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CHAPTER 111

DEVELOPMENT AND VALIDATION OF THE MULTIMEDIA

INSTRUCTIONAL STRATEGY

As mentioned in the earlier chapter, this chapter
presents methodological details, results and discussion in
respect of the first objective of the investigation. The

objective reads as follows:

"To develop a duly validated multimedia instruct-
ional strategy for teaching the course Bioeclogy

at VIII std. levelJ"

Necessary details are presented under two sections.
Section 1 provides”the detalls regarding the design foll&wed
for studying the oéjective; development of the instructional
strategy, and instrumentation. Details related to the

validation of the strategy, have been presented in Section
II.
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SECTION I

DESIGN, DEVELOPMENT OF THE INSTRUCTIONAL

STRATEGY AND INSTRUMENTATION

DESIGN

As can be observed from the objective mentioned

earlier, it dncludes two aspects, namely, deVelopment of the

miltimedia 1nstruct10na1 strategy and valldatlon of the seme
fpstethinitni o

for 1its effectlveness. The developmental aspects include

analysis of the course content, speclflcatl@n of the terminal
behaviours, identification and sequencing of appropriate
instructional componenfs, development of instructional
material (software) to be presented through the various
components, thelr initial tryout, and development of instru-

ments for validating the strategy. The strategy has been

validated in terms of students performance on different
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achlevement tests developed by the investigstor and the
school authorities, their gain on Scientific Attitude Test
(pre-test to post-test), and also through their reactions

towards workan 01 1nd1v1dual components of the strategy and

the strategy as afvhole.
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DEVELOPMENT OF INSTRUCTIONAL MATERIAL

Identification of the Individusl
Components of the strategy

It may be recalled from Chapter I that the basic
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theme  of the study has been to systematise the instructional
process for teaching Biology to the studegts of Std.VIIT
through a multimedia instractional strabtegy. The initial step
in such an attempt would be the listing down of various broad
objectives of science instruction, as they provide some
direction for identification and selection of various instru-
ctional components to constitute the instructional strategy.
As Biology forms a part of the total science programme at
secondary school level, the broad objectives of science

instraction at this level have been listed below:

1. To provide basic information about science

concepts involved in each unit of Biology.

2. To provide opportunities for a practical under-
standing of the methods of scilentists which
would give students the confidence to attempt
the solutions of problems which they have to

g face in their individual and socisl lives.

3. To develop and instill in students the scienti-

fic attitude of inguiry and experimentation.

4.” To develop certain skills such as drawing,

handling and arranging apparatus, ete.

It is quite evident from the objectives specified
above that they are diverse in nature. The diversity among

objectives calls for organizing a variety of learning
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éxperiences. More specifically, it would mean introducing
into the instructional process various modes of generating
appropriate stimuli and treatment of responses. Today, more
than before, a good number of instructional techniques of
proven potentials in the achievement of certain instructional
objectives are available to educational practitioners. Beha~
vioural sclences have offered principles about human behaviour,
application of which has provided various instructional
techniques such as PLM, lecture, discussion, seminar, team
teaching, etc., Similarly, technological innovations in
communication research have provided effective channels for
presenting infomation such as radio, television, films,
tape-recorders, video-tapes, overhead projectors, etc.,which
could be successfully employed for instructional purposes.

It need not be emphasised that all the above mentioned
techniques and equipments find therr due places in the
instructional process. Thus, they form the different instru-
ctional components. However, what remains as a challenge is
the identification and selection of appropriste components

of instruction,-and organizing them into an instructional
stratggy for achieving the variqusuobjectives. As discussed
in Chapter I, development of such a strategy would be guided
by considerstions such as instructional objectives to be
achieved, learners' characteristics, mature of the course
content, the resources available - in terms of both men and
material - administrative facilities, and feasibility aspects
such as cost of the material, time and schedule involved,

cbg.
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In order to facilitate the identification of differ-

ent instructional components of hhe multimedia instructional

strategy to be designed, the 1nvest1gator taught Blology for

a period of four months to Std. VIII students of the school,
752&25}; Shr;égg-%;dgélé§é;_Baroda,'whereln the strategy was to
be implemented. During this period, the investigator got an
insight into. certain characteristics of the leamers at thig:
level, such as level of attalnment of scientific knowledge,
language ability, study habits, etc. Also, the organizational
pattern of the school, the resources available, etc., were
studied in detall. On the basis of the knowledge obtained
regarding learners' characteristies, the facilities avallable
in the school and the nature of the course content, possible
instructional components to constitute the strategy were

identified. A few instructional components like guestioning

technique, guided discovery, discussions, team teaching,

etc., were examined for their atilization in the teaching of

T

Biology for the grade VIII, \fJith the knowledge obtained
"éhféaéh this exp;rienee and also keeping iﬁ view a few
specific considerations, the actual instructional components.
to constitute the strategy were arrived at. The specific
considerations kept in view, while identifying different

instructional components, are presented below:

Individualized Instruction: A perusal of the
literature on individuslized instruction would reveal that

many techniques are available for individualizing instruction,
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for example, - Programmed Learning Material (PLM), Modules,
Independent Study Flans, etc. Most of these technigues have
been tried out in school settings, and many have been the
subject of evaluation studies. A good many examples in respect
of these techniques along with their effects can be seen in
the works of Edling .(1970); Weisgerber (1971); Briggs (1974);)
’ s e T T RS
and Yadav, et al. (1979). The governing principle behind this
approach is the iearner ceﬁtered instruction. It is a faect
that learning takes place within the individual leamner.
This fact accords with the internal conditions of learning
such as students' desire to learn, willingness to follow
directions, attention to the task, attempts to recall
relevant information or skills, and receptivity to the
guidance of the teacher. Further, it becomes evident through
a littke reflection that learners once they can read well,
learn many skills and'acquire most information better and
faster from s printed source than from an orally delivered
group instruction. Looking to future benefits in the long
range, the earlier that the students are taught to accomplish
and practice independent learning, the\more successful will
© they become as mature learners. Added to this, at secondary
school level, the learners, being at the stage of adoles-
cence, exhibit the characteristic need to be independent.
This, when applied to instructional situation, would
emphasise individualization of instruction. Self-instruction-
al materials, library work, projects, assignments, etc., can

be easily thought of for developing the behaviour of
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independent learning in learners. However, the above comsi-
derations for individusglization of instruction should not
de-emphasise the - role of the teacher in an instructional
situatien. Learners, by and large, at secondary school

level tend to depend heavily on teachers; This is because of
the reason that ﬁsst of the times they have been exposed to
teacher prominent'ways of instruction. This necessitates
retaining the positive aspects of teacher involvement to
facilitate smooth introduction of effective modes of

instruction (Yadav and Seshadri, 1980).
L

Human Interaction: Another aspect which gains
importance fin the process of instruction is human inter-
action. For the development of certain higher cognitive
abllities and certain affect attributes like objectivity,
criticality, open-mindedness, etc., it would require that,
the learners get enough opportunities for interaction. Hence,
it would be appropriate to expose the students to such
situations where they would interact with their teacher and
peers. In this context, techniques such as small and large

group discussions find due places in the instructional

. R e

strategy.

Learning through Performance: In most of our class-
rooms instruction goes on *“in: verbal form. In a discipline
like science where the concepts are built around the -
natural phenomena, learning experiences Jjust in verbal form

glone may not suffice. Methods of transmitting knowledge



under such a discipline would call for more of observation
and recording of the occurrence of the phenomena and under-
standing them in their operation. This could be achieved by
incorporating certain activities in the instructional process
-~ activities which the students can perform at home on an
individual basis, or activities which they can perform in
groups in the SChool,“and demonstrations'of eXperiments by
the teacher. Further, while structuring information about
sclence concepts, by relating them with the daily 1life
situations it could be brbught home to students asto ﬁow

science operates in their own physical and social environment.

Since one of the objectives of sclence instruction
is defelopment of ‘'scientific attitude' in learners, it
becomes necessary to imbibe in them the fact that sclence is
not a finished product, but a process in itself of man's
search for truth. This could be imbibed in students by
exposing them ta literature related to historical develobment
of man's thinking and experimentation through the ages to

arrive at principles and concepts in sclence.

It may have to be mentioned that eventhough identi-
fication and selection of the instructional compents were
done in the light of the several considerations, the role
of each component and sequencing of actual activities to be
carried out under different compments were decided after

developing a detalled instructional scheme of all the
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activities on the part of the teacher and the students.

The multimedia strategy arrived at comprised of the

following instructional components:
1. Introduction by the teacher.

e ErOgrammed leaming and Deviated Programmed

learning materials.‘
3. Lecture metﬁod.
4, Team teaching.
5. Iné;ir; technique.
6. FPupil éctivities and Teacher demonstrations.
7. Discussim segsions.
&. Audio-visual preséntations.

9. Historieal background of sclentists and

scientific inventions.
10. Summnaries.
11. Criterion tests and feedback.
12. Exercises and Assignments.

It may be mentioned that not gll these techniques
have occurred while structuring learning experience for each

unit. They have occurred in vsriocus combinations in the
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different units of the course. The criteria of combination

of componerts and their sequencing have been the specific
terminal behaviours listed for the units and their sequence,
and the structure of the content matter in the unit. However,
a few components such as introduction by the teacher, pupil
activities, summaries, criterion tests and feedback, eXercises
and assignments have occurred in almost all the units. With
regard to each of the compcnents and its utilisation,
appropriate mode of behaviour on the part of the teacher and
students has been spelt out. Ofcourse, this was done after

analysing the content to arrive at various units.
Course Content and Task Anslysis:

It may be recalled from Chapter ;I that the present
study was a part of the institutional project, namely, 'To
develop multimedia instructional strategy for the entire
:science course’ of Gujarat Board Syllabus for VIII Std.
students' underteken by CASE, M, S, University of Baroda,
Baroda. It was also mentioned that for the present study
only 'Biology' formed the course content. The entire course
in Biology was anal¥sed in detail. On the basis of this
analysis, the course was structured into seven units.
Besides the seven units arrived at, an introductory unit
was also developed with a view to bringing home to students
the importance of studying sclence, and also instructing

them asto how they would be studying it through the developed
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strategy. Iﬁ all, % total of eight units was to be presented
e exac
to students./titles of the units have been presented below:
3

Unit 1 - Importance of studying science.

Unit 2 - Structure of a cell md its constituents.
Unit 3 - Autétrophic Nutrition.

Unit 4 - Heterotrophic Nutrition.

Unit 5‘ - T;r:'ansporta’cion and clrculatien.

Unit 6 - Respiration and production of energy.
Unit 7 - Excretion. -

Unit 8 -

Water economy.

Flow charts were developed for the entire course
content as well as for the individual units to establish
adequate sequencing of the>concepts. 1t may be mentioned
that no major deviations in the sequeﬁcing of units from that
of the text-book was brought about. In other words, the
sequence of units were retained és it was prescribed in the
text-book. However, a few changes wefe made as regards the
sequencing of concepts under units 2, 3 and 5 are concerned.
These changes were made mainly to maintain logical flow in
the content included under these units. Specific chenges
brought about in the sequencing of concepts under these
units are presented in Chart I. The concepts included under
different units and their sequence are represented in charts

(flow charts) 2 to 10. Flow chart 2 presents.a comprehensive



12

81
picture of the entire course content. The remaining flow charts

present content included in units I toe VIII separately.

CHART 1

CHART SHOWING CHANGES MADE IN THE SEQUENCING
OF CONCEPTS IN UNITS 2. 3 AND 5
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Unit Sequence of concepts as Changes made in the seque-
occurring in the text- nce by the investigator
book
Unit 2 (a) Cell as a basic unit (a) Cell as a basic unit
of life. of life.
(b) Organelles found in (b) Physical and chemical
the protoplasm. constituents of proto-
plasm.
(c) Physical and chemical (c) Organelles found in the
constituents of proto- protoplasm.
plasn,
(d) Cell theory and its (d) Cell theory and its
propounders. propounders.

Unit 8 (a) Concept of Autotrophic (a) Concept of Autotrophic

Nutrition. Nutrition.
(b) Concept of photosyn- (b) Concept of photosyn-
thesis. thesis.
(¢) Factors influencing (¢) Chemosynthesis.
photosynthesis.
(d) Mechanism of photo- (&) Mechanism of photosyn~
synthesis. thesis and chemosynthe-
sis.
(e} Gaseous exchange. (e) Factors infleencing
photosynthesis.
(f) Carbon cycle. . (f) Gaseous exchange.
(g) Chemosynthesis. (g) Carbon cycle.
(h) Nitrogen cycle. (h) Nitrogen cycle
Unit 5 (a) Concept of Transpor- (a) Concept of Transporta-
tation. tion in plants and
animals.
(b) Transportation in (b) Transportation in
. animals. : ~ animals.
(e¢) Nature of blood and (¢} Circulation of blood
) its functions. in man.
(d) Circulation of blood (d) Nature of blcod and
in man. its functions.
(e) Transportation in (e) Transportation in

plante. plants.
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UNIT.I:

IMPORTANCE OF STUDYING SCIENCE

Chart_ii:
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UNIT.II: STRUCTURE OF A CELL AND ITS CONSTITUENTS

Living organisms
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UNIT.III: AUTOTROPHIC NUTRITION

Constituents of protoplasm
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UNIT_IV HETEROTROPHIC NUTRITION
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UNIT_V: TRANSPORTATION AND CIRCULATION
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UNIT_VI: RESPIRATION AND PRODUCTION OF ENERGY 85
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UNIT-VII:

EXCRETTION

During the process of digestion
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UNIT_VIII WATER ECONOMY
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Content Outliﬁe of the Units:

Unit 1: Importance of studying science
(a) Nature of science
(b) Nature of scientifie inguiry
(¢) Contributions of scientists to the field of
knoiledge
(d) Adventages of scientific discoveries
(e) Misuse of scientific inventions

(f) How you would study science.
Unit 2: Structure of a cell and its constituents

(a) Organs and systems in 1iving organisms

(b) Cell as a basic unit of life ‘

(¢) Physical and chemical nature of protoplasm

(a) Organellés found in protoplasm and their
fﬁnctions.

(e) Cell theory and its propounders.
Unit 3: Autotrophic Nutrition

(a) Concept of autotrophic nutrition
(b) Concept of photosynthesis

(c} Factors influencing photosynthesds
() -Carbon cycle

(e) Gaseous exchange

(£) Chemosynthesis.
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Unit 4:

Unit 5:

Unit 6:

Unit 7:

g2

Heterotrophic Nutrition

(2) Concept of heterotrophic nutriticn

(b) Different modes of heterotrophiec nutrition
(e) Different types of ingestion of food

(d) Different types of digestion in snimals
(e) Interdependence of animals snd plants

(f) Food chain and ecosystem
Transportation and circulation

(a) Concept of transportation
(b) Transportation in plants and animals
(c) Nature of circulation in animals

(d) Nature of blood and its functions.
Respiration and production of energy

(a) Concept of respiration

(b) Types of respiration in plants

(¢) Respiration in animals

(d) Mechanism of respiration in animals

(e) End products of respiration.
Excretion

(a) Concept of excretion

(b) Different forms of the removal of waste products.

(c¢) Mechenism of urine formation in humsn beings

and the role of kidneys.
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(d) Maintenance of water balance in the body .

Unit 8: Water economy

(a) Concept of how water content is balanced in
the living organisms

(b) Need for such a maintenance

(c) Modificatiocns seen in living organisms for
this purpose.

(d) Classification of living organisms according

to thelr habitat.
Entering Behaviour and Target Population:

As it was mentioned earlier, the strategy was
conceived to teaching the course Biology ﬁo VIII std.studgnts.
The target‘populatian, hence, was VIII std. students. All the
students had 'English' as their medium of instruction in all
their previous standards. Hence, the requirement of basic
ability to read and comprehend simple English was presumed.
As regards the concepts included in the VIII std.syllabus,
it may be mentioned that they were not totally new in their
introduction in the course. Many concepts had been dealt with
in their earlier standards in an introductory manner. Since
the students have completed those standards successfully,
the prerequisites for Learndng the concepts in the VIII std.

syllabus was presumed.



