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CHAPTER V

EXPERIMENT

5a1 Introduction

Science, with it permanent place till the end of
the secondary school education in India, requires firm
support from research findings for its dissemination to
all students with varied backgrounds and aspirations.
There is mow a growing awareness among the people involved
in science education that some of the basic ideas of
science are difficult for children to understand. This
demands, trying out vgrious alternate teaching strategies
to help the practioners, so that teaching will become
more efficient., Observers of the education scene might argue
that teachers should be willing to be informed by relevant
educational research and modify their teaching strategies
accordingly but many a times the ideas from research findings
are difficult to put into practice, simply 5ecause of its
difference with the classroom realities., Any teaching
strategy, therefofe, degigned and developed, should take
the classroom situation as it is; without tampering with i%,
that can only lead to_an efficient uptake of research
findings in the classroom situation. The experiment

described here is a step in this direction.
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The study, presented here, is intended to examine
the potentidl, that Gagne's conditions of learning, holds
for classroom teaching through the utilization of carefully
developed leaming materials and instructional strategies,
The part concerned with the development of instructional
materidl has already been described in the earlier chapter,
The present chapter relates to experimental verification
of the effectiveness of the instructional strategy, designed
according to Gagne's conditions of leamming. Thus, the
present chapter describes the conduct of an experiment in
the actual classroom situation utilizing the instructional
materials developed earlier, Details of the experiment in
terms of design, sample, treatment, data collection and

analysis, are presented in this chapter.

The experiment described here attempt to @

(i) determine the major areas in content, viz.,
concepts, rule or problem solving, where
students show their genefal weaknegses and
which need special attention, based on the

criterion test scores performances,

(1i) modify, if necessary, the instructional
material prepa&red as classrodm learning
material and self learning material based
on the feedback from the performance at the
criterion tests and discussions with the

students.
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(iii) find whether the instructional strategy
adopted was more successful in a particular
area of the content, viz., concept, rule

or problem solving.

(iv) examine whether the instructiomal strategy
has helped the low achievers or high

achievers in particular,

(v) validate the instructional strategy against

the traditioﬁal method of instruction.

5e2 Design

The study adopted an experimental~control group
degign for the comduct of the experiment. The experimental
group and the control groups were the A and B section of
an existing classe. The selection of the secﬁion ag the
experimental group was done randomly. The students of A
and B sections were not disturbed at all as it was considered
more appropriate to have the experiment performed in the
actual classroom envirorment within the normal parameters
of a school situation. The redistribution of the students
into two mnew sections would have also created administrative
problems in the school. Thus, no effort could be done to
match the two groups without disturbing the schoeol.

However, it may be mentioned that these sections 4 and B
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were the outcome of a random distribution done at the
lower level at the time of admissions. Therefore, no
intentional grouping had been done in the school for any
of tbé‘sections. In the normal course, children are given
admission at the Clags I level and the sections are ¢
determined at that time randomly; and as years roll on
they reach these higher classes, Hence, no bias ceuld be
attributed to the division of the class into two sections

at the time of admissions,.

The instructional strategy was implemented by
a team of two teachers with fairly good experience in
teaching at the secondary level., The investigator himself
and a senior colleague constituted the team, The entire
strategy was discussed with the second teacher as part of
teacher brientation. The teachers were exchanged between
sections A and B after half the programme was over in order
to remove any teacher variable influencing the achievement
scores. The measurement of effectiveness involved the
administration of a common criterion test at the end of
each topic and comprehensive test at the end of the
programme, The combined criterion test scores and annual
examination scores were algo taken into acceunt for
comparison. Usual statistical technigues like mean, median,

standard deviation, etc. were employed to analyse the data



obtained, Since no prematching of groups was done
analysis of covariance was adopted for adjusting the
mean valﬁes on the.combined criterion test scores,
comprehensive test scores and annual examination scores
with previous class anmial examination scores as the

covariate,

The data obtained in the experiment to verify
the effectiveness of the strategy was also used later to
examine the hierarchy in learning, described in Chapter V.
A cognitive preference test with twenty items was
administered as pretest before the start of the programme
and post-test.after the programme was over, to both the
groups and an analysis was done to test the changes in

preferences as described in Chapter VI.

