Learning about the scientific achievements of Indian scientists also nurtures a
sense of cultural and national pride among students.

It highlights India’'s rich scientific heritage and contributions to global scientific
knowledge, promoting a positive identity and appreciation for indigenous knowledge.

Learning about the historical context in which these scientists worked helps teachers
contextualize scientific discoveries. It provides insights into the challenges,
resources, and societal influences that shaped scientific research in India, helping
students appreciate the evolution of scientific thought over time. The stories and
contributions of Indian scientists can be integrated into various subjects across the
curriculum, such as science, history, social studies, and even language arts. This
interdisciplinary approach enriches students' learning experiences and reinforces the
relevance of science in everyday life.

Studying the methods and discoveries of eminent scientists promotes critical thinking
skills and scientific inquiry among students. It encourages them to ask questions,
conduct research, and analyze information critically, mirroring the scientific process
modeled by these pioneers. Exploring the ethical considerations and societal
impacts of scientific advancements made by Indian scientists encourages students
to think ethically and responsibly about science and technology. It promotes
discussions on the benefits and risks of scientific research and its implications for
society.

4.1 Learning Objectives
After reading this unit, you will be able to:

— Recognize Raman's contributions to scientific methodology and experimental
physics.

— Reflect on Bose's legacy in promoting scientific awareness and education.

— Reflect on Bose's cultural and historical context in shaping scientific thought.

— Understand Sarabhai's role in establishing ISRO and promoting space
research.

— Reflect on Bhabha's legacy in shaping India's scientific research capabilities.

e Recognize Kalam's efforts in advancing science education and empowering
youth.

4.2 A Brief History of Sir C.V. Raman and His Contributions
Sir Chandrasekhara Venkata Raman (1888-1970), widely known as C.V. Raman,
was a distinguished Indian physicist celebrated for his pioneering work in light

scattering and spectroscopy. Below is an overview of his life and accomplishments:

1. Early Life and Education:
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o

o

Raman completed his education at Presidency College, Chennai (then
Madras), earning his bachelor's degree in physics in 1904 and his
master's degree in 1907.

He furthered his studies at the University of Madras and later at the
University of Calcutta, where he obtained his D.Sc. degree in 1919.

2. Career and Scientific Contributions:

o

In 1928, Raman discovered the Raman Effect while studying the
scattering of light in liquids. This effect showed that when light passes
through a transparent material, a small portion of the light changes
wavelength and energy due to interactions with molecules.

This discovery significantly advanced the understanding of molecular
structure and chemical bonding, revolutionizing spectroscopy and
earning him the Nobel Prize in Physics in 1930.

3. Recognition and Awards:

@)

In 1930, Raman became the first Asian and non-white individual to
receive a Nobel Prize in any field of science for his discovery of the
Raman Effect.

He held numerous prestigious positions, including serving as the
Director of the Indian Institute of Science in Bangalore from 1933 to
1937 and as the President of the Indian Academy of Sciences from
1934 to 1970.

4. Legacy and Impact:

@)

Raman's groundbreaking discovery laid the foundation for Raman
spectroscopy, an essential tool for analyzing chemical compounds and
materials.

The Raman Research Institute, founded by him in 1948 in Bangalore,
continues to support scientific research and education in India.

Self-Check Exercise-1

List the five contributions of Chandrasekhara Venkata Raman.

4.3

History of Jagadish Chandra Bose and His Contributions

Jagadish Chandra Bose (1858-1937) was a polymathic Indian scientist known for
his pioneering work in the fields of physics, biology, and archaeology. His
contributions spanned multiple disciplines, making him one of the most influential
scientists of his time.

Contributions:

1. Microwave Research:

Bose made pivotal contributions to the study of electromagnetic waves,
especially in the microwave spectrum. His experiments with millimeter

wavelengths played a key role in the development of wireless communication

technology.

He demonstrated the use of semiconductor junctions to detect radio waves,
an achievement that predated Guglielmo Marconi's invention of the coherer.
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2. Plant Physiology:

e Bose conducted in-depth research in plant physiology, uncovering
fundamental similarities between how plants and animals respond to external
stimuli.

« He invented sensitive instruments like the crescograph to measure plant
responses to various stimuli, such as light, temperature, and chemicals, thus
pioneering the field of biophysics.

3. Scientific Institutions:

e Bose was instrumental in establishing scientific institutions in India,
advocating for indigenous scientific research and education.

o He founded the Bose Institute in Kolkata, which remains a leading center for
interdisciplinary research in physics, biology, and related fields.

4. Legacy:

« Jagadish Chandra Bose's interdisciplinary approach and innovative mindset
had a lasting influence on future generations of scientists worldwide.

e His groundbreaking contributions to science and technology laid the
foundation for advancements in wireless communication, biophysics, and
environmental science, leaving a profound impact on both scientific progress
and cultural heritage.

Jagadish Chandra Bose's legacy as a scientist, inventor, and educator exemplifies
his commitment to advancing scientific understanding and fostering scientific
curiosity across disciplines. His pioneering work continues to inspire and guide
scientific research and innovation globally.

Self-Check Exercise-2

List the five contributions of Jagadish Chandra Bose.

4.4  History of Satyendra Nath Bose and His Contributions

Satyendra Nath Bose (1894-1974) was a distinguished Indian physicist, best known
for his work in theoretical physics, particularly in the fields of quantum mechanics
and statistical mechanics.

Contributions:

1. Bose-Einstein Statistics: Bose's most notable contribution came through his
collaboration with Albert Einstein in developing the theory of Bose-Einstein
statistics. This theory explains the statistical distribution of indistinguishable
particles (bosons) and laid the groundwork for understanding phenomena like
Bose-Einstein condensates.

2. Bose-Einstein Condensate: Although it was not observed during his lifetime,
the Bose-Einstein condensate (BEC) is a state of matter predicted by Bose-
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Einstein statistics. BEC occurs at extremely low temperatures, where a large
group of bosons occupies the same quantum state, resulting in unique
physical properties.

Quantum Mechanics: Bose made important contributions to quantum mechanics,
especially in the fields of quantum theory of radiation and Planck's law of black-body
radiation. His insights into the behavior of photons and other particles advanced
understanding of quantum phenomena.

1. Legacy: Bose's work significantly influenced theoretical physics, providing
essential frameworks for understanding particle behavior at the atomic and
subatomic levels. His collaboration with Einstein and subsequent impact on
physics earned him recognition and admiration in the scientific community.

Satyendra Nath Bose's contributions to theoretical physics continue to inspire
research and innovation, particularly in fields related to quantum mechanics, particle
physics, and cosmology. His legacy as a pioneering scientist underscores the
importance of theoretical exploration and mathematical rigor in advancing our
understanding of the universe.

Self-Check Exercise-3

List the five contributions of Satyendra Nath Bose.

4.5 History of Vikram Sarabhai and His Contributions

Vikram Ambalal Sarabhai (1919-1971), an Indian physicist and astronomer, is widely
regarded as the father of India's space program. His visionary leadership and
scientific expertise were pivotal in shaping India's space exploration efforts.

Contributions:

1. Establishment of ISRO: Sarabhai founded the Indian Space Research
Organisation (ISRO) in 1969, laying the foundation for India's space program.
Under his guidance, ISRO developed key capabilities in satellite
communication, remote sensing, and space research.

2. Space Science and Technology: Sarabhai advocated for the peaceful use
of space to benefit society. He initiated India’s first satellite project, Aryabhata,
which was launched in 1975, marking India's entry into space research.

3. Institution Building: Sarabhai was instrumental in establishing scientific
institutions, including the Physical Research Laboratory (PRL) in Ahmedabad,
which focuses on space and atmospheric sciences.

4. Education and Outreach: He strongly promoted science education and
research, fostering a culture of scientific inquiry and innovation in India.
Sarabhai emphasized the integration of science and technology for national
development.

5. Legacy: Vikram Sarabhai's legacy is celebrated through awards such as the
Vikram Sarabhai Space Centre (VSSC) and the Vikram Sarabhai Memorial

39



Lecture series, which honor his lasting influence on Indian science and space
exploration.

Sarabhai's vision and leadership continue to inspire generations of scientists and
innovators, both in India and globally. His pioneering contributions to space science
and technology laid a solid foundation for India's successes in space exploration and
technological advancement.

History of Homi Jehangir Bhabha and His Contributions

Homi Jehangir Bhabha (1909-1966) was an Indian nuclear physicist who played a
crucial role in the development of India's nuclear program and the establishment of
important scientific institutions.

Contributions:

1. Father of the Indian Nuclear Program: Bhabha is often referred to as the

"Father of the Indian Nuclear Program." He advocated for the peaceful use of
nuclear energy and was instrumental in founding the Tata Institute of
Fundamental Research (TIFR) in 1945, a major center for scientific research
in India.

. Contributions to Quantum Theory: Bhabha made significant contributions
to quantum theory and the study of cosmic rays. His collaborations with
leading scientists and groundbreaking research on the interaction of cosmic
rays with matter had a profound impact on the field of particle physics.

. Atomic Energy Commission: Bhabha played a vital role in the
establishment of the Atomic Energy Commission of India (AEC) in 1948 and
served as its first chairman. Under his leadership, India made substantial
progress in nuclear research and technology, which led to the creation of the
Bhabha Atomic Research Centre (BARC) in 1954.

. Scientific Visionary: Beyond his scientific contributions, Bhabha envisioned
a self-reliant India in nuclear science and technology. He advocated for
scientific research as a cornerstone of national development and emphasized
the importance of investing in scientific education and infrastructure.

. Legacy: Bhabha's legacy continues to shape India's scientific community and
nuclear policy. His work laid the groundwork for India’s nuclear power
program and established a framework for scientific research and development
in the country.

Homi Jehangir Bhabha's pioneering work in nuclear physics, his advocacy for
scientific research, and his vision for India's scientific future solidified his reputation
as one of India's most influential scientists and architects of its nuclear program.

Self-Check Exercise-5

List the five contributions of Homi Jahangir Bhabha.

40



4.7  History of A.P.J. Abdul Kalam and His Contributions

A.P.J. Abdul Kalam (1931-2015)
A.P.J. Abdul Kalam was an aerospace scientist, engineer, and politician who served
as the 11th President of India from 2002 to 2007. Widely known as the "Missile Man
of India," Kalam was a key figure in advancing India's space and missile programs.

Contributions:

Vikram Sarabhai and His Contributions
Vikram Ambalal Sarabhai (1919-1971) was an Indian physicist and astronomer,
often regarded as the father of India's space program. His visionary leadership and
scientific expertise were crucial in the development of India's space exploration
initiatives.

Contributions:

1. Establishment of ISRO: Sarabhai founded the Indian Space Research
Organisation (ISRO) in 1969, providing the foundation for India's space
endeavors. Under his guidance, ISRO developed significant capabilities in
satellite communication, remote sensing, and space research.

2. Space Science and Technology: Sarabhai was a strong advocate for the
peaceful use of space to promote societal progress. He launched India's first
satellite project, Aryabhata, in 1975, marking the nation’s entry into space
research.

3. Institution Building: Sarabhai played a crucial role in establishing scientific
institutions, such as the Physical Research Laboratory (PRL) in Ahmedabad,
focusing on space and atmospheric sciences.

4. Education and Outreach: He promoted scientific education and research,
fostering a culture of inquiry and innovation in India. Sarabhai emphasized the
importance of integrating science and technology for national growth.

5. Legacy: Sarabhai's legacy continues to be honored through institutions like
the Vikram Sarabhai Space Centre (VSSC) and the Vikram Sarabhai
Memorial Lecture series, recognizing his lasting influence on Indian science
and space exploration.

Sarabhai's visionary leadership continues to inspire generations of scientists and
innovators globally. His groundbreaking work in space science and technology laid
the foundation for India's achievements in space exploration and technological
advancement.

Homi Jehangir Bhabha and His Contributions
Homi Jehangir Bhabha (1909-1966) was an Indian nuclear physicist who played a
crucial role in shaping India's nuclear program and the establishment of key scientific
institutions.

Contributions:
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1. Father of the Indian Nuclear Program: Bhabha is often referred to as the
"Father of the Indian Nuclear Program.” He strongly advocated for the
peaceful use of nuclear energy and was instrumental in founding the Tata
Institute of Fundamental Research (TIFR) in 1945, a leading center for
scientific research in India.