Terminal Behagviour:

Taking into consideration the broad objectives of the
course and thé content included in each unit, terminal
behaviours were specified in behavioural terms. Since the
first unit formed just an introductory unit, in other words
an orientation unit, terminal behaviours were not specified.
This unit was intended to bring home to students the impor-
tance of studying science, and also how they would be study-
ing it that year. Terminal behaviours specified for the rest

of the units have been presented in the pages to follow.
Unit 2

1. Students will recall that plant cell is a bit

of protoplasm surrounded by cell wall.

2., Students will recall that animal cell is a bit

of protoplasm surrounded by cell membrane.

3. Students will recall the different aspects of
cell theory.

4, Given names of biologists, students will
recognize the names of the persons who formulated the cell

theory.,

5. ©Students will recall that cytoplasm and nucleus

are the two major areas of protoplasm.

6. When given names of different chemical
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compounds present in protoplasm, students will classify them

into organic and inorganic compounds.,

" 7. Students will reason out a%}o why water is

important for the life of an organism,

8. OStudents will reason out a#to why a rat fed only
on solid food dies, Wwhereas, a rat fed on both solid and

liguid food lives.,

9. Students will recall the chemical composition of

carbohydrates.

10. Students will name atleast three examples of

carbohydrates.

11. Students will recall the process of energy forme-
tion in cells, nanely, conversion of ADP into ATP, and again

back to ADP,

12. Students will recall the chemical composition

of fats and proteins.

13. Students will name atleast three examples for

proteins and fats.

14. Students will reason out as to why amino acids

are called as building blocks of proteins.

15, Students will recall the inclusions of nucleo-

plasn.
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16, Students will recsall the names of the two types

of nucleic acids present in cells.

17 . Students will reason out as&o why certain

diseases are called as hereditary diseases.

18. Given the unlabelled diagram: of an animal cell,

students will label the parts of the cell.

19, BStudents will differentiate between a plant cell
and an animal cell with regard to the Organelles present in

them.

20. Students recall ome function each of the

Organelles present in plant and animal cell.

21. Students will represent the parts of a plant
cell diagrammatically.

22, OStudents will recall the concept of toti-

potency of a cell.

23, Btudents will reason out a%%o why snimal cells

need a readily available source of food nutritients.

24, Students will reason oub the effect of the
removal of nucleus from the cell with regard to the energy

formation and transformation of hereditary Eharacteristics.
Unit 3

‘1. Students will recall that the basic food
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requirements of all living organisms are carbohydrates, fats

and proteins.

2. Stude@ts will recall that plants'ménufacture

starch by the process of photosynthesis.

3. After observing Gandng's light screen experi-
ment, students will infer that light is necessary for the

manufacture of starch by plants.

/
4, Students will reason out aito why a plant kept

in complete darkness dies within a few days.

5. After observing Molls half-leaf experiment,
students will infer that bog is necessary for the manufaqture

of starch.

6. ©Students will illustrate with the help of a

diagram Molls half-leaf experiment,

/{ .
7. BStudents will reason out a?to why animals are
able to survive £ on the world even though tney give out large

amount of COg.

8. After observing hydrilla experiment, students

will infer that Oxygen ié evolved during photosynthesis.

9. Students will illustrate with the help of a
diagram the experiment showing that Oy is evolved during

photosynthesis.
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10. ©Students will reason out aéto why green plants

are kept in aguarium.

11. Given the equation representing photosynthesis,

stuadents will recall the definition of photosynthesis.

12. Students will recall the two major reactions

of photosynthesis.

13. Students will recall the role of sunlight in

the process of photosynthesis.

14. ©Students will recall the steps of light react-

ion.

{
15. Students will recsall the reasons a%to why a set

of reactions of photosynthesis is called as light reaction.
16, Students will recall the steps of dark reaction.

{
17. Students will reason out aﬁto why a set of

reactions of photosynthesis is called as dark reactions.

18. Given different steps of photosynthesis,
students will trace the path of carbon from the atmosphere

till the formation of carbohydrates by rearranging the steps.

19. OStudents will recall the mechanism of gaseous

exchange in plants.

20. OStuadents will recall that during chemosynthesis,
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plants make use of chemical energy for manufacturing their

food.

21. Students will reason out as to how 002 level is

maintained in the atmosphere.

22. Students will reason out the importance of

fertilizers for the growth of plents.

23. ©Students will recall that plants csn utilize

atmospheric nitrogen enly in the form of nitrates.

24, Given different steps involved in the fixatiom

of nitrogen, students will rearrange them in logical order.

. /
25. ©Students will reason out a%to why farmers grow

leguminose plants (pulses) after growing paddy, wheat, etc.
Unit 4

1. Students will recall that animals and non-green
plants obtain their food from other organisms whether 1iving

or dead.

2., Students will recall the three modes of hetero-

trophism ,namely, holozolc, saprophyfic and parasitic.

3. Students will give atleast two examples for

each of the mode of heterotrophism.

4, When given two modes of nutrition, students

would differentiate between autotrophs and heterotrophs.
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5. Given the date, students will differentiate

between saprophytic and chemosynthetic mode of nutrition.

6. Students will differentiate between producers

and consumers.

2., Given the information, students will develop a

food chain out of the information.

3. Students will differentiate between intracellular

and extracellular digestion.
9., OStudents will define the process of digestion.

10. ©Students will recell that ptylin in salive

converts starch into sugar.

11. Students will recall the functions of the

enzymes present in the digestive juices.

12. Students will recall that insectiverous plants

feed on insects and other small organisms.

13. Students will differentiate between symbiosis

and parasitism.

14. Students will reason out as to what happenswhen

the whole of small intestine is removed from the body of a

mmmlb&ng;

15. 8tudents will reason out as to why starch grains

when chewed becomes sweat.
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16. Students will reason out asto why food is to be

chewed well before it is swallowed.
Unit 5

1. Students will recall that the process by which
substances are transported from one part of the body to the

other is called ecirculation.

2. Students will recall that the main function of
circulatory system is to provide every cell with food, water,

and removal of metabolic wastes.

3. Students will recall the mode of transportation

in lower as well as higher organisms.

4, Students will name the organs of human circuls-

tory system.

5. ©Students will differentiate between open and

closed types of ‘ecirculatory systems.

6. Students will define double circulation giving

atleast two examples.
7. Students will néme the constituents of blood.

8. ©Students will recall that haemoglobine and

haemocyanin are the two types of blood pigments.

9., Studentswill relate the type of blood pigment

~present in the blood and colour of the blood.
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10. Students will recall the different functions
berfonned by blood.

11. Students will recall the names of the tissues
that help in translocation of food and other substances in

plants.

12. BStudents will differentiaste between the funct-

ions performed by Xylem and phloem vessels.

13. Given the diagram of girdling in plants,
’
students will reason out aﬁto why foocd 1s collected above the

girdling.

14. Students will reason out the impertance of the

hgemoglobine to human beings.

15. Students will reason out the importance of

platelets in the blood of humen beings.

16. ©Students will reason out the importence of

W.B.C. in the blood of human beings.

17. Given the information about an animal,students
will reason out whether the snimal has circulatory system or

not.

18. Students will draw a diagram of human heart

and label its parts.
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Unit 6

1, ©Students will recall that every cell of a
living organism reguires energy to perform various metabolic

activities.

2. OStudents will see the relationship between

oxidation of food and burning of a candle.

'3, Students will recall the definition of

respiration.

4. ©Students will recall that glycolysis and Krebs

cycle are the two major steps in respiration.

5. Students will recall that mitochondriss are

the power houses of cells.

6. Students will differentiate between aerobic

and snaerobic types of respiratio.

7. Given the eguations of aerobic and anaerobic
resplrations, students will see the relationship between the

amount of heat evolved and the type of respiration.

8. Given the apparatus, students will write the
procedure of the experiment to show that heat is evolved

during aerobic respiration.

g, Students will infer that one of the waste

products of respiration is carbon disxide.
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10. Given the procedure of the experiment, viz.,
carbon dioxide is produced during respiration, students will

drav a neat sketch of the set up of the apparatus.

11. BStudents will recall that in lower organisms,
exchange of gases takes place through the process of 4iffu-

sion.

12. Given the different process of exchange of gases

and the types of respiration, students will match them.

13, Given the information that an organism is not
having specilal respiratory or circulatory system, students
will reason out the nature of exchange of gases in that

organism.

14. Given the table representing the composition
of inhéled alr and exhsled air, students will interpret the

table.

I
15. Students will reason out asto why a fish placed

/

in water which is boiled gnd cooled dies in a short time.

16. ©Students will predict the conéequences, when a
person is made to breathe in the same air which he has breathe

out for a number of times.

17. Students will reason out asto why a person

requires more food during winter than in summer.
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18. Students will draw the diagram of human

respiratory system and label the parts.
Unit 7

l. ©Students will récall that when proteins are
oxidised, waste products like COg, Ho0, urea and uric acid

are éroduced.

2. Students will recall that when sugars and fats

are oxidised,waste products like €0y, Ho0 are produced.

3. BStudents will recall the definition of exere-

tion,

4., Students will relate the nagture of the waste

product and the way it is removed.

5. Students will recall that nitrogenous substances
produced during metabolic activities are thrown out in the

form of urea, uric acid etc. in animals.,

6. Students will recall the mode of removal of

waste products in lewer organisms.

7. Students will recall the different types of

excretory organs found in animals.

8. Students will recall the different ways of

removal of waste products in man.
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9. Given various steps of the formation and removal

of urine, students will rearrange them.

10. ©Students will draw a neat sketeh of the cross

section of human kidney end label its parts.

11. ©Students will recall the functions of skin, in

human beings.

" /
12. Students will reason out a%to why plants do not

have any speclal excretory organs as in amimals.

13. Students will cite atleast 3 plants waste

products which are useful to man.

14. Students will see the relationship in the

process of removal of COs by plants and animals.

, ‘ / .
15. Students will reason out aito why people drink

Lot of water during summer than in winter.

- /
16. OStudents will give reasons asﬁo why a person
passes comparatively less amount of urine during summer than

in winter.

17. ©Students will reason out aito why a person

feels cool under a working electric fan.

18, BStudents will recall the composition of urine

in human beings.
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Unit 8

1. BStudents will recall the importance of water

to 8ll living organisms.

2., Students will recall the different forms of

removal of water from the human body.

3. Students will recell the definition of transporta-

tion.

4. Students will recall that wilting in plants
takes place due to excesslve eveporation of water and less

abgsorption -of water from the roots.

‘5. ©Students will discriminate the important

funection: of skin from others. @

”

6. Given the description about a plant, students

will identify the habitat to which it belongs.

7. Students will see the relationship between the
habitat of the plents and the corresponding modification in

plants.

8., Students will reason out the different factors

that affect transpiratiom.

9. Given the descriptim about an animal,students

will mention the habitat to which it belongs.
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DEVELOPMENT OF SOFTWARE MATERIAL TO BE
PRESENTED THROUGH THE COMPONENTS IDENTIFIED
FOR_TEACHING DIFFERENT UNITS IN THE COURSE

Keeping in view the terminal behaviours specified
for eac%unit, their sequence, and the structure of the content
included in- the unit, appropriate combingtion of components
were arrived at for teaching each unit. Chart XI presents the
combination of components utilized for teaching eight units
of the course. Detalls regarding the development of software
materials for the various components are presented in whst

follows.

Introduction by the Teacher

Every unit was introduced to students with a brief‘
introduction to the whole unit. The idea behind providing
such an informatiom was to - lead students from known to
unknown. In other words, through introduction attempts were
made to link information about concepts presentéd in that
particular unit with students' previous knowledge about
those concepts. So that, the infomstion in the unit would
not be sometﬁing totally new to students, on the other hand,
would fit into their already exlsting cognitive structure.
In this respect, it was thought that introduection to the
unit would serve as 'Advenced Organizers' as proposed by
Ausubel L&@éS). For developing software material for this
component, the mgjot concepts which the students would be

coming across in different units were listed. The concepts
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belonging to a particular unit were linked with each other
and highlighted in the introduction to that unit. Through
this, students were made known before hand as to what exact-
1y they would be studying in that'barticular unit. This was
done with the assumption that prior information about

concepts which they would be studying in that unit would

help them to understand the concepts better. Sometimes,
certain quéstions have also been raised in the introduction.
This was done with a view to generating curiosity in students,
and thereby propelling them to think and seek answers to

those guestions.

In the introduction, at the end, it was also mention-
ed as to how they would be proceeding with the instructional
material provided to them. This was done to facilitate
students in the proper utilizatiom of the instructional
material. This brief introduction was provided to students
in wreitten form in the units which started with self-learning
téechniques, and orally in units which began with teacher's
explanation, However, in such units also, where introduction
was given oraglly, a point was made to supply students with
introduction in written form, after teacher's explanation
was over. Software material developed for this component
have been presented in Vol.II of this report.

7
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Programmed Learning Material (PLM)
and Deviated PIM

PLM and Deviated PLM have been used to teach concepts
which necessitated lesst interference by the teacher in
enabling students to understand information about the concepts.
Keeping in view the COgnitiQe aspect of the terminal behaviours
and the entering behaviours of the learners, either PLM ér
deviated PLM was developed. It may be mentioned that the
nature of the subject matter (Biology) with its emphasis on
observation has necessitated to bring in certain deviations
in the format and style of presenting information under these
components. Descriptions sbout the two instructional compo-

nents are presented in the following, separately.
Programued Learning Material:

In the PIM developed, the frames have been presented
between horizontal lines, and the correct answers provided
at the left hand margin of the succeeding frame. Students are
expected to resad each frame and write their answers in the
blanks provided therein, after covering the given correct

answer by a card distributed to them for that purpose.

So far as the style of PIM is concerned, throughout,
it  has been of 'Linear style'. Although, it is not a linear
programme of the traditional Skinnerisn type such as the one
vritten by Hollan\d/ and Skinner (1961). In the PLM developed,

variations have been brought in with respect to‘size of the
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franes, presentation of extra-frame material in-between
frames, and in including diegrams in the frames. In these
respects, it deviated from the conventional Skinnerisn style
of progrsmmed learning material, wherein, size of the frames
is very small. The size of the frame in the present PLM has
been determined on the basis of the adequacy of the informa-

tion presented through it about an idea or its aspects.
Frame Components:

Each frame in the PLM, including the correct answer,
may be taken to consist of three parts. They are, a bit of
information, a guestion in the fom of blank and the correct
ansWwer provided immediately after the frame. However, in some
frames, a diasgram was also included to explain the ides
contained in the frame better. This has been illustrated in

the frame, viz., frame with a diagram.

Example 1 : A Typical Frame

Frame:

In the laboratory, you have observed onion peel
under microscope. You might have noticed that

onion peel is composed of a number of cells.

As onion is composed of a number of cells,

it is not a organism,.

Correct
Response - Unicellulsar
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Example 2

Frame with a Diagram

Frame:

1143

See the diagram. It is the
diagram of an organism

known as Buglena. The entire
organism -~ is & small bit of
protoplasm surrounded by a
cell membrane. Hence,Euglena

is also 2 _celled

animsal,

EuGaLENRA

Correct

Response -

Single

Frame Structure:

The term 'frame structure' has been used to mean the

specific types of questions intended in different frames of

the programme. Programmes written in the traditional linesr

form, as the one by Holland and Skiﬁffg'(1961)’ adopt

completion type question as the uniform type of frame

structure. The assumption made for using this type of frame

structure uniformly is that students learn better if they

have to construct their own answers instead of simply

choosing the correct answer from a given set of answers. In

the present PLM also completion type of frame structure is

used uniformly throughout. An example in respect of this
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frame structure is given below.

Example 3 : Completion Type of Frame Structure.

Freame:

Similarly, if you test for the presence of
proteins in other plents also, you will find

that all plant cells contein protein.

In other words, is present in
all plants.