5.3  gample

The sample selected for the study was the
students of Class IX of a higher secondary school in
Baroda. The school is affiliated to the Central Board
of Secondary Education, New Delhi and is a member of the
Indian Public Schools Conference. The school follows the
A11 India Secondary School Syllabus with science compulsory
to all till the end of secondary level, Class IX had two

divisions- 4 and B, with 38 and 37 students in them. 4s
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mentioned earlier, the students were those who had been
admitted to the respective sections at the lower level
(say class I) and as such could be taken to have been
randomly distributbted. One section was randoumly selected
as the experimental group and the other was assigned as

control groupe

504 Treatment

The classroom management , after having developed
an instructional strategy, involved making use of the
principles described in the preceding chapters and a
detailed planning in terms of teacher and student
activities so that the student may reasonably progress
from one lesson to the next without fattering along the
way. The 'how to instruct the learner?', involves planning
of instructional events which may take variety of forms
that may require the teacher particirpation to a greater or
lesser degree. In a basic sense the instructional events
designed will include a set of transactions with the

student .

The experimental group was provided with the
instructional events in accordance with the corditions

of leaming as enunciated by Gagne., Gagne (1968) lists
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some of the instructional events in a lesson, given in

the approximate order in which they are employed :

1 Gaining attention

2« Informing the learner of the objective

3e Stimulating recall of pre-requisite leamings

4+ Presenting the stimulus material

5« Providing 'learning guidance'

6. Fliciting performance

Te Providing feedback about performance correctness
8s Assegsing the performance

9+ Enhancing retention and transfer.

These events were described in the earlier chapters. The
events as Gagne (1974) notes, do not invariably occur in
this exact’ order, although this is the most probable order.
Even more important, by no means all these events need be
provided for every lesson. Though the exact form of
communication may differ from topic to topic the classroonm
strategy adopted for the experimental group employed almost

the same events as menbtioned above.

Initially all the students of group A (experimental
group) were given an orientation towards the instructional

strategy being followed during the experiment. The main
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points discussed in this orientation programms were

as follows ¢

1e What the instruction is about ¢

2e

Se

4o

5e

6e

Familiarising with the learning materials i.€.,
classroom learning material (CLM), home
assignment material (HAM) and agsesscment

material (4M),

4 continuous evaluation through question-answer
and discussion at the end of every element (any

coucept or rule:),
delf evaluation at the end of each topic.

Assessment at the end of the topic (the

criterion test ).

A comprehensive tesgst at the end of the

experiment.

The students were told clearly about the differences

between group 4 and Group B. They were also asked not to

pass on any of the learning material to the control group

(Group B).

Familiarisation with the learning material was

done through a discussion on CLM and HAM; dbjectives, Task

cnalysis Kap, hierarchy model, how the Structure of the



elements are treated, evaluation at the end of each

soncept or vule etc, 411l the students were instructed %o
utilize their freedom to raise any guestions or doubtse
They were also informed that we were aiming at a mastery
learning at every stage, Though the answers for the
guestions in the Home Agsignment Material were provided

at the back of the material they were asked not to see them
before actually working out the problems, In fact, they

were to be used only to verify thelr results.

Various methods were used to gain. thg attention
of the learners. This included, discussion on the range of
speed of a cycle to the modern rockets in the topic of speed
and velocity, the history of Newbton's laws, common examples
of conservation aspect, a world with no friction etc.
Normally this was done with a shori introduction and then
asking a gquestion like 'What do you think the reason for
the bodies falling down?', in the gravitational section.
Many questions depended on the discussion that had taken
place on that particular day and as such one could not
provide a set of standard questions or procedures. It was,
however, ensured that these introductions were interesting

and informative as to draw the attention of the students.
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It was considered important that the learner
should know the kind of performance which was to be used
as indicators that learning had been accomplished. These
performance objectives or learming objectives as they
were called had been clearly spelt out in the classroom
learning material (CLM) supplied to the students. Normally
when a topic was completed the students were asked to read
through the objectives of the next ftopic at home as part of
their home preparations, This did not mean that the
insbructor took the chance of assuming that the students
know what the objectives of the lesson were, These objectives
were effectively communicated to the students in the class

before the start of every topic.

The next step was to explain the task analysis
map and learning hierarchy to the students. The tagk
analysis maps discussed initially were in terms of concepts
and rules, Basically this gave the students an ideé about
the structure of the topic and the elements involved and
their order for accomplishment, It clearly showed them
the number of elements, the rules linking them and how
the topic was actually evolved. The pyramidal hierarchy
with problem solving at its apex could prompt them to
orient their attention to problem solving methods. The

leaming hierarchy which was more discriptive with learning
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objectives arranged in hierarchical order, were then
explained to them. These hierarchies which enforced precise
behavioural definitien of the termimnal skill were explained

