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CHAPTER IV

DEVELOPMENT OF INSTRUCTIONAL MATERT AL

441 Introduction

Production of the'instructional material based on
the guidelines described in the earlier chapters forms an
lomportant objective of the present study. The earlier
discussion highlighted the need for developing specially
designed material , as most of the materials in use in the
present day schools are neither conceptually clear, nor
sequentially well organized, étleast when examined in the
rerspective of Gagne's conditions of learning. The concept
attributes musf be made clear with similarities and dis-
similarities and limitations well discussed as this forms
the pre-requisite for leamrming of intellectual skills., The
basic requirement is that the learner must be told what kind
of performance, in general, will show learning has been
completed. As a psychologist interested in the training of
personngl, Gagne's greatest contribution is in the task
analysis and learning hierarchy., 4ny material developed in
this perspective should be based on a proper task analysis.
This should be done in a top to bottom fashion and the

learning hierarchies should be constructed in a bottom to
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top approach. These basic requirements in the mapping

of learning demands the production of specialised materials
ag the conventional material availabie do not mnecessarily
satisfy these needs. The present chapter describes the
actual processes involved in developing the learming
material, Sample materials are included wherever necessary
to illustrate this process. The materials developed could

broadly be classified into three categories :

1o Classroom Learning Material (CLM)
2, Home Assignment Material (HAM)
3. Assessment Material (AM),

4e2 Classroom Learnipg Material (CLM)

After having decided the class and subject for
which the material was to be prepared, the main job in the

development of material involved the following steps

1. Selection of toplcs

2+ Formation of topic sequecnce

3. The task analysis

4+ Generation of learning hierarchy

5 Development of instructional material
based on the learning hierarchy

6e Evaluatioﬁ guestions to test the

" capability attainment,
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These clagsroom learning material developed exactly in
the order given above were distributed to the students
in the form of cyclostylled material just before the class

to begin to deal with the topic concerned. ‘

44243 Selectlion of Toplics

The topics included in the physics curriculum of
standard IX, as prescribed by the Central Board of Secondary
Fducation, New Delhi, were chogen for the present study.

As the experimental validation was to be conducted only for
the first semester, the material developed covered about

four months course. The main units selected were

Ll

1. Speed and Acceleration
2+ Force and Motion

3. Work and Power
They included the following sub-topics @

(1) Speed and Acceleration: Scalar and vector

quantities ~ representationcof vectors - their addition and
subtraction (paralleagram law-qualitative idea only);
resolution of vector graphically; displacement - time graph
for uniform motion; velocity - time graph for uniform

acceleration in a straight line, Derivation of standard
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equations of motion (v=utat, s=ut+kat? and v2 = u2 +2ag)
mathematically and graphically; motion in a circle with
uniform speed-relation between linear velocity and angular
velocity acceleration due to gravity - standard equations

of motion for motions under gravity.

(2) Force and Motion: Types of force; friction -

types of friction (sliding and rolling) methods minimising
friction, advantages and disadvantages of frictions;

Newton's laws of motion; distinction between mass and weight;
momentum, conservation of momentum in one dimension, law of

gravitation.

(3) Work and Power: Work - definition and unit
(joule) measurement of work when force and displacement are
(a) collinegr and (b) obligue; Power - definition and its

unit (watt). .

4.2.2 TFormation of Topic Sequences

The topics were critically examined with respect
to their structure in terms of concepts and rules. As per
Gagne's oonditions‘for any meaningful problem solving to
take place, the learner should have mastered the related

concepts and rules. Fulfilling the above condition, the



115

following order of the topics was decided

Topic I -Speed and Velocity

II  -Accelerated Motion

111 -Newton's I & II Laws

IV  -Newton's III Law
v -Congervation of Momentum
VI ~Gravitation

VII  ~Friction

- VIIT -Work

IX -Power

The topic 'speed and acceleration' was selected
ag the first topic as it contained most Msic concepts like
time, distance, displacement etc. which are to be later used
in the topics to follow. A topic like 'law of conservation
of Momentum' which requires treatment of corcepts like force
and impulse were kept to come after Newton's laws which

dealt with force in detail.

4e2e3 Task Analys,i_g

With respect to the content one of the wmajor
problem of instruction .. is how to design the tasks in

any topic. For this task analysis maps &re to be prepared
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taking fully into consideration the ideas involved in

a given topic and how they are linked together, Some .
people calls these maps as discovery maps (Fraser, 1975).
These maps are even helpful to the students to understand

how scientific ideas have developed.

The task analysis was performed intially by
identifying all the concepts and rules involved in the
topic. This had to be done as according to Gagne concepts
must be mastered before the rule capability can be ,
attained, This is a map developed through the_identification
of coucepts and rules and their interrelations. This
pyramidal structure developed clearly explains the
position of concept or rmle in a task analysis map which

is illustrated in Pig. 4.1 &

Task andlysis mp can be broadly divided into
three main steps : (1) Concepts, (2) Rules and (3) Problem
solving or Higher order rules in problem seolving. Problem
solving capability forms the highest level in Gagne's

learning hierarchy.