Correct

Response - Protein

Extrs Frame Material :

In the courée of the presenflPLM, one would freguent-
1y come across material presented in between frames. This
materizl may be called as extra frame material. They have
been introduced in the PLM with a view to elther consolidate
what students had studied in the earlier frames, or to
provide additional information about the concepts, or to
serve as a link to the next concept dealt in the succeeding
framnes. Exémples in respect of these three different types

of extra frame material used in the text are given below.
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Example 4 : Extra Frame Material used for Sunmxé.rising

Frame

Now let us try to summarise what we have
studied so far. We have studied in the earlier
frames about two types of association that exists
among ‘certain organisms, namely, paracitism and
symbiosis. Paracitism is a harmful association '
that exists between two organismé? wherein, only
one organism 1s benefited. Symbiosis is another
type of ass‘Ociation that exists between two
orgenisms, wherein, both the organisms are

benefited.

Example 5 : Extra Frame Material for Providing

Additional Information.

Frame -

In the earlier frames you studied about two
examples of fats namely 'Stearin' and 'Oleic!
acid. To cite a few other common examples, butter,
ghee, vanaspa’éhi, wax, milk cream, etc., are all

fats.
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Example 6: Extra Frame Material used as Links.

Frame

So far we -have tried to understand the
chemical composition of proteins. You might recall
| that in addition to proteinsg, fats and carbo-
hydrates, protoplasm of living organisms contain
another organic compound, namely, nucleic acids..
In the next few frames let us try to understand

the chemical composition of nucleic acids. -

Response mode:

Throughout- the PLM, the mode of response has been
kept as 'overt', For each frame, the student has to indicate
his response in writing.'Then, he compares his snswer with
the correct answer provided immediat@ly after the frame.

He proceeds to the next frame if his snswer is correct ;
but, if his answer is incorrect, he reads the previous
frame/frames agains, undergtands the point, and then proceeds

further.

Frame size:
’ /

According to ;réditional Skinnerian PLM, the
basic principle is to maintain the frame size as small
as possible. In the presebt case, this has not been

strictly followed. One would cOme across many large

i
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frames. However, what needs to be mentioned is that in
a frame only a single idea has been dealt with. In large
frames, the additional information provided has been only
to facilitate better understanding of the idea presented.
As an illustration, a large frame taken from the text is

presented below.
Example 7 : A Large Frame

Frame

Well, now you know two types of animals,
nameiy, carnivorous and herbivorous animals. In
addition to these categories, there is another
category of animals which feed on both plants
as well as animals.‘These animals dare called as

ocmnivorous animals.

- Human beings, as you know, feed on both

plant products as well animal products. Hence,

they are enimals.
Correct ]
Response -~ .Omnivorous
Prompts:

Prompting is a basic technigue employed in
frame writing with -a view to helping the students
to arrive at the correct answer for the guestion

posed in the frame. In the PLM developed in the
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strategy, all the three kinds of prompts, namely,
visual prompts, formal prompts and thematic
prompts have been used considering their suita-
bility in the particulaf learning situation. But
‘a majority of the prompts have been visual and
formal prompts. Examples in respect of the
different types of prompts utilized in the PLM

developed have been presented below,

Example 8 : Visual Prompt

Frame

In the earlier example, namely, bacteria
living in the mouth and intestime of human beings,
bacteria are called as parasites, since they

obtain =+ food directly from living organisms.

In the example of bacteria and human béings,
human beings serve as hosts for the bacteria

which are the .

Correct
Response - Parasites

Example 9@ : Formal Prompt

Franme .

The difference between symbiosis and parasi-

tism is, in symbiosis both the organisms are
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benefitfed, whereas, in parasitism only one organism

is benefitfed.

Parasitism differs from symbiosis, because,

in parasitism only organism is

benefltted, whereas in symbiosis both the organi-

sms are benefitted.

Correct

Response

- One

Example 10 : Thematic Prompt

Frame

Recall what you observed sbout skin of
potato, tomato and frog under the microscope. You
have noticed that they are composed of more than
one cell., Since, potato, tomato, frog, etc., are
composed of moré than one cell they are called

as organisms.

Correct

Response

- Malticellular

Frame Seqguence:

Another feature of programmed learning material is

the sequential presentation of the information. Basically,

two approaches of sequencing have been followed hitherto

by the programme writers. They are 'Eg rule' and 'Rule eg'.
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In the PLM developed in the strategy, 'Eg rule' approach,
which promotes 'Inductive thinking' has been followed with =z
view to catering to the development of certsin inquiry
abilities in students like identifying the commonglities
present in the different examples provided, arriving at the
generalisation or 'rule' ete. However, at certain places in

the PLM 'Rule eg' approach also has been utiliged.
Types of Frames:

Three types of frames have been used im the PLM.
They are teaching frames, practice frames and review frames.
Teaching frames have been used to impart information, follow-
ed by practice_frames as a sort of drill frames. At the end
of the presentatiom of g concept/concepts, review frames
have been presented to enable the students to review what
they have studied about the concept of concepts till then.

Examples in respect of these three {ypes are presented below .

Example 11 : A Teaching Frame

Frame

Let us take one exgmple of a protein present
in wheat, namely, gliadin. It is composed of 685
atoms of carbon, 1068 aroms of hydrogen, 196
atoms of nitrogen, 211 atoms of oxygen‘and 5

aroms of sulphur.
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42 From the asbove composition we can write
the chemical formula for gliadin as .
Correct
- N
Response Coss 1068 196 Co11 s

Example 12 : Practice Frame

The chemical composition of the protein 'Zein'
are like this. It is composed of 736 aroms of
carbon, 1161 atoms of hydrogen, 184 atoms of
nitrogen, 208 atoms of oxygen and 3 atoms of

sulphur.

If the chemical composition of protein 'Zein'’
is to be represented in the form of a formula,

it would be

Correct - -
Response - Cyagli 51874054553

Example 13 : Review Frame

Frame

So far we tried to understand about the

composition of different types of proteins.

We can say that proteins are




compounds, and are composed of atoms of

Correct
Response - Carbon, Hydrogen, Nitrogen, Oxygen, Sulphur.

The software material developed in respect of this

Y

component is presented in Vol.II of this report.
Deviated Programmed Learning Material:

Deviated PLM is another technique which has been
introduced into the instructional strategy to lmpart basic
information about certain concepts. Here the information
related to a particular idea has been provided in the form
of small paragrephs, with adequate illustrations through
disgrams. After a few concepﬁs being presented this way,
guestions pertaining to the concepts have been presented.
The reasons for adopting such a technique (presenting

information in small paragraphs) are the following.

While analysing the content, it was noticed that a
few concepts in the course had been already dealt with in
the earlier standards. It was thought that providing infor-
mation about those concepts through small frames, may mske
the students feel bored to go through the frames. Further,
since the students had studied those concepts in thelr
previous standards, it was presumed that providing informa-

tion relating to a particular lidea illustrated with



appropriate diagrams may faclilitate learning independently
in less time. To facilitate this aspect, software material
for this component was developed keeping in view certain
considerations such as gradual approximation of concepts,
questions to answer and also the correct answers to the
questions for self-checking and feedback, which are generally
considered essential for any self-learning technigque. Soft-
ware material developed in respect of this component is

presented in Vol.II of this report.

Lecture Method:

Lecture method is another technique which has been
utilized to impart basic information about certain concepts.
Specifically, the concepts, teaching of which required more
of teacher's explana?ion and interaction with the students.
In this respect, it may be mentioned that the technique did
not remain as lecture method in its traditional sense. The
interaction aspect was facllitated by ralsing questions,
seeking clarifications from the students, etc. Further,
an effective treatment of these concepts requirea more
explanation from the teacher — explaining with the help of
charts, blackboard diagrams, models, experiments, etc.,and
also, focussing students' attention on relevant points.
Treating such concepts through self-leérning ways may
require more time and additional resources. Hence, keeping
in view the amount of teacher's explanation needed, the time

and the availability of other resources, lecture method
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(Didactic expository methode) was planned to teach certain

concepts. To facilitate students' reference at home, infor-

‘mation presented through this tecinique was supplied to
- /

stadents in written form after the exposition. Software
material developed in respect of this component is presented

in Vol.IT of this report.

Team Teaching:

This technique has been utilized in the strategy with
an objective to bringing home to students the interrelatedness
of the three aspects of sclence, namely, Physics, Chemistry
and Biology. More specifically, the objective behind utiliz-
ing such sn spproach had been to imbibe in students the fact
that a single event or a phenomenon occurring in the environ-
ment will have more then an underlying concept or principle
needed to understand it in its entirety. These concepts and
principles may pertain to different aspects of the event or
phenomenon, namely, the physical, chemical or biological.
Hence, for developing an understanding of such an event or
phencmenon in students, it. becomes necessary to present
learning experiences relating to these aspects of the pheno-
menon or event. SBuch exposures could be done througn the
technigue of team teaching, wherein, two or more teachers
(specialised in particulér disciplines) would be presenting
the informatia about a concept from different viewpoints,
bringing in the interrelatedness of the information. In the

present study, through content analysis, concepts which were
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more prone to such a treatment were identified. The concepts
such as nitrogen cycle and the mechanism of gaseous exchange
in plants of the Unit III were taught through this technigue.
The physical and chemical aspects of these concepts were dealt
by snother investigator of thelinstitutianal project (referred
to in Chapter II) who was developing material for physics and
chenistry. The leaming experiences were presented to students
in the form of arguments, involving students often in the
process of argumentation by raising guestions, and arriving at
particular conclusions. Cyclostyled handouts were supplied to
students after the exposure. This was done to facilitate
students in recalling specific aspects of the argumentation
whenever they required} Software material in respect of this

component is presented in Vol.Il of this report.

Ingquiry Technique:

The process of inguiry has been defined by various
authors in various ways. In a narrow sense, it has been defin-
ed as a method of seeking answer through the systematic use of
the scientific method. But a few who do not support this
definition, define the term as 'whatever a scientist does to
solve a problem'. Bruner (1961), a wellknown cogniﬁive
psychologist contenégg£hat thr?ugh the process of discovery
learning the students will have to explore examples in the
environment and from them 'discover’ the principles or concepts

which are to be learned. While discussing the advantages of

discovery learning, he stresses that teaching through
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discovery method would enable students to increase their
intellectual potency, imbibe abilities required for future
discoveries and help the students in retainihg and retrieving
the information. To enable the students to undergo such an
experience, guestioning technigue coupled with teacher demon-
strations has been used iIm the strategy. Through guestioning,
stadentS'éere propelled to generste hypothéses sbout certsin
scientific principles. By way of demonstration of experiments,
students were given an opportunity to test these hypotheses.
Software material in respect of this component is presented

in Vol.l11 of this report.

Pupil ‘Activities and Teacher's Demonstrations:

As already menticned in the beginning of this section,
a principle that was kept in mind while developing software
material, was the principle of learning through performance.
Learning of concepts in the discipline of science involves
more of observation and-perception of the phenomenon occurr-
ing in the enviromment and understanding it through its
operation., To facilitate this, simple activities to explain
the phenomencn were incorporated in the lesrning experiences.
The nature of the asctivities have been such that students
could perform them at home utilizing simple instruments or
appafatus. Those experiments which required costly or not-
easily~-available equipments, were demdnstrated to students.

Pupil activities, sometimes, were organized in groups also
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with the objective of developing in students the ability to
work in groups cooperatively. Examples in respect of these can
ye found in the learning material presented in VblLII of this

report.

Discussion Sessions: 4

To ‘bring in the aspect of human interaction, discuss-
ion sessions were organized. This component has been incorporét-
ed in the strategy with a view to échieving the following

objectives:
1. to clarify the doubts encountered by students; ¢
2. to develop in students certain higher cognitive
abilities; and
3. to develop certain affect attributes like open-

mindedness, tolerance, etc.

L4

The discussion sesgions were not unstructured as-is

usually the case at higher levels of edqcatiéﬁ. Since the

students were of the tender age, discussion sessions were
structured with a view to assisting the students to imbibe the
ability to discuss. At the following points in the.process of
instruction, slabs of discussion sessions have been organized
in the strategy.:They are: k

\

1. after treating a few concepts,

2. after teacher's demonstrations,

3. at the completion of & unit.

It may be mentioned that the points for discussion
Wwere arrived at beforehand through content analysis. They

v

were discﬁssed at appropriate places. These points can be

found inlthe learning material presentedhin Vol.Il of this
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report.

Audio-Visugl Presentation;

Both projective aids (slides and transparencies) and
non-projective aids (charts and models) accompanied by
teacher's explanation have been used in the strategy with a
view to making the concepts easily ugderstandab;e to students.
These aids have been used to teach such concepts as 'Organe-
lles of a cell and their funcﬁions‘, ‘process of digestion in

animals', ‘mechanism of respiration', etc.,in the strategy.

For preparing slidgs,’first, diagrams were drawn on
drawing sheets cut to the size of 10" x 6" with Indian ink.
These diagrams were photographed. The film negatives were
devéloped into 2" x 2" slides, and projecﬁed through the slide
projector. h .

Fof'prebaring transparencies,diagramé were traced on
cellophane paper in Indian ink. The transparencies were of the
size of 8" x 10". In some transpérencies,gven colour was used
to represént thémpérts distinetly. These transparenéies were
bordered on all the sides with hard cover paper striﬁs, and
were projedted an screen- using overhead projector.The proje-
ctions were accampanied by teaqher’s explanation. After the
presentations,a work-booklet was distributed to students.These
work-bookgets contained questions related to the points presen-
ted through projections. Further,to facilitate reviewing at
home, students were supplied with cyclostyled gopies of the

entire presentation (both audio as well as visual), Diagrams
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presented through slide and overhead projector along with
teacher's explanation and also the workbooklets are present-

ed in Vol.II of this report.

Historical Background of Scientists

It is g fact that many of the scientific inventions
and discoveries, if not all, are because of scientists‘ wild
guesses. BExposing students as to how certain scientists made
wild guesses and how they thought about the problem from
various angles would not only generate. interest in students
in the subject, but will also provoke students to think like
sclentists. Further, it is also a fact that sclence is not
a finished product, but a process in itself of man's search
for truth. Through incorporaticn of such informatiocn, it waé
thought to bring home to students the above facts and slso
to expose students to certain gualities like tolerance,
patience, open-mindedness, curiosity etec., (scientific
attitude) which scientists exhibited in their pursuit of
knovledge. Software material in respect of this component

is presented in Vol,Il1 of this report.

‘Summaries:

Structured summaries were provided at two places in
the course of an instructional unit. One, at the end of the
completion of the unit. This has been provided with a view

to helping the students to get an overall picture of what
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they had studied in that particular unit, and also to facili-
tate quick revision at the time of tests and examinations.
Second point at which summaries have been incorporated is at
the end of completim of a few concepts in a unit. This has
been done with a view to establishing and retaining the 1link
Wwhich is necessary, especially, when an instructional unit
includes a number of concepts. To retain the positive aspect
of teacher involvement, these summaries were first discussed
in the class, eventhough they were provided to students almg
with the instructional materials, specially the self-learning
material. Software in respect of this component cen be seen
at appropriate places in the learning material presented in

N

Vol. II of this report.

Criterion Tests snd Feedback:

To ensure the outcome of the strategy in terms of
students' achievement, criterion tests (unit tests and
comprehensive tests) were developed. A criterion test is one
that determines the extent to which the terminal behaviours
are attained. Unlike a norm-reference test, its objective
is not to discriminate between high and lov achievers but to
detect steps arrived at by each student, where he has failed,

whether he has acquired the terminal behaviour or not. Hence,

“in g criterion test the main consideration would be the

relevence of the items to the termal behaviours specified.
In the present investigation, in all, seven unit tests were

developed for units 2 to 8. As the first unit was only an
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orientation unit, no unit test was developed. These tests
were developed simultaneously along with the listing of the
terminal behagviours. Since these tests were developed in
accordance with the terminal behaviours, achievement on the
criterion tests would indicate the extent of attainment of
termiinal behaviours. The questions in the unit tests were
mainly of multiple choice and short answer type, snd catered
to four categories of objectives, viz., knowledge, understand-
ing, gpplication and skill. It may be mentioned that all the
unit tests contained questions related to knowledge, under-
standing and application objectives. Only unit tests 6 and 7
contained itemg related to skiil. The scheme of categorisstion
of the objectives for measurement purposes is in accordance
with the Advanced Curriculum Model of Cognitive Learning
(ACMCL) developed by Dngl/eta‘al. (1974) . It is an empirical-
1y validated theoretiecal frame work or model for classifying
evaluation goeals under cognitive domain, In this model, the
evaluation gosls have been classified into 4 categories, viz.,
knowledge, understanding, application and creativity,. In
addition to unit tests, two comprehensive tests were also
developed. Comprehensive Test-I was comprehensive of Upits

2, 3, 4 and 5. Comprehensive Test-II covered Units 6. 7 and
8., Both the comprehensive tests included representative
samples of items related to the 4 categories of objectives,
viz., knowledge, understanding, application and skill.