2. Contributions to Quantum Theory: Bhabha made significant advancements
in quantum theory and the study of cosmic rays. His collaborative work with
prominent scientists and groundbreaking research on cosmic rays'
interactions with matter had a profound impact on particle physics.

3. Atomic Energy Commission: Bhabha was pivotal in establishing the Atomic
Energy Commission of India (AEC) in 1948 and served as its first chairman.
Under his leadership, India made notable strides in nuclear research and
technology, culminating in the establishment of the Bhabha Atomic Research
Centre (BARC) in 1954.

1. Scientific Visionary: Beyond his scientific contributions, Bhabha envisioned
a self-reliant India in nuclear science and technology. He advocated for
scientific research as a cornerstone of national development and emphasized
the importance of investing in scientific education and infrastructure.

2. Legacy: Bhabha's legacy continues to shape India's scientific community and
nuclear policy. His work laid the groundwork for India’s nuclear power
program and established a framework for scientific research and development
in the country.

Self-Check Exercise-6

List the five contributions of A.P.J. Abdul Kalam.

4.8 Summary As a scientist, Kalam emphasized the importance of technology in
national development and advocated for harnessing scientific advancements for
societal progress. He promoted research and innovation in areas ranging from
aerospace technology to sustainable development. Vikram Sarabhai's vision and
leadership continue to inspire generations of scientists and innovators in India and
globally. His groundbreaking work in space science and technology established a
solid foundation for India's successes in space exploration and technological
progress

Bose's work significantly influenced theoretical physics, providing essential
frameworks for understanding particle behavior at the atomic and subatomic levels.
His collaboration with Einstein and subsequent impact on physics earned him
recognition and admiration in the scientific community. Studying the methods and
discoveries of eminent scientists promotes critical thinking skills and scientific inquiry
among students. It encourages them to ask questions, conduct research, and
analyze information critically, mirroring the scientific process modeled by these
pioneers. Exploring the ethical considerations and societal impacts of scientific
advancements made by Indian scientists encourages students to think ethically and
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responsibly about science and technology. It promotes discussions on the benefits
and risks of scientific research and its implications for society.

4.9

4.10

Glossary

Raman Effect: Phenomenon observed by C.V. Raman where light changes
wavelength when it interacts with molecules, providing insights into molecular
vibrations and structure.
Missile Man of India: A title given to A.P.J. Abdul Kalam for his instrumental
contributions to the development of India's missile and space technology.
ISRO (Indian Space Research Organisation): India's national space
agency, tasked with space research, satellite development, and space
missions, where A.P.J. Abdul Kalam made notable contributions.
DRDO (Defence Research and Development Organisation): The
government body responsible for military research and development in India,
where A.P.J. Abdul Kalam played a key role in missile technology
advancements..

India 2020: A Vision for the New Millennium: Book authored by A.P.J.
Abdul Kalam outlining his vision for India to become a developed nation
through advancements in technology, education, and economic growth.

Answers to Self-Check Exercises
List the five contributions of Chandrasekhara Venkata Raman are:

Discovery of Raman Effect
Nobel Prize in Physics (1930)
Advancement of spectroscopy
Impact on scientific research
Legacy in scientific inquiry

List the five contributions of Jagadish Chandra Bose are:

Research in radio science and electromagnetic waves
Invention of the crescograph

Advancement in semiconductor research

Recognition as a scientist (Fellow of the Royal Society)
Contribution to education reforms in India

List the five contributions of Satyendra Nath Bose are:
Formulation of Bose-Einstein statistics
Collaboration with Albert Einstein on Bose-Einstein condensates

Impact on quantum mechanics and condensed matter physics
Recognition in theoretical physics
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Legacy in quantum statistics and particle physics
List the five contributions of Vikram Sarabhai are:

Father of the Indian space program

Launch of Aryabhata satellite

Development of satellite communication in India

Establishment of space research institutions (PRL, SAC)
Vision for science, education, and socioeconomic development

List the five contributions of Homi Jahangir Bhabha are:

Founding Director of BARC

Contributions to nuclear physics and cosmic ray research
Advancement in particle physics and meson theory

Initiator of India's nuclear program

Leadership in scientific research and technology development

List the five contributions of A.P.J. Abdul Kalam are:

Development of India's missile technology (Agni, Prithvi)

Leadership at ISRO and contribution to SLV-III

Visionary for science education and technology innovation

Presidency as a unifying figure and advocate for national development
Authorship, mentorship, and inspiration to youth in STEM
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Terminal Questions

How did C.V. Raman's work inspire future scientists in India and globally?

What did J.C. Bose study in plants, and how did it contribute to our
understanding of biology?

How did Vikram Sarabhai contribute to India's space program?
What were Homi Bhabha's contributions to nuclear science in India?

Why is A.P.J. Abdul Kalam known as the "Missile Man of India"?
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Unit -5
Curriculum
Curriculum: Meaning, Objectives, Principles and steps of curriculum
construction
Structure:
5.1: Introduction
5.2: Learning Objectives
5.3: Meaning of the physical science curriculum
Self-Check Exercise-1
5.3.1: Objectives of physical science curriculum
Self-Check Exercise-2
5.4: Principle of Curriculum Construction
Self-Check Exercise-3
5.4.1: Aims of education and objectivity
5.4.2: Child-centric principle
5.4.3: Principles of civic and social needs
5.4.4: Principle of conservation and providing proper inspiration
5.4.5: Principles of creativeness and activity centeredness
5.4.6: Principle of forward-looking
5.4.7: Principle of preparation for living
5.4.8: Principle of integration and correlation
5.4.9: Principle of developing scientific attitude
5.4.10: Principle of individual difference
5.4.11: Principle of social relevancy and utility
5.4.12: Principle for utilization of leisure
5.4.13: Principles of civic and social needs
5.5- Steps in the development of physical science curriculum
Self —Check Exercise-4
5.6 Summary
5.7 Glossary
5.8 Answer to Self-Check Exercise
5.9 References/ Suggested Readings
5.10 Terminal Questions

5.1-Introduction: Before considering the science curriculum, it's essential to
understand the meaning of the term "curriculum." Curriculum encompasses all the
experiences a child encounters through various activities in the classroom, library,
laboratory, workshop, assembly hall, science club, playground, and the informal
interactions between teachers and students. Essentially, the entire life of the school
becomes part of the curriculum, influencing students' lives in many ways and
contributing to the development of a well-rounded personality. The science
curriculum consists of the total range of activities within the school that aim to foster
this balanced personality development. It is crucial to focus on how to cultivate a
well-rounded personality in students. Science, as a key subject in the school
curriculum, plays a vital role in fostering a scientific mindset and developing a well-
rounded personality through its intrinsic values. The curriculum is viewed as a tool
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for achieving specific educational objectives. In the case of physical sciences, it
encompasses everything a child is expected to learn through structured learning
experiences designed to meet the goals of teaching physical science. These
experiences should be diverse, incorporating both formal and informal learning
activities that take place inside and outside the classroom. Thus, the physical
science curriculum includes all learning opportunities that help students meet the
defined aims and objectives of the subject.

5.2 Learning Objectives:
After studying this chapter, students will be able to:

« Understand the meaning of the physical science curriculum

o Recognize the aims and objectives of the physical science curriculum
o Comprehend the principles of curriculum construction

o ldentify the steps involved in curriculum construction

5.3 Meaning of the Physical Science Curriculum:

The term "curriculum™ originates from the Latin word meaning "a course to run."
According to the educationist Cunningham, the curriculum is defined as “The tool in
the hands of the artist to shape his material (the pupils) according to his ideals
(objectives) in his studio (the school).” As such, the curriculum should encompass all
experiences related to the study of a subject, which are necessary for achieving its
intended outcomes. The Secondary Education Commission emphasized that the
curriculum is more than just academic subjects; it includes the full spectrum of
experiences a student encounters within the school environment—classrooms,
libraries, laboratories, workshops, playgrounds—as well as informal interactions
between teachers and students. The curriculum plays an essential role in education,
reflecting the overarching goals of education. Ultimately, the curriculum is shaped by
the evolving aims of society and life itself, as these goals are dynamic and subject to
change.

Educational aims are accomplished through school programs that include
knowledge, experiences, activities, skills, and values. Together, these components
form the curriculum. While traditional curriculum concepts focused primarily on the
subject matter, modern curricula are more centered on the child's needs and life
experiences. In the future, physical science teachers are expected to play a more
prominent role, utilizing educational technology to enhance learning. Teachers are
also encouraged to integrate values such as truth, cleanliness, trust, respect, love,
nonviolence, right conduct, and peace into their lessons. Promoting these values,
along with fostering a scientific mindset, will help shape students into responsible
citizens and better human beings. Teachers are also encouraged to adopt more
objective evaluation methods, holding them accountable for preparing students for
the challenges of the 21st century.

Below are some definitions of the curriculum:
e Froebel: “Curriculum should be conceived as an epitome of the rounded

whole of the knowledge and experience of the human race.”
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e« Crow and Crow: “The curriculum includes all the learners’ experiences, both
inside and outside school, which are part of a program devised to help them
develop emotionally, socially, spiritually, and morally.”

e T.P. Nunn: “The curriculum should be viewed as various forms of activities
that express the human spirit and are of great and lasting significance to the
wider world.”

Self-Check Exercise-1
Q-1: Define the term Curriculum

5.3.1 - Objectives of the Physical Science Curriculum:
The objectives of teaching physical sciences have evolved significantly over the past
few decades. There was a time when physical science was not a mandatory subject
in secondary schools, and only a select group of students chose it. During that
period, the focus was primarily on teaching scientific facts. However, due to rapid
advancements in science and technology, science became a compulsory subject not
only in secondary schools but also in primary classes. Today, science is a
mandatory subject for all students from grades one through ten. The focus of
teaching science has shifted from merely imparting facts to emphasizing the practical
application of physical science. The characteristics of effective physical science
objectives are as follows:

They should be based on psychological principles.

They should align with the ideals of democratic education.

They should be capable of bringing about the desired changes.
They should be in line with current times and circumstances.

They should consider the needs, abilities, and capacities of students.
They should be practical and useful.

The physical science curriculum includes the following objectives:

To provide functional knowledge of scientific facts.
To develop functional understanding of physical science concepts.
To foster a functional understanding of scientific principles.
To equip students with knowledge of essential skills.
To enhance problem-solving abilities.
To promote attitudes such as:
o (a) Open-mindedness
o (b) Intellectual honesty
o (c) Suspended judgment
7. To foster appreciation for:
o (a) The contributions of scientists
o (b) Basic cause-and-effect relationships
o (c) The potential uses and applications of science
8. To generate interest in:
o (a) Recreational activities or hobbies related to science
o (b) Science as a potential vocation
9. To provide practical knowledge of the subject matter.
10.To offer up-to-date knowledge.

OuhAWNE
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11.To cover broad objectives of physical sciences, including skills, knowledge,
interest, application, and understanding.

12.To provide fundamental skills and processes for better understanding of the
subject matter.

13.To offer students a genuine appreciation of how the development of physical
sciences impacts modern life.

14.To satisfy natural curiosity about the forces of nature and the environment.

15.To promote specific ideals such as accuracy, truthfulness, honesty, open-
mindedness, orderliness, neatness, and precision.

16.To stimulate a spirit of inquiry, investigation, and invention.

17.To educate students about the practical applications of science in their
physical and social environments.

18.To enhance observational skills.

19.To encourage students to explore the life stories of great scientists.

20.To develop the ability to solve everyday problems.

21.To promote economic efficiency.

22.To cultivate a scientific attitude, scientific appreciation, and a scientific
mindset among students.

It is the science teacher's responsibility to establish objectives based on the various
topics within the sciences, ensuring they align with the aims listed above. The
teacher should also develop a plan outlining the necessary steps to achieve the
predetermined objectives

Self-Check Exercise-2
Q-1. What is the meaning of physical science curriculum?
Q-2. Curriculum is:

A. Course

B. Syllabus
C. Co-curriculum activities
D. Overall activities of an Institution

Q-3. The term "curriculum" is derived from the Latin word currere, which means

5.4 - Principles of Curriculum Construction:

When discussing the design and structure of the physical science curriculum, the
emphasis is usually on the kinds of learning experiences that should be offered to
students at different age groups and grade levels, with the goal of achieving the
specific objectives set for each educational stage.This process requires systematic
and sequential planning, ensuring that learning experiences expand at each level
while adhering to the principles of integration and correlation. To understand how
this can be accomplished and which principles to follow, the following discussion
outlines the academic principles that guide curriculum content:

54.1. Aims of Education and Objectivity:

Life is complex, and the curriculum should reflect this complexity. In other words,
when designing the curriculum, one must consider The aims and objectives of
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education should guide the curriculum, ensuring it aligns with these broader
educational goals.