In a typical task analysis map, the iustructor
while preparing the same, looks down from 'above' to the
bot tom while the learners view the same from the bottom
_to the top as they find their way in the unfamiliar

territory.
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The topic 'speed and %eiobél%,q‘ is discussed
here as an example to illustrate how the task analysis
maps were developed, Initially rules involveé in the topic
or the rules required to be covered by the topic were

discussed and decided. The two rles were :

(1) 8 = vot, i.e. displacement is equal %o
velocity times
(2) V= rw where is the lenear velocity is equal

to radius times angular velocity.

Once the rules were identified search for concept elements

were easy. The first rule can be stated in two ways :

(1) Displacement = Velocity x Time
and (2) Distance = Speed x Time

Thus, we straight way come to the following concepts :

(1) Velocity

(2) Time

(3) Displacement
(4) Speed

(5) Distance

The difference between distance and displacement lies in the

fact that former is a scalar quantity and the later is a vector
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quantity. Some have two more concepts in
(6) scalar gquaniity
“and (7) Vector quantity. )

As the displacement is because of the motion of
a body we have %o define the concept motion and

differentiate it from another concept rest.

If we look at the second rule V = rw, we have
to define velocity, radius and angular velocity. Paking
for granted that radius is a concept very familiar with the
students of Standard IX. We have to dedl with angular

velocity and linear velocity.

After having analysed the concepts involved the
main thrust was to find the relations between these concepts
and bring out a conceptual order. Having determined the
order based on pre-requisite requirements, the order of
placement of each element in the task analysis map was

decided an example of which is shown in Fige 4.2 »

Thege task analysis map can be used to depict
many more useful things important to the learners. Here
we see that elements % on the left side of the map are all
scalar quantities while those on the right are vector

quantities., Even when we deal with laws, the procedures
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are same; looking down from the top.

44204 Generation of Learning Hierarchies

The key to the design of conditions for effective
of learning is the leaming hierarchy. (Gagne 1970,
ppe 237-276). The learning hierarchy is an arrangement of
intellectwal skill objectives inbo a pat term which shows the
pre-requisite relationship among them. Beginning with a
particular objective say the lesson objective, the learning
hierarchy shows Wbich‘intellectual skills are pre-requisites
of each of these in turn indicated and the process continues
until one has displayed in a bottom row the most elementary

intellectual skill as the pre-requisite.

Having assumed the existence of the hierarchy and
the validity of the same, the stages considered for

developing the hierarchy were as follows :

(1) Define in behavioural terms the element that is
to be the pinnacle of the hierarchy.

(2) Derive the hierarchy by asking Gagne's question,
"What must the learner be able to do in order to learn this
new element given only instructions?", or each of these
elements in turn from the pinnacle element down words

(Gagne 1962, pe 358).
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Application of this question resulted in the
identifica%ion of other tasks which one presumed to be
subordinate to the fingl tasks. The same question was
applied to each of the task identified inthe first task
and the process continued until the tasks described were
at level when it could be assumed that they had been

mastered as a result of prior instruction,

(3) Define all these elements identified in

behavioural terms.

(4) Present these elements described in behavioural

terms in an analysis map with interconnections marked.

(5) Check the reasonableness of postulated

hierarchy with experienced and subject-matter experts.

As an illustration, the hierarchy, developed for
one topic, namely, conservation of momentum is presented

here., The objectives framed for the topic are as follows,.

The student should be able to;
'I.A.identify scalar guantities.
B.define scalars and give examples,

#
IT.A.identify vector quantities,

B.define vectors and give examples,.
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ITIT.A.,define masse.

Be.give the unit of masse
IVv. measure tinme,

V.d.define displacement,

B.distinguish between distance and displacement,

Vi.A.define velocity.
B.state velocity in the equation form,
Ceglve units of velocity.

De.calculate the value of vclocity from given data.

VIili.A.define momentum,

Becalculate momentum from the given data,

VIiIi,A.define acceleration,
Be.represent acceleration in the equation form,
Cegive units of acceleration.

D.calculate value of acceleration from the given data.

IX.4.define force,

Be.express force in the form,

f=nma=un (-5F)

C.define newtone

Decalculate the value of F from the given values,
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X.A.define impuléeo
Beexpress impulse as I = F x t
Cegive units of impulse.

D.,calculate impulse from the given data,

XI.A.state the law of conservation of momentum,

B.derive the expression,

mu, + mu, = mjv1 + oy,

\ Ce.explain the significance of the law of

conservation of momentum,

XII. solve problems based on the law of conservation

of momentum,

In the leaming hierarchy map the numbers given
i.ee I.4, I.,B, etc., refers to the objectives mentioned
earlier, While the task analysis goes down from the top
task, down to simpler tasks, the learning hierarchy moves
up from the gimpler objectives at the bottom to complex
ones at the top. Evidently the b&SiCiOOUCBPtS like vector
and scalar quantities under objective I & II falls at
the bottom, While defining a concept like velocity which
ig complex in itseif will have to divided into gimpler

elements and as such we have four objectives under VI.A4,
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vig, viL, V1.D, Tﬁe concept momentum defined as the
product of mass and velocity depends on both objective
NooIII and VI and as such interrelabions are marked.
Finally the learning hierarchy map reaches at the top

with problem m solving objective at Nol.XII.