The questions in the tests were mainly of the type multiple

choice'and short answer. The developed unit tests and
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comprehensive tests have been provided in Appendix-A.

Besides contributing towards validation of the
strategy and providing necessary information for reapprsisal
and modification of the instructional material, criterion
tests can also serve as a valid instructional component in
providing students with the opportunity to self-evaluste
or self-check. To provide necessary feedback, students'
performance on unit tests were aﬁalysed to study the areas
of misconception. These points were noted and clarified to
students in regular classroom sessions. Provision for
individual feedback was also made avallable to students when-
ever they sought for it. Besides providing necessary feedback
to students, these sessions were also utilized to collect
reactions of students towards various components utilized
for teaching that particular unit, since they were to be
analysed and studied for improving the instructional
mabterial. These feedback sessions have contributed to the
strategy by bringing in yet another opportunity for human
interaction, thereby, retaining the positive aspects of

teacher involvement.

Bxercises and Assignments:

Research studies (Briggs, 1968) have shown that
drill and practice are useful in solidifying, improving and
reinforecing what is learnt. Practice is same as drill,eXcept

tnat the word drill connotes4meaningless teacher conducted



54

repetition, and practice refers to more thoughtful, largely
self-directed repetition. In the strategy, this has been
provided to students in the form of exercises and assign-
ments. They have been incorporated in the strategy at
various points. As a feedback, correct snswers were provided
after the exercises, so that students could check their
answWers with the correct answers. Sometimes, exercises have
been given in the form of assignments, which required
students to collect informatim re;ating to a particular
concept from different books, or'to draw a dlagram from an
advanced boock. 1t may be mentioned that sequencing of these
components in the instructional strategy has been shown by
inserting them at appropriate places in the learning

material itself.

The software material developed for various compoO-
nents were examined by content and methodology experts for
their appropriateness. In the light of the comments of the
experts, the material was modifiled. The material was to be
made ready for the final tryout. How this has been done in

the study is explained under the next heading 'Tryout'.

Tryoutbt:

The initial tryout was done daring the year 1976-77
m a group of 45 VIII std. English medium students. These
students belonged to one section of the school, viz.,

Shreyas Vidyalaya, Baroda; the school where the final
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administration of the strategy was carried out. During this
stage of initial tryout, developed software material in a
few units for the components such as PLM, Devisted PLM, Audio-
visual presentaiiogs were gdministered to assess language
suitability, smooth flow of content matter, and for feasibi-
lity aspects. Along with these, with regard to other compo-
nents too, e.g., discussion, team teaching, ete., tryout was
done to ascertain how these components would function with-
out introducing major changes in the actual classroom
situagtions. The tryout also provide§21nsighbés to how the

various components could be sequenced to function effective-

1y.

In the light of the experience gained, the software
material for different components were suitably modified,

and thas. made ready for the final tryout,

Besides the development of software to be presented
th;ougm various components, a need was also there to develop
necessary tools for measurement pdirposes. Details regarding
the development of these tools are presented in what follows

under the heading 'Instrumentstion'.
INSTRUMENT ATION

It may be recalled from what has been presented
mder 'design' that validation of the strategy has been
done in terms of students' performance on different achieve-

ment tests, students' gain on Scientific Attitude Test
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(pre-test to post-test) and also through their reactions
towards the working of the individual components of the
strategy and the strategy as a whole. To realize this aspect
of the objective, tools such as achlevement tests, Scientific

B

Attitude Test, and 2 reaction questionnaire were developed

and utilized. Details pertaining to these tools have been

presented below:

Achisvement Tests:

—tf

Two types of achievement tests have been utiligzed
for validating the strategy in terms of students' achieve-
ment. One, unit tests and comprehensive tests developed by
the investigator; and two, an annual examination developed
by the school authorities for promoting the students to the
next standard. Details pertaining to the development of unit
tests and comprehensive tesgts have already been given under
the heading 'Development of software material to be present-
ed through the components identified for teaching different

units in the course'.

Annual Examination: A question paper for the
annual exsmination was developed by the school authorities
in consultatim with the investigator for promoting students
to the next standard. It covered Physiecs, Chemistry and
Biology portions. The guestions included under Bilology
section were comprehensive- of the units 2, 3, 4 and 5. The

guestions were mainly of the type essay-, short answer and
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multiple choice. The Biology section of the annusl examina-

tion is presented in Appendix-A.

Scientific Attitude Test:

This test was used in the investigation for validat-
ing the strategy in terms of development of scientific
attitude in students. Since no standardized test (standardi-
zed on Indisn sample) for measuring scientific attitude was
avallable, a test for the sane was developed. Details
pertaining to its development and psyc¢hometric properties

are presented in what follows.
Attitude and its Measurement:

A term, which has feceiVQd considerable attentilon
regarding its conceptualisation and measurement by the
social scientists, is 'attitude'. Derived from the Latin
word 'aptus', it signifies 'fitness' or ‘adaptednesé' and
gonnotes action. An examination of the literature on
attitudes reveal that it is replete with many and varied
connotations and its similarity with or difference from
other related concepts like opinion, habit, belief, value,

ideology, etc. In general, attitudes have been considered

" as mediating variables, =nd hence it has been argued that

they cannot be measured £rew directly and must be inferred
from some overt response (Lemon, 19733 FishBein, 1867).
Obtaiming a measure of respondent's agreement'or disagreement

with a set of opinion statements about the attitudinal



58

135

object or situatim is the most widely used spprosch. The
consideration made in the present attempt is that since

at titudes are considered as predispositions to some preferred
response, probably, a reasonable approach to attitude measure-
ment is to drasw inferences about an individual's attitude
from his endorsement, or lack of it, of various courses of
actlon in certein situations which are relevant to the
attitudinal object or situation. This is in line with the

position taken by Kozlow and Nay (1976).9?

Operational Definition of the
Construct 'Scilentific Attitude':
:

To arrive at the operastional definition of the
construct, literature related to scientific attitude Were
consulted. A perusel of the literature related to scientific
attitude reveal that in the past few decades, several
attempts have been made by researéhers to define the term
'Scilentific Attitude' and construct instruments for measur-
ing it. The works of CQrEEE/g1924); Nt%l,(1935>; Egi;/(1938);

Klopfer and Cooley (1961); Haney (1964} ; Diedrich (1967);
g

. b 1’

Moore snd Sutman (1970); Billebh and Zakhariades (1975);

Kozlow and Nay (1976))are in this direction. On the Indian
M -

scene too a few workers in the field of science teaching
have attempted to describe sclentific attitude, Vaidya-
(1976), Pritam S@ngh (1977) and Arunkumaf,énd_Men0£/21978).
1f one goes tﬁ?gﬁgh the works of theséw;uthors, what could

be observed as & commonality is that almost all the authors



59

139

have defined the construct scientific attitude in terms of
componeants, described by related behaviours. However, varia-
tion could be noticed as regards the totality of the comp O~
nents identified and the categories of behavicurs envision-
ed as belonging to a particular component. To illustrate
this point, the sclentific attitude scales de&eloped by

<
Billeh and\fg&ﬁériades (1978) and of Koglow and Nay (1976)’? i

— et e . St e A o i s s o

could be congidered. In the scale developed by Billeh and
Zekhariades (1975), under the component 'suspended judgment'
are iIncluded behaviours such as unwillingness to draw
inferences before evidence is collected, unwillingness to
accept as facts things Fhat are not supported by convinecing
proof and avoidance of guick judgments and jumping to
conclusions, WhereaSg,K?E%SH”?EQMQEXW£}§Z§)Jin91ude in thekr
scale behaviours such as generalises only to the degree
justifies by available evideunce, coOllects as much data as
possible before drawing conclusions, recognizes conclusions
as being tentative, consulting several authorities (texts,
periodicals, people) before drawing conclusicns, under the
same component. Besides, one can also notice variation with
regard to ceréain behaviours being labelled as a component
by one author, whereas, it 1s being given only a cursory
attention by another author as e of the behaviours under a
component. To cite an example,~?illeh and Zekhariades (19757 %
include theﬂbehaviour éeeking foryggéﬁ;él causes of events

and identification of cause-and-effect relationships under

the component 'Rationality', whereasy, the same behaviour is
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given the status of an individual component by Pritam Singh
(1977) . However, a description of scientific attitud:;;a
comprehensive manner is given in the Forty-sixth Year Book of
the National Society for the Study of Education and in the
works of Harris (1960) and Pritam Singh (1%27) .

As a preliminary step to grrive at the components of
scientific attitude, the lists of behaviours as enumerated by
various authors (foreign as well as India) were critically
examined for the distinctiveness or overlap of different
behaviours, if any. The investigator held discussions with a
few experts from CASE, M.S5.University of Baroda,Baroda, and
as an outeome it was concurred that the different behaviours
related to scientific attitude could be conveniently describ-
ed under eight major components which would constitute the
construct 'Scientific Attitude'. In this process of. afriving
at eight components, a few of the behaviours enumerated by
the earlier workers in the area, were logically considered
to be subsumed under particular components. The eight

canponents thus arrived at are listed hereunder:

(1) Empiricism (5) Criticality

(2) Curiosity (6) Intellectual honesty
(3) Freedom from bias (7) Seeking evidence

(4) (Spen—mindedness (8) Observation.

After arriving at the components, the related

exercise was to list the behaviours through which the
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components; of the scientific attitude could be described. The
behaviours listed for each component were examined by experts
for their adequacy in explaining the particular component and
also for any overlapping. The final list of behaviours arrived
at for each component through these discussions, have been

presented below.
1. Empiricism:

belief in cause-effect relationship;
aversion to superstition; A

commitment to rationality.

4

2. Curiosity:

tendency to know more about events, objects;

phenomena which cannot'be eiplained by the
existing knowledge;

asks questions;

reads to find information;

initiates and carries out investigations; and

inclination to observe.
3. Freedom from Bias:

respect for facts; i /
freedom-from emotional. attachment to selective

ideas, beliefs, etc.

~—



142

Open-mindedness:

respecting others' points of view:
& ]

willingness to change opinions on getting evidence
to the contrary;

considering several possible options while
investigating problems.

Criticality*

analyses various aspects of a problem or situaticn;

reflects on observations;

locks for inconsistencies in statements =nd
conclusionsy and

challenges the validity of unsupported statements.

Intellectual Honesty:

-

reports., observations evén when they contradict
his hypothesis;

acknowledges work done by others.

Seeking Evidence:

does not jump to conclusions;

does not accept statements as Tacts without
sufficient proof;

does not believe in the principle of authority
unreflectively;

generalises only to the degree justified by
availlable evidence;

recoghises conclusions as being tentative.



8., Observatim

precisiom in observation; and

detailed observation.

Having arrived at the components and the behaviours
through which the components could be described, the next
step was to construct test iftems, performance on which would
indicate the attzinment of this attribute. At this stage,the

nature of the format of the instrument was to be decided.
Test Formeat:

Literature on attitude measurement is replete with
several modes of approaches of measuring them. However, most
cemmonly adopted modes have been those of Thurstone, Likert
and Semantic differential of Bogardus. Other modes used are
guestionnaires, interview schedules, observatim schedules,
sentence completion, word association, etc. Each of the
above has its own merits, demerits snd limitations. They
have been highlighted by Lemon‘g1973). For an examiner of
these different approaches, Eggrstone scales appéal to a
greater extent than the others, since he has, in his model,
put forth a sound theoretical and mathematical foundation
to support the analytical procedures used for the calculea~
tion of scale values. However, on a2 closer scrutiny of the
Thurstone's model, it becomes apparent tonat he has assumed
a unidimensidonal attitudinal object. This assumption reguires

development of a large number of scales for identifying all
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of the dimensions of the affective domain in science instru-

ction. In this respect, Kozlow and Nay (1976)- have rightly

stated that 'since a considerable amount of work is required
on the part of respondents who provide the data from which
the scale is to be determined, the constructim of a large
number of scales may not be a practical undertaking'. As the
test was to be administered on students belonging to tender
age (14 years and below) , Likert scales were considered
inappropriate since the pointwise scgle showing degrees like
"strongly agree", "agree"', "undecided",."disagree" and
"strongly disagree" may not be easily discriminated by the
respondents., Further, both Likert and semantic differential
scales suffer from a major limitation, that is, the possi-
bility of respase blas on the part of the respondents.

For exaﬁple, the tendency on the part of respondents to
choose the extremes. Keeping in view the merits and limita-
tions of the different technigues of attitude measurement
and the consideration made in the attempt, viz., 'attitudes
are predisposgitions tc some preferred response, and can be
inferred from one's endorsement, or lack of it, of various
courses of action in certain situations which are relevent
to the attitudinal object or situation', it was decided to
use multiple cholce type of itemsfor measuring sclentific
attitude. The appropriateness of this technigue lies in its
simplicity. That is, through the stem of an item, a problema-

tic situation could be exposed to the respondents, which

would be followed by distractors describing different
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courses of action., In the process of responding to the test,
the respondent would read the stem of each item and the
alternatives provided, decide which one among the alterna-
tives would be his most frequent response and indicate it by
encireling the appropriate number that is prefixed against
the alternative. In the present attempt, multiple choice
items included a stem describing a situation relevant to

s component of the scientific attitude end the distrsctors
describing different courses of sction. However, a deviation
was made for considering the type of items related to the
compment observatiom,. Since the listed behaviours for the
component were preciseness and detsiled observation, items
of the following types were considered relevant. One, items
reguiring a comparlson of pictures apparently similar but
which could be differentiated on closer examination. Two,
items containing a passage in English which was followed by
a copy of the same but with a few errors deliberafely made,
which the respondent can figure out on keen observation and
comparison. Three, pictures requiring the respandgnt to

list all the 6bservatians/he could possibly make on them.,
Writing and Selection of Items:

With the 1isting of behaviours for each component
of scientific attitude and deciding upon the format of the
test, the next step was to write and select appropriate
items to constitute the test. In all, 80 items were written,

which constituted the, initial pool of items. Each item had
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three alternatives representing least, moderate and most
scientificity. This initial pool of items were s;rutinized
by experts to judge the representation of daily life situa-
tions within the fam;liarity of the stgdents of the target
group, to study the representation of behaviours denoted
under each component and the degree of scientificity among
alternatives provided for each item, to see that the stem of
the items déscribing the situatiocms do not suggest the
respondent to opt for a particular alternative and the items
were free from science content. Lastly, the items were also
examined for language sultability, gmbiguity of words used,

length of the stem and alternatives.

The critical examination of the initial pool of

- items by the experts yielded a total of 50 items. The exact

distribution of these 50 items in respegt of different

conponents 1s presented in the Table 3.1.

The decision to have only these few items under
each component, was made due to the consideration that having
more items sampled for each component would meke the test
unduly long, end would be more demanding on the respondent's
part. Care was tsken to see that the items belonging to a
particul ar component were distributed across the test. Also,
the order of presentation of the alternatives under each
item, representing different degrees of scientificity, was
varied scriss the items. These steps were taken to eliminate

patterned responses which might result if all the items
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TABLE 3.1

Table Indicating Distribution of 50 Items in
Respect of 8 Components of Scientific Attitude

§é Name of the component Number of items
1. Bmpiricism 6

2 Guriogity‘ 6

-dom

3. Ffree/from bias 6

4. Open-mindedness 6

5. Criticality 6

C. Intellectuzl honesty 7

7. Seeking evidence 7
8. Observation 6]

belmmging to a particular compoment were concentrated at one
point in the test, or, if the alternatives were presented in
the same order for each item. This initial format was made
complgte by providing a section preceding the items, wherein,
relevant information regarding the respondent was sought and
necessary directions to respond to the test and an illustra-
tion of performance on items were provided. The initial
format is presented in Appendix-B. How this initlal format
was tried out for selecting items for the final format, is

given under the heading 'Iryout of the initial format'.
Tryout of the Initial Format: -

Sample: The sample for trying out the initial
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format constituted of 80 students selected from two Bnglish

medium secondary schools of Baroda city. Eowevegg_for the
purpose of 1tem selectlon only 70 students were considered,
T m— T el e e ‘4". et en e P T Someweswemmmoen T - M
since the # rest 10 students did not complete the test in

- all respects.-it may be mentioned that the school where
miltimedlsa strategy was to be implemented was not consgidered
for this tryout. This was done with a view to avolding any
diffusion of information about £he test. In this connection,
it may be mentioned that the schools selected for tryout of
the initial ?ormat'were at a sufficlently far of distance
(minimom of 4 Km,) from the school where the strategy was to
be implemented. Description of the sample chosen for the
tryout of the initial format of the test i1s presented in the

Table 3.2.