5.4.2: Child-Centered Principle:

Learning experiences provided at each age and grade level should align with the
child's developmental stage and cognitive abilities. As children's intelligence and
mental capabilities develop, the curriculum should evolve accordingly to meet their
cognitive level. Nothing should be taught that exceeds their understanding. The
curriculum should focus on the actual needs, interests, and capacities of the child,
making it child-centered, in line with modern educational philosophies.

5.4.3: Principles of Civic and Social Needs:

As social beings, children grow within a societal context. Modern education seeks to
nurture the individual child while also contributing to the broader development of
society.

5.4.4: Principle of Conservation and Proper Inspiration:

Humanity has carefully preserved experiences for better adaptability, and education
plays a vital role in safeguarding and transmitting cultural heritage. The school is
central to this process. Physical science education should offer learning experiences
that inspire students, such as through the biographies of great scientists, the history
of scientific inventions, and the creation of science clubs and co-curricular activities.
These initiatives provide students with opportunities to draw inspiration from the lives
and achievements of notable inventors and discoveries.

5.4.5: Principle  of Creativity  and Activity-Centered Learning:
Children are inherently active and enjoy engaging with events and activities that
involve play. They are particularly interested in hands-on activities, where they can
manipulate objects, observe, and explore independently. Therefore, the science
curriculum should include learning experiences that encourage self-directed
observation, experimentation, and improvisation, while considering the age group’s
needs and the children’s environment.

5.4.6: Principle of Forward-Looking:
Education should not be limited to current life situations but must prepare children for
future responsibilities. When designing the curriculum, it is important to consider the
future needs of both the child and society.

54.7. Principle of Preparation for Living:
Children should learn about the various activities in their environment that help meet
basic needs like food, shelter, clothing, recreation, health, and education. The
curriculum content should be linked to the child’s environmental context, with rural
students focusing on local experiences and urban students relating more to modern
inventions. Similarly, children from hilly areas or coastal regions should study content
relevant to their unique surroundings.
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5.4.8: Principle of Integration and Correlation:
Subjects should be logically and psychologically organized in accordance with the
child's developing interests. Children tend to learn best when they have a personal
interest in the subject matter. Additionally, learning experiences in science should
correlate with those in other subjects to achieve the broader educational goals, with
all subjects working together toward the realization of educational aims.

5.4.9: Principle of Developing a Scientific Attitude:
Developing a scientific attitude is a central goal of physical science education. The
curriculum should include experiences that help students overcome false beliefs and
superstitions, promoting open-mindedness, critical observation, independent
thinking, and the scientific method—all essential for developing a genuine scientific
attitude.

5.4.10: Principle of Individual Differences:
The curriculum should allow every individual the opportunity for self-expression and
development, taking into account the psychological principle of individual differences.
This principle ensures that the curriculum caters to the complexities of modern
democratic societies.

5.4.11: Principle of Social Relevancy and Utility:
Subjects should not be selected based solely on their academic value but should be
chosen for their intrinsic value, social relevance, and utility in addressing real-world
issues.

5.4.12: Principle for Utilization of Leisure:
To make productive use of students' leisure time, subjects like games, sports, fine
arts, and aesthetic subjects should be incorporated into the school program. The
significance and relative importance of each subject should be determined by the
available time in the school timetable, which reflects the overall school program.

5.4.13: Principle of Variety and Flexibility:
The curriculum should include diverse activities and experiences that facilitate
normal development. It should be flexible and adaptable to changes in society, the
environment, and the physical and mental needs of students from different
communities or regions. The curriculum should evolve to reflect advancements in
science and technology, ensuring it remains relevant. Furthermore, the physical
science curriculum should be dynamic, capable of being redesigned or modified to
suit emerging needs.

In conclusion, the physical science curriculum must be planned with these principles
in mind, ensuring it is flexible, child-centered, and responsive to both the present and
future needs of students. Additionally, the active involvement of experienced science
teachers is essential in the curriculum's development, as their insights and practical
experiences can significantly enhance the curriculum's effectiveness.

Self-Check Exercise-2: Q-1: What is the child-centric principle of curriculum
construction?

Q-2: The principle for the utilization of leisure includes subjects like games,
fine arts, and values.
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5.5 - Steps in the Development of Physical Science Curriculum:

When developing a curriculum for any subject, including physical sciences, a
technical scientific model proposed by Ralph Tyler in his 1949 publication Basic
Principles of Curriculum and Instruction can serve as a pragmatic and suitable guide
for achieving the teaching and learning objectives of that subject. Tyler proposed
four key steps for developing a curriculum:

Defining the purposes (objectives)

Identifying the educational experiences related to those purposes
Organizing the experiences

Evaluating the achievement of purposes

PwbdPE

The curriculum development process organizes what will be taught, who will be
taught, and how it will be taught. These components interact with each other, with
the target audience’s characteristics (such as age, maturity, and educational
background) influencing the content and methods of teaching.

Essential Considerations for Curriculum Development:

« ldentification of the issue/problem/need (what)

« Understanding the characteristics and needs of learners (target audience -
who)

« Defining the intended outcomes/objectives for learners (what the learners will
be able to do)

« ldentifying important and relevant content (what)

« Deciding on methods to achieve the intended outcomes (how)

« Evaluating strategies for methods, content, and intended outcomes (what
works?)

Essential Curriculum Development Steps Needing Emphasis:

« Needs assessment: Even a well-designed curriculum may not meet the needs
of the target audience if this assessment is not conducted.

e Involving youth: The target audience and curriculum implementers (e.g.,
volunteers or staff) should be active participants in the curriculum
development process.

e Recruiting and training volunteer facilitators: Competent facilitators are crucial,
as printed materials alone cannot teach experiential learning.

o Evaluating the curriculum’s impact: This is necessary to secure support from
policymakers and assess if the curriculum has achieved its objectives.

In summary, Tyler’'s curriculum development model provides a structured approach
for designing a physical science curriculum that is responsive to the needs of both
students and society.

Objectives of Teaching Physical Sciences
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Formulation of Objectives:
The development of the curriculum begins with the establishment of clear
teaching, learning, or educational objectives for physical sciences at specific
grade levels and within a given environment. By setting these goals and
objectives, we define the purposes that the curriculum is intended to serve.
Selection of Content or Topics:
Once the goals and objectives are established, the next step is to plan the
selection of content and topics that will enable the realization of the set
objectives. This planning must be guided by key principles of curriculum
construction, ensuring that the chosen topics effectively align with the
educational goals.

Organization of Content or Topics:
After selecting the appropriate content and topics, the next task is to organize
them in a logical sequence. This involves arranging the topics in a manner
that ensures clarity and progression, making it easier to determine which
topics should be taught at each grade or stage, and establishing the scope
and limits of the content for each level.

Providing Guidelines for Implementation:
The process of curriculum development extends beyond the selection and
organization of content. The curriculum must be implemented by both
teachers and learners to achieve the set objectives. Therefore, curriculum
developers must provide guidelines on the methods, techniques, strategies,
and teaching activities that will facilitate effective teaching and learning of the
selected content and topics.

Suggesting Evaluation Methods:
Finally, curriculum development must include methods for evaluating the
learning process. Evaluation is essential to assess how well students have
learned the material and to determine the extent to which the instructional
objectives have been achieved. A comprehensive curriculum should specify
the evaluation techniques, including whether there will be internal
assessments, what types of questions (e.g., essay, short answer, objective),
and the weightage for each in terms of marks. It should also address whether
practical exams, oral assessments, or other modes of evaluation will be
included. All aspects of evaluation should be thoroughly considered in the
development of the physical science curriculum.

Two types of evaluation are outlined in the curriculum development process:

Formative Evaluation: Provides feedback during the development process to
help adjust and improve the curriculum.

Summative Evaluation: Focuses on assessing the impact and changes in
learners after the learning experiences. It provides insights into what works,
what doesn’t, and what needs improvement.

Throughout the curriculum development process, it is essential to keep the learner—
especially the youth—in mind and involve them actively. For instance, members of
the curriculum team who have direct knowledge of the target audience should be
involved in the needs assessment process. This helps identify problem areas, gaps
in knowledge, and clarifies the scope of the issue. The findings from the needs
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assessment can prompt decision-makers to allocate resources for the development
of curriculum materials.

The tasks involved in developing a physical science curriculum mainly focus on
selecting and organizing content, topics, or learning experiences that are appropriate
for specific grades or stages of education. The principles for selecting the content
have already been discussed under the principles of curriculum construction. Below,
we will further explore the principles or approaches for organizing the selected
content and topics in a way that suits various educational stages.

Self-CheckExercise-3
Q-1: What are the steps involved in developing the physical science curriculum?

Q-2: Name two types of evaluation of steps of developing the physical science
curriculum.

5.6- Summary:

The core curriculum includes learning experience that are fundamental for all
learners because they derive from our common individual drives and needs and from
our civic and social needs as participating members of a democratic society. Now
the physical science teacher is expected to play a more important role. He is
emphasised to use educational technology for more effective learning. He is also
expected to inculcate values while teaching science values like truth, cleanliness,
trust, respect, love, non-violence, right conduct and peace. If these values inculcated
among students along with scientific temper, will make them better human beings
and citizens. Objective evaluation in physical science is essential. Several key
factors must be considered when developing the curriculum.

5.7 -Glossary:

Curriculum: Curriculum is the course offered by an educational institution and a set
of courses constituting an area of specialization.

Evaluation: evaluation is the process of determining the extent, to which objectives
are being achieved, the effectiveness of the learning experiences provided in the
classroom, and how well the goals of education have been accomplished.

Formative evaluation- A type of evaluation that assesses the development or
progress of a project, program, or product to improve its effectiveness.

Summative Evaluation- A type of evaluation that occurs at the end of a learning
period or programme.

5.8-Answers to Self- Check Exercise:

Self-Check Exercise-1

The curriculum is the tool in the hands of the artist to mould his material (the pupils)
according to his ideals (objectives) in his studio (the school).

Self-Check Exercise-2

Ans-1: The physical science curriculum encompasses all the activities carried out in
school to foster a well-rounded personality. It is crucial to consider how to nurture a
balanced personality in students. The curriculum serves as a tool to achieve the
established goals. In the context of physical sciences, it refers to the specific learning
experiences that the child is expected to acquire in order to meet the aims and
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objectives of teaching the subject. The learning experiences provided to the child in
physical sciences should be diverse and varied, incorporating activities such as
discussions and listening in the classroom.

Ans-2: D. Overall activities of an institution
Ans-3: to run or race course.

Self-Check Exercise:-3

Ans-1. Child-centric principle: What is to be given to the children in the form of
learning experiences at a particular age and grade level should suit properly their
age and mental level development. The intelligence and the mental functioning of
the children grow with their age and so their capacity of understanding and grasp.
Therefore it will be in the fitness of things if their courses or content of study in any
subject should be framed to suit their ability. Nothing should be taught to them which
may float above their heads. The curriculum should be framed according to the
actual needs, interests and capacities of the child. That means a curriculum must be
child-centric as modern education is child-centered.

