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BLOCK INTRODUCTION

This block will empower you to,

e describe the importance of long term and short term planning for teaching science

¢ identify, compile and develop various resources for teaching science

e explain the of process of evaluation and assessment of learning and teaching of science

e design authentic tasks, tools, procedures and techniques for assessing development and

quality of learners performance

e summaries the challenges and issues in science teaching at Upper Primary Level.

Planning and
managing
science
education at
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level

measuring
science
learning
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Assessment
and
evaluation
related
issues

Challenges
and issues
involved in
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We as teachers have the responsibility of empowering our learners to enjoy learning science and

make science as a way of life.

Unit five of second block will guide you to plan and manage learning environment. It will also
help you to plan your lessons, keeping in mind your own context, availability of resources, and

need of your learners.




Unit six will help you to evaluate learners’ progress using different approaches including
continuous comprehensive evaluation process.

Last unit of this block will help you to voice your own problems and raise issues and find
practical solutions.

Friends, you have all gained some experience as teachers. We all look at the craft of teaching by
recalling our teachers who thought us during our student-hood. Our elders at home, our friends,
our peers who could not attend class always inquire about what our teachers taught us on a
particular day or during a particular period in our class. All were really interested in knowing
what we learned during the day or during the particular period through the teaching of our
teachers. In short all of us are interested in our learning and teaching of our teachers. That is why
any person enters into teaching profession considers herself or himself to be as competent and
qualified for teaching.
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5.0 INTRODUCTION

Teaching of science, particularly at the elementary level, is an important aspect of
present day science education. In the previous block you have studied the nature of
the science subject and the different approaches and strategies for teaching science
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with an emphasis on the inquiry-based approach. As a science teacher you must be
very much interested in planning and organizing the science curriculum over a period
of that time so that you and your students enjoy learning science together and making
itajoyful experience.

In this unit we will discuss the whole process of how to plan the curriculum holistically
following the approach ‘from whole to parts’. This will be done sequentially from year
plan to lesson plan using and managing the resources and then recording and reporting
the assessment to the stakeholders i.e. students, parents and school authorities.

5.1 LEARNING OBJECTIVES

After going through this unit, you should be able to:

e explain the need for planning curriculum

e  prepare a year plan and unit plans based on concept maps for science curriculum
for your class.

e planlessons at the class level.
e identify various resources of teaching science at school and local level.

e assess and select various resources on the criteria of relevancy and age
appropriateness.

e  useappropriate resources- non-electronic and electronic, in teaching science.

e  describe procedure of recording and reporting.

5.2 OVERVIEW OF PLANNING

Imagine that you are suddenly asked to deliver a 30 minute talk on a topic. What will
be your thoughts? “Do I know the topic thoroughly? Will I be able to organize my
presentation sequentially? Will it sound logical?” so on and so forth. Since you have
not planned the talk and not prepared you may have goose bumps on your skin and
you may become nervous. But if you know well in advance that you have to make a
presentation, you will make notes, organize, practice and will be very confident. A
housewife plans the dinner for the guests to the minute details. A lawyer spends hours
planning a case before appearing in court. An executive plans his day in advance with
specific appointments and assignments. A political leader plans his/her speech before
speaking in public. A coach spends hours planning the play. Then when we attempt the
complicated teaching-learning process, is it not necessary to plan and prepare for this
important activity? You know that the quality of planning affects the quality of results.
A careful preparation results in excellence. To be effective in our class we should
devote much time and energy in carefully planning and preparing for the whole year for
each unit of the syllabus and for the daily lessons.

Notes
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Year Plan: Year plan is an outline of many units of the whole curriculum and also the
time required to realize the curriculum. The syllabus is divided into a number of units
and then the time is allocated to each unit which involves teaching, revision and
assessment. It is the program of action of curriculum. In the very beginning of the year,
your first task is to plan for the whole year by considering the units to be covered in
science and the number of periods available for each unit in the whole year. You need
to analyze the content and plan for teaching-learning, revising and testing. You also
have to consider the holidays and vacations when you allot the time for each unit.

Unit Plan: The unit is an outline of the program of action after determining the sub-
units. It is a detailed plan which consists of intended learning outcomes, teaching-
learning strategies and activities and assessment tool for the learning outcomes. A
detailed analysis of the unit and its sub-units is required while preparing the unit plan.

The formats for year plan and unit plan are provided at the end of this unit as Appendix
1 and 2 as examples for you to go through and prepare for your class and subject.

Lesson Plan: A lesson plan is for a particular period and may be of 30/40 minutes as
per your school schedule. It is a very detailed and specific plan consisting of intended
learning outcomes, description of teaching- learning strategies and activities and actual
tool for assessment of the learning outcomes. This is further described in detail in
section 5.4 below.

Figure 5.1 shows the relationship between them:
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Figure 5.1 Relationship between Year plan, Unit Plan and Lesson Plan

5.3 PLANNINGAND CURRICULUM COVERAGE IN
SCIENCE

In your school staff room you may have heard words such as the following:

e  “Thereis never enough time to complete the curriculum”

e “Thescience curriculum is so vast and difficult...”
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e “Ifound an amazing website for science lessons.”
e  “Ineed extralectures to complete the syllabus.”

You may have spoken also such words yourself. Let us be clear and get exact about
this concept. The word “Curriculum” is derived from the Latin word curere which
means the course of a chariot race. However, curriculum means much more than a one
track race and claims for an understanding giving functional meaning to education.

It can be perceived as a connective link between the teacher and the students so as to
achieve the goals of education. It provides a framework that explains external settings
for the learning process. Itis concisely defined in Webster’s Dictionary as: “A course
of study offered by a school”.

Curriculum can be considered as —
e  Content: Abody of knowledge that is to be transacted. It is equated with syllabus.

e Product: An attempt to achieve certain goals for students. Objectives are set,
the content plan is developed and practiced, and the outcomes are determined.
Thus, it is a product of a systematic study.

e Process: Teachers think critically, about their role, propose activities based on
educational goals, modify as per the need of the students, demonstrate in-action,
thinking, encourage, dialogue between students and themselves. They continually
evaluate the process and what they can see of outcomes.

Doll (1996) defines it as follows “The curriculum of a school is the formal and informal
content and process by which learners gain knowledge and understanding, develop
skills, and alter attitudes, appreciations, and values under the auspices of that school”.

A ActiviTy 1

e Draw a flow chart /mind map for the above definition of curriculum.

e Decide which aspect of the curriculum you believe - Content, Product or
Process? Give reasons for your choice

Notes
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5.3.1 Curriculum and Syllabus

Many a times these words are used interchangeably, however they represent different
but connected concepts. A syllabus is an outline of a specific course. It includes the
topics to be covered, their order, often the required and suggested reading material,
and any other relevant information. A curriculum refers to all the courses offered in a
specific program. It is a complete set of taught material in a school system. Curriculum
prescribes the objectives while, the syllabus describes the means to achieve them.
Hence curriculum is prescriptive while syllabus is descriptive.

5.3.2 Curriculum and Instruction

Curriculum is the goals, the content, and the process of how to teach that content to
achieve the set goals. Instruction is a more detailed plan of how to teach that content
along with its implementation. The curriculum answers the question what is to be taught.
Itis designed by state boards of education and is influenced by policies, mandates,
and legislation. Instruction answers the question how. For optimum students’ learning
both should be congruent. Therefore the instructional methods and strategies selected
and used by you should be compatible with the curriculum. Instruction is the delivery
of the content by you to achieve the set goals making them accessible and attainable to
all students using your personal and professional skills.

5.3.3 The Goals of Science Education

The goals of science education at any level can be broadly categorized as:
e development of skills of inquiry,

e nurturance of positive attitudes, and

e acquisition of scientific knowledge about the biological and physical aspects of
the world

As a science teacher you should see that the science curriculum is structured in such a
way that children can experience all these elements. A shared understanding of the
purpose and nature of science will promote a coordinated approach to the planning
and teaching of science throughout the school and will also facilitate the evaluation of
teaching resources and approaches.

5.3.4 Scientific Concepts at Elementary Level

The nine scientific concepts that elementary school children should learn and understand
are given in figure 5.2 below:
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Figure 5.2 The nine scientific concepts for elementary Education

Source: The National Center for Improving Science Education.

Let us see what we mean by each of these nine concepts before working out activity
indicated at figure 5.2.

These nine concepts are:

1. Organization: Science is the study of the natural world. Scientists organize and
classify the objects and events they observe to understand how things work such
as: Hierarchy-ranking according to some characteristic and Grouping-based on
shared characteristic. You can ask your students to collect leaves, flowers, stones
etc. and sort according to their characteristics. They can learn the concept of
organization through this activity.

2. Cause and effect: Science seeks to explain and understand the natural world.
Things happen for a reason: there is a cause for every effect. Such as growth of
a plant, colours in a rainbow, evaporation etc. You can point out these things to
your students by asking them to plant seeds and observe.

3. Systems: A system is a group of related, interacting parts that together form an
interdependent whole. Students can learn about systems by observing the changes
in the various parts of the whole, using familiar things in their lives such as an
aquarium or a pond.

4. Models: Amodel is a physical object which represents another thing. You can
ask the students to make models from clay and compare it to the actual object.
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For example, making a clay model of a plant or a body, and asking them to relate
them to actual thing.

Scale: This refers to size and quantity. Students can demonstrate by actually
measuring heights and weights of classmates, temperature of warm and cold
water and mixing them.

Structure and function: There is a relationship between the way things look,
feel, sound, etc. and how they act or what they do. Students can observe and
analyze the differences in the structure of objects around them and try to relate
them to the different functions of those objects for example, human body or
plants have different parts to do different jobs.

Change: The natural world constantly changes. Some of these are quick and
easy to observe while others take place over days or months or years. Students
can be asked to observe the changes in the world around them. For example, the
weather, phases of the moon, day and night temperature, seasons etc. Students
can experiment with freezing, melting, evaporating and boiling of water to
understand the water cycle.

Variation: Everything, living or non-living, has a set of characteristics, or properties,
different from other. The world is full of variations. Some of these differences are
small or insignificant, like hair color while others are much more significant, like
the difference between living and non-living things. There are variations between
the individuals within a species such as breed of dogs or cats, as well as in an
individual as it grows and changes throughout its life like a caterpillar changing
into a butterfly. Students can observe these changes and can draw conclusions.

Diversity: This is the most obvious characteristic of the natural world. You can
make your students to understand that diversity in nature is essential for natural
systems to survive. Children can explore and investigate a pond, for instance, to
learn that different organisms feed on different things.

x ACTIVITY -2

Column A has scientific concepts and column B has some examples. Match
the example from column B with each concept in column A

Column A: Scientific ConceptsColumn B: Examples

1. Organization a. exploring and investigating a pond
2. Cause & Effect b. Making a clay model of a tree
3. Systems c. Plants use leaves for photosynthesis

and roots to collect water
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4. Models d. collecting and sorting leaves
according to their characteristics

5. Scale. e. Different people have different hair
colour

6. Structure & Function f. The grass grows because there is
water and light.

7. Change g. observing how an aquarium works

8. Variation. h. measuring temperature of warm and
cold water

9. Diversity. i. freezing, melting, and boiling

evaporating of water
J. identifying different plants in garden

You may have identified the correct example for each concept. To be sure
you may check their answers given at the end of this unit.

5.3.5 Issues in Planning Science Curriculum

How will you plan for your lessons in science? What are the things you will have to
consider before planning? You should be aware of the following issues in planning your
science curriculum:

Theme based versus subject-centered approach

An integrated curriculum is particularly suited to younger children, because they view
the world and their experiences in a holistic way. Theme teaching and subject integration
are important at all levels, but require careful planning. Planning helps to ensure that,
within the range of themes used, a comprehensive coverage of the content components
is achieved and adequate opportunities are provided for the development of scientific
skills and concepts.

One of the most important aspects of the science curriculum is the emphasis placed on
the exploration of the local environment of the child and school. If you are familiar with
the locality of the school, the range of habitats in the area and other features of the
natural environment it will facilitate the planning process.

Textbooks and worksheets

The use of textbooks and worksheets needs to be limited as supportive to active
exploratory/investigative work. You all should discuss and evaluate these resources
when you plan for science education. Science lessons should not be based only on
textbook or worksheet. You should select activities that will assist children in undertaking
open-ended tasks.

Notes
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Safety in science activities

You should be well aware of the safety implications of any exploratory or investigative
work to be undertaken. Safety should permeate all aspects of the teaching of science,
and children should be encouraged to observe safety procedures during all tasks.
Safety precautions cannot remove all risks but should eliminate unnecessary hazards.
Science activities at elementary level should not involve the use of chemicals or other
hazardous materials.

A activirys

Select a topic from science syllabus of class VI or VIII. Decide on a teaching-
learning activity as per your choice.

Write the title of the [eSSON: ..........ccoeeuveeecueeenciieaninen, Std. .o

Fill In the following table with respect to selected activities.

Basic Identifiable Precautions to Management
procedures hazards be taken of hazards

5.3.6 Advantages of Planning of Science Curriculum

Planning of science curriculum helps you to ensure a proper provision of the following

and many more:

e  access to a comprehensive range of scientific concepts

e  opportunities to work scientifically

e abalance between the different aspects of the curriculum
e integration of science and technology

e inquiry based activities

e  activities to explore and investigate the environment
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e provides for continuity and progression in the development of scientific ideas and
in the application of investigative skills.

Besides, there should also be a balance between the development of scientific
knowledge and understanding on the one hand and the processes of working
scientifically on the other.

5.4 PLANNINGAT CLASS LEVEL: LESSON PLAN

To ensure optimum learning, we must carefully select and arrange activities that will
produce the desired learning outcomes in our students. Only through careful planning
we can be certain that we include all necessary information and have our lesson plan
properly organized to achieve the lesson objectives.

Alesson plan is a teacher’s detailed description of the course of instruction for one
class. Daily lesson plan is developed by a teacher to guide her classroom instruction.
Details will vary depending on the preference of the teacher, the topics being covered,
and the need of the students.

5.4.1 A Well-developed Lesson Plan

A well-developed lesson plan reflects interests and needs of students. It features best
practices of curriculum transaction. The lesson plan correlates with the teacher’s
philosophy of education what the teacher thinks as a purpose of learning that topic.

The 5 W’s and 1 His a strategy that is regarded as basics in knowing and understanding
something. Itis a sort of checklist of six questions to get a full story of something. We
can use it for our planning of daily lessons. Rudyard Kipling (1902) has put them in
one of his poems as:

“I keep six honest serving-men
They taught me all I knew;
Their names are What and Why and When And How and Where and Who™.

. Why
! How ‘] { When
{ Main
L Idea
! Who ‘} | Where !
{ What |
Figure 5.35 Wsand 1 H

Notes
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5.4.2 Planning Science Lessons

Applying the SWs and 1 H strategy to planning science lessons requires you to answer
the following four basic questions. Try to get the answers. The answers to the remaining
two questions are already with you.

ﬁ‘

Whom to teach? Understandinding the needs of students

When to teach?Deciding the suitable time

What to teach? Selecting the content and concepts

Why to teach? Deciding the learning outcomes

TETETET

How to teach? Selecting methods and strategies

P (A o e BN

How to assess? Deciding the assessment procedures

Figure 5.4

Let’s explain the above figure in brief.

What to teach? (Selecting the content/concepts)

The content is decided and is given in the syllabus. The pedagogical analysis of
the content will help you in organizing and sequencing of the content. You can
develop a concept map of the concepts involved for effective planning.

Why to teach? (Deciding the learning outcomes)

You need to consider why is a particular content is included in the syllabus. What
is expected of a student after learning that content? Those are the intended learning
outcomes. While selecting the learning outcomes, you need to consider the abilities
of your students. Lesson outcomes anticipated by you are based on the science
syllabus you follow. You also will learn about these in detail in the unit “Assessment
and Evaluation”.

How to teach? (Selecting methods and strategies)

In the earlier units you have learned about different methods, strategies and
approaches. Decide the suitable approaches for the content and the intended
learning outcomes. As your teaching practices develop, you will be able to plan
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science lessons that cater effectively for different learning styles. You will also
provide for activities catering to the various multiple intelligences. Undoubtedly,
you will need to include activities to help students who are lacking behind as well
as for the gifted and talented students.

You also need to take into consideration the timeframe while scheduling the
activities. Also decide about the resources required. They can be human or
environmental.

e How to assess? (Deciding the assessment procedures):

You want to know, whether the learning outcomes which you have started with,
are achieved or not. So you need to select appropriate procedures to check
students’ progress. You will learn about them in detail in the unit “Assessment and
Evaluation”.