44245 Development of Instructiomsl Material

Based on Leaming Hierarchy

The 1earning materigls developed were based on the
task andlysis map and leaming hierarchy. These materials
were grouped under the tasks markedJin the task amalysis map,.
Various concepts and rules were developed bringing out the

different attributes clearly,

(a) Development of Concepts

The comcept capability of a student greatly depends
on his knowledge about the various aspects of a concept.
Every concept has a structure which is determined by the
complexity of its attributes, how these attributes are
1inked(and in which form they are experienced. Various
people might see a concept differently depending upon their
conception about the structure of a concept., Let us take

the example of a concept from physics~weight. This.



can be structured with the heip of the various points

mentioned below,

(i) Definition

(ii) Type of quantity (vector or scalar)

(iii) Written representation

(iv) Specification as to its magnitude and direction
(v) Unit in which it is express=d

(vi) Dimensional formula

(vii) Notes, if any

(viii) Limitation of the concept, if any

(ix) Misconcepsion about the concept.

Apart from these points mentiored above, the
development of a concept can also be supported by examples
and pictorial representation etce Is there any particular
sequencing order for these attributes which help in the
optimization of leaming? There is no research finding
known to suggest that, 4n example for the structuring of

a concept is illustrated here,

¢

Illnstration No.1: Weight

o

Definition: The force by which the\given body is
attracted by the earth,

Example: See figure.

Type of Quantity:s Vector; but in practice usually
treated as a scai}gr (see specification below).
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Written Representation: W

Specification:

(1) Magnitude given by the
relation applied to
gravitational force and
gravitatianal acceleration
of a body or W = lg.

M?’Fig. 44 Wiy/

(ii) Direction: always towards
e . Weight is a vector quantitye.
the centre of the earth; hence Its magnibude is the object's

'fixed' and need not be consid mass times the acceleration due

1 to gravity. It is directed
dered in &ll calculations. towards the centre of the earth.
Unit: A4s a force, it is ' -

measured in Newton (XN),

Dimensional Formula: MLT 2

Notes:

1. The above definition is also valid for any
planet or celestial body other than the earth e.g., Mars,
Venus, the Moon, but the value of g is different in each
case; (eege, g of Mars = 3.92ms-2; g of Venus = 8.82ms“2;
g of Moon = 1.6Tms™2).

2e Sometime unit of weight is 2lso expressed in
kilogram weight (kge.wt)e 4t & place, vhere value of 'g' is
taken as 9.8m/s2, the Newton and kg.wt. are related by
the relation 1 kgewt = 0,8 N
Limitation: This unit kg wt and its value in Newton are
defined only for measurements on earth. Further, 1 kg.wt.
is not a constant unit; its magnitude depends on the value
of the place and as such varies from place to place on
earth,

3¢ The weight of a body in space, where g = 0,
is zero., This explains the weighlesg-ness experienced by
astronaughts. Though the bodies experience weightlessness
their mass remains unaltered.
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Misconception: Weight is often used synonymously with

the concept mass which is erroneous. For example, the
weight of a person is always expressed as 50 kgs: kg
being the unit of mass. Rightly weight should be expressed
as 50 x 948 = 490 Newbton or 50 kgewt

The above description of a concept also contains
some notes as useful information which is related to the
concept and which will enhance the understanding of the
concept., The material developed for concept capability also
includes small calculations at the & concept level, For

the above example they are as follows :

Calculations If the mss of a body is 10 kg then its
weight on earth = 10 x 9.8 = 98 Newton and
on Moon = 10 X 1.6 = 16 Newton.

Certain other guantities like scalar quantities
were developed with lesser number of steps. It my, for

instance, contain only the following :

(i) Definition
(ii) BExample
(iii) Written Repressntation

(iv) Diagramatic or Picterisgl Representation

The material presented below for the comcept scalar

guantities illustrates this point,
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Illustration No.2: Scalar Quantities

Scalar: A quantity that has only magnitude.

Examplegs Mass, time, density, temperature, electric charge

Written Representation: A single magnitude written

as eithers '

(i) a real number multiple of a standard or well-defined
unit (e.g., 6.5 kg, 9 s, 136 gcmﬁ, 273 X, 2°C);

or
(ii) a diagramatic reﬁ)zesentation of an absolute or
a relative magnitude (Pige 4.% and 4.6).

4 cms

1 cm

Fige %4+53 Diagrammatic Representation
of Absolute Value,

The shorter line is 1 centimeter long and
représents an absolute length of 8 1 centimeter. The
longer line is similarly 4 centimeters long.

(] Mercury Saturn
@ Venus
. Uranus
@ Earth
@ Neptune
& Mars
Jupiter ] Pluto

Fig. 4.8: Pictorial-Representation of the
Relative Size of the Flanetse.
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Size of the planet is proportiomal to the area

of the circle.

Certain concepts which are basically ‘'defined concepts'
require a number of examples to develop proper understanding.
Therefore, such concepts as 'inertia' were developed with a
good number of examples from every day life, as illustrated

below,

Iiiustration No.3: Inertia

Although two objects can look the same, it might be
more difficult to move one than the other, A4 full box is much
more difficult to move than an empty box. This is because of
& properly known as Inértia,

The property of all material bodies due to which they
naturally tend to continue in a gtate of rest or of uniform
linear motion, is known as inertia,

4s is seen above heavier quies possess more inertia
compared to lighter bodiese.