TABLE 3.2

Description of Sample of Students considered
for the Tryout of the Initial Format

- n Y o T s P e Wt m W Tt ks e s gy s e Ty TS M T R W T o e T ek o e A TS e TR W LS G b e G T e

S1. Total No.of No.of students Total
No. Name of the school students responses
responding considered

- an e W s iy vnp W M Dt S o . e N R W e m e W e M T M Ll T e S e U e ey e e TV e e WP T e T TS W

1. Rosary High School, 48 46 46
. Baroda
2. Vidya Kunj High 32 24 24

School, Baroda

Administration of the Initial Formst: The test,

along with the necessary directions, was administered on the
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sample referred to earlier, during the year 1973. Administra-
tion was carried out in both the schools on the same day.
Students were allowed adeéuate time to complete all the

items. The responses thus collected on the initial format were
scored for item analysis and selection. The scoring procedure

adopted is given in what follows.
Scoring Procedure:

As has been mentioned earlier, the response alterna-
tives represented three degrees of sclentificity, namely,
least, moderate and most scigntific, These alternatives were
assigned the scores of 0, 1, and 2 respectively. Thus the
maximum score a?tainable on the test was 100 and the minimum
score would be zero. The vaiues 0, 1 and 2 are only ascri-
ptions necessitabted strictly from the formal measurement
point of view. However, it is presumed in the present
attempt that there would be a certaln degree of scientifi-
city in every individual respondent, and that scientific
attitude 1s a composite of”behaviours, the situation wherein
any individual getting a score of zero on the total test may
not arise. In the case of items developed for 'observation'
component, the scoring procedure was formulated as follows:
The total number of cobgzervations expected in respect of.
each item was determined. This was divided into three eéui-
distant cut-off points, that is, for a maximum of 18
observations, the points representing the degrees of

scientificity were 1-8 least scientific, 7-12 moderately
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scientific and above 12 most scientific, and these were

assigned the scores of 0, l'and 2 respectively.
Item Analysis and Selection of Items:

As menticoned earlier, t@e responses of the students
ax the initial format were scored with the scoring procedure
0, 1 and 2; tge values O, 1 and 2 representing least,
moderate and most scientificity respectively. Likert's method

of summated ratings was used for iten anaglysis and selection.

_This method was adop@ed.dus to the following considerations.

As-in Likert's scale, the present test too does not have a
neutral point. Also, the interest in the attempt was not to
judge an individual on the basis of his attitude score as
being highly scientific or least scientific, on the other
hand, the attempt was to determine the change in attitude
score of the group after exposure to the instructional
strategy. Besldes, other methods of item analysis like
correlationgl methods do not result in higher accuracy in
selection of items. There is evidence to show (Murphy and
Likert, 1934) that the rank ordering of statements upon the
basis of the magnitude of the differences between the mesns
of high and low groups agree very well with the ordering of
the same statements in terms of the magnitude of the corre-
lation between item respomse and the total score. In the
light of the above considerations, as a simple and
convenient procedure, the difference between the means of

high and low groups on the individual test item as -a basis
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for selecting items for the final format
sumnated scores of the 70 respondents on a frequency distri-

bution is indicated in the Table 3.3.

TABLE 3.3

Frequency Distribution of 70 Scores on
Scientific Attitude Test

Class 89~ 86~ 83~ 80~ 77 7. 71- 68~ G5~ 62~ 59- 56-
interval 9l 88 85 82 79 76 73 70 67 64 61 588

- W o Wy W Wy e

The item analysis procedure demanded that high‘and
low groups be formed on the basis of the summated score. ?he
seventy summated scores obtained were arranged in descending
order. From this dlstrlbutlcn the upper 25 and the lOWeT 25

scores were selected to constltute the high and low groups

respectively. For each item, 't' value was computed using the

standard 't' formula. The obtained 't' values were grouped

" according to the components to which they belonged. They
were placed in descending order of 't’ values under each
component.. The 't' values arranged in this manner are
presented in the Table 3.4. The items which were selected to
constitute the final format of the instrument are also
indicated in the table by asterik marks, the criterion for
selection being that the 't' values obtained 'be greéter

than 1.75 (leer‘c 1932)

e s



TABLE 3.4
Componentwise Presentation of 't' Values of
Items
S1. Item
No. Component No., 't' value
3 2 .829%
' 23 2.,754%*
1. Empiricism 34 2 .080%
13 1.158
2 0.876
S -1.000
28 3.554%
39 3.474%
2. Cuariosity _36 3.329%
q6~ T 216859
8 1.200
1 0.8651
27 2 .,280%
. 15 2.,198%
3. Freedom from bias 22 1.737%
41 1.654
9 0.000
31 d O . 3 16
26 2 .480%
’ 30 2.311%
4, Open-mindedness 35 2.139%
18 2,080
43 1.610
11 1.000
24 3.460%
32 3.361%*
5. Criticality 40 3,289%
37 1.163
7 0.731
20 0.582

Contdesess
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TABLE 3.4 (Contd.)

S1. Iten

No. Component No. 't' value
42 3.3954
17 2.102%
=2 1.447%

G, Intellectual Honesty 44, 1.415.
33 1.042
10 1.000
25 0.207
29 2 .303*
14 2.,000%
12 1.670%

7 Seeking Evidence 5 1.260
38 0.975
4 0.766
21 0.000
46 2 ,450%
50 1.971%

3. Observation; 48 1,753
45 1.701%
49 1.336
47 0.602

st st 290 s v s T TR e s 4 i s e T

* 1ndlcate the 1tem selected for the final format.

It may be noticed from the Table 3.4 that three

items, namely, 19, 22, 12 and 45 belonging to the components

"intellectual honesty",

"freedom from bias",

"seeking

evidence" and "observation" respectively, have 't' values

less than the criterion value 1.75. Since three items satis-

fying the criterion value of 1.75 were available in respect

of most of tne components, it was decided to accommodate the

items referred earlier in the test, eventhough they fell

short of the criterion value. Discretion was used for the
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incilusion of these items in the final format by examining
the items and modifying them suitably. It may be of interest
to note that in respect of the observation component, the
item number 45 having a lower 't' value than item number 48
has been selected. This was dome with a view to ensuring

representativeness of varlety in observation items.

The Final Format:

)
Throaugh the process of item analysis and selection

described earlier, the final format of the test was arrived
at. It consisted of a total of 24 items; 3 representing each
component with the sc(oring procedure remaining O, 1 snd 2
respectively for least scientific, moderately scientific
and most scientific responses. The final format of the test

is presentéd in Appendix-B.
Reliability and Velidity of the Test:

For establishing reliability of the final format of
the test, data obtained on its administration (pre-test and
post-test data) on the sample considered for validating the
strategy in terms of students' gain on scientific attitude
were used. In all, 6 sets of data were used. They have been

represented belov:
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l. Pre-test scores - Experimental group

2. Post-test scores

Experimental group
3. Pre-test scores - Control group 1

4. Post-test®scores

Control group 1

5. Combined Pre-test Experimental and Control
scores group 1

6. Combined Post-test Experimental =nd Control
scores group 1
Detaile regarding the sample and sdministration of
the final format of the test have been presented in Sectiom

IT of this Chapter.

Reliability: The internsl consistency reliability
of the test was estimated using Cronbach alpha coefficient.

The formula 1s given hereunder:

n <.Vi
A = (.. - ..-__) ( - mmm—— ) «e.. Guilford (1954)
n- 1 vt
Where: Vi = Variance of part 1 of a test, the size
not specified.
Vt = Varience of total scores.
n = number of parts.

In the present attempt, each item was considered as
a part, thus, yielding 24 parts. For each set (group) of
scores, the variance of the total test, the sum of individual
veriances of the parts and 'K' values were camputed. Thus,
6 estimates of Intermal consistency relizbility were obtain-

ed for the 6 sets of scores. They are presented in Table 3.5.



TABLE 3.5

W' Valies for the Six Sets of Scores

. T R R Em vt e e W T N S e T ot A TS W TS g W Uy Sy A T T WPy e S O oy e WO T WA oy e Y T T g e

Si.
No. Test Vt £Vi ‘L' value
1. Pre-test (Experimental 4,920 10.85 0.572
group) :
2. Post-test (Experimental 5.610 8.95 0.745
group)
3. Pre-test (Control group 1) 4.590 10.21 0.536
4., Post-Test(Control group 1) 6.404 10.95 0.762
5. Pre-test (Experimental + 23.91 10.67 0.576
Control group)
6. Post-test (Experimental + 37.82 10.03 0.764

Control group)

o e e e L L R T R N L I D N I R i D e sl mae Tl IR IR0 o gniony === =

It may be observed from Table 3.5 that the internal
cansistency values range from 0.536 to 0.764 in each of the
ccmbinationg of pre-test and post-test. It may be recalled
from what has been discussed under 'Item analysis and select-
ion of items' that the performance of students on the test
wés to serve as an index of the treatment (instructional
strategy) given. Hence, the emphasis is on the group's
performance as a whole rather then in msking finer discrimi-
nations smong individuals on the test. In such situations, as
it has been pointed out by Whitefield (1970), the values of
reliability of the above range are quite satisfsctory. Also,
it may Dbe remembered that the test consisted of only 24

items; 3 items each for the eight components that constituted



the construct 'Scientific Attitude'. Since, internal consis-
tency increases with the length of the test, it may scmetimes
necessitate reconciliation to smaller reliabilities resulting
due to making tests of manageable size (Webster, 1957). In
the light of the above remarks, it may be concluded that,the
relisbility of the test is satisfactory, and perhaps, could
be seen for its enhancement by administering the test on a

larger sample.

Validity: The test has been examined for its logic-
al validity. Logieal validity requires a careful definition
in behavioural terms of the trait or the comstruct to be
measured. It also involves a breskdown of the total area
defined into categories which represent all major aspects
of the area (Helmstadter, 1984). Logical validity of the
present ingtrument can be argued on the basis that the
components of the attitude which the test is designed to
measure were selected from a list of affect attributes of
scientists; the behavioural specifications of these compo-
nents were selected on the basis of responses of a group of
experts and the themes of the ibems Are cemparable with the
ideas expressed in a wide variety of science reading
material. The validity of the alternatives has been demon-

streted by a group of experts.
Resction Questiomnaires

Students' reactions towards working of the individual
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components of the strategy and the strategy as e whole, were
obtained through unstructured interviews and a reasction
guestionnaire. In the beginning, it was thougtt sppropriate
to have only interviews with the students for obtaining
reactions, since the subjects were of tender age and may
find responding to a duesfiionnaire boring. It was slso
thoaght that through building necessary rapport and through
certein probing questions, necessary free and frank reactions
towards the working of the various components and the
strategy as a whole could be elicited. However, the need for
developing s reaction guestionnaire was necessitated due to
the reason that it was not possible to hold interviews with

all the students who comprised the sample.

For developing the reaction guestionnaire, each
component that comprised the strategy was snalysed in terms
of its potentialities in enhancing learning. Specific
guestions pertaining to the structural characteristics of
the components were framed. These questions constituted
the reaction guestionnaire. The gquestionnalre was examined
by content and methodologya experts for the adequacy and
suitability of the questions asked. In the light of the
comments of fered by the experts, the resction questionnaire
was modified. It comprised of both open-ended and closed
type of questims. To gllow sufficlent scope for the

students to give their suggestioms for improvement, an
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item for suggestions was included under each component. The

developed questiomaire has heen presented in Appendix-C.

With the instructional material and measuring
instruments ready, the next step was to administer them
on the target population and study the effectiveness of the
strategy. Details pertaining to the validation of the

strategy has been presented in the section to follow.
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SECTION 1II

VALIDATION OF THE MULTIMEDIA INSTRUCTIONAL
STRATEGY '

In any instructional system development, evaluation
forms an integral part. It forms an integral part in the sense
that it is included as a necessary step during and at the
completion of every phase of 'System development' .Evaluation
as an integral part of the instructional strategy development,
offers empirical evidences to the aspects such as effective-
ness of each component constituting the strategy as well as
the strategy as a whole in achieving the set objectives,
suitability of the strategy to the group, feasibility of the
strategy in terms of time and cost, and the modifications
required for the efficient functioning of the strategy.
Approaches of evaluation adopted in evaluating instructional
strategies or programmes can be distinguished as internal
validation and external validation. In the process of
internal validation, the attempt is to test how well the
strategy attains the objective it is intended to attain. As
regards external validation, the aim is to validate the
strategy against an external criterion., Both the approaches
of validation have been employed in the present study. It
may be recalled from the 'design' presented in the earlier
section that validation of the strategy has been done in

terms of three criteria, namely, students' performance on
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unit tests and comprehensive tests, gain on Scientific Attitude
Test, and reactions towards working of the individual compo-
nents of the strategy, and the strategy as a whole. Details
pertaining to validation of the strategy are presented here-

under.
SAMPLE

For validating the strategy in terms of students'
achievement, four groups of std. VIII students belonging to
e of the English medium schools of Baroda, namely, Shreyas
Vidyalaya, were considered. Of the four groups considered,
two groups belonged to the academic year 1977-78, and the
other two groups to the academic year 1978-79. The strategy
was implemented on a group of 45 students belonging to the

academic year 1978-79.

In the beginning of the academic year 1978-79, there
were 83 students in std. VIII. For the purpose of experimenta-
tion, this total of 83 students was to be divided dinto.” two
groups, namely, experimental group and control group. To
form these groups, needed perm;ssion was sought from the
school authorities. As the strategy_yas concerned with
teaching of science, to avoid céﬁcentration of students
belonging to a particular level of achievement in the subject-
science in an??gf the groups, the total of 83 students was
divided into two matched groups consisting of 42 and 41

students each. The variable considered for matching was

students' performance on VII std. science examination., The
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groups were matched for their means and S.D.s. 0f the two
groups thus formed, one was randonly selected for implementing
the instructional strategy. This group is denoted as experi-
mental group and it comprised of 42 students. The other group
not exposed to the strategy is denoted as control group 1.
However, 7 more students were admitted after the formation of
the groups. These students were assigned randomly to the two
groups; 3 and 4 respectively to the experimental group and e

control group 1.

Besides experimental group and control group 1, as
mentioned in the beginning, two more groups of the academic
year 1977-78 have also been casidered for validating the
strategy in terms of students' achievement. These two groups
are referred to as control group 2 and control. group 3, and

consisted of 45 and 47 students respectively.

For validating the strategy in terms of students'
galn on scientific attitude test, all the 90 students belomg-
ing to experimental group and control group 1 constituted

the sample.

As regards the valldation of the strategy in terms
of students' reactions, all the 45 students of the experi-
mental group constituted the sample, sigce it was the only
group which was exposed to the strategy. Of these 45 students,
15 students were selected for the purpose of holding
interviews regarding the working of the strategy and the

different compoments. For selecting these 15 students, the
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total of 45 students was divided into 3 groups, namely, high,
average and low achievers on the basis of their general trend
in performance on criterion tests. From each group, 5 students
were selected randomly using table of random numbers. The
rest 30 students were considered for administering the

reaction guestionnaire.