5.4.3 Pedagogical Analysis

This whole process mentioned above is known as “pedagogical analysis” It is done at
three stages

Pre-active stage

This stage involves the following activities:

e  Ascertaining entry competence

e  Stating learning outcomes

e Analyzing content and subordinate concepts

e Identifying types of learning

Interactive stage

This stage involves the following activities:

e  Deciding methods/approaches of stimulus presentation
e Deciding on expected learners’ responses

e Giving feedback

Evaluative stage

This stage involves the following activity:

e  Determining the tools to check for achievement of the intended learning outcomes.

This analysis is translated into action through lesson planning and practiced in the field
which is described in the next point.

Notes
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5.4.4 Steps of Lesson Planning

When you put all the above stages together you will find that the complete cycle of
lesson planning includes eight steps:

1. Determine the objectives

Research the topic as defined by the objectives
Select the appropriate instructional method
Identify a usable lesson planning format

Decide how to organize the lesson

Choose appropriate support material

N ke w DN

Prepare the beginning and ending of the lesson

8.  Prepare afinal outline.

While planning the lesson you need to rigorously focus on the following points:
e Framing the learning objectives:

An objective is a statement of purpose for the whole lesson. It specifies what
students will be able to do by the end of the lesson. The statement must use a
verb that states the action to be taken to show accomplishment. The objective
decides the total lesson.

A acTiviry 4

Modify the following sentences into proper form of learning objectives and
write in the parenthesis.

The student will be able to-

1. Learn the function of heart (.................. )
2. Understand the concept of adaptation (.................. )
3. Know the difference between breathing and respiration (.................. )

o Selecting the teaching-learning strategy

An effective teaching strategy will decrease your classroom management problems
and will increase involvement of your students in the teaching—learning process.
It will definitely result in a good learning environment. You have already learned
about the various strategies and their merits in the previous chapters. These
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teaching strategies bring about new dimensions to your science lessons and provide
considerable variety for students. A carefully selected strategy is crucial to an
effective science lesson.

A teacher may have mastery over the content but may not know how to teach. In
that case the teacher cannot be considered an effective teacher. Thus, a teacher
requires both the bases: the content base and the pedagogy base. A meaningful
integration of both these bases is referred to as pedagogical content knowledge.
It provides you ways to engage your students in learning.

o Selecting teaching learning activities/learning experiences

Selecting teaching-learning activities for science relates directly to the objectives
and the identified scientific concepts involved. It also provides the basis for
assessment. You may find numerous activities that could suit to the desired
objectives and the content. To decide the most appropriate activities you need to
consider the timeframe, health and safety issues, resources, and the suitability of
the activity to students’ abilities, needs and interests. Also it is necessary to arrange
the activities logically and sequentially.

X ACTIVITY -5

Let us assume that you have thought of 5 activities for a particular lesson.
Decide the topic and the class. But because of time constraint you can select
only 3 activities. Answer the following question in this context.

1. Which three activities would you select and why?

L Vo 11001 5 A USRS
L Vo 11001 5 A USRS
L Vo 11001 5 A F USSR

Selecting Appropriate Resources

You have selected now an activity that requires suitable and manageable resources -
human or environmental. Human resources are experts you require to perform the
selected activity. Environments are invaluable resources, as they present unique
situations for students to learn about science. A classroom environment can be created
to construct a “real world” experience. For example, you can set up an aquarium in
the class room which will help your students to study the aqua life. Or you can bring in
natural objects such as different types of rocks to give hands-on experiences to them.
School ground, gardens, local community or more distant locations are environments

Notes

Block 2 : Managing and Measuring Science Learning




Notes

Planning & Managing Science at Upper Primary Level

beyond the classroom. Students can explore and learn through this investigation as
they provide first-hand experiences. For example through the study of flora and fauna
in their surroundings they can learn many scientific concepts such as variation, change,
diversity etc. Books, journals and magazines, computer programs and the Internet
also can be used to aid learning. It is good to have access to as many resources as
possible and use them judicially as per the requirement of the activity and the strategy.
We will learn more about resources in the next section 5.5.

5.4.5 Design/Format for the Lesson

After selecting an appropriate strategy, activity and resources with consideration of
your students’ health and safety, you can start designing the structure and form of your
lesson. There are many formats for a lesson plan but they contain the following common
elements

1. Title of the lesson
Duration

List of required resources
List of learning objectives

The set induction to focus students on the learning and to motivate.

A

The direct instruction that describes the sequence of events that make up the
lesson, including the teacher’s instructional input and guided practice the students
use to try new skills or work with new ideas

7. Independent practice that allows students to extend skills or knowledge on their
own

8.  Aclosure that concludes the discussion and answers questions

9. An assessment/evaluation tool to check the achievement of the intended
objectives.

10. A continuity component which reviews and reflects on content from the previous
lesson.

Reflection: This is the most important part that comes after the deployment of the
lesson. The teacher reflects on the lesson itself; what worked, what needs improvement
etc.

The format for the lesson plan is provided at the end of this unit as Appendix 3 and 4
as example for you to go through and prepare for your class and subject.
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‘!x ACTIVITY-6

Suppose you want to prepare a lesson plan of 30 minutes duration for your Notes
Students.

Prepare a lesson plan based on the above format.

Check your plan on the basis of the following questions

o At the end of lesson what will be the learning outcomes?

o What content needs to be covered to fulfill these intentions?

o Which teaching methods are best suited to achieve these intentions?

e Which class management strategies will match the students’ learning
needs?

e What resources and audio/visual aids need to be prepared in advance/be
available?

e How will variety of activity be used to sustain student’s interest?

e How will learning outcomes be recorded for evaluation?

After completing the activity, grade yourself on the following rubric:

Self-Evaluation Rubric for Activity:

A Lesson plan includes all of the important elements. They are
well aligned and appropriate to the target audience.

B Lesson plan includes almost all of the important elements.
They are aligned and appropriate to the target audience.

C Lesson plan includes some important elements. They show
little connection and are not appropriate to the target
audience.

D Incomplete activity.

Careful lesson planning can help you to facilitate students’ learning. Incorporating best
practices in teaching-learning process will realize the learning outcomes you decided.
In Albert Einstein’s words “It is the supreme art of the teacher to awaken joy in
creative expression and knowledge.”
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x ACTIVITY -7

Given below is a description of two lessons in brief. Read them carefully.
In your opinion which lesson will be more effective for students’ learning?

Give 5 reasons to support your answer.

Lesson 1 Lesson 2
1. Focus on teaching 1. Focus on learning
2. Sequence of skills: from lower level 2. No definite structure: posing
to higher level skills. problems, and exploring possible
answers,
3. Specific aims and objectives common 3. Pursuing global goals specifying
to all students general abilities such as problem-

solving and research skills for
individual learner.

4. More Stress on individualized and 4. More stress on cooperatve and
independent work collaborative group work

5. Emphasis on teaching methods: 5. Emphasis on learning techniques:
lectures, demonstrations, worksheets, exploration of open -ended questions
skill activities and scenarios, doing research and

developing products

6. Assessment usng tests with specific 6. Assessment using student portfolios,

expected responses. performance checklists, tests with

open-ended questions.

REASONI: ...ttt
REASON2: ...t
REASON3I: ...ttt e
REASONA: ...ttt
REASONS: ...t
Our school science curriculum needs to be improved and teachers should
develop good science lesson plans. You must have realized that every time

you investigate science with your students, you also learn more in the process.
So continue the process of think- select- adopt- think.

5.5 IDENTIFYINGAND USING VARIOUS
RESOURCES

As an elementary science teacher you can be very effective when you involve your
students - the young children - in the teaching learning process. They will learn better
and remember the experiences you have created for them using the resources. As the
child progresses from one class to the higher class the impact you have created and
the impressions you have made will remain with him forever. Each teacher is different.
That means no two classrooms will be the same. Your choice of resources should be
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done very carefully to bring about the desired learning outcomes. We have already
learned previously in section 5.4 about selecting resources for lessons. Here we will
learn in detail about different types of resources and their use.

5.5.1 Meaning of Resources

Learning resources are defined as information represented, accessible, or stored in a
variety of media and formats. They can be print and non-print materials, or non
electronic and electronic materials that meet the learning outcomes, course content
and specific needs. They are available in school as well as locally and globally.

5.5.2 Importance of Resources

A famous quote says “A picture is worth a thousand words.” You must have heard the
Chinese proverb “I hear and I forget, I see and I remember, I do and I understand”
Your experience with your students or your own learning also will substantiate that if a
teacher uses visuals, retention increases by 50 percent. If you reflect on your own
teaching in the past, you will realize that whenever you have used activities and involved
students more, learning is more or less permanent.

You are already aware that we learn through our 5 senses: vision, hearing, smell, taste,
and touch. We learn 1 percent through taste, 1.5 percent through touch, 3.5 percent
through smell, 11 percent through hearing and 83 percent through sight. Also we retain:
10 percent of what we read, 20 percent of what we hear, 30 percent of what we see
and 50 percent of what we see and hear together

We tend to learn more as we:

e Go from concrete to abstract.

e  Addmore sensory information.

e  Make the learning experience more like “Doing the Real Thing”.

e  Become more involved.

Higher levels of retention can be achieved through active involvement in learning.

Figure 5.5 shows the involvement of the learner from Passive to Active.

‘ Verbal Receiving ‘
7

‘ Visual Receiving ‘

S
‘ Visual and Verbal Receiving ‘

N7

‘ Receiving/Participating ‘
NS

‘ Doing ‘

Figure 5.5
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5.5.3 Types of Educational Resources

There are a wide variety of educational resources available for anyone who wishes to
learn more about a particular subject. Teachers use educational resources for their
professional development and for classroom instruction. Students use them for self-
study and often need them to complete their homework, assignments and projects.
They can be available in the school, or locally and globally (made available through the
internet).

5.5.3.1 Resources at School Level

Library

The school library can be made the hub of all the activities planned and executed in
school. It houses both, print and non-print materials(electronic) such as different kinds
of books (General books, Textbooks, Reference books), visuals (pictures,
photographs, charts, graphs, maps, atlas, globes etc.), audio (CDs, cassettes, records
and tapes), audio visuals (video CDs, films, tapes, slides, transparencies etc.) and
games and toys used for interactivity. All these are classified and organized in such a
way to make immediately available to the library user. Computers and internet facility
is also made accessible in the library where ever possible.

Laboratory

The school science laboratory is always been used to promote a wide range of
educational outcomes. Students learn how to conduct the practical work by manipulating
the equipments and materials. While conducting these experiments, students work in
collaboration interacting with each other, communicating ideas. The inquiry based
approach enhances conceptual understanding. The scientific investigation process
highlights the importance of observations, evidence, arguments, findings, justifications
etc. all resulting in inculcation of the core component; “‘the scientific temper”.

Garden

School Gardens can be an excellent resource as a living laboratory to observe, discover,
experiment, and learn. Gardening can engage students and help them gain subject
specific knowledge. They get involved in the learning process. Garden related activities
integrate subjects such as science, maths, social studies, and the environment, and
personal skills areas such as leadership, problem-solving, and team building. You can
initiate Classroom Projects on garden-related activities along with ideas for hands-on
lessons. The objectives are to encourage students to develop more diverse ways of
describing everyday objects, processes, and events. They often get involved deeply
with plants and nature, which renews and sustains the essential connection between
the person, and the environment.

Playground

Many of the science concepts such as gravity, friction, force, momentum etc. can be
learned by students playing on slides, swings, spinners, and a number of other standard
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and custom playground equipments. Students can explore the scientific principles of
motion, balance, sound, sight, levers and simple machines, as well as about sun, wind
and water. Motivating them to mthelook at the science underlying the enjoyable hands-
on activities, their playing can be turned into a joyful experiential learning by an innovative
teacher like you. You can also encourage them to ask questions, to observe record,
predict, and deduce; performing all scientific activities.

5.5.3.2 Resources at Local Level

All the above resources may be available at the local level in the neighbourhood, in the
locality, or at nearby places but on a large scale. Apart from these, planetariums,
herbariums, vivariums such as aquariums, science parks, science museums, zoos,
botanical gardens may be available in the locality. You can arrange excursions and
field trips for your students to enhance their learning.

A Planetarium

Itis a theatre built primarily for presenting educational and entertaining shows about
astronomy and the night sky. It shows simulated movements of stars, planets and other
celestial objects on a large dome-shaped projection screen. The accurate relative
motion of the sky can be presented using many technologies. The program can display
the sky from anywhere and at any time; past, present or future. They can be as huge as
accommodating 400 people which are normally a permanent part of science parks or
they can be small and portable to be used for small groups.

A Herbarium

Itis a place where a collection of preserved plant specimens is stored. These specimens
may be whole plants or parts of plants. They are usually dry parts mounted on a sheet
or preserved in alcohol or some other preservative. They may preserve an historical
record of change in vegetation over a period of time. Some plants become extinct in
one area, or may become extinct altogether. Then, in that case, the specimens represent
the only record of the plant’s original distribution. Environmentalists use such data to
track changes in climate and human impact. Specimens housed in herbarium identify
the flora of that area. It helps to better understand the variations of forms in the plants
and the natural distribution over which the plants grow.

A'Vivarium

Itis an enclosed area for keeping and raising animals or plants for observation or
research. A portion of the ecosystem for a particular species is simulated on a smaller
scale, controlling the environmental conditions. A vivarium can be small to be kept on

atable or large outdoor structure. There are many forms of vivarium depending on the
type of habitat.

—  Aquarium simulates a water habitat

— Insectarium contains insects and arachnids.

Notes
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—  Paludarium simulates a rain forest or swamp.
—  Terrarium simulates a dry or a jungle-like habitat.

Let us learn about an aquarium in detail and the teaching learning opportunities it can
provide. The other vivaria will function in a similar manner.

AnAquarium

It consists of at least one transparent side in which water-dwelling plants or animals
are kept. You can keep various kinds of aquatic animals and plants depending on the
size. Ifitis in the school or if students can keep one at home it excites the students, and
they become enthusiastic. For them the learning taking place through this activity is
fun. They share their learning with family and friends which develops relationships and
bonding. An aquarium is a great way for students of all ages to learn about a variety of
topics and gain valuable life lessons. It can be used to teach students specific science
topics such as different water species, fish anatomy, food chain, water/nitrogen cycle
etc. Students collect data from an aquarium by measuring and recording water
temperature, pH, ammonia, and nitrate levels. Any event, even the loss of a fish, is an
opportunity to discuss possible causes and their effects, preventions, and ways to
improve existing conditions. A creative teacher like you can select a number of ways
to use aquarium as an excellent hands-on teaching tool. Students get the opportunity
to learn directly through experience. Caring for the aquarium kindles a sense of
responsibility, achievement, and a genuine desire to learn. The opportunities are endless.

A science center/science museum

It offers interactive exhibits covering a wide range of topics related to science. This
interactivity encourages visitors to experiment and explore. They also offer a wide
range of enrichment programs for students complementing the school’s science
education. Visiting a science centre can become an inspiring and exciting experience
for students. Science Parks are places for scientific research. Usually, they are
associated with higher education institutions such as colleges and universities. They
differ from science centres as they are interested with future developments in science
and technology. They are encouraged by local government, in order to attract new
companies to towns. Many resources and facilities are available at one place and
sharing them reduces the overhead cost

A botanical garden

Itis an area with special collections of a wide range of plants such as cacti, succulent
plants, tropical plants, exotic plants, herb gardens, etc. with their botanical names.
Their role is to maintain the collection of living plants with proper documentation for
the purposes of scientific research, conservation, display and education. The visit to
such place offer unlimited opportunities learning plant diversity. It is an excellent medium
for communication between the world of botany and students. Nowadays, they also
provide visitors, information related to the environmental issues particularly plant
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conservation and sustainability. They are very useful in creating an awareness of the
threat to ecosystems from human overpopulation and the need for these biological and
physical resources to humans.

Z.00s

They are maintained to study the animals, like botanical gardens are maintained to
study plant kingdom. The natural-like habitat for animals provided in zoos helps to
study them in their natural environment. Zoos aim to provide leadership in animal care,
science education, and sustainability. They are used to find science-based solutions to
conservation problems. Science is essential to understand and reduce the negative
effects of environmental change on the survival of species and their habitats. Zoos
inspire students to study, understand and care for the world’s biological diversity.

5.5.4 Classification of Resources

All these resources can be classified broadly as electronic (requiring electricity) and
non-electronic (not requiring electricity).

5.5.4.1 Non-electronic Resources

They can be categorized broadly in two parts: verbal and visual. Their further
classification with use is given below.

Verbal (print material) stores and communicates information emphatically in verbal
form.