Depending on whether the body is at rest or in motion
the inertia can be of two types.

(a) Inertia of Rest

If the body is at rest, its inertia is called the
inertia of rest.
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Examples:
1 A bullet fired on a window glass pane makes

a clear hole without breaking the remaining part of the
. glasse. The bullet takes out & part of the glass while
the remaining part tends te remain at rest due to its
inertia of reste.

2. 4 coin, placed on a post-card which rests on
a tumbler, falls into the tumbler, when the post-card is
suddenly knocked with the finger, The coin tends to remain
at rest due to its inertia of rest.

3o A person standing in a bus, gets backward push
when the bus at rest starts suddenly. His feet start moving
suddenly with the bus while the upper portion tends to remain
at rest due to inertia of rest, Thus due te this unbalanced
motion the person tends to fall backward.

(b) Inertia of Motion

Inertia of a moving body is called the inertia of
motion. ) ‘

Examples:
1e¢ A running person does not stop instantaneouslye.

It is due to the inertia of motion.

2. A person in getting down from a moving bus tends
to fall forwardi. When the bus is in motion, the person in the
bus is also iﬁ motion. As he gets down, his feet come to rest
almost immediately due to friction between the feet and the
ground, while his upper portion tends to move in the
direction of the motion of the bus. Thus, due to this
unbalanced motion, the person tends to fall forward,

3, A cricket bowler runs for some distance before
bowling. By deing so he tends to increase the inertia of
motion of the ball,
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4. An athlete can take a longer jump after running
as compared to the jump that he takes after standing,

Note: If a body has large inertia, it will resist a change
in its state of rest or of uniform motion to a much greater
extent than will a body with a small inertia,

Sometimes a concept in itself may be complex in the
sense that it can be divided into different types. For
instance the concept force can be different categories like
muscula&r force, magnetic force, electrostatic force,
gravitational force, etc. That means these various categories
also needs explanation. For example, the concept force is
developed with explamnation for various categories forces with

examples apart from the usual steps previously explained.

Illustration Nol.4¢ Force

dny action which alters or tends to alter the state
of rest or of uniform linear motion of a body is called force,
Iype of Quantity:s Vector
Written Representation: F

The cause or agency which producés a change in the
state of motion or change in the shape of a body is usually
a push or pull which can generally be called a force,
Magni tude: force = mass x acceleration

OR f = ma

Unit: Newton.
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One Newton is that much force which when acting
on 2 body of mass one kg produces in it an acceleration of
1 me~2,

Thus, 1 Newton = 1 kg x 1 ms
Written Representation: N
Note:

2

Force (Dynes) = Mass (Grams) x Acceleration (cm/secz)

1 kg x 1 m/sece
1000 gms x 100 cm/3602
= 105 dynes.

1 Newton (NW)

Examples:
1« We can set a hand cart in motion by merely

pushing it.

2« We can change direction of motion of a tennis
ball by pushing it.

3. We can change the shape of a plastic mug by
simply pressing it.

4, We can elongate & rubber band by pulling it.

5¢ We can stop the motion of a cricket ball with
our hands,

Suppose an acceleration of 5 m/s2 is produced on
& body of mass 10 kgs then the applied force ¢

f =10 x 5 = 50 Netons.
There are various types of forces of which we can

discugs a few.

Muscular Forces The push and pull that we exert on a body
can be termed as muscular forces.
Examples:

1o Pushing the door open

2e¢ Throwing a cricket ball

3. Pulling the chain

4o Lifting the box
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Gravitational Force: 4 body released from a height
falls to the ground; the earth seems to exert a force on
the body. This happens because of some constant force
exerted by the earth on the body. These forces are called
gravitational forces,

Exampleg:

1. 4 mango released from the ik tree falls down.

2e Similar falling bodies. .

Magnetic Forces: Two magnets placed at distance interact
with each other, Similar poles repel each other while
dissimilar poles attract each other,
Examples:
1. North pole of one magnet repels the north
pcle of another magnet,

2. North and south poles attract each other,
Flectrostatic Forces: Two electrified bodies placed at
a distance, interact with each other, Similar charges
repel each other while dissimilar charges attract each
other.

Examples:
1¢ If you rub a plastic comb on your sleeve and
hold it near to water trickling from a tap,
the water under the influence of a force, will
bend towards the combe

2« The same comb if brought near pieces of small

paper it will pick up a few.

(b) Development of Rules

The rule capability deﬁends on the establishment
of relations between concept. 4 rule may have either two

or more cacept components, Here & learmer should be able
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to respond with a class of relationship among the classes

of objects events. The development of a rule consists of :

i. Statement of the rule
iis A representation of it in an equwation form
iii. A derivation to estabvlish the relationship
between concepts

ive. Any experimental evidence

ve Illmstrations to support the rule

vie. Applications of the rule or its conseguences
viia Evalugtion to test the acquisition of rule

capability.