Ans-2. Aesthetic

Self-Check Exercise-4:

Ans-1. Four steps are as follows:

1. Defining the purposes (objectives)

2. Educational experiences related to the purposes

3. Organization of the experiences

4. Evaluation of the purposes

Ans-2. Formative evaluation and summative evaluation

1.9-References and suggested readings:
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Mohan, Radha (2002): Innovative Physical Science Teaching Methods. New Delhi
Kumar, Amit (2002): Teaching of Physical Sciences, New Delhi: Anmol Publications.
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5.10 - Terminal Questions:

1. Explain why physical sciences should be a compulsory subject in the school
curriculum up to the 10th standard.

2. What is the meaning of the term "curriculum"? How is it different from
"syllabus"?

3. How would you define "curriculum"? Discuss the various principles of
curriculum construction in physical sciences

4. What steps or considerations would you keep in your mind while developing a
curriculum in physical sciences? Discuss fully.
5. How can a physical science curriculum be adapted to the local needs and
resources? Discuss such an adoption both at the developing and implementation
stage.
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Unit-6
Methods of Teaching Physical Sciences
(Lecture-cum-demonstration method and Project method)

Structure:
6.1-Introduction
6.2-Learning Objectives
6.3-Lecture-cum-Demonstration Method
6.3-1: The Shape of the Method
6.3-2: Merits of Lecture-cum-Demonstration Method
6.3-3: Demerits and limitations of lecture-cum-Demonstration Method

Self-Check Exercise -1
6.4: Project Method
6.4.1: The Nature Shape of Project Method
6.4.2: Steps in the Project Method
6.4.3: Merits of Project Method
6.4.4: Demerits and Limitations

Self-Check Exercise -2
6.5 Summary
6.6 Glossary
6.7 Answer to the Self-Check Exercise
6.8 References/ Suggested Readings
6.9 Terminal Questions

6.1-Introduction:
Before beginning the study or teaching of a subject, it's important to ask why that
particular subject is being studied or taught. The answer to this question helps us
establish clear aims and objectives for teaching the subject. To achieve these
objectives, we then plan and organize appropriate learning experiences through the
curriculum. Finally, we consider the teaching methods that will be used to provide
these desired learning experiences to students.
are determined after careful analysis of the experiences gained over the years. The
methods of teaching Physical Sciences as prevalent today in our schools may be
detailed as below:
Lecture Method
Demonstration of Lecture-cum-Demonstration Method
Laboratory Method
Heuristic Method
Project Method
Assignment Method
Unit of Topic Method
Problem Solving Method

However, out of these above methods, in this text we would like to discuss the
most commonly employed methods like lecture-cum-demonstration, project and
problem solving method for teaching of Physical Sciences.
6.2-Learning Objectives:
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After studying this chapter, students will be able to understand the meaning,
process, advantages, and disadvantages of the lecture-cum-demonstration method
and the project method of teaching physical sciences.

6.3 - Lecture-cum-Demonstration Method

The lecture-cum-demonstration method is considered one of the most practical and
effective approaches to teaching physical sciences, given the constraints of our
school environments. Physical sciences are inherently practical and cannot be solely
explained through lectures or discussions. These subjects require rich, hands-on
experiences, including self-observation and experimentation by each student.
However, providing such individualized learning experiences for every student is
often not feasible due to various limitations. Both the educational system and
available resources—such as materials and human support—make it difficult to
arrange practical experiences for all students. In such cases, the best alternative is
the lecture-cum-demonstration method, where the teacher simultaneously explains
and demonstrates scientific concepts to the entire class.

6.3-1: The Structure of the Method

In this method, the teacher combines both lectures and demonstrations in an
integrated manner. The theoretical content presented through explanation or
narration is supplemented with practical demonstrations of objects, instruments, and
phenomena. For instance, when teaching about a water pump, the teacher might
use a model to show the construction and functioning of the pump. Similarly, when
explaining concepts like "air has weight" or "solids expand on heating," the teacher
first demonstrates these principles through relevant experiments before guiding
students to understand and generalize the associated facts. This approach allows all
students to simultaneously engage in practical experiences through the teacher's
common demonstrations. By using both visual and auditory learning channels,
students actively participate, whether by asking questions or assisting in the
demonstration process.

The teacher while demonstrating the experiments goes on asking questions to
test their knowledge. The students are also able to ask questions regarding the
experiment and get their doubts and difficulties removed. They may also be called by
the teacher to get desired assistance in carrying out the demonstration work.

6.3-2: Merits of Lecture-cum-Demonstration Method
1. Active participation. The students do not remain passive at the time of

demonstration but are free to ask questions for explanation of any aspect, they
do not understand. They are also free to give their suggestions. The teacher does
not confine himself to lecturing only but he is active in showing and explaining the
experiment relevant to his lesson.

2. Helps in mental development. In demonstration method of teaching the
students watches the experiment and other teaching aids shown by the teacher
which excite his imagination for the correct inference. It gives the students ample
chance to develop their faculties of observation, reasoning, deep thinking and
other mental abilities. This method of teaching inculcates the habit of scientific
thinking, acting and viewing everything scientifically.
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3. Helping the task of the teacher. Every teacher wants that his students should
easily understand his lesson but it is not possible by delivering a lecture only. He
must use proper teaching aids and also must demonstrate relevant experiments.
It will take much less time for the teacher to achieve his aim. By demonstration of
experiments a lot of time and efforts are saved in bringing home the scientific
facts to his pupils.

4. Clear and permanent knowledge. The knowledge obtained, by observing the
experiments and by understanding the working of apparatus at the time of
demonstration, becomes quite clear and can be remembered for a long time. By
observing demonstration of the things and events, the student understands the
facts and principles of science easily. Children are interested in all activities and
take part actively in science experiments. The enthusiasm of the children in
demonstration of experiment makes them remember facts and principles of
science for a long time.

5. Economical method. In the present circumstances in our country we can’t think
to provide apparatus to each and every individual to perform experiment by
himself. At this juncture, the use of demonstration method of teaching is the most
convenient and economical one. The things are demonstrated and experiments
are shown by the teacher and all the pupils actively observe and get the relevant
practical experiences then and there. In this sense this method is not only
effective but also economical, as it saves a lot of experiment. At the same time
there is a lot of time saved.

6.3-3: Demerits and limitations of lecture-cum-Demonstration Method
1. Lack of opportunities for developing practical ability. As the experiments

are done by the teacher and the students do not get chance of performing
them individually, there is no possibility of the practical ability for carrying out
any experiment in future. Lectures or demonstrations simply are insufficient in
conveying full knowledge of the apparatus or the instruments used in the
experiment. Actual performance of the experiment and handling of the
apparatus are the prime importance for developing real taste for science.

2. Psychological Limitations: The most effective scientific teaching method is
"Learning by doing," which is lacking in the demonstration method. This
method does not fulfill students' desire to conduct experiments and draw their
own conclusions. As a result, it fails to provide opportunities for developing
students' creative, constructive, and inventive abilities. From a psychological
perspective, this method is thus incomplete and inadequate.

3. Practical Limitations and Challenges: The demonstration method requires
extensive preparation and careful planning to ensure its success. Several
challenges must be addressed, such as:

1. For the demonstration method to be effective, the class

size should be manageable, as a large number of
students makes it difficult to engage them all in the
process.
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2. It assumes that all students will remain attentive and fully
engaged during the demonstration. However, it can be
challenging for every student to stay focused and observe
the entire experiment closely.

3. The effectiveness of this method can be compromised if
the teacher is inexperienced and unable to hold students'
attention. Similarly, if the teacher lacks sufficient time for
lesson preparation or does not have access to the
necessary materials and equipment, the demonstration
method will be less successful.

Suggestions for the Success of the Demonstration Method

It is very essential to ensure that all students of the class are able to observe the
demonstration of the experiment properly. The lecture room should be in the form of
gallery i.e., one step above the other, otherwise the students of the back benches
will not be able to watch the demonstration properly. In this case following
suggestions will be helpful:

If the teacher is a good disciplinarian, he can allow the back benchers to sit on the
writing tables in order to have a good view of the demonstrations of experiment.

The teacher at his discretion may allow the back-benchers to stand in a semi-circle
around the demonstration table.

If the audience is large, a big mirror may be fixed on the demonstration table in such
a way that a full view of the demonstration activities is received by looking at the
image formed in the mirror.

The demonstration table should be well lighted so that the apparatus used is
properly visible. The principle of proper background should also be followed properly.
For example, a black object should not be shown against a black background like the
classroom blackboard.

The demonstration apparatus should be large enough for all students to see clearly,
with the gradation and markings displayed in bold letters and figures. The teacher
must have a clear understanding of the aims and objectives of the demonstration
they are presenting.

Before conducting the experiment in front of the students, the teacher should
thoroughly test all parts of the apparatus and chemicals to ensure everything is in
working order. The success of the demonstration depends on prior practice, as
failure during the experiment could undermine the students' trust in the teacher. No
excuses will be effective in this case, making prior preparation essential. This
practice boosts the teacher's self-confidence.

If an accident, such as the breaking of equipment, occurs during the demonstration,
the teacher should remain calm and composed. Instead of panicking, the teacher
should engage the students by asking questions to determine the cause of the
failure. Afterward, the teacher should address the shortcomings of the experiment
and then repeat the demonstration the next day successfully to restore the students’
confidence.
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The apparatus and instruments for demonstration should be stored in a definite
order. Specially, on the demonstration table the apparatus should be kept from left to
right. They should be used for demonstration in order and then should be kept away.
There should be no crowding of the apparatus on the table. One experiment should
b shown at a time and no useless and extra apparatus or instrument should be left
on the table.
The experiments to be shown must conform to the standard and mental ability of the
students. As far as possible, the things known and familiar to the students should be
used in the experiment.
Self-Check Exercise -1
Q1. What is lecture-cum- demonstration method of teaching physical science?
Q2. In lecture method ........................ is activeand ............... is passive listener.
6.4-Project Method
Project method of teaching was first propounded by John Dewey through his ideas
and views incorporated in the philosophy of pragmatism. This philosophy lay
emphasis on the practical or utilitarian value by saying that things or ideas which
have some practical value or are useful to the learner in one or the other ways must
only be taught to the learner. Consequently the process of education must be
centered on some useful or purposeful activity named as projects. We may know a
lot about the nature and meaning of the term ‘project’ with the help of the following
definitions give by some eminent scholars.

According to Kilpatrick “a project is a whole-hearted purposeful activity
proceeding in a social environment.”

Stevenson says that “a project is a problematic act carried out to completion
in its natural setting.”
In the opinion of Ballard “a project is a bit of real life that has been imparted into
school.”
6.4.1- The Nature of Project Method
The Project Method is centered around the concept of the project itself. To solve a
practical problem or meet a specific need, students choose a relevant project to work
on together. Throughout the planning and execution of the project, they engage in
activities that draw on knowledge and skills from various subjects in the curriculum.
As these knowledge requirements emerge during the project, students acquire them
with the teacher's guidance. This approach ensures that learning occurs organically,
driven by the immediate demands of the project.

In essence, the project method fosters incidental learning, where students acquire
knowledge informally and spontaneously, often in a way that is engaging and
enjoyable. This method is not limited to teaching science but can be applied to
almost any subject within the school curriculum. The suitability of the project for
teaching specific subjects depends on its nature and focus. For instance, projects
such as studying local birds and insects, exploring plants in the environment,
maintaining school cleanliness, creating a flower garden, setting up a science
museum, building improvised apparatus, or organizing excursions to scientific sites
can provide valuable learning opportunities, especially in physical sciences

6.4.2 - Steps in the Project Method
The Project Method involves a series of planned steps, as outlined below:

1. ldentifying the situation.
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Selecting the project and defining its purpose.
Planning the project.

Executing the project.

Evaluating the project.

Documenting the project

Let us now discuss these steps one by one.

1.

Providing a situation. First of all attempts are made to provide a situation for
feeling a necessity of choosing and working on a project. Many times there is
a spontaneous upsurge of such situation wile at others teacher has to plan for
the creation of such situations. The students may spot out a problem while
having discussion in the classroom, while working in the laboratory or
engaging in extra-curricular activities, going on some excursions, visiting
some places of scientific or general interest etc.

Choosing and Defining the Purpose:

After encountering a real-life problem, students can be encouraged to think of
possible solutions by selecting a suitable project. Among the many
alternatives proposed by the students, they should choose the most
appropriate project based on available resources and the potential
educational benefits it offers. Once a project is selected, the objectives and
purpose should be clearly communicated to all students following a productive
discussion.

Planning the Project:

Each project requires careful planning for effective execution. Students should
be encouraged to develop a detailed strategy for implementing the chosen
project. With active guidance from the teacher, students should engage in
discussions, consult experts, and utilize resources like the library to plan the
project. Responsibilities, whether individual or within small groups, should be
assigned, and decisions regarding finances and other resources should be
made.

Executing the Project:

Since the project is a collective effort, its successful execution depends on the
combined contributions and responsibility of all students involved. The plans
made during the planning phase are now put into action. Every group member
works with dedication to ensure the project’s success. Any challenges
encountered are addressed collaboratively under the teacher’s guidance. This
stage offers students the opportunity to apply theoretical knowledge
practically, drawing from various subjects in their curriculum.