Books: Books are the most common educational resource and most important. We
cannot think of learning, today, without books. They can be used by people of all
ages; you as well as your students. Even when books are read to children, their speaking,
writing, and listening abilities are improved. Encouraging reading may foster love for
books at an early age. This can help people in lifelong learning. We can get books
almost on any subject and for any level. The local library is a great place to find books
that can be used as educational resources. There are a variety of books with different
purposes. They are described below.

A textbook is designed for classroom use and is written by experts in the field. Itis
equipped with the usual teaching devices. Itis basically used by students for self learning
but also is used as a reference point for the syllabus while the workbook is used for
drill and practice. A reference book is designed to be consulted for a specific piece
of information rather than to be read through form cover to cover. They contain large
number of facts organized for supplementing the content so they are required when
extra information is needed to carry out such as project work. A picture book focuses
on illustrations that carry the essence of the book’s meaning. This type of book is more
useful for the teachers to build a story, to develop verbal conversations, vocabulary,
reading comprehension, etc. It can also develop visual thinking ability.
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Periodicals: They are published at a fixed period of time (daily, every 15 days, or
every month, or every 3/6 months, or every year) such as newspapers, magazines,
and journals. They contain a variety of edited articles authored by different people.
They are very useful to get extra up-to-date information required assignments project
etc. The articles there in can also be used for posing question or initiating brainstorm.

Visual material

Boards are used to scribble, to write messages, to list items, to draw diagrams so on
and so forth. The black board/ chalk board have now become an inseparable part
of classroom fixtures. Its best advantage is the re-use. The step by step process/
diagrams can be developed in front of your students. The flannel board is a large
board, covered with flannel fabric; on which felt or lightweight paper cut-outs can
stick. You can use photographs also to stick by gluing a small piece of Velcro at the
back. The magnetic boards are actually iron boards on which magnets are attached
to hold photographs, objects etc. They are used to display previously prepared materials.
They can be used to demonstrate a variety of science concepts to young children, like
the life cycle of a butterfly, water cycle, classification, diet and nutrition. Students can
manipulate the pieces, providing hands-on learning. These boards are most effective
in elementary education. They help in gaining attention and arousing curiosity.

Charts and posters are displays on large sheets of papers meant to be clearly viewed
by all the students in a large class room. They contain text with illustrations, figures, or
pictures that can enhance learning. The content can be presented graphically in the
form of Flow charts, Tree charts or Pie charts. A poster communicates the message in
a symbolic form through pictures, figures etc. and using minimum words. Both can be
used to show relationships/comparisons, development, process, classification and
organization. A flip chart is a sequence of charts bound together by a ring, hook or a
bracket.. The charts are flipped one after the other to present information in a logical
continuation layer by layer.

Graphs are visual representation of numerical data. This representation can take the
form of a line graph, a bar graph, a circle or pie graph or a pictorial graph as the name
suggests.

Maps, atlas, and globes: A map is a type of picture of an area as it may be seen
from above. It will have symbols and other information to help make it easier to
understand. A map can show the street that you live on or it can show the world. Itis
adrawn to scale diagram showing flat but accurate representation of a part or all of the
earth or the universe. It presents the details of boundaries of earth’s surface, continents,
countries etc. An atlas is a document, which contains several maps, and a globe is a
model (spherical representation) of the earth. It gives the most accurate and relative
picture of the shapes and sizes of land and water areas on the earth. Compare to
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globes, Flat maps are cheaper and easier to use. They are designed to show smaller
areas in greater detail. Maps help people in finding locations and directions. To use
maps effectively, you must teach students how to read them.

Pictures and photographs: Pictures include illustrations, drawings, paintings, prints,
reproduction, technical drawings etc. They are a key resource. They provide
information which does not require translation and hence avoid long explanations.
They set the scene or context. Photographs are pictures taken by a camera. They
represent the world as it is. They bring history to life. They are engaging tools of any
educational experience. Good photographs can help the students to understand the
concepts faster and in a better manner. Aerial photographs provide a useful supplement
to topographic maps.

Specimens and models: Specimens are real objects which are preserved such as
seals, coins stones, flora and fauna etc. Models are the enlarged or diminished replica
of real objects which are used to explain the features of real situations. Working
models are used to explain the processes involved.

5.5.4.2 Electronic Resources

These resources require electricity for their functioning. They can be classified as audio,
visuals, audio-visuals, animations or videos (Movies).

Audio resources

Radio, cassettes and audio CDs can be used to enrich and reinforce learning science.
Students get benefit of listening to experts’ talk on radio. They can be recorded and
played again using cassettes and CDs. These resources can also be used to learn
many science topics particularly related to “Sound”

Visual resources (projected)

A slide projector is a specialized projector which is designed to be used with slides.
Slides are small transparencies mounted in sturdy frames. Slide projectors display
images onto a screen or wall. It is used to project enlarged images onto the screen or
wall for audience to view. It can be adjusted to project at a variety of distances, with
the use of focusing tools resulting in high image quality. The use of slide projectors is in
decline, as preparing slides is a skilled job and other projection methods have become
more popular.

An overhead projector is a very basic but reliable form of projector. Teaching materials
can be written or printed on plastic sheets (Transparencies) beforehand by anyone.
The transparencies can be reused whenever required. This saves time and energy. It
enables you to face the class and facilitates better communication. It facilitates an easy
low-cost interactive at the same time very effective environment. The overhead
projector is a common feature now-a-days in most of the developing countries for
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higher education but still a long way for school education. Recently, it has seen a
decline in use, as more sophisticated computer based projectors are favored.

Video projectors display videos, images or computer data on a screen or other flat
surface. They eliminate the need to create hard copy transparencies. Software like
Microsoft Power Point helps us to make animated, interactive presentations with
movement and video. These features are not supported by overhead projector.

Audio-visual resources

Films and videos on a wide variety of subjects are available. They provide a visual
and auditory experience to students to enhance learning. There are a number of Internet
sites such as “You Tube” (http://www.youtube.com/) that offer educational videos
which you can easily download for use both in and out of the classroom.

Television is a telecommunication medium for transmitting and receiving moving images.
Many television channels offer specialized programmes in a wide range of subjects.
Various lessons and demonstrations using models, specimens etc. can be viewed by
the students and the teachers. Many important talks, scenes and sights can be seen
through it. Channels such as Discovery, National Geographic are very helpful in
understanding science for both teachers and students.

ICT tools

Computers have complemented and supplemented the earlier educational resources.
They can be used to present content, provide drill and practice, and offer tutorials,
present simulations, encourage self-paced learning.

The Internet is an excellent source for a wide variety of educational resources for
schools, teachers and students, which is particularly useful for explaining key science
concepts and interactivity with science at appropriate levels. All the above types of
resources in e-form, and many more, are available within reach at the flick of the click.
Through the Internet, you can gain instant access to millions of different educational
websites from all over the world. A simple online search can lead us to such useful
resources in abundance providing a multitude of learning options. The Search Engines
like google, yahoo, bing, Wikipedia. altavista are very much in use by the students and
teachers.

Itis ideal to have access to as many resources as possible. However, the type of the
school and its location may impose limitations for accessing resources, such as
computers and broadband Internet connections. However, with the advent of ICT,
the teacher’s role is changing from ‘knowledge provider’ to ‘facilitator of learning’.
This requires the ability to guide students in making the best educational and informational
use of technology. Under your guidance the students should communicate globally and
become lifelong learners, with an intelligent use of the vast information resources available
to them.
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ﬁ ACTIVITY -8

Select any one topic for a particular class and identify the resources to teach
it. How best you can use these resources to make your teaching more effective
and interesting ? Write down in the space given below.

Open Educational Resources (OER)

OER are digital materials that can be re-used for teaching, learning, research and
more, and are open to anyone for use. They include courses, course materials, content
modules, learning objects, collections, and journals all in digital form. They also include
different tools: software that support the creation, delivery, use and improvement of
open learning content, searching and organization of content, content and learning
management systems, content development tools, and on-line learning communities.
They also include materials on best practices such as stories, publication, techniques,
methods, processes, incentives, and distribution.

Two such OERs are given below:

“Your Sky” is an interactive planetarium of the Web. You can produce maps for any
time and date, viewpoint, and observing location at http://www.fourmilab.ch/yoursky/

“Stellarium” is also a free open source planetarium for your computer. It shows a
realistic sky in 3D, just like what you see with the naked eye, binoculars or a telescope.
It can be used to investigate astronomy through scientific exploration at
www.stellarium.org.

A acTiviry 9

Search for at least 5 more OERs and describe in brief their use.

Figure 5.6 shows the classification of the material in various forms
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Figure 5.6 Classification of resources

5.5.5 Advantages of Resources

The judicious use of resources by the teacher helps in:

e involving students actively

e  giving concrete examples and illustrations

e retaining learning for longer period

e  providing variety

e  doing things that cannot be done otherwise

e showing things that cannot be seen otherwise.

Abstract methods of teaching require more skills of the learners to interpret the message.
The different media and material will hold students’ attention for longer period and
more retention and transfer of learning is possible. They engage students’ other senses
in the learning process sending the information to the brain through as many channels
as possible, resulting in multi-sensory instruction. ‘Multi-Sensory learning’ means use
of all the five senses at the same time incorporating simultaneously i.e. ‘VAKT (Visual-
Auditory-Kinesthetic-Tactile) activities. Thus, the resources are useful to reinforce
what you are saying, ensuring that your point is well understood.
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5.5.6 Criteria for Selection of Resources

Usefulness and appropriateness are two important criteria for selecting relevant Notes
material. It should help both you in teaching and your students in learning. It should

help in attaining the lesson objectives and should have a high possibility for permanent

learning.

If you select material only because of the availability, it may not serve the purpose.
Students will grasp and retain facts and concepts that are enriched with interesting
support material and arranged in a way that enhances learning. Some additional criteria
are listed below:

e Clarity: The learners should easily comprehend what is conveyed and further
explanation should not be required.

e Simplicity: The language used should be simple and easy to understand. Lengthy
sentences and flowery language should be avoided.

e Relevancy: The resource should be suitable for the purpose for which it is
selected.

e Specificity: While providing the resources unnecessary as well as too much
material should not be given.

e Visibility: should be neat and readable to all; whether individual or group.

e Practicality: The resource should be affordable and within the reach of the user.

‘x ACTIVITY-10

Fill in the following table

Resource Use Advantage

QN L AW N~

5.6 RECORDINGAND REPORTING

Itis necessary that the students and the parents should be informed about the progress
of the students.

Parents should be aware of what is expected from their child and should have data as
proof of it. Some parents want to know the position of their child in relation to all the
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students in the class. Information about their child’s attitude towards learning and their
achievement is valuable to the parents. Your students also will be motivated to learn
further when they know about their progress. The school authorities are also interested
inresults. Thus a teacher has to assess and evaluate students’ learning. This also helps
the teacher to get a feedback about her planning and transacting curriculum.

5.6.1 Evaluation of Students Learning

The assessment of children’s learning is an essential and continuous part of the teaching
and learning process in science, as in the other areas of learning. The continuous and
comprehensive evaluation process requires proper planning and execution of activities
for achievement of the desired learning outcomes. An important aspect of the school
planning for science is to help you understand each child’s progress in science. The
assessment techniques in science must focus on cognitive objectives, understanding of
scientific concepts, competence in the application of experimental and investigative
skills and the nurturance of scientific attitudes. Hence the plan itself should provide
appropriate methods and strategies for assessment based on the objectives decided.
Formulate and summative evaluation need be done as per the requirement. Objective
based evaluation need be conducted by adopting paper-pencil tests through essay
type, restricted answer/short answer type and objective type test items.

5.6.2 Evaluation of Planned Curriculum

Assessment of the students’ learning should facilitate you teachers in evaluating the
suitability of the science program you have planned. The following assessment methods
can be used to obtain a balanced picture of the child’s progress in science:

e teacherobservations

e  concept-mapping

e performance on teacher-designed tasks

e Products and Processes observed by teacher and presented in portfolios.

This assessment needs to be documented and proper records require to be maintained.
Your records of all the above is of great significance. The parents should be informed
about the way students’ progress is monitored and the results of the assessment. The
results should be reported to all the stakeholders.

5.6.3 Role of Teacher
You should

e  Mark and record the results of all the assessments and evaluation to accurately
assess students’ progress

e Report the results of formal assessments as required.
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e  Share the results of assessment and progress grades with student

e Develop and implement an appropriate system for recording, analyzing and
reporting student assessment and progress data.

The tools and techniques of recording the assessment and evaluation you will be learning
in the next unit i.e. Unit 6: ‘Assessment and Evaluation’.

5.7 LET US SUM UP

We have learned in this unit how to plan and manage science education at upper
primary level. We know now the importance of planning, purpose, how to manage the
curriculum throughout the year, how to design and develop year plans, unit plans and
lesson plans.

We have also learned that science learning can be designed in many forms. The selection
of the type of activities is based upon the learners’ needs; the age and stage of the
group, intended learning outcomes, health and safety requirements, resources, and
lesson appropriateness.

We have learned different types of resources in electronic and non-electronic form
and their use for providing hands-on experiences and hence, facilitating learning. We
have also seen about what are the available resources in the school and in the community,
so that they can be utilized in science teaching. Whatever we have learned in earlier
units about scientific inquiry and hands-on experiences we can use in planning for
science lessons.

We have got acquainted about the role of teacher in recording the progress of the
students and reporting it to students, parents and school authorities.

‘We now have a holistic picture of planning, organizing and managing science curriculum.
The details about it such as different domains, the classification of learning outcomes/
objectives, various strategies and activities for teaching and learning, assessment and
evaluation techniques, and procedures we will be learning in the next unit.

5.8 MODELANSWERS TO CHECK YOUR

PROGRESS

Key to Activity-2
1d 2 f 3 h 4 b
5S¢ 6 c 71 8 e
9 a

Notes
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5.10 UNIT- END EXERCISES

1. Letusassume that your friend has just taken up a job as teacher in an elementary
school. What advice you will give her for conducting science lessons? Answer in
around 300 words.

2. Translate the following activity into a science lesson plan
° Material required:
— 3 cups of water (cold, lukewarm, warm)
— Food colour

° Activity: Ask students to add 3 drops of food colour in each of the cup one
by one observe and record.
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APPENDIX - 1

Format for the Year plan Notes
YEAR PLAN
Name of the teacher (YOUINAIME) .........cooeviuviiiieeeeeeeeiiirreeeeeeeeeeeirreee e e e e e eeevnnreees
CLASS: ettt ettt et e e bt e st st e e s e e e b e e eane
SUDJECL: ettt ettt et e b e sttt e bt e st ebeeeaee
S. No. Unit Sub-Units No. of periods Month
Teaching | Revision| Assessment | Total
L | DR 3 2 2 16 July
21 e 3
K FR 3
2t 3
20 | e | DR

APPENDIX - 2

Format for the unit plan
UNIT PLAN
Name of the teacher (YOUI NAIME) ......ccccuvvvveeiiiiiiiiiiiieeeeee e
ClASS: . e
SUDJECL: vveeitieeeiieeeeiee et ee ettt e ettt e ettt e et e e staeessbeeeasteeessseeensseeesseeensseesnnneesnseeennsnens
UIIE <o e
S. No. | Sub-Units | Content |learning Objectives/ | Teaching-learning |Evaluation
Analysis | Learning Outcomes | Strategies/Activities
1. Lo Terms, Remembering Inquiry, Quiz:
Concepts,| Understanding, Observation, etc. Questions
Facts etc.| Applying Essay
Skill SA
Attitude MCQ
2 2. e
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APPENDIX - 3
8-Step Lesson Plan Template

LESSON PLAN
Name of the teacher (YOUI NAIME) ......ccccuvvvveiiiiiiiiiiiieeeee e
DAALE ..o e
CLaSS: ettt ettt ettt et e bbb enareea
SUDJECE: ettt ettt et e et e et e e it e e s abeesab e e e bt e e sabteesabeeeeaneeas

Diploma in Elementary Education (D.ElL.Ed)



Planning & Managing Science at Upper Primary Level

APPENDIX - 4

Lesson Plan Format Notes

LESSON PLAN FORMAT

Date Period

Class Subject

Time Topic

Teaching Points :
Learning Objectives:
Pre-Existing Knowledge:
Learning Resources:

Learning Processes (Strategies) :

Learning Points Sequential Learning Black Board /
Activities Test items
INTRODUCTION
PRESENTATION
APPLICATION (Evaluation)
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ThT3-3 ATHIT ol TahE TS o

QAT
3.0 9&Egdr

3.1 3T 3339

3.0 Ffie HT GFA 3R GHT]
3.3 e &t faviyarg
3.4 =foaa & fas1a

3.4.1 =forrca &1 0T fa5Td
3.4.2 Al & FAIHGvAT0 (G519

3.5 Aficd FI T
3.5.1 @I & HTYRON (SH-STIHRN)
3.5.2 SIfEROT
3.5.3 sifygfa
3.5.4 g
3.54.1 gog &1 gt
3.5.4.2 Hoq J3F #3 @ a9 @i (Rrem w1 ygfien)