IMPLEMENTATION OF THE MULTIMEDIA
INSTRUCTIONAL _ STRATEGY. :

The instructional strategy developed through the
initial tryout was implemented on the experimental group in
the year 1978-79. Implementsgtion began'with the first unit,
namely, 'Importance of studying science'. This was taught
through a team approach. Through this unit, it was made known
to students as to how they would be studying science that
year. Since this was Jjust an orientation unit, no criterion
test was administered to ascertain the learning outcomes.
This unit was followed by the teaching of the rest of the
units. Bach unit was introduced through a brief introductim.
The concepts in each unit were taught through the different
components selected (refer Chart XI, page No. 108 for the
components utilized for teaching different units). After
teaching a few concepts in dach unit, discussion sessions
were organized to clarify students doubts, and also to give
them an opportunity to exchange-their views on the concepts
learnt. At the end of the unit also discussion sessions were

organized to enable the students to review what they had
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studied in that unit. This was followed by the administraticr
of the unit test. Unit tests were scored and students'
performance on the test was discussed. This discussion was
mainly to give feedback to students and to provide further
clarifications to the concepts where they had gone wrong as
revealed by the unit test, This way, all the units in the
course were taught. It may be mentioned that by the close of
the academic year 1978-72, due to certain organigational
constraints, only 4 units (units 2, 3, 4 and 5) were covered.
At the end of the academic year 1978-79, comprehensive test-1
was administered. This test was also administered to all the
three control groups. To control group 1, it was administered
along with the experimental group. As regards control groups
2 and 3, it was administered at the end of the academic year

1977-78 .

The rest of the units (units 6, 7 and 8) along with
their respective unit tests were taught in the beginning
three months: of the subsequent academic year, i.e., 1979-80
to the ssme batch of students in std. IX. Fbr this purpose,
the school authorities were requested not to start the
regular IX std. science programme t;ll the completion of the
VITII std. scilence portion. After teaching the units 6, 7 and
8, comprehensive test-1I1 was administered. This test was

administered in the month of August, 1979.

Besides the above unit tests and comprehensive

tests, the annual examination was conducted by the school
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authorities during the implementation of the strategy. It was
conducted for both the experimental and the control group 1
at the close of the academic year 1978-79. This examination
was intended to promoting students to the next standard.

The test was same for both the groups, and it inqluded the
content covered till that point of time. It may be mentioned
that the units taught in both the groups were seme, i.e.,

units 2, 3, 4 and 5.

As regards administration of scientific attitude
test, it was administered at the beginning of the academic
year 1978-72 to both the experimental group and the control
group 1 as pre-test, and as post-test at the end of the same

academic year.

For obtaining students' reactions towards the
individual components of the strategy and the strategy as a
whole, at the end of the academic year 1978-7%, interviews
were held with the fifteen students selected for this
purpose. The rest of the students were administered reaction

guestionnaire.

Thus, the data needed for validating the strategy
in terms of students' achievement, thelr gain on scientific
attitude test, and reactions towards the individual compo-
nents of the strategy and the strategy as a whole were
collected. The data collected included (a) experimental group
students' performance scores on unit tests and comprehensive

tests; (b) control groups 1, 2 and 3 students' performance
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scores on comprehensive test-I; (c) experimental group mnd
control group 1 students' perfomance scores on the annual
examination conducted by the school authorities; (d) experi-
mental group and control group 1 students' scores on scienti-
fic attitude t'est (pre-test as well as post-test scores); and
experimental group students' reactions towards the working of
the individual.components of the strategy and the strategy

as a whole. Analysis of the data, results and the discussions
theredff in respect of the three criteria of validation are

presented under separate headings.

VALIDATION OF THE MULTIMEDIA INSTRUCTIONAL
STRATEGY IN TRRMS OF STUDENTS® ACHLEVEMENT

The effectiveness of the strategy has been studied

in terms of:

(a) experimental group students' performsnce on

unit tests and comprehensive testsy

(b) experimental group students' total achievement
through the strategy, i.e., in terms of combi-
ned comprehensive test scores. To arrive at
the combined comprehensive test scores,
students' scores on both the comprehensive

tests were added;

(¢) experimental group students' performance on
comprehensive test-l1 as compared to that of

the performance of control group 1 students;
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(d) experimental group students' performance on
conmprehensive test-1 as compared to that of
the performance of control groups 2 and 3

students; and

(e) experimental group students' performance on
the annual exsmingtion conducted by the school
authorities as compared to that of the perfor-

mance of control group 1 students.

It may be mentioned that students' achievement on
unit tests and comprehensive tests have been studied in terms
of individial categories of objectives, viz., knowledge, ‘
understanding, application and skill éeparately, and also,

all combined together.

ANALYSIS OF ECHIEVEMENT SCORES

The dif?érent criterion tests used in the study
differed with regard to maxXimum marks in terms of each
category of .objectives as well as on the test as complete.

To facilitate comparison of scores across these different
tests, all the raw scores on the tests - objectivewise and
combined - were conveérted into percentages. These percentages
have been analysed using both descriptive and inferential
statistical techniques. Since the statistical analysis is
done on percentages, the obtained values are also in

percentages.

Descriptive statistical techniques such .as
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percentiles, mean and standard deviation have beén used to
study the distributions of students' performance en the
different criterion tests. For comparing experimental group
students! performance with that of control group 1 students'
performance on comprehensive test-l, and also on the annual
examination conducted by the school authorities, Student's
't' test for correlated means has been used. This formula
haks been'resorted to since both the groups were matched
groups (fefer ‘Sample' presented earlier) and hence were

treated as correlated groups. The formula used is giveﬁ below:

SEDy, - Mg = <» = J(“‘ngl + <Mz, (1 -;:zxy)
) - Garrett (60)

o For the pﬁrpose of comparing experimental group
étudeqts' performance with that of the control groups 2 and
3 students' performance on coﬁprahensive test-I, Student's
't' test for large group and independent samplés has been

used. The formula used is represented below:

° ) 6“21 - @22 ‘
=D = |emeeieeaa + commmmca—aa - Garrett (56b)

(Standard error of the difference between two uncorrelated

means.

The results and discussion in respect of students'
achievement through the strategy are presented in the

followinge.
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RESULTS AND DISCUSSION

Internal Validation:

Experimental Group Students' Perfommance
on Unit Tests and Comprehensive Tests -
Objectivewise as Well as Combined

§ ]
I TABLE 3.6 |
i 1

It is evident from Table 3.6 that excepting unit
tests 2 and 8, students' mean performence on all other tests
as regards objective knowledge is 75 per cent and gbove. On
unit tests 2 and 8, students' mean performance is 73.77 and
65.00 per cent, with S.D.s of 16.45 and 21.20 per cent
respectively. Examining the table at 50th percentile, it
can be made out that 50 per cent of the students have
obtained a écore of 70 per cent and above on all tests. In
fact, at this level, students' performence on unitsz tesfs
3, 4, 5, 6 and 7 and on comprehensive test-1 is guite note-
worthy. Thirty per cent of the students hgve shown the
positive trend in the attainment of mastery (100 per cent)
by scoring 80 per cent and above on all tests, excepting
unit test 8. The above interpretations indicate the extent
to which the combinations of instructional inputs utilized
for teaching different units had been effective in the
attainment of terminal behaviours specified under objective

knowledge.
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1 i
§f TABLE 3.7 i
i 1S

Observing the Table 3.7 for students' mean perfor-
mance, it can be made out that excepting unit test 8,
students' mean performance on all other tests is 70 per cent
and above. Students' mean performancé on comprehensive test-
IT is quite outstending, being 80 per cent. From the table,
it may be noticed that S.D.s for students' mean performance
on unit tests 2 and 8, and on comprehensive test-l appear to
be larger in comparison to S.D.s on other tests. These larger
S.D.s indicate greater dispersion of scores on these tests.
From the percentile positions for students' performance on
different units, it can be observed that 70 per cent of the
students have obtained & mark of 60 per cent and above on all
tests, excepting unit tests 2 and 3. On these two unit tests,
this level of performance (60 per cent) is reached by 60 per
cent of the students. About 40 per cent of the students have
obtained - 75 per cent and above on all the tests. The
performeance of students on comprehepsive test-1l is worth
considering, with 70 per cent of the students scoring above
95 per cent. As it has been noficed in Table 3.6, it can be
noticed from the present table also that 30 per cent of the
students have shown the positive trend in the sttainment of

mastery by scoring 80 per cent and above.

The sbove figures reveal the extent to which the

combination of instructional inputs utilized for teaching
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different units had been effective in the attainment of termi-

nal behaviours specified under objectiwe understanding.

i
§ TABLE 3.8

Bt 3, JEER

Examining the Table 3.8 for students' mean perfor-
mance on different tests, it can be made out that excepting
unit test 2 and comprehensive test-I, on all other tests it
has remained at 60 per cent and sbove. The S.D.s on most of
the tests appear to be large, and indicate lesser homogeneity
in students' performance on the tests. In fact, the wide
dispersion of scores can be clearly made out from the percen-
tile positions depicted in the table. Even with the wide
dispersion of scores that can be noticed from the percentule
positions, however, gjgignificant observations can be made.
Excepting unit test 2 and comprehensive test-1, on all other
tests 50 per cent of the students have obtained a score of
70 per cent andrabOVe; on unit test 4 and comprehensive test-
IT, it is 93 per cent and above. About 30 per cent of the
_stadents have shown the possibility of ?ttgining mastery by
scoring almost 80 per cent and above. It may be recalled
that such s trend in the attainment of mastery has been

observed in respect of objectives knowledge and understanding

also.

The above interpretationsg indicate the extent to

which the combinations of instructional inputs utiligzed for



teaching different units had been effective in the attainment

of terminal behaviours specified under objective application.

i 1
§ TABLE 3.¢ }
1 i

It way be observed from Table 3.9 that students'
mean performance on all the 4 tests is less than éo per cent.
Bxamining the percentile positions, it may be noticed that
40 per cent ofj:tudents have scored 50 per cent add above on
all the tests. A score of 60 per cent is reached by 20 per
centaxof the students on unit test 7, and also on comprehen-
sive tests I and II. About 10 per cent of:%tudents have
shown the possibility of atteaining mastery on both the compreke
~-hensive tests by scoring 80 per cent and above. These figures
indicate the extent to which the combingtions of instructional
inputs utilized for teaching different units had been
effective in the attainment of terminal behaviours specified

under objective skill.

i
{ TABLE 3.10
L

R % e

It may be observed from Table 3.10 that students'
mean performance on all the tests is 68 per cent and above.
In fact, the mean performance on unit tests 3, 4, 5 and on

coﬁprehensive test-I1 is 79 per cent and above, with smaller
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S.D.s in comparison to S.D.s on other tests. A comparatively
higher mean and smaller S.D. on these tests indicate greater
homogeneity in students' performance on these tests. From the
percentile positions depicted in the table, it can be made out
that 90 per cent of the students have succeeded on all the
tests by scoring 35 per cent, ~i. which is generally regarded
as passing marks. About 70 per cent of the students have
obtained 60 per cent and above. In fact, this score of 60
per cent is reached by 90 per cent of the students on unit
tests 3, 4, 5 and on comprehensive test-11. Anocther
observation fhat is worth considering is the score obtained
by the upper 30 per cent of students. They have secured 75
per cent add above on all the tests, which are generally
considered as distinction marks. These figures speak about
the effectiveness of the strategy in affecting the achieve-

ment of students.

As another index of intermnal validation, experi-
mental group students'total achievement (scores on comprehen-
sive tests I and II combined) through the devgloped strategy
has been studied. Percentiles, means and S.D.s in respect
of students' total achievement through the étrategy are

peesented in Table 3.11.
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TABLE 3.11

Percentiles, Means and S.D.s for the Experimental
Group Students' Total Achievement Through the
Strategy (Objectives as Well as for the Total Marks)

. W T D TE Gl G W oh D G 0 W HD mp s S B IS D W MR D G B A WA U g WD AN WS M R S W S TP mp g a1 T i TN R D WD A R e S e

Knowledge Understand-  Applica- Skill Total

ing tion marks
Poo 93.10 98.06 95.38 78.00  90.50
Pgo 90.77 95.61 93.00 66.50  86.17
Pog 88.77 90.25 87.71 61.00  81.50
Pgo 84.83 85.00 82.00 56.00  77.06
Pso 81.14 81.33 65.00 51.11  74.60
Pgo 79.14 75.10 62 .25 39.83  71.10
P 75.50 70470 58.00 32.00  65.50
Pgg 65.67 ' 61.83 39.50 24.33  57.50
P1g 61.75 46.50 28.67 16.00  45.90
Mean 79.95 77.20 67 .40 47,50  71.70
s.D. 11.95 18.25 24.30 11.60  15.50

B D e D e e —
R N I L L L L L R L L R L N L o N N NN oo mmmemmmr o mmTmm

It can be observed from Table 3.11 that students
have tended to achieve more on the categories of objectives,
viz., knowledge and understanding tban on application and
skill. The higher means and comparatively smaller S.D.s
in respect of knowledge and understanding ob3ectivés‘are the
evidences to this achievement. Further evidence can be
obtained by observing the perceﬁtile positions in respect

of these two objectives. Sixty per cent of the students
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have gecured 75 per cent and above on these two objectives.
At 1eas£ 50 per cent of the students have shown the positive
trend of attaining mastery'by obtaining nearly 80 per cent
and above. Observing the Table 3.11 for students' performance
on the objective application, it can be seen that 60 per

cent of the students have secured 60 per cent and above.
Application ability, bein; a higher cﬁgnitive a%ility, the
very fact of 60 per cent of the students attaining 60 pef cent
of marks is encouraging to conclude that the stfategy had
been e?fective in developing application abllity in students.
As regards stﬁdents' performance on the objective gkill is
concerned, the strategy does not seem to have affected much.

Only 30 per cent of the students have secured a score of 60

-per cent and above., Just 10 per cent of the students have

scored above 78 per cent, whereas, on all the ofher threé
objectives 40 per cent of the students have écored 78 per cetit
and above. In fact, such a trend of low performance on this
objective has been noticed on the unit ﬁests 6 and 7, and on

the individual comprehensive tests.

i

It may be remembered that the central theme of the
present investigation has been to systematize science
instruction at VIII std. level. This has been attempted

through the develépment of a multimedia instructional

‘strategy which could be used in the existing classroom

situations, without causing undue disturbance in the

functioning of the present classrooms. Evidently, the
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validation of the strategy should be in terms of students!
development and achievement of specified instructional
objectives. The study of the experimental group students'
performance on unit tests and comprehensive tests is in
effect to this. The interpretations of Tables 3.10 and 3.11
reveal that through a well planned and organized instruction-
al strateg& it is possible to attain more instructional
outcomes. The very fact that 90 per cent QE?Ztudents scoring
35 per cent marks and above (pass. level marks) and 70 per
cent ofzgiudents scoring 60 per cent and above (60 per cent
is generally considered as filrst class marks) on all the
tests (refer Table 3.10) is a direct evidence to this. The
interpretations are in line with the findings of the earlier
studies (Yadav and Govinda, 1976; Sansanwal, 1978; Seshadri,

—— Lo
1979 and Shah, 1978) conducted in this area of educational

research, vi;f; systematisation of instructional process.
These studies have shown that enrichment brought into the
instructional system by including components such as

library work, practical work, discussion, tutorials, games,
etc., and using them along with programmed learning material
had positively influenced the achievement of students. 1t
may be mentioned that the studies quoted earlier had
progremmed learning material as a fixed component in the
instructional strategy to impart basic information, and the
otheg components supplemented PLM. The present study differs

from the above by not having FIM as a main component of

instruction. Various instructional components have constituted
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the strategy. These components have been selected according
to their potentialities in achieving the specified terminal
behaviours for each unit, the structure of the content to be
taught, learner's characterigtics, accessibility and feasibi-
1lity of the components selected, etc. In other words, it is
a carefully planned instructional system development
approach, wherein different methods and media have been
utilized keeping in mind various conslderations to achieve
the delineated instructional objectives. One pertinent remark
at this juncture is, even with such consciously planned and
sequenced learning material, as it could be made ocut from
Tables 3.6 to 3.11, a mastery of 100 per cent has not been
achieved. Tﬁis lack of attainment of mastery may be attribut-
ed to the fact that individual differences exist among
learners in respect of the mastery of prerequisite concepts,
acguisition of prerequisite abilities to solve problems
which involve operation of higher mental processes, in

their learning style, study habits, etc. One way, probably,
to minimize these individual differences might be through
incorporating into the instructional process disgnostic

and remedial measures. The instructional system may have to
have built-in mechanism for identifying and analysing -
difficulties of learners in leaming concepts - analysis

of difficulties should include both where the learner is
facing difficulty and why he is facing difficulty. In an
instructional programme, diagnosis could be accomplished by

periodically providing students with diagnostic tests
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related to the instructional objectives. Remediation follaows
diagnosis. It is sn activity wherein léarners select or are
directed to further instruction based on the results of
diagnostic tests. The mastery learning'strategy of Bloom
(1971) and personalized instruction system of Keller (1974)
have thrown sufficient light on minimizing individual
differences in 1earner§, and on improving leaming effective-
ness. Both the strategies place heavy emphasis on diagnostic
testing with feedback followed by additional instruction
through alternative modes of instruction., Evidence in
reépect of this can be seen in the works of Kim Hogwan et al.
(1969) ; Kersh (1970); Gunter (1974); Besler (1975); Razia
(1975) 3 Wyckoff (1975); Crotty (1976); Duncan (1976); Block
and Bums (1976); and Swanson (1976). It may be mentioned
that the present study did not include the characteristics
of mastery learning strategy mainly due to the fact that

the strategy had to function under certain restrictions

such as availlability of time and other resources, and

fixed syllabus. Therefore, sufficient attention could not

be paid to accommodate in the strategy, to a greater degree,
ingividual differences of the learners, However, the
strategy has served its purpose in being an attempt towards

systematisation of the instructional process.
External Validation:

Besides internal validation, a few external

criteria too have been employed against which the strategy
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has been validated in terms of students' achievement. The
results and discussions in respect of this are presented in

what follows.