Evaluating the Project:

Evaluation is an ongoing process. Students' individual and group work is
assessed regularly through discussions and reviews. Students engage in
open conversations to exchange ideas, evaluate their progress, and suggest
improvements or modifications to the project's execution or planning. At the
conclusion of the project, an overall evaluation is conducted to assess
achievements, identify challenges, and reflect on lessons learned through a
final discussion.

Recording the Project:

Proper and accurate documentation of each step of the project is essential.
This includes recording how the project was selected, planned, and executed,
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the challenges faced, and the outcomes achieved. This documentation serves
as a reference for future projects and provides valuable insights for
improvements.

After discussing the steps involved in the project method, let us now examine its
application through a practical example:

Project Name: Laying Out a Flower Garden in the School Compound

To begin with the situation, students may be taken to a nearby garden. They may
desire to have such beautiful flowers daily in their own school. There is thus
spontaneous emergence of a problem. As a solution some may suggest to order
daily for the flowers to make beautiful planted flower pots for every classroom. Some
may suggest purchasing planted flower plants; other may speak of hiring or
employing a gardener for planting the flower in the school. With a lively discussion
the teacher at last may persuade them to work for growing and planting their own
garden with their own efforts in a natural way and thus a project ‘laying out flower
garden in the school compound’ is chosen. The purpose and objectives of choosing
such project are also made quite clear to them.

6.4.3- Merits of Project Method

Psychological Sound. Project method proves a psychological sound method on the
grounds given below:

The approach is child-centered rather than being subject centered.

The students work on their self chosen project. It is related with their own problem.
The goal and purpose of working is very much clear to them and hence they are
naturally motivated and inclined to put their heart and soul.

Reasonable freedom is provided to them for working in a social environment.

The principles of learning like law of readiness, law of exercise and law of effect and
factors of motivation and capturing attention etc. are all properly employed in working
with the project method.

The method provides enough opportunity for meeting the varying interests and
abilities of the students.

1. Practical and Applied Approach:
The project method is a highly practical and applied way of learning science. It
emphasizes the principle of ‘learning by doing,’ giving students hands-on
experience. The chosen projects are closely aligned with real-life situations
and are designed to address the everyday problems that students encounter.
Therefore, what students learn through this method is both practical and
relevant to their lives.

2. Integration of Physical and Mental Activities:
While working on a project, students engage in both physical tasks, such as
manual labor, and mental tasks, such as planning and executing various tasks
related to the project. As a result, the project method offers an excellent
opportunity to integrate physical and mental activities, fostering the balanced
development of students' physical and intellectual abilities.

3. Democratic Method of Teaching:
The project method follows a democratic approach, where the project is
selected after group discussion and mutual agreement. Students collaborate
and share responsibilities within the group, working together to achieve
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common goals. The students have the freedom to think and act according to
the plan, creating a democratic learning environment throughout the process.
Development of Social Virtues:

This teaching method encourages students to work in harmony with others,
fostering a sense of cooperation and responsibility. By contributing to the
collective effort, students develop important social virtues such as teamwork,
empathy, and social awareness, which are essential for success in society.
Clear and Lasting Knowledge:

The learning process in the project method is highly effective, as it keeps
students actively involved throughout the project's implementation. Since the
knowledge is gained through direct involvement, it is retained more effectively
and understood from multiple angles, resulting in a clearer and more lasting
grasp of the material.

Positive Attitude Towards Manual Work:

Students develop a greater appreciation for manual work, learning the value
of labor and its connection to a strong work ethic. This attitude is crucial in
fostering a productive and socially responsible mindset, preparing students for
real-world challenges.

6.4.4 Demerits and Limitations

1.

Financial Constraints:

Executing a project often requires significant financial resources. For instance,
a project like creating a flower garden in the school compound involves costs
such as purchasing plants, cultivating soil, watering, and other essential
needs. The financial return from such projects is typically minimal compared
to the expenses incurred. Additionally, schools may not have the necessary
funds for multiple projects across various subjects, making the project method
a theoretical approach in many institutions.

Time-Consuming:

Projects require a significant amount of time for planning and execution. For
example, a flower garden project may take several years to complete. If the
project is central to the teaching process, teachers must wait for natural
occurrences and related curricular topics to arise, making it difficult to cover
all aspects of the curriculum through one project. Managing multiple projects
simultaneously within a single academic session is often impractical.

High Expectations from the Teacher:

The project method places considerable demands on the teacher, requiring
constant involvement from the initial stages of providing the situation,
selecting the project, and guiding the planning and execution. The teacher
must offer knowledge and skills across various subjects whenever needed,
making the role of the teacher both extensive and all-encompassing, requiring
them to be a resourceful guide in all aspects of the project.

Challenges in Systematic Learning:

The project method emphasizes incidental learning, where students acquire
knowledge only as necessary for completing the project. This approach does
not allow for a systematic or organized treatment of the curriculum. As a
result, students may end up with fragmented knowledge, learning facts only
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as they relate to the project's completion rather than through a structured,
sequential process. This makes the method less effective for subjects like
science, where systematic and organized learning is essential.
5. Practical Difficulties:
Several practical difficulties hinder the implementation of the project method:
o Limited funds in schools for carrying out projects.
o The vastness of science curricula leaves little room for in-depth project
work.
o The current examination system does not align with the needs of the
project method, further limiting its effectiveness.

Self-Check Exercise - 2

Q1. Who first propounded the project method of teaching?
Q2. Define the project method of teaching physical science.
Q3. True/False: Planning of the project is a step in the project method.

6.5 Summary: The psychological perspective emphasizes that the study of any
subject cannot be fully successful unless it aligns with the age, characteristics, and
needs of the child. Therefore, in the realm of science, teaching methods are as
crucial as the content itself. These methods are chosen by the teacher, taking into
account the students' abilities and the curriculum. Through these methods, the
teacher facilitates not only an understanding of the subject matter but also a deeper
knowledge of the curriculum. Teaching methods guide how we educate our students,
much like how the right directions help a person reach their destination. Without the
correct method, students cannot be provided with accurate knowledge. When
selecting teaching methods for physical science, the teacher should consider the
following points:

1. How the method contributes to achieving the objectives of teaching physical
sciences.
2. The teacher's understanding and proficiency in that particular method.

3. The availability of apparatus and materials in the school required in that
particular method.

4. The experimental nature of method.

5. The class, age and capability of students.

6. Opportunities for catering the needs of individual differences.
6.6 Glossary:

Lecture Method: It is a teaching approach in which the teacher presents content,
addresses students' questions, and explores facts, principles, and relationships.

Demonstration Method: This teaching method involves conveying an idea with the
help of visual aids such as flip charts, posters, PowerPoint presentations, etc.
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Lecture-cum-Demonstration Method: This method combines both lecture and
demonstration, where the teacher simultaneously explains and demonstrates
scientific facts and principles to all the students in the class.

Project Method: The focus of this method is on "learning by doing." Students are
encouraged to explore and engage with their environment through their senses to
gain hands-on experience.

6.7 Answers to Self-Check Exercise

Self-Check Exercise -1

Ans 1: In such a situation, the demonstration or lecture-cum-demonstration method
is the most suitable alternative, where scientific facts and principles are both
demonstrated and explained to all students at the same time by the physical
sciences teacher.

Ans 2: Teacher and student.

Self-Check Exercise -2

Ans 1: John Dewey.

Ans 2: According to Kilpatrick, "A project is a whole-hearted purposeful activity
proceeding in a social environment."

Ans3. True

6.8 References/Suggested Readings
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6.9 Terminal Questions:

(1)Discuss the lecture —cum demonstration method of teaching physical sciences.
What objectives of teaching these subjects are best served by this method and how?
(2) “In the present conditions the lecture —cum demonstration method is the only
method that suits best for the teaching of physical sciences in our schools.” Critically
comment on the above statement and discuss the process and application of this
method.

(3) Explain the merits, demerits and applicability of project method of teaching
physical sciences in our secondary schools.

(4) To what extent can you justify the use of project method in the teaching of
physical sciences? Describe how you would conduct a suitable project with the
students of high or higher secondary classes.
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Unit -7
Methods of Teaching Physical Sciences
(Problem Solving Method, Heuristic Method and Inductive-Deductive Method)

71.—Introduction
7.2— Learning Objectives
7.3- Problem Solving Method
7.3.1- The Process Adopted
7.3.2- The Steps Involved in the Problem-Solving Method
7.3.3- Evaluation of the Problem-Solving Method
7.3.4- Demerits and Limitations
Self-check Exercise-1

7.4- Heuristic Method
7.4.1- Psychological basis or principles of Heuristic Method
7.4.2- Role of Teacher

Self-check Exercise-2
7.5- Inductive and Deductive Methods
7.5.1- Merits of Inductive method
7.5.2- Demerits of Inductive method

Self-check Exercise-3
7.5.3- Deductive method

Self-check Exercise-4
7.6-Summary
7.7 Glossary
7.8 Answers to Self-Check Exercise
7.9- References and suggested readings
7.10-Terminal Questions

7.1-Introduction:

Teaching methods refer to the general principles, pedagogical techniques, and
classroom management strategies employed to facilitate instruction. To achieve the
desired objectives, we plan and organize appropriate learning experiences through
the curriculum. These teaching methods are developed after thorough analysis of the
insights gained over time. In physical sciences, several teaching methods are
commonly used, including:

« Problem Solving Method
e Heuristic Method
¢ Inductive-Deductive Method

7.2 Learning Objectives: Upon completing this chapter, students will understand
the meaning, process, advantages, and disadvantages of various methods of
teaching physical sciences.

7.3 Problem Solving Method Life presents numerous challenges, and individuals
can only overcome these challenges successfully if they have acquired the
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necessary experience and problem-solving skills. This skill can be nurtured from the
early stages of education. As children grow, they learn new techniques to address
problems, and this ability to independently tackle various issues proves beneficial in
both academic learning and solving real-life problems later on. The problem-solving
method of teaching enables students to the opportunity to analyze and solve
problems using their prior knowledge, supplemented by current resources. This
method encourages independent thinking, where students follow systematic and
scientific steps to reach conclusions or solutions. These outcomes can then be
applied in the future to address similar problems in comparable situations

7.3.1- The Process Adopted

In the problem solving method a systematic and orderly process is adopted for
carrying out the teaching-learning process. The process begins with the felt difficulty
or problem. The student is then made to think out all the possible situations of the
confronted problem on the bases of what he knows. Inability of finding out the
solution with the help of his previous knowledge and experiences makes him to
engage in serious exploration with the help of self-study, mutual discussion and
independent practical work. He tries to test one by one the possible alternatives and
solutions of his problem and then by his continuous efforts gets success in finding
out the best possible solution of his problem. The practicability and validity of this
solution may be further verified on the basis of its applicability and reliability in the
solution of similar problems in other identical situations.

7.3.2- The Steps Involved in the Problem-Solving Method

Problem solving is a serious task which helps the learner to get desired solution of
his problem besides providing him adequate training in the problem solving and
inculcating scientific attitude. For doing so one has to undergo into some systematic
scientific steps described below:

Confrontation with the problem. Whether the students are faced with some
problem in a natural way or it is posed by the teacher it should properly match the
abilities and capacities of the students and should help us in achieving objectives of
science teaching by problem solving method. While selecting and choosing a
problem by the students the following points must be kept in view by the teacher so
that it may be safely employed as the centre of teaching and learning of the
sciences.

The problem should conform to the requirements of the topic in hand and should
also be related with the prescribed course.

The problem should be within the capacity of the students and should fit well with
their interests and aptitudes.

The problem should be related to the actual life situation and should be in tune with
the resources available.

It should provide maximum educational opportunities to learn and apply the facts
related with physical and life sciences.

Understating the problem. The problem faced should be understood well for its
desired situation. For this purpose

The scope and boundaries of the problem should be clearly defined. The problem
should be explicitly stated, and its purpose should be communicated to the problem
solver. A thorough analysis should be conducted to understand the problem fully and
determine the appropriate steps for solving it.
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1. Collection of relevant information or data: In this phase, students are
encouraged to gather information related to the problem from available
sources, such as records, library books, or other materials. Proper guidance
and support from the teacher are crucial to ensure students gather the correct
and useful information at the right time.

2. Analysis of the collected data or information: The collected data is then
examined to identify potential solutions to the problem. Irrelevant, excessive,
or unhelpful data is discarded, while useful and relevant information is
retained to guide the solution process.