3.6 ol &1 Godlehd
3.7 Afwicd & faewrg d el &1 qfFesr
3.8 R

3.9 3IE F HST IH
3.10 39IRTt G
3.11 3HTE 37d 3T

3.0 U=

fUsell S o B0 STafvIeha 9 waferor &1 qfgeht W ==t T T 39 THE °
T Al & foIhr® 9 39 Fediehd T F= &1 39 THhIE H o7 J&Ad: A
F1 Ul IR Hehoudl, Sk 1 {aivde, =afee & fagida, sAfre &
TediRd 9 Sfdae & fome o feehl & arRE W E ST e hisd w
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e o1 faeme T oo

3.1 AT g2V

TH SHE H UG B A% A
o AfFacd w1 27 &1 UTEH|
o i H fomiyarstl w1 =t a1 <l

o AfKE HeAThd & Ufd SMTEhal famfaa & I

o T=dl o A o foerme o el &t qfHekT &1 a0 T AW

‘AT T dfed v CueEAr @ o 7 e o1 @ U sfimarst g
U8l S dlell WEh| 39 YR Al a1 ‘TREAfadt’ w1 o @ g &% iRy
¥ i wfgd & 2 Al fadt =afe & 9r § gogol SRRt 2

o o~ A~
IghT I i%, HIAIHh, HIAES, HMHISeh, Hldeh d ATAIHS dq19<|

R Vsl | SAfaded fet <t o e @
1. &" %9 e €

2. B9 HE SRy YETd g

3. TW &Y 91 A E

4. TH &Y =

5. T %Y HE HwE B &

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................
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|. oAfwica o © S oAt @

2. YF A 1 Al SHE B

3. Afade fer T €, il ?)

4, AfF TH HYU THE 1 W& FE HA T

5. oAl STEfveR! o qafeRer <Al ¥ e o SR 2l

6. Al T We ¥ qEIferk T

7. Afade TEfeRV ¥ AR FHENA 7

8. o fovm uftfeafai o =afae wafaRor =i guifea e 21
9. oAl TH % a9y IRTA H Wi + faw y= g 2

10. =AfexRIca TE-eYfa &1 g9 gyt & oafacd 1 o[ Tél &l

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

3.4 e & Tagia

Africd & %9 qeT fagid 30 TR T
HAferae T TOT Tagia

Sgeey, e, AR, sheet 3R TAS. el Al & o fagid & q&1
gfaaress &1 07 Al 1 TH 1AM @ 99 W S gk © SR S Rt safe
% &Y EEN 1 aUM LAl § GEAHS R W AW % &Y H [0 AR
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FHIeHs T § =RA NS T8 q 1 o419 W9 61 Y9l © A &
faacd % 31dqul °19q & T Tqur 6t foRdt =afed o6t wag fafirse 9 feer foretem

B =feul o fagiaacsl & STHER, IRk &0 W &l P Ja foumast d@
Hifd W@ S 7 & Al | fer 9 fafire g @ safaaa & ave &1 a9
e 8 St 2| fagideres SRR S @ fRe aret qon @ 39 n | S e
A AR g oAl % GHIY B €, § i i € o1 fagid # uh suvm
A & fe@s 9Tt ot 1 gaEt o7 SR eTE | 9T S ared T R i T

sifafafera gufea, =0 e, fafaa

qHfEE T e, &, <o g3

graHcHes ®9 9 fafera fafi= gor
% fafga @&, M | SO

fomaar, fag, efafe=a;

el 3§, FUsTerEl, g&

fasit =fer, ==, gmfse St !

sl sifafafcaar e, fooada

gRued, $eR, 9afad @ed fa=m

AT STIEST, STEHISTh, 3T

Fed Bl
IRE A ® :
1. 3o foue veAcs 9 EEie
9 sfeafa; o, 9e
2. UMM AEMS gHd gfgHE, oM
e, g&
3. 9EAHe ®9 9 fer fafea w9
AUl 9 g, S h
gfa enefary AT, ARG
4. 9 W-HE, AAfOardl, &9
ATShTHh , T
5. 3god TOqE, Gyad, fodt s W
6. ThNIcHeh AT TI&h, AN T
Hl M S 9rel TR FH ATl
7. Oefgs It faue @ w1 s\ m
e og e, faada 9o TG H HH T
T efferer w9
8. YTagRid HEAHs &4 EEiE]
¥ fasfk, uftges AT, & Eie ol
9. WHISId, HERd AT T
g, Ieq g, I,
SAEHIHS , oS3
10. favaea 3o faure, Rt

foeaa= g, GUzER

TfaYH; YNTTIA 3k A aTell, T
HE G
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11. ®ieqw, Miv=d sUrEfsh, oM TEREd, SHeRINeh TRENE, AEqw
TehT, IS SIE Teate i

T el

12. 3R difehes AMfERT, S WIS AIgE HE, o W OSAE A

3.4.2 Hfada & wAfavowor fagta

(37) HAfamca ol Sfaaca fagia

fomue wEE (1856-1939) HAIMGYANUl & Jfquikeh o1 3k HANGYEo0 i
fagia Tfaelier € 1T 39 oIon W i € sAfericd 3R] sAfericd faehtd Herd 3K
TRt <A i B & S gerd: oead Y & el © SR TR W et
FE W E TR A €| BES I HAfekied TN 97, I8 o W E W A
21 oAl & I e U8c] aIh! ] A % UggS ¥ U o wld yomedt o
¢ TU E-3%, o (FM) 9 g 7 (YW )|

93 quld: 319 B; e (M) SAifer &9 § <dd €, 3R g 37 (YW ) qofa:
I 21 I3 AR H1 WAl Tee] 81 WEE AMd @ % €5 orft ygfaa 1 wge
21 THH! HIE dllecher oFoeen T& g1 ok H % foenart ygfaa e Wy
Sufeerd & Tehdt €1 5 AifaEE 21 sod g a1 e oref T 21 W o eI
I B FIE A9 Tel R Ghall 39H TS w1 Fagid gt 71 €5 1 yfwRae o
21 T8 Al H1 fFaTcH® o 31=ad Uee] & &9 § Fod o9 &7 9 afviq fma
ST gl 2

ST 3T ToT9y e

HTE3T € TIET 1 98 9N B S Yg ®9 G AR wfafafy @ oo wqfe =
21 A Tqfte o= wqfieal =t wifd € ? IR 38 foreh =afem foF T eraggshan
& WA =R T wEE 38 S % HYul ¥ue % &9 § A6 €] B 39 9 W
a1 30 2 fop s g S #, g A off sufted e 1 e =l wh
Hafterd &9 9 fuifta 99 Sosmn & @i U9 et @1 s frefafea e @
e 9 fifa 1 s weRdt @

1. 3RS (F@) &9 : 59 § 3 99 a1 39 g | d=d &l e gad & "l
fierar 21

2. TR A : X W AA qU Toh| TH g H da=d i &1 W FTEREA G T/ W 7
W W Al S R

3. S & A hfdw eraeen ;3 o ¥ 5 oY d%h | a=d I U SHAN B
¥ Hqfie g et 2
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4. fociad st (Te VW) : 6 a9 ¥ 13 I6 i 3 H WSS a6 &
FHRU HHT T R @A 1 faofaar st 2|

5. Toroiem sraen (T Soe SEedl) : ThieRe w1 56 P & SN
At SR foomeifies &fea &1 foaewm e 2

WS J I R SHe ek wei dF Geel W U A e 1 TR Hgfe
% wRUl difgd g1 A9 eoret w1 Gt Th qHei oAt & fam o Heg
F T

(&) 3T@RE TSeR ( 1870-1937)

Teel & FIER I TaT 7 31fig L= yq@ Won 81 Ttk & fagid 3
I HT i1 Bl HH H G TR wEE 7 @ oa K o tger died €
o g saf Tk oGl Sfed Sieft fasrfad e 1 999 il & e 9
931 1 Al iRt B1 TSR 1 AFAT © foh =0 w1 sTaafar oy o €9
o fashfad 3 e ®9 @ R #1 €9 9o w1 399 Sfed o srquiar o
FH & FNU BT ¢ T TaR F I T H1 Wi TerEsw gl 21 FUR a0
AR 1 I B S T § geheArdl o Afeh o favel o1 Ta® &) oo
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9% | fafia =M e vRife §9 9 gea e 99 700 ST Ml Sl g
FTh IS B TG U FE F GAE AT HI Sfed el § ST HTER SN
wefeld g1 81 w2 adw € e <o safd dsedl o I h T w2
e St weh fagia @ e arn ot safe o1 =afade & & 21 98
e Sl ] hRehT © geferd Bt §—-3TR H WE (TR Yow) T TR
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W HHT FAE B 2

TEeR Al € o Joieh =afed Uoh W i Tl oAl © S SHeR! STe e
forrea o wafeRor ¥ U el W nenia B €1 TSeR hEd @ foh Safe Sied
Sl = 8, ‘geriere e’ raftd B iR D UEl S © S g el o
& Tl | T g T’ Sfe w1 erefqul S 1 I 9o SanT gefaa e
21 TSeR WIS a:fhan & g9e W 9l <1 81 S #1 werg & fou e
YT AR 1 STUAT HHASUE o € HIEAT 1 HH HH § HEG HLdl g1 T8 34
AT IS AR H Y wE H GEEF B
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S 3 SAfeRice 1 SAqEt 9 afedEl Tl % w9 ° 4 @ S eHr) S 9
&% WO S T 8| S STIER, A e =R g9 w9 ofd € ¢ e,
e, 3= SR e e SR Wi T g W & yal w1 i faada € weg
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6.0 INTRODUCTION

In this course, so far you have learnt about the nature of science, what is the importance
of science as a process? And what are different approaches to teaching of science?
You have also learnt about various types of learning experiences we need to provide
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for facilitating learning and how to plan for these experiences. Though all this is very
important and essential, as teachers it is equally important to know the effectiveness
and the appropriateness of the teaching—learning process carried out in the classroom.
Hence, in the present unit, we shall learn about an important and inevitable aspect of
the teaching-learning process i.e. assessment and evaluation. You may have a look at
Figure 6.1 and see the relationship among various concepts included in this unit.

6.1 LEARNING OBJECTIVES

After goings through this unit, you should be able to:

e differentiate between the concepts of measurement, assessment and evaluation.

e distinguish between objectives and specifications and describe their relationship
to the subject matter (content), learning experiences and evaluation.

e  explain taxonomy of educational objectives and write objectives and specifications
appropriate to your subject area and the topic you are to teach.

e compare formative and summative evaluation.
e justify the importance of internal assessment.

e explain the significance of Continuous Comprehensive Evaluation and its use in
teaching-learning.

e establish the need for diagnostic and remedial teaching.
e plan for cognitive, affective and psychomotor domains evaluation.

Any activity that we undertake needs to be evaluated to find its utility, effectiveness,
quality and for its future improvement. In case of a manufacturing unit, the finished
product is passed through a process of quality control, to check the quality of the
finished goods. In case of any defects or drawbacks, the particular piece is rejected.
The process is rechecked or assessed for improvement, so that there are no rejections.
In case of education what do we do for the quality control? The process of education
has to be effective and the end product has to be good. This is because, we deal with
human beings, that is, students and hence, no rejection is possible. In this situation,
proper assessment and evaluation is of utmost importance to ascertain the effectiveness
of the teaching-learning process. The evaluation of the students for their learning
outcomes can be used to find out the effectiveness of the teaching-learning process.

6.2 SOME COMMONLY USED TERMS

We often use the terms, ‘assessment’ and ‘evaluation’ interchangeably or synonymously.
Are they synonymous? Do they mean the same thing? Let us try to understand the
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concept of evaluation and see how it is different from assessment. We will now examine
some common words, which are used along with evaluation in the field of education.

Test: Test is one of the tools of evaluation. It may consist of a set of questions, which
are answered by the learners. Teacher corrects these answers and assigns a numerical
value for the correct answers. This numerical value is called as marks.

Measurement: This quantifies the performance of a student in a test, as it assigns the
numerical value (marks) to express the performance of the student. It measures the
achievement based on a specific test offering numerical value.

We measure quantity of milk, weight of the person or rainfall in a day. Such ‘physical’
attributes like volume, weight etc. can be measured accurately using some instruments
like measuring cylinder, weighing balance, etc. But in case of attributes like academic
scholarship we do not get such accurately measuring instruments. We depend on the
teacher-made test for this.

Assessment: This term is mainly used when the performance is expressed in qualitative
terms. Here the quality of the performance is described.

All these terms are essential to understand the concept of evaluation but are not
synonymous with evaluation.

6.2.1 Definitions of the Terms
Measurement: It is a process of quantification of measurable phenomenon.

“Inits broadest sense, measurement is the assignment of numerals to objects, or events,
according to rules” — Stevens (1951)

“Measurement is the assignment of numerals to entities according to rules” — Stufflebeam
(1968).

“Measurement entails certain rules and procedures for assigning numbers to attributes
in such a way that the numbers to attributes in such a way that the numbers represent
the quantity of the attribute” — A Dictionary of Education (1981).

Assessment

“Assessment is a process of describing certain traits, processes, programmes in
qualitative terms. It has to be done in the context of the objectives of the system of
education”

Measurement gives the quantitative description, whereas Assessment gives the
qualitative description of student’s progress. Evaluation is more comprehensive term,
which includes both, measurement as well as assessment and goes beyond.

Evaluation

“Itis an act or a process that allows one to make a judgement about the desirability or
value of a measure”.

Notes
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Stufflebeam and others (1968) define it as, “Evaluation is a process of delineating,
obtaining and providing useful information for judging decision alternatives”.

Patel (1984) defines it as, “Evaluation is any systematic, continuous process of
determining

e Theextent to which specified educational objectives, previously identified and
defined are attained,

e Theeffectiveness of the learning experiences provided in the classroom,
e  How well the goals of education have been accomplished.

By now you must have realized that the test is a tool which helpsin measurement for
evaluating various abilities of the students

‘x ACTIVITY -1

1. Discuss the difference between test, measurement and assessment with
the help of suitable examples in about 100 words.

2. Explain the concept of ‘educational evaluation’ with formal school
teaching-learning.

6.3 CONCEPT OF EVALUATION

The concept of evaluation can be expressed as follows:

Quantitative measure Qualitative description Value
Evaluation = of + of + Judgement
student’s achievement student’s achievement by teacher

To understand this better, have a look at the following example:
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Raju s studying in standard VII. In the first terminal examination he got 89 percent
marks in the written examination. From the observation done by the teacher, she
writes that Raju is always punctual and very neat in his work. He is a voracious
reader and always shows keen interest in curricular activities as well as in elocution,
essay writing and in debates. She also observes that ... Raju does not mix around
with other students. He prefers to work alone on the project rather than working in
a group. On field visit or on excursion he prefers to be on his own to explore the
surroundings. Based on this, teacher gives the value judgement that though Raju is
very good in curricular activities; his social and emotional development needs to be
improved.

From this example you will realize how evaluation is all compassing term and how it
goes much beyond measurement and assessment. For instance, in the example given
above, 89 percent of marks are the quantitative measure/ description about Raju.
‘Raju is neat and punctual in his work, is the qualitative description. ‘Raju is very good
in curricular activities but his social and emotional development needs to be improved’
is the value judgement given by the teacher.

Now, let us read the definition of evaluation given by Dr. Patel (1984) once again (as
given below) and try to understand the new terms we have come across.

e Previously identified and defined specified educational objectives.
e  Learning experiences.

e  Goals of education.

e  Systematic continuous process.

For undertaking any activity it is essential to know why that activity is being undertaken.
What can be achieved through it? In other words, it is essential to know the objective
for undertaking the activity. In the process of education, the aims of education are
clear from the ‘why’ aspect of education. These are broad and long term. ‘Objectives’
are the smaller steps, achievable through the teaching—learning process in the classroom
and the achievement of objectives helps us in moving closer to the aim. Objectives are
the well-defined purposes of education which are achieved through various subjects
taught in the school.

The subject matter is called as the content. For helping students learn the content,
teacher adopts various methodologies as explained in Unit 3 and carries out certain
learning activities in the class Ex. teacher may give explanation of certain concept, she
may explain with the help of a diagram, or a model. She may demonstrate an experiment.
Students, when interact with these, internalize them which result in learning experiences.
You have learnt about the learning experiences in the previous chapter. You know that
the learning experiences can be direct/ first hand or indirect/ second hand. Ex: A child
touching a hot vessel and getting a burn has the direct or firsthand experience. But for
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his friend, hearing about it and seeing the pain on the face of the child who has got the
burnt, it is an indirect or secondary experience. In the teaching — learning process,
these learning experiences should result in the desirable modification in the behaviour
called learning. Evaluation helps us in confirming the attainment of learning.