1. As an index of external validation, edperimental
group students' performance on comprehensive test-l1 has been
compared with that of the control group 1 students' perfor-
mance. Description about control group 1, and administration
of comprehensive test-1 to this group have already been
presented respectively under 'Sample' and 'Implementation of
thé multimedia instructional strategy' in this Section.
Comparison has been made on the basis that (a) both the
groups belonged to the same academic year (1978-79), and
were matched on thgir achievement in std. VII science
exanination; (b) students of both the groupslhad completed
their std.VII from the same institution, viz., Shreyas
Vidyalaya, Baroda; (¢) the broad objectives set/for the
course were same for both the groups; (d) the content

units and their sequence remained same for both the groups,
and lastly, the test (comprehensive test-I) remained same

for both the groups.

The percentiles, means, S.D.s and 't' values
computed for the experimental group and the control group 1
students' performance on comprehensive test-I as regards the
four categories of instructional objectives, namely,
knowledge ,understanding, application and skill separately,and

all combined (total marks)have been presented in Tables 3.12
to 3.16 respectively.
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It may be seen from Tables 3.12 to 3.16 that all
the 5 obtained 't' values are significant at .01 level.
Looking into the méan performance of both.the groups of
students, it becomes evident that the experimental group
students' mean performance is higher than that of control
group 1 students' performance on-all the 4 instructional
objectives as well as on the test as a whole. This indicates
the superior performance of the experimental group as
against the control group 1 on all the 4 instructional
objectives and on the test as a whole. The higher perfor-
mence of the experimental group students is also apparent
from the different percentile positions depicted in the

!

tables.,

7

2. As ,another index of external validation, the
experimental group students' performance on comprehensive
test-1I has been compared with that of the control groups 2
and 3 students' performance. Description about the control
groups 2 and 3, and administration of comprehensive test-1
to these groups have already been given respectively under
'Sample' and 'Implementation of the multimedia instructional
strategy' in this Section. A comparison of this type 1s an
Expost Facto comparison as explained by Kerlinger (1978)
and Tuckman (1979). With regard to cbmpargbility of the
groups, it may be considered that all the three groups as
random samples belonging to the same std.VIII student
population, However, taking into cognizance of the

possibility of congregation of students belonging to a
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particular ability level in any one of the control groups,
it was thought methodologically more meaningful to consider
the performance of both the control groups together and
compare it with experimental group. The comprehensive test-I
and thé content covered in it remained same for both the
experimental group and control groups 2 and 3 (combined).
Specifically, about the content covered in the test, it may
be mentioned that in the control groups 2 and 3 also the
same upits, viz., units 2, 3, 4 and 5 were covered that
year (1977-78). For the purpose of comparison, from the
total of 92 students belonging to the control groups 2 and
3 (combined), a total of 86 has been considered since 6
students; 3 students from each group were absent for the

test.

The percentiles, means, S.D.s and 't' values in
respect of the experimental group and the control grouﬁs 2
and 3 (combined) students' performance on the comprehensive
test-1 as regards the four categories of instructional
objectives, viz., knwledge, understanding, application and
skill separately, and all combined together (total marks)

have been presented in Tables 3.17 to 3.21 respectively.
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It is evident from Tables 3.17 to 3.21 that the 't'’
values obtained for significance of difference between means
of the experimental group and the control groups 2 snd 3
(combined) on the four instructional objectives separately,
and all combined (total score) is significant atoe.01l level.
From the mesn performahces of both the groups, it can be
observed that the performance of the experimental group
students is higher than that of the control groups 2 znd 3
(combined) . This indicates the superior performance of the
experimental group students on the four instructiomal
objectives, namely, knowledge, understanding, application
and skill, and on the test as a whole as compared to that
of the control groups 2 and 3 (combined) students. The
higher performance of the experimental group students can
also be made out from the different percentile positions

depicted in the tables.

3. Experimental group students' performance vis-a-vis
that of control group 1 students' performance on the

annual examination conducted by the school authorities has
been considered as another index of external validation.
Details in respect of the annual examination have already
been given under 'Instrumentation' in Section I of this
chapter. It may be mentioned that the test remained same
for both the groups, since the content taught till that
point of time (towards the close of the academic year,

1978-79) remained ssme.
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The percentiles, means, S.D.s and 't' value in
respect of the experimental group and the control group 1
students' performance on the annual examination are given

in Table 3.22 on the next page.

Locking into the percentile points depicted in
Table 3.22 in respect of experimental group students' perfor-
mance, it may be noticed that 70 per cent of the students
have scored above 35 per cent, that is, passing marks. At
least 30 per cent of the students have obtained & 60 per cent
and above, which are generally considered as first class
marks. Further, 10 per cent of the students have scored more
than 75 per cent which ¥ are distinction marks. As against
70 per cent of the experimental group students, only 40 per
cent students of the control group 1 have completed the
exan. successfully by scoring 35 per cent marks. About 20
per cent ofzggntrol group 1 students (as against 30 per cent
ofzggperimental group students) have attained first class
marks of 60 per cent. In fact, none have scored distinection
marks, that is, 75 per cent. From the table,,it may also be
noticed that the 't' value obtained for the significance of
difference between the two means is 3.52 and is significant
at6.01 level. This indicates that there 1s significant
difference between the two means. Looking into the mean
performance of the two groups, it may be seen that the mean
performance of the experimental group is higher in compari-

son to that of the control group 1. The higher mean in

respect of the experimental group indicates the superior



193

s ToA®T TO*098 90URDTJITUSTS SOLBOTPUT

91*2c 0G°6E GL°0L 0S°29 00°.LS 0S°%P 09°PE 0S*6Z R8E*8Z T9° 03 GL°0T

T dnoss
TOIqUOH
sk cg*e
Gg*gg 9L°08 0G6°S8 08°69 LE*T9 GL°GS 29°8F 09°3% 00°8E€ 00°3¢ 05°6T dnoas
TR IUsWTIO AXY
Choksichs) T R o o o ]
“TItu
~-3Ts Jo _
TeaeT ,3, ‘q'g wesy 084 084 0Ly 094 0S54 OFy 084 O3y Olg sdnoayn

. O T O

UOTIRUTUR XY Tenuuy 2y} uo 20UBHW
~I0118 g ,squepnig T dnoan Toxauon syq pue dnoxyn TelUSW
-Tzedxy ey} I0J 8NTBA ,3, PUB S*("a ‘Suesy ¢soTTquedIag

83" € mIEvVE



25

194

performance of the experimental group students as compared
to that of the control group 1 students on the annual

examination.

In gll the three comparisons made earlier, namely,
experimental group students' performance vis-a vis (a) control
group 1 students' performance on comprehensive test-I (refer
Tables 3.12 to 3.16); (b) control groups 2 and 3 (combined)
students' performance on comprehensive test-1 (refer Tables
3.17 to 3.21); and (c) control group 1 students' performance
on the annual examingtion conducted by the school authoriti-
es (refer Table 3.22), the superior performance of experi-
mental group students was observed. The experimental group
being exposed to multimedla instructional strategy, what
could be discerned from their superior performance as
regards effegtiveness of the develéped instructional
strategy is that the strategy had been effective in terms

of bringing about greater learning effects.

The results in respect of the different validatory
indices reveal the extent to which the strategy had been
effective in the attaiﬁment'of instructional objectives.
The results speak of the possibility of attainment of
greater number of instructional objectives through systema-

tising the instructional process.
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VALIDATION OF THE MULTIMEDIA INSTRUCTIONAL
STRATEGY IN TERMS OF THE DEVELOPMENT OF
SCIENTIFIC ATIITODE 1IN STUDENTS

Development of scientific attitude in students
constituted one of the objectives of science teaching at
VIII std. level. Being an objective attempted to be attained
through the strategy, wherein different inputs (components)
are selected and organized in a systematic manner %o
provide appropriate learming experiences, the potentiality
of the strategy to the promotion of scientific attitude is
ensured. While providing learning experiences through the
strategy, as it may be recalled from Section I of this
chapter, deliberate efforts wherever appropriate to develop
behaviours related to scientific attitude were made. A few

illustrations to this effeet are cited below:

1. In a few instructional units, the historical
background of sclentists and their contribu-
tions in terms of knowledge development in the

field of sclence were traced.

2. Closely related to the above, instances indicat-
ing how knowledge gets refined in the light of
evidences to the contrary of what exists were
pointed out with a view to indicating that
accumitlation of knowledge is not a finished

enterprise.

3. While providing learning experiences, or even
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while introducing instructional units, the
curiosity of the students was aroused to know

what followed.

4, Students were encouraged to participate in group
discussions, Further, they were also encouraged
to carry out activities on an individual basis

as well as in groups.

5. At meny places in the units, simple experiments
structured in accordance with the principles of
guided discovery were deliberately included to

developet heuristic behaviour.

1t should be noted that these different - learning
experiences with regard to their contribution towards the
development of scisentific attitude are to be seen in a
cumilative manner, and not in isolation. This is due to the
view held in the investigation that the construct 'Scientific
Attitude' 1s a composite of different behaviours, and
possessing any one of these would not position‘an individual
high on scientific attitude. Precisely, in the investige-
tion, 'Scientific Attitude' has been considered as a totality
of different behaviours. 1t is due to this consideration
made in the investigation, one may not find learning
experiences for developing each of the component behaviours
of secientific éttitude in each and every instructional unit:
constituting the instructional strategy. On the other hand,

wherever the development of particular behaviours could be
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attempted, the learning experiences have been provided
accordingly. Further, it may also bé mentioned that the
learning experiences catering to the development of bgahavi-
ours related to scientific attitude run consistently
through the instfuctional units in various ways. They are
neither concentrated heavily at any one particular juncture,

nor intermittent in their occurrence.

OBviously, when concerted and deliberate attempts
have been made to incorporate learning experiences which
would lead to the development of behaviours related to
scientific attitude, studying the extent to which it has
been developed in students would reflect the effectiveness
of the learning experiences provided for its development.
It is in this connection, the extent of the development of
scientific attitude (gain from pre-test to post-test) has
been considered as a criterion for validating the de%eloped

strategy.

Details pertaining to the development of scientific
attitude test'héve already been presented under 'Instrumenta-
tion' in Section I of this chapter. Particulars régarding
the sample utilized for studying this aspect, anq, admini-
stration of the test have already been provided under
respective headings 'Samp1e' and 'Implementation® of the
maltimedia instructional strategy' in this Section. It may
be mentioned that for the purpose of validation, the
responses of 5 students of the control group 1 were to be

1
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discarded, since these students had not responded to all the

items on the test.

ANALYSIS OF SCORES ON SCIENTIFIC ATTITUDE TEST

In all, 4 sets of scores were available; pre-test
and post-test scores of the experimental group, and similarly,
pre-test and post-test scores of the control group 1. Mean and
5.0, for each set of scores were calculated. Student's 't'
test was used for (1) finding out significant difference
between means of pre-test and post-test scores of the
experimental and the control group 1 separately, and (2) for
comparing means of pre-test and post-test scores of the

experimental group with that of the control group 1.

For finding out the éignificant difference between

means of pre-test and post-test scores of the experimental
the .
group and/control group 1, the 't' formula used was:

’ - Garrett (59)

For the purpose of comparing means of pre-test and
post-test‘séores of the experimental group with that of the
control group 1, 't' formula for independent-and uncorrelated
means was used. Thié formula was used since the groups were
considered as indepéndent, and therefore not correlafed with
respect to the criterion under measurement. The formula

used has been giVen below.
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3 D = eemmnn e -..Garrett (56b)::

In the following are presented the results and the
discussion thereon in respect of students' performance on

scientific attitude test.
RESULTS ARD DISCUSSION

TABLE 3.23

' Values for Significance of Difference

Between Means of Pre-test and Post-test

Scores - Experimental Group and Control
Group 1, Separately

L e e i i R e Bt dl R Rk e b R T R e X Bt

Groups No. of Nature of Obtain. Level
students the sfor- Mean S.D. ed 't' of
es . value signi-
fi-
cance

- sy an W TS e pyn W o T e T s WD -y T -

Pre~-test 32.26 4,94

Scores
y Experimental
group 45 8.47 e
Post-test 38.02 5.61
8cores

Pre-test 30.20 4,59
Scores

Control group

Post-test 35.32 G .40
Scores

o T T I e e e T e e e e L L T e T S e I T I R I R R I T I T et

*%* Indicates significance ato.0l level

As can be seen from the Table 3.23, both the groups,



31

200

namely, experimental and control group 1 show a significant
difference in their means from pre-test and post-test, the
difference being in favour of post-test. This indicates that
there is development of scientific attitude in both the
groups over the period of time (one complete academie year),
since both the groups had been exposed to sclence teaching;
of course, the experimental group being exppséd to multi-
media strategy and the control group 1 £o the regular class-
room teacher. However, the higher mean and lower 5.D. obtain-
ed by the experimentsl group on the post-test. vis-a-vis that
of the control group with a relatively lower mean and higher
S.D, suggest that, perhaps, learning experiences planned
deliberately to develop this attribute might have contributed
to a greater extent for its development. To study this
further, the means of pre-test and post-test scores of the
experimental group have been 'compared with the corresponding

means of the control group 1.

1 %
i TABLE 3.24 §
§ 1

It may be observed from Table 3.24 that there is
no s@gqificgnt diﬁfereqqe)between méans of the groups on
pre~§esﬁ. OnAthe_cont?%ry,Aon‘thequstftest, the“ft' values
being 2.0é‘is"sigqificgnt at .05 level. This indicates that
there is significant difference between the meens of the

two groups on post-test. The difference being in favour of
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* TABLE 3.24
't! Values in Respect of the Comparison of the
Means of the Pre-test and Post-test Scores of
Experimental Group with that of Control Group 1

.y = A e ik o e v o o "t D -y qn - gy s " - -y o

Nature Groups No. of Mean S.D. Obtain- Level of
of students ed 't' gignifi-
scores “value cance
Experimental 45 32.26 4.924
group
Pre-test
Scores 2.0 N.s.
Control group 1 40 30.20 4.59
Experimental 45 38.02 6.61
group
Post-test 2.06 *
Scores ’
Control group 1 40 35.32 6.4

e e e e et e e e L Bl LD oY
o o e T e . . e e s o, T 2 et it L e e e

N.8. - Not significant=
* Indicates significance of 0.05 level

et i S gt e et T S s ST S v it Ty T2 20 s T s T i s P % s s T s Y0 ) et
o A e e P e o . o e 200 e Lo IO T T

_Et=may-be-gbssrwved-Efrom=Fabk .
the experimental group indicates that the experimental group

had developed scientific attitude to a significent extent in
comparison to that of the control group 1 over a period of

one academic year.

o Recalling that deliberate attempts were made in the
stratggy to develop sqienﬁific attiﬁude.in students through
incorporation of various activities, the results of the
comparisons made earlier (refer Tables 3.28 and 8.24)ksuggest
the possibility of planned instruction in contributing to

the development of scientific attitude, and thereby reflects
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the effectiveness of the developed multimedia instructional

strategy.