3. Formulation of hypotheses or tentative solutions: After analyzing the data,
students are encouraged to consider all possible solutions to the problem.
This process, known as formulating hypotheses, allows students to propose
tentative solutions based on the information they have gathered.

4. Selection and testing of the most appropriate hypothesis: Among the
various proposed hypotheses, efforts are made to identify the most promising
one. This hypothesis is then tested to determine its validity and effectiveness.

5. Each hypothesis is carefully evaluated for its validity and practicality. The
most relevant hypothesis is then tested. When selecting the best hypothesis,
the following factors are considered:

o The selected hypothesis must provide a valid and reliable solution to
the problem.
The solution should align with established facts and principles.
Potential counterexamples or situations that might challenge the
validity of the selected hypothesis are also considered.

2. Application of the accepted hypothesis or conclusion: Once a hypothesis
is tested and accepted, it is applied to solve similar problems. If successful,
the hypothesis may be recognized as a valid and reliable conclusion for
addressing problems of the same nature in similar situations. If it does not
work, further attempts are made to identify more reliable and practical
hypotheses. The application of the solution must be feasible in real-life
situations, ensuring that students can address scientific problems not only
theoretically but also practically.

Evaluation of the Problem-Solving Method:

Merits: The problem-solving method is particularly well-suited for science teaching
for the following reasons:

« It offers students the opportunity to practice analyzing and solving new
problems using their own cognitive skills. This approach aligns with the nature
of science, helping students understand scientific facts and principles more
effectively.

e * This method trains students in the scientific method and promotes the
development of a scientific mindset.

« It aids in the enhancement of students' cognitive abilities.
» The approach fosters positive interactions and strong relationships between
teachers and students.
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* As a child-centered, problem-oriented method, it fully engages students. By
solving problems on their own, students experience a sense of satisfaction
and motivation, which encourages them to pursue further learning and
problem-solving.

* The method helps overcome common teaching challenges, such as student
indiscipline and homework management.

7.3.4 - Demerits and Limitations

« In this method, a specific problem serves as the core of the teaching-learning
process. However, for teaching the entire syllabus of physical and life
sciences, we would need a variety of problems that align with the necessary
knowledge and skills for these subjects. In practical terms, it becomes quite
challenging to select an appropriate problem for every specific topic or content
in physical or life sciences.

e Itis neither feasible nor desirable to have a vast number of problems that can
cover the entire syllabus. As a result, some topics and content areas will
inevitably be left out and cannot be addressed using the problem-solving
method. Therefore, this method is only partially effective in covering all the
science content.

e The problem-solving method requires students to make independent efforts to

find solutions. It demands that they be trained in scientific procedures,
thinking, and problem-solving. However, not every student is expected to
have these abilities, making it challenging to implement this method for the
entire class. Developing tentative solutions or hypotheses is a difficult task,
and students are often tempted to choose incorrect hypotheses, leading them
to waste time and energy on unproductive or irrelevant tasks.

The method in its operation also faces so many practical limitations and obstacles in
view of the adverse teaching-learning conditions listed below:

Large crowded classes.

Lack of adequate library and laboratory facilities.

Heavy syllabus with a limited number of working days and working hours.

Paucity of teachers trained in this method.

Making the examination results as sole criteria of assessing teacher effectiveness.

Self-check Exercise-1

Q1. Define the problem solving method of teaching physical science.

Q2. Problem solving method requires .....................o..... efforts on the part of
students to find out the solution of the problems

7.4- Heuristic Method

Science is not just a subject for theoretical discussion, but a practical field that is
best learned through direct hands-on experience. The teaching method focuses on
engaging and developing the senses such as touch, sight, and hearing. In the early
days of science education in schools, this approach was largely overlooked, but it led
to a shift in the mindset of science educators by the late 19th century. H.E.
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Armstrong, a Professor of Chemistry at the Central Technical College in the City of
Guilds of London Institute, was instrumental in transforming the outdated methods of
teaching science. The core idea of this method is that students should learn through
their own observations and experiments. Rather than simply conveying facts, the
teacher should facilitate activities where students work independently, thereby
receiving training in the scientific method.

According to Professor Armstrong, "The Heuristic method is a teaching approach
that places students as close as possible to the role of discoverers.” The term
"Heuristic" originates from the Greek word "Heurisco," meaning "to find out," or
"Euriskein,"” meaning "to discover." Therefore, any method that encourages children
to work and think independently can be classified as the Heuristic Method.

Modified Definition

Any teaching method that contrasts with dogmatic approaches—one that stimulates
observation and reasoning, encourages students to work and think independently,
and fosters self-activity and self-reliance—can be called the Heuristic Method.

An esteemed educationist has noted that the purpose of the Heuristic method is "to
make students more accurate, truthful, observant, thoughtful, and skillful, to lay
strong foundations for future self-education, and to cultivate a spirit of inquiry and
research." In their everyday lives, students encounter numerous social problems and
often attempt to solve them by gathering information from various sources. In this
method, there is no direct instruction or "spoon-feeding” from the teacher, allowing
students to be trained in the scientific approach to problem-solving. As Westway
aptly observed, "Essentially, the Heuristic method is designed to provide training in
the method; the acquisition of knowledge is secondary."

Psychological Foundations of the Heuristic Method
The Heuristic method is grounded in the following principles:

Principle of Freedom
Principle of Experience
Principle of Activity
Principle of Purposefulness
Principle of Logical Thinking
Principle of Play-way
Principle of Individual Work

NookrwhE

7.4.2 — Role of the Teacher
The teacher plays a crucial role in this method:

e The teacher must be knowledgeable.

e They should have a genuine interest and a spirit of scientific inquiry.
e The teacher should be skilled in the art of questioning.

« They should act as a guide, partner, and friend to the students.
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e The teacher must design and plan problems that are appropriate for the
students' age, abilities, and interests.

Self-Check Exercise - 2

Q1. What is the heuristic method of teaching?

Q2. The word "Heuristic" is derived from the Greek word "Heurisco," which means to
find or "Euriskein" meansto .....................L

7.5 — Inductive and Deductive Methods

Inductive Method:

In the inductive method, students are led from specific instances to general
conclusions. Concrete examples are provided, which help students form general
conclusions. In this method, students are encouraged to discover truths for
themselves.

7.5.1 — Merits of the Inductive Method

« It helps foster a scientific attitude in students.

« Knowledge is self-acquired, leading to the transformation of knowledge into
wisdom.

e The inductive method is a scientific approach that develops scientific thinking.

e Itis both logical and psychological, with "learning by doing" at its core.

« It encourages critical thinking and keen observation.

o The method promotes self-reliance and builds self-confidence in students.

« It encourages intelligent, hard work.

o It makes learning engaging by presenting challenging situations to students.

7.5.2 — Demerits of the Inductive Method

« The inductive method is not effective for lengthy conclusions and may result in
incomplete generalizations.

e The method is slow and time-consuming.

e Itis not applicable to every topic in science.

« ltis difficult to apply across a broad curriculum because it is slow and time-
intensive.

Self-Check Exercise - 3
Q1. The characteristic feature that does not belong to the inductive method is:

Concrete to abstract
Hypothesis to conclusion
Example to principle
Specific to general

Pwnh R
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7.5.3 — Deductive Method

The deductive method is the reverse of the inductive method. In this approach, rules,
generalizations, and principles are presented first, and students are then asked to
verify them using specific examples. The method moves from general to specific and
from abstract to concrete.

Computer Assisted Instruction (CAl):

Computer-assisted instruction, as the name suggests, involves the use of a
computer to assist in teaching. It builds on the concept of teaching machines and
programmed textbooks, offering more flexibility and capacity. Computers can handle
multiple tasks simultaneously for a large number of learners, offering a more
interactive and individualized learning experience. CAl is a step ahead of traditional
teaching machines because of its advanced capabilities in data processing,
communication, and multimedia use. CAl motivates students by providing instant
feedback, encouraging them to continue progressing through lessons. It's more than
just an advanced form of programmed learning—it integrates data processing,
communication, media, and learning theory into the instructional process.

Self-Check Exercise - 4
Q1. Define the inductive-deductive method of teaching physical science.
Q2. CAl stands for...............cceunees

7.6 — Summary:

From a psychological standpoint, successful learning of any subject requires
alignment with the age, characteristics, and needs of the student. In science
education, teaching methods play an important role alongside the content being
taught. Teachers determine the appropriate methods based on the students'
capabilities and the curriculum. These methods guide the teaching process, and
without the correct approach, students cannot be provided with accurate knowledge.
Teachers should consider the following when selecting a teaching method:

The method’s effectiveness in achieving the learning objectives.
The teacher’s knowledge and proficiency with the method.

The availability of necessary materials and apparatus in the school.
The experimental nature of the method.

The age and abilities of the students.

Opportunities to cater to individual differences.

R A

7.7 — Glossary

e Problem Solving: A method in which students understand new concepts
through active problem-solving.

e Heuristic: A method that helps students discover or learn things
independently.
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e Inductive: A method where students move from specific instances to a
general conclusion.

o Deductive: A method where rules and general principles are presented first,
followed by verification through specific examples.

o« Computer Assisted Instruction (CAl): A teaching approach where
computers are used to enhance the education of students.

7.8- Answers to Self-Check Questions:

Self-check Exercise-1

Ans1. Problem solving method as a method of teaching represents a method which
provides opportunity to the pupils for analyzing and solving a problem faced by him
on the basis of the previous stock of his knowledge enriched with the present means
available to him, quite independently by following some systematic and scientific
steps and arriving at some basic conclusions or results to be utilized in future for the
solution of the similar problems in the identical situations.

Ans2. Independent

Self-check Exercise-2

Ans1. According to Prof. Armstrong “Heuristic method is a method of teaching which
involves our placing the students as far as possible in the attitude of a discoverer.”
Ans2. Discover

Self-check Exercise-3

Ans-1 Hypothesis to conclusion.

Self-check Exercise-4

Ansl. In an inductive method of teaching the pupils are lead from particular instance
to a general conclusion.

In deductive method of teaching the rules, generalizations and principles are
provided to find students and then they are asked to verify them with the help of
particular examples.

Ans2. Computer Assisted Instruction

7.9- References and suggested readings:
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7.10-Terminal Questions:

(1)Discuss the problem solving method of teaching physical sciences. What
objectives of teaching these subjects are best served by this method and how?

(2) Explain the merits, demerits and applicability of Heuristic method of teaching
physical sciences in our secondary schools.

(3) How does the assignments method differ from the heuristic method? Illustrate
your answer with example. What is the role of teacher in assignment method?
(4)Discuss the merits and demerits of inductive-deductive method. Write also the
demerits of Heuristic Method.
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Unit-8
Activity Approaches and Non-Formal Methods of Teaching Physical sciences
(Science Club and Science Fair)

Structure:
8.1-Introduction
8.2-Learning Objectives
8.3-Science Club
Self-Check Exercise-1
8.3.1-Significance of science club
8.3.2-Objectives of Science Club
8.3.3: Organization of Science Club
8.3.4-Activities of the Club
Self-Check Exercise-2
8.4: Science Fairs
8.4.1: Organization of Science Fair
8.4.2-(a): Planning
8.4.3-(b): Distribution of work
8.4.4-(c): Execution
8.4.5-(d): Judging
Self-Check Exercise-3
8.5 Field Trips
8.5.1-Utility of field trip
8.5.2- Organization of field trips
8.5.3-Important points to be kept in view
8.5.4-Precautions during the field trip
8.5.5-Precautions while returning
8.5.6- Tasks on return
Self- Check Exercise-4
8.6-Science Museum
8.6.1-Advantages of science museum
Self- Check Exercise-5
8.7 Summary
8.8 Glossary
8.9 Answer to Self-Check Exercise
8.10 References/ Suggested Readings
8.11 Terminal Questions

8.1-Introduction

The non-formal mode of education is an organized activity with educational purposes
carried on outside the highly structured frame work of formal educational systems
and consists of an assortment of separate educational activities, not bound by age
restrictions, time schedules and sequences to keep in line with the levels of
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academic standards. It can assume a variety of forms; it can use any pedagogical
method or methods to suit the specific requirements of the learners It is important to
distinguish this from informal education, which involves incidental and unorganized
learning experiences, both within and outside of school. The Government of India
recognizes the significance of non-formal education and has already launched pilot
projects with the support of UNICEF and UNESCO in various regions to offer
education to children aged 6 to 15 through non-formal methods. Co-curricular
activities play a key role in ensuring the overall development of children and
promoting responsible citizenship. The commission has emphasized that “We view
the school curriculum as the entirety of learning experiences provided to students
through all the diverse activities conducted within or outside the school under its
supervision.”