At this stage the teacher needs to know the effectiveness and appropriateness of the
learning experiences given. Hence, the teacher administers different techniques and
methods of evaluation. It is obvious that while choosing various methods and techniques
of evaluation, the teacher has to keep in mind the learning experiences given to the
students, as the same need to be evaluated. It can be said that the objectives, the
content, the learning experiences and the evaluation methods are all interrelated. There
are mutually supporting each other. This can be diagrammatically represented in
Figure 6.2.

CONTENT
LEARNING
OBJECTIVES EVALUATION
(Well-defined PROCEDURES
purpose of (written/oral tests,
education) observation, etc.)
LEARNING ACTIVITIES

(Methods, experiments, discussions, questions, Demonstrations, etc)

Figure 6.2 Four aspects of educational evaluation (Patel, 2001)
Letus understand this diagrammatic representation with the help of an example.

The science text-book for class VI prepared by NCERT contains a chapter on the
‘getting to know plants’. This is the ‘content’. What are we to achieve after teaching
this content? The answer to this question tells us the ‘objectives’.

For standard VI, the specific objectives could be,

1. Pupil recalls the parts of a plant

2. Pupil recognises the parts of a plant

3. Pupil describes the functions of various parts of a plant

4. Pupil draws a diagram of parts of a plant

5. Pupil labels the parts of a plant

6. Pupil identifies the parts of a plant in the given specimen, etc.

Now, for achieving these objectives what are the relevant learning experiences which
need to be provided?
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A teacher can:

1. Show the actual specimen of a plant.

2. Draw adiagram on the chalk board and give explanation to it.

3. Show achart and give explanation to it, and also show it through animation.
4

Take students out in a garden and ask them to observe various plants and identify
the parts.

5. Ask students to sow a few seeds and ask them to observe and note down about
the development of various parts of a plant on the germination.

After providing the learning experiences, it is essential to know about the effectiveness
of those learning experiences. This is done through the evaluation. The following can
be done for this:

1. Asking questions orally

2. Giving written test

3. Asking students to draw and label the diagram

4. Showing specimen and asking students to identify the parts
5

Asking students to collect various specimens and stick them in the book and then
label the parts.

How do you think teacher should evaluate the students?

We have to note here that teacher has shown diagram / specimen to the students.
Hence she can ask students to identify those parts. But if teacher merely describes
them, without any visual experience, can the teacher ask students to identify the parts
by showing specimen? Teacher cannot include that in the evaluation procedure as she
has not given that learning experience to the students.

Let us see another example. The teacher wants to explain the ‘Laws of Reflection’ in
the chapter ‘Light’.

Teacher can conduct following learning activities in the class —
1. Draw adiagram on the chalkboard or display a chart and explain.

2. Demonstrate the experiment to prove the law and ask students to observe the
demonstration.

3. Instruct students to carry out the experiment themselves and then to note down
and verify the results.

If you, as a teacher, adopt the first option during the teaching-learning process, how
would you evaluate your students? You know that you can adopt the paper-pencil test
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for checking the learning outcome but you cannot ask the students to carry out the
experiment (practical test), as they have not undergone the learning experience of
handling the apparatus.

Hence, it is seen that there is a direct relationship between the objectives, the content,
the learning experiences and the evaluation procedure. Therefore to begin with, teacher
must have clear idea about objectives.

6.4 OBJECTIVES AND SPECIFICATIONS

What are objectives in the context of teaching-learning?

Objectives are the achievable targets of the educational process. They are subject-
specific and achievable through the classroom teaching—learning processes. Hence,
they help the teacher in day-to-day activities. Education is meant for the all-round
development of the personality. This means the balanced development of the HEAD
(i.e. Cognitive Domain), the HEART (i.e. Affective Domain) and the HAND (i.e.
Psychomotor Domain).

Dr. Benjamin S. Bloom had given the objectives of cognitive domain, which were later
revised by his student Anderson and colleague Karthwohl. The hierarchy of the affective
domain was developed by Dr. Karthwohl and that of the psychomotor domain by Dr.
Dave. The hierarchy of educational objectives cover all the aspects of human personality.
They are as follows:

1. COGNITIVE 2. AFFECTIVE 3. PSYCHOMOTOR

DOMAIN DOMAIN DOMAIN
Remembering Receiving Imitation
Understanding Responding Manipulation
Applying Valuating Precision
Analysing Organizing Articulation
Evaluating Characterization Naturalization
Creating

Figure 6.3 Taxonomy of educational objectives
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The hierarchy means the difficulty level goes on increasing and when one moves to the
higher objective, it means the lower objective is already achieved. Ex., in cognitive
domain, if student has understood the concept of effects of force on a body that means
he knows what force is.

The cognitive domain includes those objectives which deal with the recall or recognition
of knowledge and the development of intellectual abilities

Ex. Developing the understanding of the concept of acids and bases, their properties
and selecting the appropriate chemical for cleaning the floor (making use of it in daily
life) is a cognitive activity.

In the revised taxonomy of the cognitive domain, two dimensions are considered — the
knowledge dimension and the cognitive process dimension

Table 6.1 Anderson and Kartwohl’s revised taxonomy of cognitive domain

Cognitive Processes .:ll>

The
Knowledge
Dimensions

I

Factual
Conceptual
Procedural

Metacognitive

The description of this table is given below:
The Knowledge dimensions can be defined as follows:

Factual Knowledge is knowledge that is basic to specific disciplines. This dimension
refers to essential facts, terminology, details or elements students must know or be
familiar with in order to understand a discipline or solve a problem in it. Ex. Oxygen is
represented by O,

Conceptual Knowledge is knowledge of classifications, principles, generalizations,
theories, models, or structures pertinent to a particular disciplinary area. Ex: Concept
of gravity.

Procedural Knowledge refers to information or knowledge that helps students to do
something specific to a discipline, subject, and area of study. It also refers to methods
of inquiry, very specific or finite skills, algorithms, techniques, and particular
methodologies. Ex: Dissecting the flower to study the internal parts of a flower.

Metacognitive Knowledge is the awareness of one’s own cognition and particular
cognitive processes. It is strategic or reflective knowledge about how to go about
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solving problems, cognitive tasks, to include contextual and conditional knowledge
and knowledge of self.

The cognitive process dimensions are the following:
Remember — Retrieving the relevant knowledge from long-term memory.

Understand — Construct meaning from instructional messages, including oral, written
and graphic communication.

Apply — Carry out or use a procedure in a given situation.

Analyze — Break material into its constituent parts and determine how the parts relate
to one another and to an overall structure or purpose.

Evaluate — Make judgements based on criteria or standards.

Create — Put elements together to form a coherent or functional whole; reorganize
elements into a new pattern or structure.

The revised model lays out the components nicely so they can be considered and
used, and so cognitive processes as related to chosen instructional tasks can be easily
documented and tracked. This feature has the potential to make teacher assessment,
teacher self-assessment and student assessment easier or clearer as usage patterns
emerge.

The affective domain includes those objectives which are concerned with changes in
interest, attitudes and values and the development of appreciations and adjustment.
Karthwohl, etal. (1964).

Ex. Developing scientific attitude, realizing the importance of taking care of the plants
and animals in our surroundings, showing concern and helping the needy, taking efforts
to keep the surroundings clean, is the part of the affective domain.

The psychomotor domain includes those objectives which deal with manual and motor
skills. It covers the aspects of the physical development.

Ex: Handling the apparatus properly, measuring the volume of the given liquid accurately,
drawing a neat diagram, planting and taking care of the plant, etc. come under the
development of psychomotor domain.

A acTiviry 2

1. Write down the levels of objective in cognitive, affective and psychomotor
domains with proper illustrations, considering a suitable example in
around 350 words.
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‘Taxonomy of Educational Objectives’ covers all the three aspects of personality. Ex:
when student learns about pollution, (cognitive aspect), he becomes conscious of his
activities and takes care that he does not do things to add to the pollution (affective
aspect). He cleans his surroundings himself (psychomotor aspect). He may also motivate
his friends to keep the surroundings clean (affective aspect). This means, these are not
exclusive of each other, they are interdependent and inseparable. The objectives in
each domain are arranged in hierarchical order. That means, when one moves to the
nextlevel, the difficulty level increases.

The teaching—learning process needs to be properly arranged so that a student finds it
easier to go from lower level objective to the higher level objective. Ex: to apply
Newton’s first law in the real life situation, student needs to understand it first. But to
understand it, student needs to first know the statement of the law properly. This
hierarchical importance is applicable to all the three domains. Giving proper weightage
to the learning experiences provided from all three domains ensures the harmonious
development of the personality.

These objectives when written in terms of specific content are called as specifications.
The specifications indicate the student’s achievement in terms of the specific content
by indicating the change in student’s behaviour. When you write ‘Pupil explains the
structure of a plant cell’, the word ‘explains’ shows the action of a student or the overt
behaviour of the student and ‘the structure of a plant cell’ tells us the specific content.
You will learn more about this in the following paragraphs.

There are certain norms / criteria followed for writing the statements of specifications.
The statement of that for the specification contains the action verb. We will now study,
how to write the statements of the specifications.

The statement of specification should
1. containaction verb

2. contain worthwhile specification (as per the age and physiological and
psychological needs of the learner)

3. berelated to the human ability (which can be developed or achieved with the
help of education)

4. mention the subject-matter (i.e. content)
5. bein the form of student’s achievement and not in the form of teacher’s intention

6. be written in the form of achievement of one single pupil and not in the form of the
achievement of a group of students

7.  contain only one ability which is to be developed, achieved or modified.

8. contain one and only one content.
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Ex: ‘Pupil recalls types of motion’. In this statement, ‘recall’ is the action verb and

‘types of motion’ is the content part.
Notes

‘x ACTIVITY -3

Statement of Specification Action Verb | Content | Objective

Pupil recalls the statement of
Newton’s first law.

Pupil describes the organelles of plant
cell.

Pupil explains the structure of atom.

Pupil discriminates between
longitudinal waves and transverse
waves.

Pupil gives examples of oscillatory
motion.

Pupil suggests ways to control spread
of waterborne diseases.

Pupil draws a diagram of structure of
leaf.

6.4.1 Writing Objectives and Specifications for Science

Find below the illustration of writing the specifications. First three, 1.e. remembering,
understanding and applying are from cognitive domain and skill is from psychomotor
domain. The objectives pertaining to affective domain like developing scientific attitude
or aesthetic sense take long for the development.

Let us look at the following illustrations:
Remembering:

Pupil recalls scientific terms, symbols, names of scientists, structures, patterns, formulae,
etc.

The pupil recognises the portraits of scientists, apparatus, parts of various organ
systems, diagrams, etc.

Understanding:

The pupil develops understanding of various principles, concepts, processes, theories,
etc.
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The pupil discriminates (compares, contrasts, distinguishes) between —

The pupil explains (gives reason) — cause and effect relationship - Notes
The pupil gives examples (illustrates) -

The pupil detects errors (identifies the mistakes) -

The pupil rectifies the error (corrects the mistakes) -

The pupil generalizes (infers, draws inference) the rule-

The pupil classifies —

The pupil selects proper apparatus, procedure, etc.

The pupil solves problems based on the principles taught —

Applying:

The pupil applies the understanding in new situation

The pupil analyses the problem / question —

The pupil selects proper information or data-

The pupil gives scientific reasons for various statements-
The pupil predicts the probable reasons, effects, etc.

The pupil suggests improvisation in apparatus, process, etc.
Skill:

The pupil develops skill in observation, recording, performance, drawing diagram,
etc.

A. Process of Performance

The pupil checks apparatus regarding its working

The pupil cleans apparatus

The pupil sets up apparatus

The pupil draws diagram

The pupil records reading /observations

The pupil measures weight, volume, etc.

The pupil takes proper precaution while performing experiment.

The pupil observes accurately.
B. Product of Performance

The pupil summarizes the observations

The pupil calculates the results (e.g. focal length of lens).
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By now, you must have understood the concept and realized the importance of the
objectives and specifications. Now, you will be able to plan your lesson effectively, for
the given content in such a way that, at the end of the lesson, the set objectives are
achieved. This again will help you in planning the evaluation procedures for finding out
the achievement of your students.

A acTiviry 4

1. Select one unit from the Science textbook. Write down the objectives
and specification for the same.

2. Consider any unit of your choice. Decide the objectives you would like
to achieve through that. Plan the activities (learning experiences) and
the evaluation procedures for the same.

6.5 TYPES OF EVALUATION

We have so far seen that evaluation has to be a continuous process for the proper
evaluation of a student. This brings us to two types of evaluation. They are

e formative evaluation and

e summative evaluation

6.5.1 Formative Evaluation

Nitko (1983) defines it as, “Formative evaluation is concerned with judgements made
during the design and / or development of a programme which is directed towards
modifying, forming or otherwise improving the programme before it is completed™.

This means that it is an on-going process of systematic evaluation of the learner’s
achievements. This is done during the instructional phase and helps teacher know
about the learner’s progress and helps the teacher reflect on the effectiveness of the
learning experiences provided. As it gives immediate feedback, it gives the scope of
improvement for both the teacher as well as the students.
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Ex. while teaching the unit on Magnetism, teacher may ask questions based on the
properties of magnet, types of magnet, laws of magnetism etc. during the teaching —
learning process, to find out how much the students have understood.

6.5.2 Summative Evaluation

Nitko (1983) defines it as, “Summative evaluation describes judgements about the
merits of an already completed programme, procedure or product”.

E.g. semester examination or the final examination helps in summative evaluation. During
summative examination, teacher can cover larger portions and also check for higher
level objectives. Teacher can also check for the integration of the knowledge which
was taught as separate subunits, during the teaching — learning process.

For the summative evaluation teacher can ask question of higher difficulty level —
application type questions to the students. Ex: on magnetism teacher can ask following
question: ‘If you are given an iron rod, how will you decide, whether it is plain iron rod
or magnetic rod?’ In this question, student has to make use of the knowledge of
properties of magnet, laws of magnetism.

Formative evaluation is immediate hence considers limited content and short-range
objectives. It gives immediate feedback and hence provides scope for the modification
of the methods of teaching and provisioning of learning experiences.

Summative evaluation is long-range and comprehensive. It considers the course in its
totality and also helps in evaluating higher level objectives.

‘,X ACTIVITY -5

1. Distinguish between formative evaluation and summative evaluation.

6.6 INTERNALASSESSMENT

You are aware that, education aims at all-round development of the personality. Mere
acquisition of knowledge is not sufficient for the development of the balanced
personality. Development of desired attitudes, interests, skills and various personal
and social qualities are equally important. But assessment of these aspects is not possible
with external examination, which mainly comprises of a paper-pencil test. Various
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personality aspects can be evaluated by the one who is in constant contact with the
student. Hence there is need for the evaluation of the student by the teacher who has
taught the student, as only she can judge the progress of the student. This evaluation is
comprehensive and continuous and is called as the internal assessment.

Internal assessment helps in giving a complete picture of the learner. For this, the
teacher has to consciously select tools (e.g. paper-pencil tests, rating scale, and checklist)
and techniques (e.g. observation, sociometry) of evaluation. It helps in giving the
feedback to the students about their progress in all the three domains. Based on this,
the teacher can reflect and introspect on the methodologies used and on the effectiveness
of the learning experiences provided. The teacher can employ the diagnostic testing
and remedial teaching at the right time.

Internal assessment can be carried out by administering the teacher-made tests, and
through the observations of the behaviours of the students in various situations and
various activities in which they participate. In the process, the teacher can evaluate the
students continuously on cognitive, affective and psychomotor aspects.

As the teacher is continuously in touch with the students, she can monitor their progress
individually with the help of internal assessment. Internal assessment also helps the
students in developing good and consistent study habits. Because of the continuous
evaluation, the student does not depend on the last minute studies. This reduces the
undue examination tension and facilitates the overall development of the personality.

For effective internal assessment the teacher needs to use variety of tools and techniques
of evaluation. But for the Internal Assessment to be successful, teacher has to be
impartial and properly trained.

N acmivity -6

1. List out the areas from cognitive, affective and psychomotor domains,
which you will consider for conducting the internal assessment of your
class.

2. Prepare a plan of various activities along with the evaluation procedures
for evaluating different domains of the personality.
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From all the discussion done so far, you must have realised that for the proper evaluation
all three domains must be given equal importance and evaluation has to be continuous
and the integral part of the teaching—learning process.