To illustrate the various points mentioned above,
material developed on Newton's Law of Gravitation is given

as follows ¢

Illustration No.5: Newton's Law of Gravitation

Every body in the universe attracts every other
body at all distances with a force directly proportional
to the product of their masses and inversely proportional
to the square of the distance between them,

If two bodie s of masses m, and m, are kept at
a distance r from each other, they attract each other
with a force F.
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Then, ’
F=m xau N O F
1 2
. >/
and also
F = -1
r <MY“~\\.>
m, xm
o.onG""l“é‘”‘"g“ .
r Fige 4.7¢ Gravitational Force

Between & Two Bodieg

G is called the universal gravitation constant. The present
accepted value of G in SI system is

6.67 x 10”1 wn? /kg?

Tllustration No.b:

We have noted in the earlier section that while
gravitation refers to gravitational force between any two
bodies in the universe gravity is in reference to earth
only.

We know that on earth P = mg

GMm

By Newton's law of gravitation, F = T

Where,
M = Mass of earth

m = mass of the body
ioeo, mg = —QM""!;—
r
_ GM
OR g ==
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The immediate consequence of this isg that we
come to a conclusion the 'g' varies inversely as r2. The
value of 'g' will be zero at large distances and hence the
welght 'mg' will also be zero which explains the

weightlessness in space,

Certain laws like Newton's 3rd Law required
rigorous doubt~clearing exercises. This is because though
the laws' statements looked simple, its implications needs
thorough understanding. For example, if action and reaction
are equal as Newton's 3rd Law says, how does a body move?
This needs an analysis as to how action and reactioh acts
on different bodies. Therefore, keeping such type of
intriguing questions in view important points were given
under notes whilé'developing the material for rules., Many
illustrations were also given wherever possible, To show how
this had been done an example on Newton's 3rd Law is given

belowe

Illustration No.7¢ Newton's 3rd Law

To every action there is always an equal and
opposite reaction.
Here, action = - (Reaction)
" The negative sign indicates that the reaction is
in the opposite direction as that of action.
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Notes:

1. The action and reaction are ¥ forces.

2« The action and reaction always act along the
gsame straight line but in opposite directions,

3« The action and reaction never act on the same
body but always act on different bodies.

4o The action and reaction are always equal in
magnitude.

5 The forces always exist in action-reaction pairse.

It is a2 common experience that if a person hits
another person with his palm, the former also experiences
a pain, Harder the hit, greater is the pain., Here hitting
the person is action while the pain is experienced due to
reaction,

It should be borne in mind that there is no formal
proof of Newton's third law of motion. Through discussions
it could be eagily concluded that existence of an isolated
force is not possible as for every action (i.e., force).
There is always an equal and opposite reaction (i.e., force),
Hence forces always exist in action reaction pairs.

However with the help of spring balance experiment
It can be established that action and reaction always equal
in magnitude. Let us casider 2 spring balance a being pulled
by another spring balance B as shown in the Fig. 4.8, Both
the spring balances read equally. This shows that when the
balance B pulls the balance A, the balance 4 alsgo pulls
balance B in the opposite direction. The force with which
balance B pulls balance A is equal and opposite to the
force with which balance 4 pulls balance Be. The force
exerted by balance B on balance A on balance B may be
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termed as ‘reaction'. Thus, we see that "for every action
there is equal and opposite reaction".

Exampless
1. Whenever a person steps out from a rowing boat,

he pushes backwards on the boat (the action) which moves
accordirgly whilst the boat pushes the person forward

(the reaction) the forces are equal in magnitude, opposite
in direction and act simultaneously on the person and the
boat,. _

2. While swimming, a swimmer throws water in
a backward direction (action) whereas the reaction of the
water moves the swimmer in the forward direction.

3« The birds while flying, push the air dowmwards
with their wings (action). The air exerts an equal and
opposite force on the birds inthe upward direction
(reaction). '

4, In rotating fountain, a central pipe is fitted
with four small pipes having fine nozzles at the ends
(Fige 449). Water rushes out of the nozzles (action). The
pipes move in the opposite direction (reaction). This

Lo
-~

"
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principle is used in the foundation to sprinkle
water around.

5e¢ Wken a bullet is fired from a rifle with a
certain force (action), there is an equal and opposite
force exerted on the rifle in the backward direction
(reaction).

"6, When a walk on the ground, our feet press the
ground backward (action) and the reaction of the ground on
our feet moves us in the forward direction,

Te A boatman in order to go away from bank, pushes
the bank with a pole (action). The bank pushes the boat
away as a result of reaction,

(c) Development of Problem Solving Material

Development of the problem solving capability
depends greatly upon the exposure of the pupil to many
problem solving situation. The training in problems depends
on the students capacity te -

i. understand the problem situation.

ii. translate the problem statements into say
equation forms,

iii. computational skills.

ive recall of the prefrequisite learnings in
concepts and rules.

Ve internalise problem solving strategies,

The orientation towards the problem solving activities

were performed through worked out examples which consisted



of the following steps
1 Problem statement
2. Equations or rules involved in the solution
of the problem
3+ Substitution of relevant values

44 Calculation of the result

An example given as worked out example is reproduced

below :

Illustration No.8: Problem

(2) A car covers a 150 kms with a speed at the rate of
50 kms/hr and another 80 kms at the rate of 40 kms/hr-1.
Calculate the average speed for the whole journey.

(i) S5y = 150 kus 8, = 50 kms
V1 = 50 kmﬂh”1 V2 = 40 kmﬂh—1

(ii) Average speed?