VALIDATICON OF THE MULTIMEDIA INSTRUCTICN AL
STRATEGY IN TEBMS OF STUDENTS' REACTIONS

It may be remembered that for validating the strategy
in terms of students' reactions, reactions were collected from
45 students of the experimental group, These reactions were
collected through interviews and a reaction questionnaire.
Details pertaining to them can be found in Section I of this
chapter under the heading fInstrumentgtion'. Details regarding
how students' reactions were obtaine%%hrough interyiews and
questionnaire have already been presented in this Section
under the heading 'Implementation of the multimedia instruct-
ional strategy'. In what follows are presented details
pertaining to analysis of these reactions to study the effecti-
veness of the individual ccomponents of.the strategy, and the

strategy as a whole.

ANALYSIS @F STUDENTS' REACTIONS

Students' reactions towards working of the individual
components of the strategy, and the strategy as a whole were
analysed for»their content, and categorised on the basis of
the themes expressed. For each item, the number of students
expressing a particular theme were pooled. The pooled
numbers (frequency) thus arrived at were further converted
into percentages. To facilitate easy reading, these percent-

ages have been expressed in whole numbers.
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Students' reactions towardseach component of the
straﬁegy, and the strategy as a whole are presented here-

under, componentwise.

RESULTS AND DISCUSSION

Introduction by the Teacher

As regards the inclusion of this component in the

strategy, 98 per cent of the students have reacted thg@vét

et e i s

is a necessary component. Only one student has expressed

v et e % arn e P

SE———

that there was no need of introduction., However, no specific

reason is gilven by the student for his unfavourable reactio.
The reasons given by those students who have shown positive
reactions towards this component are (1) an introduction to
the unit in the beginning helped them in getting a clearer
view about the concepts they would be learning in that
particular unit, and also as to how they would be learning
that unit; (2) It helped them in recalling what they had
already studied about the concepts in their previous classg-
es, and linking them with other concepts of the unit which
they would be studying; and (3) it helped them for quick
revision. These reactions of the stddents validate the
assumption on which this has been chosen as a component of

the strategy.
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Programmed Learning Material ' )
and Deviated PIM

Programmed Learning Material:

About 70 per cent of the students have reacted
favourably to this component. They have expressed that it
was a novel way of learning and was interesting too. The
main reasons for the;r ﬁositive reactions have been thg

following: ’

(a) The small steps or frames enabled them to
understand the ideas presented in the frame easily; (b) the
facility for in-built feedback - checkiné their own anéwers;
and (¢) they could learn the concépts on their own. The rest
of the students (30 per cent) have shown negative reactions
towards this component. Their reactions have been centred
round (a) length of the frame and number of frames
assigned to read at home, and (b) prompts provided in the
material, As regards length of the frames, the reactions
were that many frames were too large and sometimes it was
boring ® to go through. They have suggested that the
information in a frame should not exceed more than 3 to 4
lines, so that they can concentrate more. Regarding the number
of frames éssigned to read at home,the reaction has been that
it was difficult and boring to 'go through 40 to 50 frames,
specially when they were assigned home work by other
teachers. As regards prompts, these students (70 pér cent)

have reacted that prompts should not be providéd in the .
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material. The reasons given for this have been varied. They
are. (a) prompts tempted them to copy the answers, and
similarly the correct answers given after eoch frame; and
(b) it hindered their thinking since they were often tempted

to look for only prompts in the frame.

Ag regards the acceptability of programmed & learn-
ing material as a regular instructional techniqueé, from

among the 70 per cent of students who have shown p051t1ve

reactlons towards the component 85 per cent have remarked

e i e o e
e s =

that it should be utilized for teaching all the difficult
concepts in the course. The rest have expressed that it

should be utilized only in a few units.
Deviated PLE:

A good majority of students (96 per cent) have

reacted favourably towards this component. They have express-

ed, in general, that it was very interesting and pleasing
to learn through the technigue. The reasons they have

expressed are as follows:

(a) Simple and lucid diagrams embedded in the
learning material helped them to understand the(concepts
without much difficulty; (b) small paragraphie presentatiom
of the information; and (c) intermittent questions and
summeries helped them in recalling and revising, and lastly,

the facility for in-bullt feedback mechanism through correct

answers.
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positive reactions. towards this component, 20 per cent of
students have expressed that as this technique gives more
prominence to teacher's explenation, they experienced a
passi¥é- =role.- It may be mentioned that this percentage
of students used to participate in discussion sessions snd
other classroom activities to a greater extent. They have
suggested that during lecture sessions, students' participa-

tion should also be given due prominence.

Tean Teaching

With regard to this technique 53 per cent of G
students have expressed that teaching by two teachers in
the class helped them to think iﬁ divergent ways and arrive
at their own conclusion. However, they have expressed that
in this technique even participation from students should
also be ensured. The rest of the students (47 ber cent)
have reacted negatively to this Bechnique by expressing
that presentatiom of concepts in an argumentative manner
by two teachers confused them, and it appesred as if some
‘drama’ was going on in the class. This category of students

have preferred single teacher presentation to team approach.

Pupil Activities and Demonstrations -
by _the Teacher

1t may be recalled from Section I of this chapter
that individusal student activities were included in the

instructional material at vatious places with specific
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instructions for carrying them out. In respect of this,

about 92 per cent of the students have remarked that they
could carry out all the activities at home, and such activi-
ties helped them in understanding thetﬁgncepts better. Out of
this 92 per cent, about 20 per cent of/students have
expressed that some of the activities were too simple for
their level, and hence it would have been much more interest-
ing if challenging activities had been incorporated. Only 8
per cent of the students have expressed that they could not
perform all the activities due to lack of availability of

materials at home.

As regards demonstrations of experiments by the
teacher, almost all the students (95 per cent and above)
have remarked that demonstratioms helped them in (a) getting
a practical knowledge about certain phenomena; (b) under-
stending concepts better when read later at home; (c) gett-
ing an idea as to how to arrange apparatus and carryout the
experiments, and lastly, helped in describing the experi-
ments in their own vords. However, a suggestion given is
that students should be involved in arranging the apparatus,
carrying out the experiments and in drawing the diagram of

the apparatus.

Inguiry Technigue

Almost 65 per cent of the students have expressed

positive reactios towards this component. These students
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have preferred learning through inquiry teclnique to teacher
demonstrations. The main reasons offered by these students
in favour of this teclmique are (1) the tecimique enabled
them to guess different factors of an évent or phenomenon;
(2) through this technique, they got .an opportunity to
.hypothesise the effects of different factors, and test them
through setting up experiments, and (3) it helped them to
write the plan, procedure and findings of the experiments

which they did, in their own words.

However, about 20 per cent of the students expressed
that they learnt better when teacher demonstrated and explain-
‘ed things, than through inguiry technigue. The reasons being
that when teacher demonstrated and.explained, there was
less confusion and disturbance in the class, which helped
them to concentrate on experiments and understand them. But
for the above reasons, even this percentage of students have
expressed that learning through inqdiry teclniqgue is more
interesting and challenging than learning through demonstra-
tions and explanation by the teacher. Fifteen per ceqt of
the students have not expressed their reactions by not answer-

1

ing the questions related to this component.

Audio Visual Presentations

As regards this component, mainly four aspects
were focussed. They were (a) how did audio visual presenta-

tions appeal to you, (b) how did work-booklets help you,
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(¢) how did the handouts supplied after the presentation
help you, and lastly, would you prefer teacher to explain

using blackboard to transperencies and slides?

Most of the students (20 per cent) have offered
favourable reactions in respect of all the above four aspects.
They have mentioned that they could ﬁnderstand easily
because ﬁeacher used to explain the concepts with the help
of transperencies. It is evident from their reactions that ’
the aspect of focussing students' attention to particular
points when the transpgrencies were projected had appealed
to them. Further, these students have alsO expressed that
they were more attentive during audio visual presentations
than in other classes. ‘

Regarding the work booklets supplied, all the 90 per
cent'ogigtudents have remarked that it was helpful in recall-
ing the ideas they had learnt during audio visual presenta-
tions, and also as a sort of self-check for their under-
standing about the concepts. It is also expressed by the
students that by answering the gquestions in the work book-
lets, they could remember the ldeas better. Similarly, they
have of fered positive reactions in respect of the handouts
supplied to them after the entire presentation was over.

The reason expressed is that handouts helped them in
revising at the time of criterion tests and examination.
As regards the question, whether they preferred learning

through this technigue to that of teacher's explanation
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with aidsz the reaction in general has been 'Yes'. However,
they have offered a few suggestions for the improvement of
audio visual presentations. They are (1) coloured trans-
parengies should be made use of instead of only black and
white; (2) teacher's explanation should be taped; and lastly,
both transparencies and recorded tape should be made available

for reviewing during leisure time.

The above reactions reflect the effectiveness of

the technique as an important instructional component.

Historical Background of Scientists

It mgy be mentioned that historical backgrounds of
sclentists and scientific discoveries were presented in the
learning material wherever appropriate,with a view to
imbibing in students as to how scientists discovered certain
significant principles and laws In science, what was the

approach adopted by them, the qualities they exhibited in

their pursuit of discovery, etc. Almost all the students

(95 per cent) have expressed that they enjoyed this sectim
very much. They have also expressed that more of such
information should be incorporated in the learning material,
ag it woqld pe;p tpem in kncwiqg more about various scienti-
sts end their diSQOVer%es. Abgut»l@_per<psnt of the students
have mentioned that such information prompted them to read
additional information related to the dlscoveries, and also

to know about other scientists too.
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Discussion Sessions

With regard to inclusion of this component in the
strategy, 70 per cent of the students have expressed that it
was quite useful to them. Of this percentage of students,
meny (57 per cent) have expressed that discussions belped
them in getting their doubts cleared. A few (8 per cent)
have remarked that besides being helpful for getting their
doubts cleared, discussions also helped them in developing
confidegce‘to put forth their yiew pOintSi qu students
(5 per cent) have expressed that participating in discussions
helped them in shedding their shyness in expressing their
view points. The ?§;t 30 per cent of the studentsAhave
raqarked‘thgt discussion sessions were Jjust repetition of
what teacher had explained in the class, and in this respect

was just waste of time.

As rega?dsfdiscussion sessions organized at the
completion of each unit, all the 70 per cent of students
(referred earlier) have opined that (1) it served them in
revising what they had learnt in that particular unit in
a short time, (2) 1t facilitated remembering the ideas,
and lastly, it helped them in getting a cgmprehengive _
view of what all they had‘leaynt ;p that unit. With regard
to the éuestion,‘how did other's participation in the
discussion sessions help you?, they have expressed the

following reactions:
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(a) participation by other students helped in

clarifying doubts,
(b) helped in getting confidence to participate,
(¢) helped in exchanging views, and

(d) helped in Jjudging our own reasoning as

against others.
The above remarks of the stddents as regars the
different aspects of the component 'discugsion' indicate that

it has served as an effective instructional technique.

Summaries

All the students have expressed that summaries
provided at the end of a few concepts in the units as well
as at the end of each umit helped them in (a) revising
guickly the concepts learnt till then and also at the time
of examination; (2) reviewing the entire unit in a brief
period of time; and (3) in getting a link for the next unit.
However, they have expressed that summaries should be still
briefer, and important points should be underlined to
facilitate revising and remembering at the time of examina-

tion.

Griterion Tests and Feedback

The favourable reactions expressed by almost all

1
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the students (95 per cent) in respect of criterion tests have

been centred around the following points:

(a) helped in knowing our own level of understanding about the

concepts in the unit, and-(b) helped in preparing for the
final examination. As regards feedback sessions organized
after criterién tests, they have expressed that these sessions
helped them in understanding aﬂd rectifying their errors
committed in the criterion tests, and also in .clarifying
certain misconceptions held by them. Further, they have also
remarked that these sessions helped them for further
improvement. However, one suggestion offered by the students
is that they should be allowed to retain criterion test

papers after feedback sessions, so that it would help them

to revise at the time of anmaial examination.
Exercises and Assignments

As regards exercises and assignments, about 50 per
cent of the students have expressed that these helped them
to prepare for the criterion tests, and also in practising
diagrams. Nearly 40 per cent of the students have expressed
that they did not find sufficient time to complete exercises
and assignments, since they were to prepare for other subjects
also. Ten per cent of the students have expressed that it was
just a repetition and was boring to them. The percentage
of students who had completed all the exercises and assign-

ments have suggested that these exerclses and assignments
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must be graded and the marks should be considered for declar-
ing ranks at the end of the year. These students have also
mentioned that the feedback given on the exercises and
.assignments motivated them to do other assignments and

eXercises.

Besides seeking reactions of students towards working
of the individual components of the strategy, students'
reactions towards 'Learning science through multimedia
strategy' and also their suggestion for its improvement have

been sought. They have been focussed hereunder.

All the students have expressed that it was a novel
approach of learning and liked it very much. In general, '
they have remarked that all other subjects - at least
sclence - in their next standard should be taught through
this approach. For the question 'did you find any improvement
in your science achievement?, 80 per cent of the students
have expressed that they could notice definite improvement
in their achievement in science as compared to that of their
previous achievement in scilence subjects. However, they have
expressed that learning science through this aspproach is
time consuming and requires additional efforts on the;r
part. As regards suggestions for improvement of the strategy,
they have suggested that learning material should be printed
and .supplied to them in the form of text-books so that they

can esgsily handle them.,

It may be noticed from the reactions of the students
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towards various components that excepting the component
team teaching, for all other components the reactions have
been éuite favourable - 70 per cent and above have shown
positive reactions. As a matter of fact, for components such
as deviated PLM, lecture method, summaries, criterion tests
and feedback etc., 90 per cent and above have expressed
favourable reactions. It may be recalled from Chapter I that
multimedla strategy is concelved as constituting of differ-
ent methods and media (components). Each unit in the course
has been taught through a combination of components. The
favourable reactions of students towards elmost gll the
componengs of the strategy and also their reactions

towards 'learning science through multimedia strategy’
indicate thiat the strategy’has worked to a satisfactory

level.

However, it should be mentioned that students'
reactions towards various components of the strategy -
both favourable and unfavourable - are nothing but their
perceptions about the working of the different components.
bne cannot rule out the possibllity of existence of indivi-
dual differences in perceptiom. BEventhough different
components of teaching were utilized in the strategy, it
should be mentioned that they were not tailored for each
individual students' preferences for the methods. Further,
the components of the strategy were selected keeping in

mind certain gross learner characteristics.To that extent,
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the developed strategy did not have flexibility for each
individual to select the component through which he likes
to learn most. Such strategies tailored for each individual
student needs and learning style will have several alterna-
tive modes of treatment of the same unit. As mentioned
earlier, the strategy attempted through the present investi-
gation lacked this flexibility. Because of this lack of
flexipility one can expect unfavourable reactions at least

towards a few components.

It may 21ls0 be mentioned that 1éarning through a
strategy of the present kind, demands a new set of behaviours
on the part of the learners such as interest, attitude,
study habits, etc. In other words, a different look towards
the very process of learning itself. These behaviours, as a
matter of fact, get developed over a period of time. And,
unless these behaviours are developed, the learners, at

least a few of them, are likely to show unfavourable reactioms.

What is discussed in the earlier two paragraphs
only indicate: that there 1is eveﬁy scope for further improve-
ment of the strategy in terms of its effectiveness through
the process of experimentation with different components of
the strategy independently with groups of students varying in
their characteristics, with the presence and absence of

certain aspects of the instructional component.