But, in reality, the evaluation done in the schools is far from what really needs to be
done. Itis observed that mostly it stresses on the content and the lower level objectives
of the cognitive domain only. To improve the present system of evaluation, the system
of Comprehensive Continuous Evaluation has been introduced.

6.7 CONTINUOUS COMPREHENSIVE
EVALUATION (CCE)

We will try to understand the rationale behind the introduction of CCE:

The Kothari Commission Report (1966) states “‘the internal assessment or evaluation
conducted by schools is of great significance and should be given increasing importance.
It should be comprehensive, evaluating all those aspects of students’ growth that are
measured by the external examination and also those personality traits, interest and
attitudes which cannot be assessed by it”. (9.84).

National Policy on Education (1986) also states that ““Continuous and Comprehensive
evaluation should incorporate both scholastic and co-scholastic aspects of evaluation
spread over the total span of instructional time (8.24(ii1)).

The National Curriculum Framework (2005) has proposed the examination reforms.
Its position paper on Aims of Education — NCF -2005, NCERT says,

School based CCE system should be established to...

Reduce stress on children,

e  Make evaluation comprehensive and regular

e Provide space for the teacher for creative teaching

e Provide atool of diagnosis and remediation

e  Produce learners with greater skills

Right of children to Free and Compulsory Education Act(RTE -2009)

Government of India adopted a new act — “right to free and compulsory education for
children between 6-14 years of age”.

This law came into force for the entire country, except for Kashmir with effect from 1st
April 2010.

It states that students up to Std. VIII should not be made to appear for any board
examination and from the year 2010-2011 a scheme of Continuous Comprehensive
Evaluation to be implemented from Standard. I to VIII
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You have already learnt about this in your course 1 in ‘Elementary Education in India:
A Socio-Cultural Perspective’.

Now let us study more about CCE.
What is Continuous Comprehensive Education (CCE)?

CCE refers to a system of school based evaluation of students that covers all aspects
of student personality. It is a curricular initiative, attempting to shift emphasis from
mere testing to Holistic Learning.

Continuous indicates that the evaluation of identified aspects of students’ growth and
development is a continuous process and cannot be done in discrete patches. It has to
be in-built in the total teaching — learning process and must be done throughout the
academic year.

Comprehensive means the scheme must attempt to cover both the scholastic (i.e.
considering the objectives of cognitive domain) and the co-scholastic aspects (i.e. the
objectives of affective and psychomotor domain) of students’ growth and development.

What can be achieved with CCE?

The core objective of CCE is to have continuity in evaluation and assessment of broad
based learning and behavioural outcomes.

This can help in achieving the following outcomes —

e Tohelpdevelop skills (cognitive and psychomotor)

e Tolay emphasis on thought process and de-emphasise memorization
e Tomake evaluation an integral part of teaching learning process

e Touse evaluation for improvement of students’ achievement

e To guide teaching-learning strategy on the basis of regular diagnosis followed by
remedial instructions

e Tomake the process of teaching and learning a ‘Learner Centred Activity’.
How is CCE going to be beneficial to the students and the teachers?

e  Elimination of chance factor and subjectivity.

e  De-emphasis on memorization.

e  Encouragement of comprehensive evaluation covering scholastic and co-scholastic
aspects.

e  Continuous evaluation throughout the total span of the instructional time.
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Functional and meaningful declaration of results for effective use.

Wider use of test results for improvement through diagnosis and remedial/
enrichment programme.

Notes

Improvement in the mechanics of conducting examination.
Introduction of desired changes in instructional material and methodology.

Use of grade in place of marks in determining the level of pupils’ performance
and proficiency.

6.7.1 Tools for CCE

Since CCE is continuous and comprehensive, you need do to evaluate your students
for both the short term as well as long term objectives. Hence you need to carry out
CCE at both the formative as well as the summative stages.

6.7.1.1 CCE for Formative Evaluation

Day-to-day observation

Oral work (question answers, loud reading, dialogues / conversation, role-play,
interview, group discussion, etc.)

Practical / experiments

Activity (Individual, Group, Self-study)

Projects

Tests (Informal small duration written tests, open book tests, etc)

Homework / class work (Informative, descriptive, essay, report, story and letter.
Dialogue, expressing imagination, etc.)

Others (questionnaire, self-evaluation, peer-evaluation, group work and other
similar tools)

6.7.1.2 CCE for Summative Evaluation

In written, oral and practical form

At the end of first and second semester

You must have realized that, CCE is a positive step for enhancing the all-round
development of a student. But in the present circumstances, it foresees a lot of
challenges. They are,

Large class-strengths
High pupil /teacher ratio
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e Teachers’ perceptions and competencies

e Diversity of learners

e  Time constraints

e  Monitoring and feedback

e Remediation and enrichment

e  Teaching-learning resources

e  Uniform applicability

e  Preventing nepotism and victimization

e  Switching from CCE to traditional evaluation in higher class

To meet with these challenges the teacher needs positive attitude, open-mindedness,
responsible behaviour and willingness to adapt to new changes.

6.8 DIAGNOSTIC TESTINGAND REMEDIAL
TEACHING

These two terms, ‘remedial’ and ‘diagnostic’ are borrowed from the medical field.
When a patient goes to a doctor for the treatment, the doctor asks a few questions to
find out the symptoms and then suggests the treatment. He asks the patient to take the
treatment for 2-3 days and then report. If the patient reports to be feeling better, he
either asks to continue the treatment or to stop it, depending on the condition of the
patient. But if the patient does not show any improvement, he changes the treatment or
asks for some tests to be done. Doctor knows that though two patients may exhibit
same symptoms the root cause of the problem may vary from person to person. By
doing this, the doctor is able to pin-pointedly diagnose the problem and recommend
the appropriate treatment.

Same is applicable with the teaching — learning process. In a classroom there are so
many students, each one with different background, 1Q, attitudes and likes and dislikes.
The teacher has to cater to all of them. In this process, some students may not be able
to cope up. Sometimes, a student may remain absent due to ill health or due to some
other reasons and hence may lag behind in the studies. Due to this, students may not
be able to keep pace. In that case, teacher needs to know the exact problem faced by
the particular student pin-pointedly. This is where teacher can start evaluating the
particular student on the specific content with basics and simpler concepts, slowly
increasing the difficulty level. Once the blockage in learning is diagnosed, the teacher
can use the appropriate remedial teaching.

Ex: The teacher realizes that after teaching the unit on ‘Chemical Equations’, some
students are not able to write them in the balanced form.
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Now, the teacher has to find out why few students are unable to do it.
First step would be to give the equations where all the radicals have the same valancy
1. eg. Na"+Cl- —— NaClL

2. Nextshe can give the equations where the radicals have different valances, such
as Mg*™ and CI" and ask students to write the balanced equation.

3. Slowly she has to increase the difficulty level of the types of equation, whereby
she will come to know the exact nature of the problem. She may realize about the
variety of problems faced by the students. In one case the student mat not have
understood the concept of valance, in other case the student may not know
about the valancies of different radicals. In one case, the student may not have
the clear concept of ‘equation’/ ‘equality’. After diagnosing the exact difficulty of
the student, she can give the appropriate remedial teaching to the student.

The purpose of the diagnostic testing is to find out the problems or the difficulties faced
by the student in learning particular content. Here the teacher starts from basics and
slowly goes on increasing the difficulty level of the test. This helps her to pin pointedly
find out the difficulty or the problem faced by the student in learning. After this she can
accurately chalk out the effective remedial programme so that student is able to
overcome the difficulties in learning. The teacher can plan individual or group remediation
programme by organizing appropriate learning experiences.

‘x ACTIVITY -7

1. Explain the importance of the diagnostic testing and remedial teaching
in science teaching.

2. Explain how diagnostic testing helps in designing suitable remedial
teaching.

3. Conduct a diagnostic test for any one student who is facing difficulty in
learning particular content in your class. Analyse the test results and
prepare a remedial teaching programme for him/ her.

Notes
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6.9 EVALUATION: COGNITIVE,AFFECTIVEAND
PSYCHOMOTOR DOMAINS

So far, you have seen that, three domains represent three aspects of personality and
though they are not mutually exclusive, they are distinct. The cognitive aspect deals
with the development of head, the affective aspect deals with the development of heart
and the psychomotor aspect deals with the development of hand and body parts.
Hence naturally, the evaluation techniques for each domain are different.

Cognitive domain: This mainly concentrates on the curricular activities and can be
evaluated through the paper-pencil tests, oral questions, etc.

Affective domain: As this domain deals with the emotions, attitudes, interest, it takes
quite long for the development of the objectives of this domain. But evaluating the
development of the students in this domain is a challenging task for the teacher. The
teacher can make use of projects, group discussions, debates for this purpose. Field
visits can be organized by the teacher and observing the students will help in the
evaluation. The teacher can employ the technique of observation for the evaluation of
affective domain.

Psychomotor domain: This domain deals with the motor development. Evaluation of
the students in this domain is an important aspect for the science teacher. The practical
examination is an essential tool for the science teacher for evaluating psychomotor
domain.

ﬁ ACTIVITY -8

1. Consider any unit of your choice. Prepare a comprehensive plan for
evaluating all the three domains through that unit.

6.10 STRUCTURINGASSESSMENT OF CHILDREN’S
IDEAS, SKILLSAND ATTITUDES

For the teachers of the 21st century the knowledge explosion is a reality. The
technological development has made knowledge available at the click of a mouse.
Due to this, the first are the students who are very much updated from time to time.
Hence, the teachers need to be updated and dynamic. The teacher needs not only the
updated knowledge but should also be conversant with the various methodologies of
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teaching. The teacher needs to be creative in her approach. She should be able to
improvise on the available resources to inculcate creativity as well as scientific temper
amongst the students. The science teachers need to be good in the demonstration skill.
They also need to be creative to make use of incidental education for making science
education effective, and relate it to the real life situations of the students.

Science is a very practical subject and is applicable everywhere in our daily lives.
Naturally, the teacher needs to give the practical and concrete experiences to the
students. It cannot be taught with explanation only. The teacher needs also to
demonstrate the experiments. In case some instruments and equipment are not available,
the teacher needs to improvise on the available material. The science teacher has to be
very creative and must make use of indigenous materials to prepare effective teaching
aids. The teacher must also look for the happenings in surroundings, which can be
effectively used for explaining scientific principles. This is called as ‘incidental learning’,
which is of great significance in the teaching of science. The science teacher must be
vigilant and creative in planning and utilizing the available resources.

As a teacher, you need to find out about children’s ideas, process skills and their
attitudes and link the knowledge to their daily experiences. This calls for proper
structuring of evaluation. The teacher may observe the ability of raising probing
questions. Similarly, the teacher may create situations wherein the students demonstrate
their attitudes, such as, scientific attitude. Therefore, assessment in such cases needs
to be a structured observation over a period of time. Many times students come up
with the questions of ‘why, why not and how’. Even in problem-solving cases, students’
ideas and process skills may show new alternatives. And, therefore, the evaluation
should include verbal questions, structured written tests and observations.

This will help them to know about the blocks faced in the learning so that they will be
able to overcome them.

The teacher should help the students in preparing a simple checklist or a rating scale
for this purpose, which will include aspect like punctuality, time schedule, regularity,
etc.

A acTviTy-9

1. Enlist the challenging questions/ ideas raised by your students on any
topic. Reflect on handling the same by a teacher.

Notes
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2. Prepare a set of activities for enhancing students’ scientific attitude and
a scheme for evaluating the same.

6.11 LET US SUM UP

So far we have seen why it is important for the science teacher to know about various
aspects of personality which need to be developed. Proper evaluation of all three
domains, cognitive, affective and psychomotor, is essential and hence the teacher must
understand what evaluation is and what the means of carrying it out effectively are.

Proper evaluation acts as a feedback to the teacher on the teaching —learning
experiences she provides. It helps students and their parents in knowing the academic
development. Evaluation is also important for the principal of the school in finding out
about the effectiveness and utility of the activities planned in the school. The curriculum
planners, researchers and the controlling authorities are also benefitted by the proper
evaluation. The information gathered can be used by them for understanding the
effectiveness of the curriculum and the problems faced in implementing the same. This
helps the making necessary changes and improvements in the curriculum. You will
learn more about this in the next chapter on the Challenges and Issues in Science
Teaching.

6.12 KEY POINTS

1. Testis atool used for the measurement of the students’ achievement and is not
synonymous with evaluation.

2. Evaluation is a continuous comprehensive process which consists of the qualitative
aspect, the quantitative aspect and the value judgement.

3. Education is meant for the all-round development of the personality, which
includes all three, the cognitive, affective and the psychomotor aspects.

4. The objectives, the content, the learning experiences and the evaluation are
interrelated with each other.

5. Theinternal assessment is the one which is carried out by the teacher who teaches.
6. Formative and summative evaluations are complementary to each other.

7. The CCE makes the process of teaching and learning a ‘Learner Centred Activity’.
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8. For removing the blocks in learning, the diagnostic testing should be used,
which is to be followed by the remedial teaching.

Notes
9. Teacher must do her self-assessment to know the effectiveness of the learning

experiences provided and for the continuous improvement.

10. Teacher should encourage and guide students to do their self-evaluation for
developing the analysing skills for better learning.

6.13 GLOSSARY/ABBREVIATIONS

1. Cognitive development — Intellectual development (development of head).

2. Affective development — Emotional development (development of heart).

3. Psychomotor development — Physical development (development of hand and
body parts).

4. Taxonomy of educational objectives — hierarchical arrangement of educational
objectives.

5. Formative evaluation — Evaluation that is done during the teaching — learning
process is going on.

6. Summative evaluation - Evaluation that is done at the end of the teaching-learning
process.

7. Internal assessment — Assessment done by the teacher who has teaches the
student.
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6.15 UNIT-END EXERCISE

Notes

1.

Select a topic of your choice from the text of any class. Prepare five formative
and two summative testitem relating to the topic

Prepare two learning objectives from each category of remembering and
understanding, application, attitude and skill to teach a topic in class VII
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7.0 INTRODUCTION

This is the last unit of this course. In the previous units you have learnt about the nature
of science, the various skills required for learning science, various approaches to fulfill
the objectives of science learning, and how to plan and assess so as to help the students
in their science learning.

In this unit, we will see towards science learning with some broader perspective. Is
science learning leading to the development of scientific temperament? Even if any
student did not continue formal education in science, is he/she able to think scientifically?
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Are the learners of science able to solve problems scientifically? Do people, after
studying science for many years, gain the power of reasoning? Do these, and the like,
stand as challenges in science teaching today?

Therefore, you must teach your students the necessity for application of science in day
to day life. Itis also essential to establish correlations between various concepts in the
curriculum and day to day life experiences of the students. Then only the student will
able to reason out rationally about various events that are occurring around him / her.

To achieve this we must know various advancements in science and teaching science.
We can optimize the use of different technological gadgets to make the teaching learning
process effective. With limited resources, it is challenging to make wide use of technology
in actual teaching learning process. It is therefore, necessary to change methods of
evaluation accordingly. In this unit we will take up such challenges and issues in science
teaching.

It is also necessary to prepare children studying at upper primary level for the
adolescence phase in their life. Though it is challenging, teacher can play important
role in this context while teaching science subjects.

One thing is sure that, we want to imbibe rational thinking and scientific attitude in the
students so that they will become, empowered and also responsible citizen of India.
This is our ultimate objective.

Process and
Thinking skilis

Science Edu.

Design
Activities / Experiments

Performing
Actvity or
experment

Teaching Different
Abilities

Science for All

Knowing Advancement in
Science and
Science Teaching

Taking
Observatons
Expioring

Armving at
Conclusion

Figure 7.1 Unit Concept Map
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7.1 LEARNING OBJECTIVES

On completion of this unit, you should be able to:

e examine different perspectives about the necessity of science in our day to day
life.

e describe the importance of scientific literacy in our day to day life.
e interpret the events in day to day life with a scientific attitude.
e identify the issues involved in learning science teaching.

e explain correlations between various scientific concepts in the curriculum with the
day to day life experiences.

e identify various challenges in science learning due to changes in social and cultural
patterns.

e explaining how to teach science children with special needs.

e integrate the advancements in science and technology with the process of in science
teaching-learning.

7.2 SCIENCE FORALL

Science is ultimately a social endeavour. Science is knowledge and knowledge is
power. With power can come wisdom and liberation. Or, as sometimes happens
unfortunately, power can breed arrogance and tyranny. Science has the potential to be
beneficial or harmful, emancipative or oppressive. History, particularly of the twentieth
century, is full of examples of this dual role of science. The use of atomic power is an
example, as it can be harnessed for either electric power generation or as an atomic
bomb.