- _ _Total Distance Covered
(1i1) dverage speed = Total Time Daken

S = S1 + S2 t = 11 + t2
(iv) s, = 1505 7V, = 50 emsh ™!
S
_ U1 _ 150 _
80

t. = S2 = m—— = 2 hrg



8 = 31 + 52 = 150 + 80 = 230 kns
t = t1 + t2 = 3 + g = 5 hrs
(v) Average speed = f = _ggo - 46 kmo/hyr

4.9+6. Evaluvation Questions :

Evaluvation questions were provided at the end of
every element, concept or rule to test the capability
attainment, The concept mastery depends on the students
memory about the various aspects of it. This can be tested
with recall questions. Evaluation questions also included
to test the understanding and application of a concept or
rule, The evaluvation questions framed to test the

capability in the concept inertia is given below.

Illustration No.,9: Evaluation

1. Define inertia.
2+ Give examples for inertia from daily life,
3, Differentiate between inertia of 'rest and
inertia of motion.
44 Explain, why
(i) a man sitting in a moving car leans forward
when the car suddently comes to rest?
(ii) a person alighting from a moving train
should keep running on the platform for
some distance before stopping?
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(iii) a bullet pierces through a windowpane
and makes a small hole, while 2 stone hitting
it shatters it into pieces?

(iv) 2 man riding a galloping horse keeps his
thighs pressed hard against the belly
of the horse,.

The evaluation guestions framed for a rule Newton's
Zrd Law of Motion is given below. They involve mostly the

recall type to state the law and application level questions,.

Illustration No.10: Evaluation

1. State Newton's 3rd Law,

2¢ If action and reaction are equal then how does
a body move,.

3¢ Explain with the help of 3rd Law the action
during the 1ift off of a rocket.

4, Explain what happens when air from a ballomn is
allowed to rush out quicklye. l

To test the capability in problem solving situation
is done through various %types of problems. For example, the

Newton's 2nd Law,

Illustration Nol.11: Evaluation

1e Find the momentum of a cycle rider of mass

1

150 kgs moving at 6 ms™ ' due east.
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2. What force is required to give a car of mass
1225 kge an acceleration of oms 1%

3¢ A motor car of mass 2000 kgs is moving with
a velocity of 36 kms per hour. By the application
of brakes it is brought to rest in a distamce of
40 metres. Find the average force resisting the

mdtion.

443 Home Assignment Material (HAM)

' Home assignments of the right kind given under
the right conditions promotes learning. It has long been
recognized the importance of pupil initiative in learning and
the need for helping the pupils to use their out of school
time wisely. While designing the following objeétives were
kept in mind - »
1 To stimulate voluntary effort, initiative,
" independence, respensibility and self direction.
2« To encourage a carry over of worthwhile school
‘ activities into bermanent leisure interestse.
3¢ To enrich the school experience threugh
related home activities.
4+ To reinforce school experience through
related home activities.
5« To reinforce school learning by providing the
necessary practice, integration and application.
6e To guide towards a self evaluation.

Te To detect areas which needs feedback sessions.
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The home assignment material was prepared in
two parts s

(i) Belf Learning Material (SLM)

(ii) self Evaluation Material (SEM)
Both these materials were given to the students at the end
of instruction of a particular topic as these were

prepared topic-wise,

44341 Self Learning Material (SLM)

Self learning material wag inbtended to provide
additional information and to reinforce what was learned
already in the classroome It has made use of programmed
learning method, which has found its effectiveness as
a home work tool, as one of the components. Usually, SLM
was prepared with an introduction to the students giving
all necessary guidelines for instructions. For inéfance,
the topic No.2 'accelerated motion' had the following

introduction.

Tllustration No.12: Accelerated Motion (SLM)

To Students:

In the previous topic we have discussed speed and
velocity. We often hear of an accelerator in a car or even
accelerating motion, Acceleration tells us how quickly the



velocity is changing. Without the knowledge of
acceleration, we cannot describe the motion of a body
completelys We have studied in the class allz about
acceleration, Here let us look at it little more minutely.
While trying to answer the exercises given you may refer
back to the classroom learning material supplied, to
supplement your knowledge of a particular concept as and
when required or when any difficulty arises. -

The introduction to the SLM on Newton's laws I
and II presented below has a historical flavour.

Illustration No.13: Newton's Laws I & II (SLM)

To Students:

History of Newton's laws is a long one, The world
created by his 'Principia' were inhabited mentally by
philosophers and scientists alike, t

In the abgsence of forces, Galileo and Descartes
had proposed that a particle continues in uniform motien
or remaing at rest; this was incorporated by Newton as the
first law of motion. In the presence of forces, Newton,
generalising the suggestion of Galileo, proposed the 2nd
law : the force is equal to mass times acceleration.

These are the raw materials of the Newtonian world.
Is it really pogsible to construct from these few stones
a building diverse enomgh to encompass the marvellous
variety of our experiences?

In the programmed leérning materials, learning
frames were preparéd; some of them were of the conventional
type-small , others extra large. The frame structure was made
up of three components ¢

1o A bit of information bound between two lines,



2« Soon after this information a sentence which
is incomplete indicated by the blank/s. In case
of problem situations blanks can be more than
one . |

3 Answer to the incomplete éentence etc, provided
at the end of the material under headings key to
SLM.

A few illustfations are given below to explain the

types of frames prepared.