"Learning by doing" and "learning by living" are fundamental principles of teaching,
and this holds especially true for teaching science. Children naturally have a
tendency to create, dismantle, and interact with objects. However, the current
curriculum does not provide enough opportunities for students to engage in self-
expression, independent research, hands-on activities, and other projects.

It becomes clear that teaching physical science cannot be achieved through lectures
and passive listening alone. While science laboratories and practical activities are
valuable for teaching physical sciences, they are not sufficient to achieve the broader
objectives of life science education. In order to develop the necessary skills and
gualities, classroom teaching and laboratory work alone are inadequate. The
guestion then arises: What more can be done to succeed in this area? The answer
lies in moving beyond the formal curriculum and classroom-based teaching to
incorporate co-curricular activities and non-formal approaches. Several types of co-
curricular activities can complement classroom learning, such as:

e Science Clubs
« Science Fairs
e Excursions and visits to places of scientific interest, among others.

Non-formal science education refers to goal-oriented learning that takes place
outside the traditional school setting. Utilizing out-of-school learning environments
has been shown to enhance motivation and interest in the natural sciences. This
type of education occurs outside the formal school system, while informal education
is spontaneous and unstructured, involving learning experiences that are not pre-
planned, whether inside or outside of school. Recognizing the importance of non-
formal education, the Government of India, in collaboration with UNICEF and
UNESCO, has launched pilot projects in various regions to provide education to
children aged 6 to 15 using non-formal methods. Co-curricular activities support the
overall development of children and promote responsible citizenship. Field trips and
visits to science museums are also part of this form of education.

8.2-Learning Objectives: After studying this chapter the students will be able to
know about the meaning, organization, and utility of Science Club and Science Fair
in the field of education.
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Meaning, organization, and utility of Field Trips and Science Museum in the field of
education.

8.3-Science Club:

The current era is one dominated by science and technology. Society’s progress and
development are now closely tied to advancements in science, which, in turn,
depend The quality of science education for young learners in schools is crucial. It
requires fostering a genuine interest in science, developing a scientific mindset, and
encouraging students' creative and inventive abilities. A science club acts as an
effective organization that helps cultivate a scientific attitude, sparks interest in
science and related activities, enhances classroom and laboratory learning, and
brings the curriculum into practical application. Through the science club, learning
becomes enjoyable, enabling students to grasp knowledge with ease and pursue
science as an enjoyable hobby rather than a burden. This approach allows students
to gain a deeper understanding of scientific concepts and fuels their passion for
contributing to the field of science.

Thus, science clubs should extend through the higher secondary level, providing a
variety of activities that expand students' interests and offer productive ways to utilize
their free time. A child’s natural curiosity about the unknown and their drive for self-
realization strongly influence their behavior. Motivated by these instincts, children
often explore by dismantling objects and tools to understand them better, which can
sometimes lead to unintended destruction. This inherent curiosity should be guided
into creative outlets.

Since formal classroom education often does not offer the space for such
exploration, it is important to provide opportunities for students to engage with
science in a hands-on and exciting manner, allowing them to explore their scientific
potential. Instead of following rigid, limited educational structures, an environment
should be created that includes:

o The freedom for students to work according to their own interests and pace.
« The opportunity to apply their scientific knowledge.
e The chance to use their creativity to invent and innovate.

A science club or discussion group provides the perfect platform to offer these
opportunities to student.
Self-Check Exercise-1
Q-1-What do you mean by the term Science club?
8.3.1- Importance of the Science Club:
1. Core Element: The science club acts as the backbone of the biology
curriculum. It has been shown that scientific activities conducted outside the

traditional classroom can complement and enhance the learning done in
regular classroom sessions.

76



2. Interest-Based Learning: Education in the science club follows the principle
of "learning by doing," making it more engaging. Unlike formal classroom
teaching, it is tailored to the students' abilities and interests, as it does not rely
heavily on rigid and structured teaching methods.

3. Co-operation: The students have more opportunities to work in co-operation with
one another in a science club. Thus, it has the following advantages:

(a) It provides effective opportunities for self expressions.

(b) It encourages research proclivity of the students.

(c) It develops hand skills.

4. Informal teaching: The club provides opportunities to acquire such qualities
which they cannot beget in the classroom .for example:

(a) The classroom work is formal. They are told in the class but is to
be done, while they busy themselves of their own free volition.

(b) They have to follow the instructions of the teachers in the
classroom while working on a topic or a project, while they determine the working of
the club programs by themselves.

(c) The students in a classroom work to appease the teachers, while
in a club they work of their own free will.

(d) In the classroom, the students work by a definite method, while in
a club they work as may be convenient to them.

McKnow has compared the educational significance of science club and classroom
teaching as follows:

“The science club provides nutrition to the individual interest of the students.
It is a good medium of expression also. There is no harassment of boundation, but
has an experience of freedom. The student is not bounded within the four walls of
the classroom in a science club. By the formal classroom teaching acquaints himself
mere theories of science in a less or greater extent, but by the science club, he
experience fully how to use them in the practical life. Whereas in the classroom he
passes his time in treading the of trodden path and to conduct the experiments as
told by the teacher , while in the science club he moves according to his interest and
invests his talents and faculties in knowing newer things , invention and using his
creative powers”
The above discussion makes it clear that the science club has great educational and
experimental significance even though it is non-formal by nature.

In India, the science club movement began several years ago. These clubs organize
activities aimed at enhancing the scientific knowledge of children.

8.3.2- Objectives of the Science Club:

« To foster a scientific mindset.

e To cultivate a habit of exploration.

« Toignite an interest in scientific hobbies.

e To broaden students' perspectives and help them apply their scientific
knowledge in real-life situations.

e Toinstill a sense of healthy competition in children.

« To keep the students in touch with the recent advances of science.
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e To contact other science clubs to exchange views and information.

8.3.3: Organization of Science Club

Every science club should have a constitution and every member should strictly
abide by it. There should be a head an executive body elected from amongst the

students consisting of a chairman, secretary, a treasurer, librarian, a store keeper,
publicity officer, class representative, and teacher in charge and sponsor.

a

This committee should formulate the constitution of the club before the
election of office bearers is held and the membership is thrown open. The
constitution of the club should include decisions and directions about the following

aspects:

The name of the club and its aims.

Conditions and the procedure of becoming the member.
Types of activities to be undertaken.

Expelling of members

8.3.4-Activities of the Club

Holding discussion, meeting, declamations, debates, etc.
Arranging excursions and visits to places of scientific interest.
Holding science exhibitions and fairs annually.
Improvising and preparing hand-made apparatus.
Celebrating science days.

Self-Check Exercise-2

Q1. Which one of the following strategies is the teacher using?
1. Laboratory method

2. Demonstration

3. Project work

4. Field work

Q2.National Science Day is celebrated on...................coe.

8.4 :Science Fairs:

Science fairs offer a valuable platform for discovering and nurturing scientific talent.
Both government and non-government organizations organize science fairs and
exhibitions, with the National Council of Educational Research and Training
(NCERT) being one of the key government bodies involved. The primary objectives
of national-level science fairs include:

e Encouraging students to experiment with their own ideas.

« Providing students with the opportunity to observe the achievements of their
peers, motivating them to plan their own projects.

e Promoting science-related activities to a larger group of students.

8.4.1 - Organizing a Science Fair
Organizing a science fair should be a collaborative effort between teachers and

students, with thorough planning done well in advance. The following steps are
recommended for organizing and managing a science fair:
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8.4.2-(a): Planning: During planning the following aspects should be considered:
Objectives and aims of the fair.

Scope of the fair

Procedure.

Financing.

Place, time and duration.

Other factors and facilities.

8.4.3-(b): Distribution of work: After planning, the work should be assigned to
different individuals or groups.

8.4.4-(c): Execution: The different committees now execute the planning of the fair.
The programmes like demonstration, films, charts, models, collections, etc. are
organized. It should be well leveled, preferably with an explanatory called with title
and explanation. Selected students should make in charge in various activities. They
should be given full explanation of each experiment a day before the exhibition is
opened. The fair can be inaugurated by some important man of science. People from
other schools and from the community may be invited.

8.4.5-(d): Judging: The fair should be judged by different committees of judges for
different items of the fair. The judging criteria should be made well known to the
participants in the fair. Judges may be chosen from amongst the individuals in the
community having some background of science, scientists, college professors,
science teachers etc. It is always better not to allow the public or students to see the
exhibition before the judging has been completed. The judging criteria should be well
known to the participants in the fair. These criteria may even be displayed at a
prominent place for public view. The judging system should be as objectives as
possible. Separate criteria and proformae should be developed for each item. These
proformae may be developed on the lines suggested below:

Scientific approach (30%)

Originality- in planning and execution (20%)

Technical skill and workmanship (20%)

Thoroughness (10%) - gives clear, full and concise story of the project.
Completeness and accuracy of presentation of exhibit.

Dramatic value (10%) - exhibit attractive. Labels large and descriptions neatly
presented.

Personal interview

(10%) with the respective students who exhibit.

After the fair is over the teacher and the students should evaluate it and find out
whether the objectives of the fair have been achieved or not. If not, where does the
fault lie and, then to improve it next time.

Self-Check Exercise-3
Q1. What is a science fair?
Q2. What are the steps of science fair?

8.5 Field Trips

Not everything can be learned within the confines of the classroom. Field trips and
excursions offer opportunities for hands-on experiences, making learning more
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engaging, accurate, and meaningful. While classroom teaching focuses on helping
students form correct concepts using various specimens, demonstrations, and other
educational tools, the learning gained through touring often proves to be more
impactful and effective

Their effect is more important than the use of experiment and demonstration. In the
fields trips .the students comes into contact with the nature. He studies the different
animals in their natural habitat or environment. He observes the deep mysterious
and creation of nature .This develops in him interest towards biological sciences.
The direct experiences develop his observation power. He becomes capable to use
different organs simultaneously. The theoretical knowledge obtained in the
classroom finds its practical manifestations in field trips to different places under
educational touring program me.

The benefits of excursions and field trips can be summarized as follows:

e They provide firsthand information.

« They connect school life with the real world.

e They create opportunities that foster scientific inquiry.

e They serve as a foundation for various projects.

e Students learn essential skills such as planning, cooperation, and
organizational details.

They get opportunity to collect things and preserve them for the museum.

After the visit is over, it should be evaluated by pupils in terms of its purpose. The
pupils should exchange their experiences through discussion, questioning,
explanation, etc. They should find out the discrepancies in their visit and should take
it with consideration while arranging for another visit or excursion.

8.5.1-Utility of field trips
Field trips have immense utility in life sciences teaching. This utility can be discussed
as follows:
1. Aid in Clarification of the subject: It is natural to study the abstract subjects. So, the students are
brought into direct contact with the objects and activities by which they assimilate them easily.

Development of scientific attitude in the students: The students get opportunity
for direct experiences by field trips. It arouses the following type’s nature in them:
Minute observation
Use of their mental faculties in a proper way
Feeding their curiosity and spirit of enquiry suitably.
This attitude is helpful in making their attitude scientific.
Collection of useful material: The students can collect different types of materials
while in the field trips as may be relevant to the scientific knowledge, such as
Seeds
Minerals
Insects
Soll
Stones
Flower-fruits
Feathers of birds
Roots, leaves of plants etc.
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Collection of these things is also helpful in the making of science museum in the school
2. Creation of interest in the subject: The oral knowledge imparted with the use of the lecture method
even transforms an easy and interesting subject like physical sciences very difficult and uninteresting.
The oral description of a flower, plant or animal or its construction cannot be as meaningful as its
direct observation. The children are lovers of nature by nature. They have interest in going round
natural and new places and to look at new things. By field trips, they happily acquire useful
knowledge even without knowing it.

Availability of means of entrainment: While enhancing interest in science, the field
trips also work as useful means of entertainment. Long-time study in the closed four
walls of the classroom tires the students.

Relation with the outside world: Field trip provides an opportunity to the students
to come into contact with several objects and activities in their natural environment.