The benefits of science cannot be limited to a selected few, but it is for the benefit of
entire humanity. All can enjoy the fruits of scientific discoveries, inventions, and
innovations. The use of mechanical tools in the field of agriculture can be seen
everywhere. Similarly, medicine, a contribution from the field of scientific studies, is
made available for all.

Science deals with vari-ous aspects of the physical and biological world. Does this
mean that understanding science is simply a journey through massive amounts of
information and mastery of disconnected concepts? No, it is not. Science education
helps us to do much about it.

Humanizing science is essential, as it is a basic aim of science and technology is to
make our life easier. The Department of Science and Technology, Government of

Notes
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India is conducting various programmes and launched various schemes. Innovation in
Science Pursuit for Inspired Research (INSPIRE) is a flagship programme of this
Ministry / Department which has five components covering entire range of education
and research from class 6" to post graduate stage of a student. The first component of
this programme is the “INSPIRE Award”” which recognizes the talent among students
ata very early stage.

Under the scheme, a onetime award of Rs. 5000/- is given to the students for making
a science project or model. The scheme envisages selection of 1 million (10 lakh)
students during the 11" Five Year Plan that is from 2007-08 to 2011-12 for this
award. The basic motive behind this scheme is to trigger innovativeness and creativity
ata very early age.

The Department of Science and Technology, Govt. of India has two autonomous
wings, one is the ‘National Council for Science and Technology Communication’
(NCSTC) and the other is ‘Vigyan Prasar’. These two organizations are set up with
the objectives of communicating science and stimulating scientific temper amongst the
people.

These two organizations support research programmes, software development for
exhibitions, websites, puppet shows, street theatre, radio and television programmes,
presents awards and fellowships to outstanding science communicators, catalyzes local,
regional and national level field programmes, encourages international collaboration
and supports long , medium and short term training programmes.

The National Children Science Congress (NCSC) is a prestigious project of NCSTC-
Network being supported by Dept. of Science and Technology, Govt. of India. The
main feature of this movement is any child between the age group of 12 to 17 can
participate in this activity, no matter whether he / she is taking formal education or not.
Therefore, the name of this project is National CHILDREN Science Congress and
not National Students Science Congress.

There are many non-governmental organizations working in different parts of the country
in the field of science communication. For example, Marathi Vidnyan Parishad is a
NGO in Maharashtra, works for imbibing scientific attitude in the society through
various programmes. Similarly, Keral Sastra Sahitya Parishad is an organization in
Kerala works in science communication. Similar work is done by Vikram Sarabhai
Community Centre for Science in Gujarat. Centre for Environmental Education is
another organization which works nationwide to create awareness about environment
and to impart environmental education.

7.2.1 Need and Significance

To understand the need and significance of science, let’s go through a small incidence
as given below.

Diploma in Elementary Education (D.ElL.Ed)



Challenges and Issues Involved in Learning Science Teaching

Gopal is studying in 5" class. One day he was going to weekly market with his
father. When they were walking, a cat crossed them. Spontaneously, Gopal’s
father told him to walk seven steps behind.

“Why?” Gopal asked.

“Otherwise we would not complete our work today”, father replied.

“Why is it so?” Gopal still had a question in his mind.

“Because, crossing by the cat is considered as a bad omen”, father explained.

Gopal was not fully satisfied by the explanation given by his father. However, he
followed his father and walked seven steps behind before moving further.

After reading this small incidence few questions come to mind.

e Does acatreally be an obstacle? What do you think?

e Ifso,then how?

e Istheremedy suggested by Gopal’s father was correct or wrong?

e Ifopinion of Gopal’s father is wrong and based on superstition then how can we
convince Gopal?

e How can we become successful to remove such superstitions in the minds of
elder persons?

If you feel Gopal’s father was wrong and the cat cannot cause any obstacle to his
work, then you might also be convinced that there is a need for science and scientific
awareness to every one of us.

The question is how can it be done? One very powerful tool is with you and it is
‘Science Education’. By imparting science education in the right way, we can imbibe
certain values in the young minds and a science teacher is the right person todoitina
better manner.

‘x ACTIVITY -1

Through science teaching in the classroom, you can correlate day to day life
experiences with scientific concepts. Thus, children may get convinced and
start thinking analytically and with scientific attitude. However, can we
become successful in convincing elder persons to get rid of their wrong
notions through their children? Write your experiences within about 100
words in the space given below.

Notes

Block 2 : Managing and Measuring Science Learning




Notes

Challenges and Issues Involved in Learning Science Teaching

7.2.2 Science Education

Science education can be considered as the education in natural and social sciences,
mathematics, and technology. This larger vision of science focuses on inquiry about
the physical world in the context of society. This vision can be thought of as an
interrelationship of several factors: concept understanding; process skills; habits of
mind; and connections among science, technology, and society.

An old proverb says that ‘given a fish, one can eat for a day; taught to fish,
one can eat for a lifetime’.

Think of effective science teaching and let teaching enable learners to fish.
Once learners come to understand and use scientific thinking to learn more
about the world around them, they have become fishers with a lifetime thirst
for knowledge and the skills to seek and learn on their own.

What should science education aim at? Science education needs to prepare citizens to
deal with global, national, and local problems such as population growth; loss of
resources; and the effects of pollution, disease, and other social issues.

In other words, learning science does not mean reading text, answering textual questions
correctly, solving numerical problems, or for that matter just performing experiments
given in the books. We must encourage rational thinking through science education.
Then only we can find the solution to avoid the situations like the one faced by Gopal.

There is a beautiful word for this and it is — ‘scientific literacy’. What do you mean by
scientific literacy and how can be achieve it? We will discuss it in our next sub-section.
Before that, let’s carry out the following activity.

A acTiviry 2

1. “Everyone has the ability to learn, but this ability to learn differs from
person to person”. How will you teach, taking this aspect into
consideration?

2. Select and explain any problem that you have solved using the scientific
knowledge.
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7.2.3 Scientific Literacy

Scientific literacy means that a person can ask, find, or determine answers to questions
derived from curiosity about everyday experiences. This means that a person has the
ability to critically observe, describe, explain, and predict natural phe-nomena.

Scientific literacy implies that person can identify scientific issues underlying national
and local decisions and express positions that are scientifically and technolog-ically
informed. Scientific literacy also implies the capacity to pose and evaluate arguments
based on evidence and to apply conclu-sions from such arguments appropriately.

Real life connected problems, experiences, interactions, experimentations; innovations
etc. need also to form the part of scientific literacy.

You might be aware about the ‘garbage problem’
in urban areas. As population of our country is
growing day by day, more and more garbage is
also produced. Garbage produced in a city like
Ranchi, Mumbai, Kolkata is collected at one
place; it will probably form a tall mountain.

Therefore, it is required each of us to segregate
the garbage generated in our homes. Bio-
degradable and non-degradable garbage should | Bio-degradable | | Non Bio-degradable |
be separated and treated accordingly. (See

figure 7.2). Figure 7.2 Segregation of waste

If we can generate awareness about the garbage problem in the community then it will
contribute to scientific literacy.

Similar activity can be given to the students so that they become aware about this
problem. As a part of this activity a quiz or debate can be conducted on the topic —
“Plastic: Boon or a curse?”

In order to achieve scientific literacy, key components should be carefully and creatively
integrated into the school curriculum. The components in the school curriculum might
include the following -

e Aknowledge base emphasizing basic concepts and principles as well as more
abstract concepts such as unity and diversity.

e Anunderstanding of the interrelationships of science, technology, and society.
e Strengths and limitations of science as a human enterprise.

e Theability to think and trust the thinking process and to develop problem-solving
skills and processes.

e The ability toread and interpret science publications, evaluate argu-ments based
on evidence, and apply for conclusions.

Notes
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ﬁ ACTIVITY -3

Analyze the science curriculum which you are teaching, with regard to the
components of scientific literacy and find out the examples in which
components of scientific literacy are included.

No. Component Example in the curriculum

1. Ability to think rationally

Ability to observe
Ability to classify
Ability to analyze

SN

Correlation with day to day events
from immediate environment of a
child

Applications in daily life
7. Utility for solving problems

7.2.4 Teaching Science to Children with Special Needs

As you know there are children with special needs. Remember, these children may not
be necessarily handicapped or disabled children. These children may be having some
psychological problems. A child studying at primary level and has a tremendous fright
in talking in group or with peer group is also considered as a child with special need.
Thus, in broader perspective, the children who need some extra attention to be given
or some extra efforts are to be needed to take on them are categorized as children
with special needs. Thus, they may include disabled children.

According to NCF 2005, there has to be an inclusive education. Thus, the children
with special needs should be taught in the same class along with the normal children. If
we believe in the idea that every learner is different than other in all respects, then as a
teacher, it’s a challenge to teach children having special needs with other children. To
teach science to such children is challenging task. Just imagine, in your class there is a
blind child who has good understanding abilities. How will you teach such child along
with normal children?

You will find that, while teaching such a child, it is required to devote more time on that
child. You are required to adapt different teaching methods and you need to explain
every small thing in detail. It is now accepted fact that the children learn not only when
teacher teaches them, but they learn from their parents, peers and more importantly
through there immediate environment and experiences. So to a normal child, itis not
required to explain what you mean by a tree. The child can see different types of trees
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around, sees different parts of those trees, notes differences and similarities among
them. However, you need to explain what you mean by a tree to a child who never had
seen the trees. Thus, it’s your responsibility to give appropriate teaching learning Notes
experiences to such a child so that idea of tree is clear.

A ActiviTy 4

You are explaining different types of rocks in the classroom. If in your
classroom there is a child with special needs, then you are required to follow
different approach and different method. Match the following columns in

this regard.
Column A : Type of child Column B: Method
1. A blind child a. Show the chart having pictures of
different types of rocks
2. A deaf and dumb child b. Take child to actual field to have a feel
of the rock.

3. A child who cannot walk  c. Show actual specimen of rocksd. .. Give
description of different types of rocks in
the classroom

Is it advisable to use more than one method for a particular type of child?

Which type of disability is easy to tackle from your point of view ? Justify

Remember there is not a single method or strategy of teaching which is considered as
‘the best’. Varying styles of presentation, varying activities on the basis of varied
responses of the learners is essential. Sometimes, you need to modify your strategy at
the last moment after receiving responses from learners.

Thus, there has to be a mixture of teaching approaches which can match with a range
of learning activities. But, you will definitely agree that, ““Chalk-Talk-Test” method in
teaching science is not advisable while teaching children with special needs and also
for the normal children.

It is also necessary to prepare children studying at upper primary level for the
adolescence phase in their life. It’s a challenge, but a science teacher can play vital role
in this context.
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Children during adolescence are likely to try to be free of the confines of home and
parental care and assert their independence. During this phase, children become
suspicious about everybody around them, even about themselves. As a science teacher
you need to be sensitive to their explorations of their self and body, as well as the
outside world. While science textbooks provide factual information on the human
body, reproduction, safe sex, drugs, smoking, etc., but this is not enough.

A science teacher can interact with children and prepare them mentally for the important
phase in their life.

‘,X ACTIVITY -5

To design science related activities to a blind child, which skills of that child
you will utilize? Will you give the same activities to a deaf child or modify
them? Justify your answer with examples.

7.3 TEACHING DIFFERENT ABILITIES

According to Mahatma Gandhi, “True education is that which draws out
and stimulates the spiritual, intellectual, and physical faculties of the
children”. Implicit in this aim is the belief that education has the potential
to transform individuals and societies.

What is scientific method? (Recall unit 1).

The scientific method is perhaps more easily discerned than defined. But broadly
speaking, it involves several interconnected steps: observation, looking for regularities
and patterns, making hypotheses, devising qualitative or mathematical models, deducing
their consequences; verification or falsification of theories through observations and
controlled experiments, and thus arriving at the principles, theories, and laws governing
the physical world. There is no strict order in these various steps. Sometimes, a theory
may suggest a new experiment; at other times an experiment may suggest a new
theoretical model. You have learnt this in Unit 1.

You have also learnt various skills of science learning in unit 2 of the same course.
Process and thinking skills are embedded in the procedures of a scientific activity.

The inquiry approach to learning science is rich with process and thinking skills that
allow the learner to become active, make use of his / her senses, and become involved
emotionally. Thus, the learner is able to make more meaningful connections.
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For example, you are teaching concept of floatation of solid substances. If you directly
speak about ship and submarines then the students may not understand. Since they
don’t get a chance to see ship or submarine, they may not even visualize the situation.
In this case, what can be the method of teaching so that it encourages the inquiry
approach with process and thinking skills? Here is one method — Ask students to put
various solid objects such as stone, paper, wooden piece, key, pencil, etc. into a
vessel full of water. Ask them to note down their observations. Some solids will float,
while some will sink in water. Ask them to classify. Through this activity explain the
concept of floatation.

Drawing
Conclusions

Use of controls
Analysis

Higher Level Experimenting
Hypothesizing

Classification

\,‘_{r)“ !

=
P

Observation

Figure 7.3 Process Skills of Learning Science

7.3.1 Role of Experiments in Science Learning

The goals of elementary school science
education require programmes that emphasize
experiences designed to further the intellectual,
emotional, physical, and social development of
a child. Firsthand observation and learning by
doing have always been recognized as important
in achieving these goals.

Itis rightly said that, science cannot be understood without carrying out an experiment.
Experiments are the hallmark of science, and for science learning, they are essential.
Unfortunately, we are not giving enough weightage for the experimentation in actual
classroom teaching.

The characteristic feature of any science experiment is that, if the same experiment is
carried out in the same experimental conditions by anybody then the same results
should be obtained within the experimental limits, no matter how many times and

Notes

Block 2 : Managing and Measuring Science Learning




Notes

Challenges and Issues Involved in Learning Science Teaching

anywhere the experiment is carried out. Thus, within the same experimental conditions,
the results obtained should be independent of time, space and the person who carries
out the experiment. Here, the ‘same experimental conditions’ mean all the parameters
which affect the experiment. These parameters may include surrounding conditions
such as temperature, pressure, humidity, availability of light, concentration, and physical
state of chemicals used in the experiment, etc.

While teaching any scientific concepts, experiments should be designed carefully,
considering following points:

e Contentin the curriculum

e Level of the student

e  Availability of material

e  Costof material

e  Duration required for the demonstration
e Participation of the student

e Justifiable to the content

Carrying out the experiment does not suffice the objective. It is necessary to teach
student:

e Todo the same experiment with different experimental conditions that is by
changing variables

e Totake accurate observations

e Tochoose right tools of measurement

e To make accurate measurements

e Todocument the observations in systematic manner
e To study the pattern seen in observations

e Todraw inference

e Tovalidate

e Todraw conclusion

e Toapply the results practically

If we follow the above steps then various skills can be developed in the student. You
have already learnt about various skills and their types in the previous units. However,
just to recapitulate, see figure 7.4 given below.
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+ Experimentation (Application, Creation)
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+ Making inference
+ Validation
+ Drawing conclusien

Figure 7.4 Skills of Learning Science

Itis observed that, people complain about lack of laboratory facility, availability of
instruments and materials, lack of time, etc. when asked for teaching science through
experimental method. However, to carry out experiments at school level does not
require sophisticated equipments. You can develop your own kit from household objects
such as pencil, rubber, balloons, nails, paper, cardboard, glass, etc. The only thing
which is required is innovativeness and creativity of utilizing these objects.

‘x ACTIVITY -6

Develop an apparatus from house hold material to demonstrate any
experiment in the syllabus that you are teaching. Use this apparatus in actual
classroom teaching.

Give it to students to handle. Write your experience in the classroom in
about 50 words.

You can write it with the help of following points: materials used, process of
developing the apparatus, learning of the concept using this apparatus, time
management, classroom management, joyfulness among the students.

7.3.2 Students’ Inquiry in Science Learning

It seems that too much science instruction is based on imparting knowledge to the
students and then having them apply this knowledge to solve some day to day problems.
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This is what scientists do. They spend their lives answering questions that they ask of
themselves.

One of the major factors that influence a student’s interest in science is the way that the
student is taught. Traditional science instruction often consists of reading, writing, and
memorizing facts. In contrast, inquiry-based science provides students with
opportunities to explore, investigate, research, and discover.

Children are naturally curious. Given the freedom, they often interact and experiment
with things around them for extended periods. These are valuable learning experiences,
which are essential for imbibing the spirit of scientific inquiry, but may not always
conform to adult expectations.

It is important that any programme of study give children the needed space, and not tie
them down with constraints of a long list of ‘topics’ waiting to be ‘covered’. Denying
them this opportunity may amount to killing their spirit of inquiry. To repeat an oft-
quoted saying: “Itis better to uncover a little than to cover a lot.”

Our ultimate aim is to help children learn to become autonomous learners.