Illustration No.1%: This is a conventional tybe small frame,

P - wew ew e mem  cem e s MM v e N W R men  STM wm  Swe  wem Mt GMe e W e e e e wwe e

i Ve
-

We know that if we throw a cricket ball it will move
in a straight direction. If we apply & force using a bat we
can make it in a different path altogether.

Force not only makes a body move but it
may also change its of motion. eeoo(9)

W T W e e e e

B R L T T D . . T Y R P . . e

Tllustration No.15 ¢

This is with an extra large frame,

e we  ma  mw sem e mm  mm me s mm e e g hae  me e e M WeE G e e M e e e e S e

So far we have been discussing about bodies at rest
and bodies in motion. We have been clearly that the bodies
will not move unless a force is applied on it, or we can
say that "Every body contimmes in its state of rest or of
uniform linear motion unless an external force acts upon
itv.



This is known as Newton's First Law (Law of
Inertia).

The law can be restated as "Everybody preserves its
velocity unless acted upon by an extermal force%., Since
velocity 1s constant elither when the body is at rest or
when it is moving uniformly in a straight line, this law
impliesg that both these states are preserved due to inertia,
The importance of First Law lies in the fact that -~

(i) it defines

e e e S e wew

. T e T S e e e

Tllustration No,163

It is an example for graphic problem solving case.

The velocity~-time graphs have a very important
application, We have already learned in the first topic
that the distance travelled = velocity x time taken., If
we now look at the graph carefully, we see that the product
of velocity and time is actually equal to the area under
the graph, That is, we come to conclusion that distance
trgvelled is equal to area under the velocity time graph. '

A8 b

!
!
l ! & > tine (S

o 5 {5 (5

Vm?

In the graph shown here the distance covered is
equal to the area of the trapezium 1 0ABC,

- g e e wee wem s W M Wem  Mee T s mer M M6E e dus W IR e e e e e e wm W e mm e
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It

o e distance travelled --——-§-~—~—xm

=

e e e e s sl e M M mas s e MR s e e e e e aee  sma e W dae e e e aem me e

Illustration No.17:

This illustrates & guided problem solving
exercise.

L . I R T T I e T S

A vullet of mass 0.005 kg,.travelling at a speed
of 40ms"1, penetrates 0.2 m of wood. What is the resistive
force offered by the wood, if the retardation is uniform?
We know resistive force f = ma in the opposite
direction. The velocity will reduce from 40 m/s to zero

wen it stopse.
2

2
f=ma but &= —Zag;fg— (u2=u2+2as)
v2 _ u2
OR f = m—~—§g———- substitute and calculate,

- Wen mewr M RS e T s Mme WS B e W e SN wee M e ame

- WS W Vs EWA e Vs S Teee g WG Sem W W e S e e W e

T S e . . T I R e

44342 Self-Evaluation Material (SEM)

Self evaluation material provided the students
a chance to assess himself and perform self correction worke.

In this materidl various types of questions which involve
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all the intellectusl skills were provided with answer&-ass

given at the end to key to SEM. The various exercises

included matching, fill in the blanks, statements,

derivations reasonings, and problem solving exercises,

A few of the illustrations for the type of questions

included in the materisl are given below.

Tllustration Ho.18:

Directlons:

In the parentheses at the right of each words

or expression in the gecond coloumn write the letter of the

expression in the first column which is most closely related.

e
b,
Coe
de
€.
e
Ee
he
ie
Je

ke

Rate of displacement displacement (
Its graph is a curved line motion (
Rate of motion linear motion (
Distance with direction speed (
Continueus change of location velocity (
Wotion along a curved path  uniform velocity (
Sum of component velocities variable velocity (
Motion in a straisht line circular motion  (
Motion about an axis velocity vector (
Represents the magnitude and  resultant velocity (

direction of a velocity
Its graph is a straight line

‘Illustration No.19: Friction

Directions: In the blank space at the right of each .
statement, write the word or expression which best

N
)2
)3
4
)5
)6
i
)8
)9
)10



completes the meaning,

1. Priction is any force that..(12)..
the relative sliding or rolling
ee(1b)esof objects that areso(1c)es
each other,

2o Some physicists believe that
friction is caused by surfaceoe(2)ee

3¢ If surfaces are made smooth,
friction between themee(3)eo

4+ Other causes of friction may be
eo(42)eoandoe(4b)es

5« Friction acts..(52)..t0 the surfaces
which are sliding over one another,
and in the (same, opposite)ee(5b)ee
direction as the motion.

Illustration No,20:
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14
ib
1c

45
4% .

58
5b

1¢ 4 body is taken from the earth to the moon., Will
its (i) mass, (ii) weight increase, decrease or

remain constant?