Spirit of cooperation: The students have to perform different tasks in cooperation
with one another during field trips. As a result, they are habituated in cooperating
with one another.

Opportunities for scientific projects: On their field trips, the students observe
many objects. They arouse curiosity in them to know and acquire them.

8.5.2- Organization of field trips

Field trips can be successful only when the teacher is suitably skilled in organizing

field trips. Some of the things related with field trips can be kept in view to organize

it successfully. The planning for the educational field trips should be done according

to the necessity of the curriculum. it is not at all necessary to take the students to a

faraway place , rather they can also be taken to a nearby place , such as a garden ,

park , sports ground , water works , milk plant , hospital , sewer station etc .
8.5.3-Important points to be kept in view

Some of the necessary points to be kept in view of the organization of the field trips
are as follows:

Selection of the sight of field trips: At first it should be determined where to take
the students for the field trips. Such place should be selected where the students can
make observation according to need and are also able to understand and
comprehend them. For example, the field trips to the following places are suitable for
science teaching:

Nearby parks, gardens, jungle

Nearby ponds, tank, lake or river

Poultry farm , apiary , dairy

Nearby zoological gardens

1. Preparation for field trips: Necessary preparation should be made before proceeding on a field trip.
The following are some of the relevant things :
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2. Permission: After having determined about the place for field trip, suitable permission from the school
authorities and students’ parents/guardians should be obtained for taking the students out of the school
premises.

(@) Conveyance : Suitable vehicles should be arranged for conveyance from school/gathering
place to the destination field trip

(b) Finance: The money needed for the field trip should be collected from the students impart, and
effort should be made to arrange a part from the school funds.

(c) Finalizing the Itinerary: There should be prepared and itinerary regarding the date, time,
place, path and the things/places to be seen on the way.

(d) Contact and arrangement: Advanced contact with the destination should be made through
correspondence or telephone to make suitable arrangement for food and lodging. The personal
influence can also be used in this regard.

(e) Classification of objective: The students should be told about the objectives of the field
trip fully. They should be informed in advanced about the chief characteristics or things about the
field trips, so that the students can pay attention to those aspects from the very beginning.

Essential possessions: The students should be intimated about all those
necessary things that they would need during the field trip. The teacher should
perform the following tasks before proceeding on the field trip:

It should be decided what things each student should carry with him.

A list should be made from the things which may be necessary for the school or
group.

Each student should be made to prepare a list of the personal items. It can be useful
in avoiding mutual thefts and losses.

() Instructions: Necessary instructions should be passed to students about the necessary
precautions and discipline during the course of field trip.

Formation of committees: The cooperation of the students should be sought by the
teacher for the successful organization of the field trip. Some of such committees
can look after the following tasks:

Committee for management of food.

Committee for looking after the luggage/things/security.

Committee for collection of things meant for school museum.

Committee for marinating accounts for receipts and expenditure during the course of
field trip.

8.5.4-Precautions during the field trip

The following precautions must be observed during the course of a field trip:
(1) Watch on the students: The students must be watched for all their activities. The students of the
primary classes needed to be looked after and guided continuously. Even a minor carelessness near
a pond, river, tank or lake, dense trees or bushes, or factories can bring about some unfortunate
results.

Following the Itinerary: The teacher should endeavor to stick to whatever program
me that have been made in advance. Time should be particularly kept. Time should
be managed to avoid difficulties in the following things:

At the stay at a place
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In going about the tourist places

To find out or acquire scientific knowledge about them etc.
To distant places: The tour to a distant place spanning over a few days requires
several types of arrangements and precautions, such as:

Suitable arrangement for food, rest and daily activities

Suitable health care needs

Availability of suitable first-aid and primary medicines to meet any unforeseen
accidents and illness
Educative values: The teacher should place before him the following objectives:
The students are able to get maximum educative values as may be possible

The students are able to gather maximum scientific knowledge.
The teacher should make the following efforts for achievements of the above
objectives:

To keep in view that the students are observing thins carefully and are trying to
learn.

To guide the students about the things to be observed.

To ask the students to note down in their diaries all their observations.
Bearing liability: the teacher gas to bear a great responsibility as far as undertaking
a field trip is concerned. He has to perform the following tasks:

The teacher should remain fully active on the path and place of field trip

The teacher should make all possible efforts to beget the student's maximum
knowledge as may be possible.

The teacher should keep questioning the students about their observations so that
they remain aware and active and keep observing tourist places and objects
concerned with their purpose.

The students should be encouraged to ask questions in order to quench their thrust
of curiosity.

Removal of fatigue and boredom: The students may get tired and disinterested,
and sometime may feel disillusioned. So it is necessary that the some arrangement
for their entertainment is made on the way and at the end of the observation work in
order to remove their tiredness and boredom.

8.5.5-Precautions while returning

The teacher should ensure the following while returning from the field trip:
All students are in possession of their personal luggage and items.
The school property handed over to the students is safe.
The objects that have been collected for school museum are safe.
8.5.6- Tasks on return

After the field trip is over, the important task of the task of the teachers begin. For it,
he must pay attention to the following aspects:

Collective Discussion and Questioning: It is necessary that:

A collective discussion should be organized which should discuss about the
knowledge acquired during the course of the field trip.

The teachers should ask questions to the students as may be necessary.

The teachers should prepare themselves to ask questions that students might ask.
Collected Things: It is necessary that:

The collected things are kept in the school museum safely.

The students who collected them, their names should be written on them.
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1. Written work: The written work should be carried out about the experienced, observed and
collected things and the knowledge gained about them. For example, related essays should be got
written, and the essays with suitable information should be published in the college magazines.

2. Utilizing in teaching work : The observed objects and their scientific processes and the related
knowledge acquired during the course of the field trip should become a part of the regular teaching
plan by asking the students to recollect them

In fact, after the educational field trip has been organized, the various activities of the following
programme are conducted for the evaluation of the objectives of the field trip. The report of the field
trip, the collected items during the field trip, the display of the photographs, discussion among them
, etc. are such programmers which evaluate the success of the field trip. The evaluation of the field
trip acquaints the teachers and students about its planning, objectives , determination of objectives
, shortcomings in execution , etc. by which the shortcomings for the future field trips can be
eradicated to make them meaningful .

Self- Check Exercise-4

Q1. Define field trips.

Q2. True or false:

Field trips can be successful only when the teacher is suitably skilled in organizing

field trips.
Q3. Which one is the example of field-trip?
1. Book 3. Map
2. Panchayat Ghar 4. Globe

8.6-Science Museum:

By science museum we mean a suitable place in the school campus where different
objects and specimens collected from natural or physical environment or constructed
and improvised by the students may be placed, preserved and displayed safely and
systematically in such a way as to help the students to learn about the related
scientific facts and processes through a simple process of observation. Physical
science is a type of subject, the knowledge and skill of which cannot be acquired
only through telling or reading. It requires active experimentation, careful observation
and demonstration of the scientific facts and principles within their natural
surroundings and occurrence for their proper assimilation and application. What is to
The concepts in science are best understood through direct interaction with the facts
and processes occurring in the natural environment. However, it is not always
practical to take students into these natural settings to observe and experiment with
scientific principles and facts.
Hence, the collection of the natural objects of scientific interests in the form of
science museum may prove quite effective and beneficial for studying the related
scientific facts and processes.

8.6.1-Advantages of science museum:

(DIt has its worth as a valuable aid in the teaching- learning process.
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(2) The organization of science museum in the school acts as a great source of
inspiration for the budding scientists.

(3) It helps the students to get properly acquainted with their physical and social
environment.

(4) The students come across some rare phenomenon or objects of scientific which
are otherwise not seen in normal circumstances.

(5) They get chance to observe and study those objects and phenomenon whichever
and whenever they want to do so.

(6) The study of scientific facts and principles becomes quite interesting and easy by
the close observation of specimen and models available in the museum.

(7) It helps in the creation of genuine interest and developing positive attitude
towards the study of science.

(8) It helps in developing love for nature study among the students.

(9) Opportunity to collect scientific objects and specimens according to their own
interest and taste provides through the organization of science museum helps the
students in the proper satisfaction of their hoarding instinct.

(10)It helps in the proper development of the observation facilities of the children.
(11) As a result of getting practice in the task of observation, their power of
comprehension and drawing inference is properly developed.

Self- Check Exercise-5

Q1. What are science museums?

Q2. True or false

Science museums are not a valuable aid in the teaching- learning process.

Q-3. Which one is of the indicators of science museum?

1. Science kit

2. Experimental equipment

3. Samples of dead insects and animals

8.7Summary:

In order to make science clubs more effective, the NCERT organized some science club sponsor’s
workshops during the last few years. In these workshops, some such activities were organized
which were desired to be started in the science clubs. These workshops could make a little impact
on the science clubs. The problem of finance and guidance still remains unsolved. The role
science teacher is very important here. The success of failure of the program me depends upon
his enthusiasm, resourcefulness and ingenuity. He is the pivot of all activities. It is also the
responsibility of the physical science teacher to encourage the students to take part in science
fairs at district, state or national level. These range from the discovery of the smallest forms of life
to a study of heavenly bodies; from an enjoyment of constructive purposeful work to interest in
natural beauty; from having fun ‘to’ learning how to work together. Science clubs, investigatory
science projects, and science fairs are triangularly related. Investigatory sc ience projects may be
one of the important activities of science clubs and these investigatory science projects may be
displayed in science fairs and science museums. This will facilitate in better physical science
teaching.

8.8Glossary:
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Science clubs: Science club are the organization which caters for the inculcation of
scientific attitude, a genuine interest in science and scientific activities, supplements
the work of the classroom and the laboratory and puts the syllabus on practical bias.
Declamation: it is the delivering of a speech that was written and delivered by any
person.

Debates: it is a process that involves formal discussion on a topic.

NCERT: National Council of Educational Research and Training.

Science fairs: Science fairs are an opportunity for students to gain an
understanding, through firsthand experience, of the steps of scientific investigation

Field trips: Field trips are an educational method through which students gather
firsthand information by observing places, objects, phenomena, and processes in
their natural environment.

Science museums: By science museum we mean a suitable place in the school
campus where different objects and specimens collected from natural or physical
environment or constructed and improvised by the students may be placed,
preserved and displayed safely and systematically in such a way as to help the
students to learn about the related scientific facts and processes through a simple
process of observation.

Observation: it is a mean of gathering information through our senses like sight,
hearning, tastes, touch and smell.

8.9Answers to Self-Check Exercise

Self-Check Exercise-1
Ansl. Science club are the organization which caters for the inculcation of scientific
attitude, a genuine interest in science and scientific activities, supplements the work
of the classroom and the laboratory and puts the syllabus on practical bias.
Self-Check Exercise-2
Ans-1 Demonstration method
Ans2. 28™ February
Self-Check Exercise-3
Ansl. Science fairs are an opportunity for students to gain an understanding,
through firsthand experience, of the steps of scientific investigation.
Ans2. These are four steps of science fair:

1. Planning

2. Distribution of work

3. Execution

4. Judging

Self-Check Exercise 4
Ansl. Field trips are an educational approach that allows students to acquire
firsthand information by observing places, objects, phenomena, and processes in
their natural environments.
Ans2. True
Ans-3 Panchayat Ghar
Self-Check Exercise 5
Ansl. By science museum we mean a suitable place in the school campus

where different objects and specimens collected from natural or physical
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environment or constructed and improvised by the students may be placed,
preserved and displayed safely and systematically in such a way as to help
the students to learn about the related scientific facts and processes through
a simple process of observation.

Ans2. False

Ans-3. 3. Samples of dead insects and animals
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8.11 Terminal Questions:

(1) What are the objectives of science club? Discuss the role of science teacher in
organizing science club.

(2) What are science fairs? Describe their educational utility.

(3) What do you understand by science fairs? What is done in these fairs? Point out
the exhibits displayed and various activities undertaken in these fairs.

(4) “Science club is a great help in making science teaching more interesting as well
as useful”. Comment on the statement and mention some of the significant activities
undertaken by a science club.

5) Point out the value of field trips excursions in learning physical science. Describe
how would you plan and organize such field trips to the benefit of your students.

(6) What do you understand by science museum? Discuss its value as an aid to
physical science education.

(7) What are the various precautions that we should take on field trip? Write in detail.
(8) What are the advantages of science museums in educational institutions?
Answer in brief.
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