What kinds of questions are worthy of student inquiry? Well, let’s take an example.
Have you noticed that, we only see one side of the Moon from Earth?

This is because our Moon rotates on its axis at the same rate it revolves around the
Earth. Why is that?

Rather than providing a readymade answer, students will learn far more if they think
about this question themselves. Of course, this is an example of a question that has a
known answer. A more complex question is based on the following two images
(figure 7.5).

Figure 7.5 Two sides of the moon

The image on the left is the face of the Moon seen from Earth. That on the right is the
"far side" of the Moon. There are striking differences in these two images - most
notably the virtual absence of mares on the far side. How did these differences come
about?
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It turns out that this is still an open question. While a student may not come up with a
definitive answer, this project provides a great deal of opportunity for research, and is
sure to result in students learning far more about the Moon than they would in any
textbook-driven course.

Remember children have their own concepts. For example, when asked about the
shape of the earth, some will explain that the earth has to be flat because, if it were
round like a ball, people and things would fall off it.

Presented with a globe and told that this is the true shape of the earth, these children
may adapt their explanation by saying that the earth is hollow and that people live
on flat ground inside it.

What is your experience?

‘,X ACTIVITY -7

1. Enlist three activities that you and your students have enjoyed during
teaching of science in the classroom.

2. Studies done in India have found that tribal students' knowledge about
the living world is rich and largely reflects their environment and lifestyle.
In comparison, urban students' ideas about living things are shaped by
knowledge gained through books and stories. Do you like to list few
reasons from your own learning?

7.3.3 Correlation with Day to Day Life Experiences

You have already learnt in Unit 2 about the goals of science education can be met
through a strong commitment to an inquiry-based science teaching as the means for
learn-ing concepts, developing skills, exploring their connection with the day to day
life experiences, and practicing scientific habits in real life.

Understanding the relationship of science to technology and society is also a critical
component. Interest in science seems to wane when it is not seen as a vital component
of our lives.

For example, how can we remove stain of turmeric from the cloth? Whether we
should apply soap or tamarind on the cloth for it?

Notes
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Can you relate this answer with the contents in the science text book?

When a student recognizes connection of what he/she is learning with day to day life
experiences, he/she begin to appreciate the value of scientific discoveries and become
aware of the strengths and limitations of science in relation to social problems.

Itis necessary to connect science content with students’ interests and personal lives,
with societal issues, and with other school subjects. The question is HOW?

Science teachers can use following techniques to connect content with student interests:
e  Connect the concepts and instructions explicitly to learners’ personal experiences.
e  Make use of specific examples, analogies, and metaphors.

e Planlessons to emphasize themes of science, technology, and society.

e  Ask students to organize data into diagrams, tables, and graphs.

e  Ask students to identify patterns and make predictions.

e  Askstudents develop and role play scenes in which they use scientific thinking or
play the roles of scientists.

ﬁ ACTIVITY -8

Chanda is living in a small hamlet in the hills. She helps her parents in their
seasonal work of rice, regional maize farming. She sometimes accompanies
her brother in taking the goats to graze in the bush. She walks 5 km every
day to attend the nearest school.

Chanda maintains intimate links with her natural environment. She has
used different plants as sources of food, medicines, and fuel wood. She has
observed parts of different plants used for household purpose, in religious
rituals and in celebrating festivals. She recognizes minute differences between
trees, and notices seasonal changes based on shape, size, distribution of
leaves and flowers, smells and textures. She can identify about a hundred
different types of plants around her.

Can we help Chanda translate her rich understanding into formal concepts
of biology?

Can we convince her that school biology is not about some abstract world
coded in long texts and difficult language: it is about the farm she works
on, the animals she knows and takes care of, the woods that she walks
through every day? How?
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7.4 KNOWINGADVANCEMENTS IN SCIENCE AND
SCIENCE TEACHING

Being a science teacher, it is necessary to know the advancements in science. Also, it
is necessary to reflect these advancements in science teaching. Thus, teaching
methodologies can be accordingly framed. For example, we can show a film on
Antarctica in the classroom while teaching about it. This is possible due to the
advancements of various gadgets such as projector, PC, CD ROMs, or Video player.
Thus, we can bring different media into the classroom through visuals and sounds. Use
of media can help your teaching easier and more exciting.

7.4.1 Advancements In Science

As the time progresses, there are so many discoveries and modifications took place in
the sphere of knowledge. In unit 1, you have learnt about history and philosophy of
science.

With the advancement in technology, our understanding about various aspects became
more clear and accurate. For example, before the launching of artificial satellites, ground
observations were used to take to predict the stretch of the cloud. However, one
could not predict the height of the cloud from ground. This became possible with the
help of artificial satellites. Also, we can prepare accurate maps with the help of satellites.

Think about the times when there were no mobile phones or not even STD telephone
facility. In this situation if you want to call a doctor who is residing far away from you,
how much time it would have taken? Or think of a situation when you want to give
urgent message to somebody. Was it possible?

Now adays itis possible as we all are experiencing revolution in telecommunication
field. It is possible now to talk with any person, any time in the world even if we are in
travel. We can even access internet through mobile phone. Thus, due to the
advancements in science and technology, we consider entire world as a global village.
In a village, every person virtually knows every other person living in that village.
Similarly, we can access any person in the world. This is the advantage of advancements
in science and technology.

‘,X ACTIVITY -9

Science and technology plays vital role in our day to day life. Electricity is
one such important application of science. Imagine for a while what would
happened if electricity is not there. Which difficulties you might face without
electricity?
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You might be aware that, solar energy can be converted into electricity which can be
used for house hold purposes and also for street lighting, for running pumps on the
farms, etc.

In our country there are various Non-
governmental organizations (NGO) which
work in rural areas. They interact with the
villagers and explain the benefit of use of solar
energy. Our Government and various NGOs
also provide financial assistance for installing
unit of solar energy.

Have you come across with such situations
around you? If yes, just interact with the people
who are using solar energy. Find out the
changes and benefits they are experiencing
while using solar energy.

Progress in science and technology has also reflected in various branches in science
education also. There are courses for fundamental science and also for the applications
of scientific research through different technologies. See figure 7.6 given below.

Fundamental

* Physics u u
* Chemistry| S
«Bi Mechanical
Eleky Civil Alopathy Bakery
Electrical | |Homeopathy | | Embroidery
Electronics Ayurved Electrician
Computer

Figure 7.6 Various Branches in Science Education

On broader perspective, there is an inter link between various disciplines of science.
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‘!x ACTIVITY -10

Study the following concept map carefully. Please interpret various
correlations shown in this concept map?

used in

UST in advances advances l
Englneermg benefits Scnence

frorn

NN

|nvol\.res stud\es mvolves studles

creativity, desugn [world of the "made” J scientific method world of the "found"

Would you like to add anything in the above concept map?

7.4.2 Advancements in Science Teaching

Our teaching should also reflect the advancements in science and technology. One
important thing that we must remember that, the curriculum has made activity oriented
and child centered. The emphasis is given on learning by doing, rather than learning
only text.

i) LearningActivity Centre

Investigating and experimenting are great ways for children to form knowledge relating
to science and increase their understanding of scientific ideas. In Unit 4 of this course,
you have learnt the role and importance of hands on science experiences. Hands on
experiences help children think critically and gain confidence in their own ability to
solve problems. Young children especially are engaged by things they can touch,
manipulate, and change; and by situations that allow them to figure out what happens
—1n short, events and puzzles that they can investigate, which is at the very heart of
scientific study.

If a child learns to learn then our purpose gets fulfilled. This is possible through learning
activity centre. The big advantage of such centre is that the child has a freedom to do
what he / she likes to do. Thus, the child enjoys the process of learning.
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You can setup a Learning Activity Centre in your classroom. What is learning activity
centre? Itis a small place in the corner of a classroom where children can quietly work
and learn at their own pace. All the materials required to carry out various activities are
provided to the children at this place. Now it is your innovation power and creativity
which will decide which activities are to be set up in learning activity centre. The only
care that you are supposed to take is the materials in the centre should be safe for the
child to use alone.

The learning activity centre should contain a variety of activities geared to the varying
intellectual ability, maturity, and interest levels of the children.

Learning activity centre gives freedom to the children to test all the possibilities come
in their mind experimentally. Thus, it helps to provide an opportunity for creativity.
After performing the activity children analyze the collected data and draw conclusions.

While hands on science experiences work well, they can also be messy and time
consuming. So, before you start, you need to see what is involved in an activity and the
duration it will take.

ii) Use of Multimedia in Teaching - Learning Process

Because of the revolution in information technology and telecommunication, most
students are aware of some of the areas of science, such as the exploration of outer
space, the hunt for the fossils of extinct dinosaurs, newer technological advancements.

Through various media, students are exposed to scientific fictions as well as facts. Itis
critical that students understand the differences between science facts and science
fictions. When students study significant scientific theories, history of science, and the
evolution of science, they recognize the value of obtaining and relying on evidence.

Radio, and more recently television, has played a major role in the field of science
communication. The SITE experiment in the mid-1970s was probably the biggest
social experiment anywhere in the world that established the importance of satellite
communication in the field of education.

Ever since, educational technology has come to be regarded as an important means
for universalisation of education in India. The widespread use of personal computers
(PC) since nearly two decades ago advances in telecommunication, and Internet a
decade ago along with convergence of various technologies has, in the form of
Information and Communication Technology (ICT), opened up new opportunities
and challenges in the field of education. Although the vast potential of ICT in the field
of science education has been well recognized, it still remains largely untapped.

The efforts have been piecemeal and sporadic. A beginning for introducing computers
in the school system was made through the Computer Literacy and Studies in Schools
(CLASS) project in the early 1980s. However, schools faced problems of
infrastructure, appropriate software, and lack of trained manpower.
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Today, the scenario has changed: with the increasing use of personal computers in
schools, homes and workplaces, and internet connectivity, ICT shows renewed promise
as a powerful tool for education, but only if these developments are complimented by
making available quality software in different disciplines of science.

Appropriate multimedia software both in English and other Indian languages suited for
various age groups in schools is still a rare commodity. Development of software is an
expensive affair and the Government should make sufficient funds available for the
purpose. Software produced should be widely disseminated via Internet and CD-
ROMs.

The Internet opens up vast possibilities; it could provide an e-platform for discussion
of topics relevant to school children both scholastic and co- scholastic where students
and teachers could post queries, provide answers, discuss with experts, and exchange
views. Innovative scientific experiments using a PC could be designed for school students
through a software and hardware interface to help students to measure common physical
parameters (e.g. temperature, luminosity of light, humidity etc.), and also control these
parameters. Such applications would serve to introduce the role of computers in
industries, laboratories, communication and so on.

On 20 September 2004, an artificial satellite EDUSAT was launched. It is specifically
designed for the educational purpose. It provides an interactive satellite-based distance
education system for the country utilizing audiovisual medium, and employing Direct-
To-Home (DTH) quality broadcast.

With its multiple regional beams covering different parts of India and a beam covering
the Indian mainland, it is possible to establish talk-back terminals - one way video and
two ways audio - for interactive programmes on science education. These would
provide an interactive channel for students with experts and could include talks, lectures
/ demonstrations, discussions, question-answer sessions, etc. Talkback terminals and
receive-only terminals could be set up at selected schools that could also be utilized by
other schools in the neighborhood. To fully utilize the capabilities of EDUSAT, necessary
hardware would need to be made available and efforts strengthened to produce quality
software at regional levels.

The importance of community FM radio in science communication needs also to be
emphasized. Such low-range community radio stations could be established at selected
schools and the school students encouraged in producing science programmes relevant
to the local areas. The audio channels of EDUSAT could beam such programs over
wider areas.

Satellite Radio has opened up the possibility of a countrywide digital audio science
channel. It can cover the remotest and most interior parts of a vast country like India
with the help of a specially designed satellite radio receiver. This digital satellite
communication radio system uses geosynchronous communication satellites dedicated
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for radio broadcasts and is essentially a direct-to-home radio (currently under the
name World Space Radio). Access to news, educational broadcasts, and entertainment
from all over the world through its unique global relay capability are the remarkable
features of this system.

Two-way interactivity is possible through telephone lines. In particular, production of
software is relatively easy and cheaper to produce. Satellite Radio can prove to be an
important tool for science communication / education in India.

Since the broadcast is digital, it is possible to download data files along with pictures,
sounds, and movie clips into a PC. It is hence possible to transmit and receive slides /
visuals, store them in a personal computer, and synchronize with the audio broadcast
for a full fledged lecture-cum-demonstration which can be projected on to a large
screen to an entire class. Photographs of various things such as bacteria, viruses can
be shown on the screen. Visuals can help us to explain abstract concepts so that they
become concrete.

Mrs. Sharma is a school teacher. She has to teach a topic related to volcano.
Do you think that reading the text book, explaining in terms of words and
showing static pictures of volcano will give the correct idea about volcanic
irruption?

Surely not! Mrs. Sharma also is well aware of this fact. So she has decided to
show a movie clip on volcano. For this she keeps a track on the schedule of
Gyan Darshan Channel on Doordarshan. It’s her regular practice to show
programmes telecasted from Gyan Darshan to the students. Mrs. Sharma
also uses Audio-Visual aids in the form of CDs to teach such topics and to
give live experience of the text given in the books.

Would you like to adapt the same technique?

Will you find it useful? According to you, which problems or obstructions
are there, if you want to implement this technique in regular class room
teaching?

You can also demonstrate various experiments through virtual simulations using digital
technology. Thus, the difficulties of non-availability of apparatus or resource material
can be overcome. Also, certain topics such as dissection of earthworm can be shown
through movie clip to explain its anatomy.

Smart Class is a solution designed to help teachers in meeting with new challenges and
developing students’ abilities and performance. Smart class is an interactive and
sophisticated way of teaching. It uses various technologies such as TV, LCD, computers,
etc.

It helps the teachers to access multimedia content and information that can be used for
teaching students more effectively. It helps the teacher in expressing their views and
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teacher ensures that every student is learning. A well designed module of smart class
allows a student to visualize the concept much better than static images.

ICT as a tool should be used with care so that it serves to bridge the social divide and
equalize opportunity; inappropriate and insensitive use may as easily widen the divide.
Given the growing reach of the technology, it is imperative that efforts are initiated to
utilize ICT at the school level to prepare children to face the challenges of a society
that is fast transforming into information driven society.

A actviTy-10

1. Can a mobile phone be used effectively in actual Teaching — Learning
process? How? Share your experiences after using it actually as per your
ideas.

2. Apart from simple experiments and hands on experiences, discussions in
the class with the teacher, peer interactions, gathering information from
newspapers, talking to knowledgeable persons in the neighborhood,
collecting data from easily available sources, and carrying out simple
investigations in the design of which the students have a major role to

play.

Biographical narratives of scientists and inventors are a useful practice
to inspire students.

Enlist such innovative methods to engage the students (in groups) in
meaningful investigations, particularly about the problems they perceive
to be significant and important.

iii) Where can I Find Resources?

After learning this unit, you might be thinking of utilizing some of the methodologies
mentioned in it. However, you may ask where to find the resources in the form of
contents, materials, guidance, etc.?
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For this you can contact various organizations working in our country. Some of them
are National Institute of open schooling (NIOS), Indira Gandhi National Open
University IGNOU), Homi Bhabha Centre for Science Education (HBCSE), National
Council of Educational Research and Training (NCERT) etc. For contacting them,
you can go through their web sites on internet. There you will find the addresses, e-
mails, and phone numbers. You can definitely get help from resourceful and eminent
experts. You will also get material in the form of books, CDs, experimental kits etc.
from these organizations.

7.5 LET US SUM UP

In this unit, we learned the fact that, learning science as a ‘subject’ is not sufficient. Itis
necessary to have scientific literacy in the society. Our science education should be
such that it triggers scientific attitude and rational thinking among the children.

While teaching, we have to keep a wide perspective in our mind that, science education
should prove helpful in catering needs of the society. Hunger, malnutrition, poverty,
corruption, stress and tensions, superstitions are the challenges in front of us. The
science education should help us in finding solutions on these issues.

Due to advancements in science and technology, variety of aids is available for us to
make teaching learning process effectively. We must take advantage of it in innovative
and creative manner.

7.6 GLOSSARY/ABBREVIATIONS

e CLASS Computer Literacy and Studies in Schools

e DTH Direct to home

e M Frequency modulation

o ICT Information and Communication Technology
e PC Personal Computer

e SITE Satellite Instructional Television Experiment
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7.8 UNIT-END EXERCISES

1.  Whatis the meaning of Scientific Literacy? Cite two phenomena from your
environment to explain quality of a Scientific Literate individual

2. Selectatopic of your choice in Science for class-VII. Plan the activities correlating
the contents with day to day life experiences.
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