2. What instruments can be used to measure the
(iii) mass (iv) weight on the moon?
e S?ate Newton's Law of Gravitation.

Tllustration No.21:

1.4 block weighing 300 N moved uniformly on a horizonal

surface by a force of 60 N, (Note here a = 0),

ae. What ig the force needed to over-
come friction ?

be What is the normal force pressing
the surfaces together 7 )

ce What is the coefficient of friction?
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These above iilustrations show clearly the
varied type of questions given under self-evaluation
material so that students are exposed to diffefent
situations and they can judge their mastery over tﬁe

topice

444 Assessment Material (A4M)

The assessment was done through (i) a criterion
test at the end of every topic (ii) a comprehensive test
at the end of the plamned instruction and (iii) anmal
examination (question paper from Central Board of Secondary
Examinations, New Delhi). The materisl wag prepared for the
first two cases. Each asses;ment paper prepared was divided
into three parts: Section 4 - to test the concepts
capability, Section B - to test the rule capability and
Section C -~ to test the. problem solving capability. Egual
weig@tage in terms of the marks was given to each part. A
few illustrations are given below to show the type of items
included in the test which included multiple choice, true-

false, fill in the bYlanks, reasonings, derivations, pfoblem

solving exercises elc.
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Illustration No.22:

1. Select the most appropriate from the choices
given (4/B/C/D). . '

~ (a) Acceleration is the rate of change of_ _ _ _ _ _
A, direction B. speed C. ¥elocity
D. none of these

Tllustration No.23:

1. The graph represents the motion of a car.

s> Eone (8)

D 9, . é o
Which statement is true?

(2) The car accelerates, stops, and reverses.
(b) The car accelerates at 6 m/s2 for 2 secondse.

)

(c) The car is moving for a total time of 12 seconds.
(d) The car decelerates at 12 m/32 for 4 seconds.

Illustration No.24s

I. In the bvlank space provided write the word which
best completes the meaning s

1. The product of mass and velocity

is calledes(1)es L . 1
2« If the acceleration is doubled

the force becomeses(2)eotimess 2
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%, When a moving bus suddenly stops

the passengers are jerked forward .

dve t0eol(3)ee 3
4. A person sitting on a trolley

falls backward when it is being

pushed forward by some one

because ofee(4)ee  _ _ _ _____ 4
5. Newton is the unit ofes(5)ee  _ _ _ _ _ _ _ _ 5
6o oe(6)esis defined as the

resistance to acceleration.s  _ _ _ _ _ _ _ _ 6
7. Heavy bodies possessee(T)es _ _ _ _ _ _ _ T

amount inertia,

IT. Define the following :
(a) Inertia

Illustration No,25:

1. Does a man carrying a luggage on his head on
a level road do any work 7 Justify your answer,

Illustration No.26:

1. An electron moving with a velocity of 5 x 104
m/s enters an electric field and attains an
acceleration of 1012 /s° in the direction of its
original motion. In how much time will the velocity
of the electron become twice its original
velocity?
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The criterion test items were drawn from the
particular topic only while comprehensive test included

items from all the nine topicse

45 Tnitial Validation of the Material

Initial validation of the learning material
developed was done with the help of 3 experienced teachers 1
who had the necessary experience in dealing with the
subject at that particular stage and 5 selected students
‘from Standard X. The Standard X students were selected
because they had just finished this particular syllabus in
Standard IX and may be in a better position to point out
the dif ficulty level, suitability of‘the material, level
of understanding it can inculcate etc, 4 detailed

gquestionmaire was prepared to get the opinion of all them

in terms of the following s

(1) Clarity of definitions
(ii) Difficulty level of language used
(iii) Familiarity of the terminology used
(iv) Adeguacy of the illustrations provided
(v) The approach adopted for the development
of the topic

(vi) Any errors etc,
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A few illustrations are given below which were

vart of the questienmaire.

Illustration No,27: Concepts

Tick mark the right. _/

1e Do you think the learning
objectives mentioned are

useful? Yes Yo
2+ Are the learning objectives
stated clearly? Yes No

%3 e Concept Noe.t Name s

i, Definition Clear/Not clear

Jllustration No.28:

ii. Units

iii. Language
ive The terminology used
ve Illustrations

Any suggestions @

ie Definition

Language

Terminology used

Do illustrations clearly
explain the principle?

Ve Are the derivations based

ii.
iii,
ive

- G S W w— e

Mentioned/Not mentioned
Basy/Dif ficult
Pamiliar/Not familiar
Adequate/Not adequate

— - W TS W O W e e

Clear/Not clear
Eagsy/Dif ficult
Familiar/Not familiar

Yes/No

on your previous learning? Yes/No

Any suggestions ¢

W — — - e e

— D e E e W e s e



Illustration No.29: DProblem Solving

ie Are’tbe worked out numericals confirm to

topic under consideration % Yes/No
ii. Do the problems require additional
information apart from the topic ? Yes/No

1ii, How will you rate it?
Easy/Moderate/Dif ficult/Very Difficult.,

Illustration No.30: General

i. Do you like the approach adopted in

these materials? Yes/No
ii. Do you wish to make any change in
the sequence? Yes/No

If so, please specify.

M wmas - — W e W

B T T T T R

iii. Are the illustrations given in general,

common to your surroundings ? Yes/No
ive Do you find any factual errors in the
material ? Yes/No

If so, specify.

. T e i T A

Ve Do you think the self-learning material
supplied will help the students ? Yes/No

The material, revised based on the responses from
experts and students, was used in the experimental
validation of the instructional strategy as described in

the next Chapter.