to them as the route to successful performances,

Recall of pre-requisite capabilities are essential
for any successful learning., In the first topic, all the
elements were dealt with but as one moved to newer topics
many of the elements appeared as reviewing concepts. For
example for tople III, Newton's First and Second Laws, four
concepts were given under the caption 'concept revision',
Thus, the learning of Newton's laws also involved all these
four elements~ time, displacement, velocity and acceleration.
These had to be mastered first if the learning was to be
successful, Thelir accessibility was assured by having them
recall Just before the new learming took place., The recall
of previously learned capabilities were stimulated in the
classropom by a communication which reguired the students
answer recognition or better recall questions like, "Do you
remember what is acceleration?t Or "What is’the unit by which
acceleration is measured?ﬁ etc, which referred to elements

learnt under the earlier topicse

Presenting the material consisted in the actual

instruction of various concepts and rules. The concepts or
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elements were taken up one by one and discussed

extensively to clear any doubt. Students were also
encouraged to ask questions during the teaching. At the

end every element, concept or rule, evaluation was done
through oral questions and fthis was necessary to make sure
of the attainment of that particular element, If, after the
evaluation, it was felt that sufficient understgnding was
not there, the concerned element was discussed again. The
stimilus presentation for the learning of concepts and
rules were done through a variety of examples., So that the
attributes regarding each one wag clear, Once the concepts
and rules were 1eérned the learners were made to do problen
solving. Employing a variety of examples in problem solving
the learners were mde to use the previoysly acquired

capabilities in concepks and rules.

Guidance was also provided to the learners to
golve problems on their own. The amount of guidance, i.eo,
"the direct or indirect prompts", obviously varied depending
upon the type of problem and its difficulty level, Hints-
a glight indication, a faint or imdirect suggestion, usually
given orally - were given as and when required while solving

problems, The discussion on a problem usually was done in
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the following way :

1o What are the information provided in the problem?
2. What are we supposed to find out?
3« Is there any equation connectiﬁg all

these information?

4, Substitute the values and calculate,

These types of hinkts were given while solving of
problems. It may be noted that the hints given at the time
of solving problems were not the same always and also not

given with all the problemse.

Fliciting the performance is actually achieved by
initiating the learner usually through such statements as
"Let me see, how you do the problem; go ahead" etc, The
learner not only should convince others that he has achieved
the capability but also should convince himself. 4n
independent performance was expected of the students on
saying "do it". Thus many steps were adopted to coax the
children to do the work through guided methods as well as
independently: ~The communications from the instructor
'show me'; 'do it'; 'let me see', were intended to see that
the learner applied the capabilities already gained by

him to new instances.
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Feedback was provided at different stages as under

(1) at the end of every element,
(2) at the end of home assignment,

(%) at the end of assessment,

The internal continuous evaluation and the immediate
feedback as to its correctness at the end of each elemenﬁ

was a very important component of the insbructional strategy
employed. This involved, inferring the learner about the
correctness of the answer, poinfing out the mistakes,
providing clarification about any confusion therein and
giving additional explanation in case of insufficient

compreh ension, The answers at the end of HAM provided immediate
feedback but any general difficulty arising when answering
the same was further discussed in the next class. Corrected
answer papers were given to the learnerg after the assegsment
test. Again all the difficult problems were discussed in

the clagse.

To enhance retention and transfer the self-learning/
evaluation material (HAM) was provided. This contained items
based on every intellectual skill to be achieved. Various
" examples and questions provided ample opportunity for the
learner the practice of which was essential for their

retrieval, The concept mastery or rule mastery depended



173

upon the easy recallability of various information

about relevant conceptse. Therefore the HAM highlighted

many of the attributes responsible for the formation of

a concept or a rule, Provisions were also made for the recall
of intellectual skills threugh reviewing previous concepts
when a new topic was taught in the class. 4s for the
agssurance of transfer of learning, it was done by setting

a variety of new tasks for the learner-tasks which required
the application of what had been learned in situations that
differed substantially from those used for the learning

itself. Problem solving tagks in the HAM‘prmvided for this,

The control group was supposed to have their
teaching learning situation in the traditional way. 4s
usual, textbook formed the main resource material for them,.
No additional learning material was provided. They were not
specially made aware of any learning objectives. Lecture
method was used in the classe. Discussions were minimum. There
wag no continuous evaluation. The time spent for completing

each topic was maintained to be same as that of Group 4.

The assessment at the end of each topic was common
to both group A and group B. These were done bthrough

criterion tests to be answered in one period. Fach test



consisted of three parts : Part A - for concepts,

Part B ~ for rules and Part C - for problem solving

with equal weightage given to each part, After marking

the papers, they were given to the students of both the
sections, difficulties were explained and doubts cleared,
When the whole experimental instruction was over, a
comprehensive test was administered to both the groups.
Though the results of the comprehensive test were given to

students they were not discussed.

A general discussion was conducted at the end of the
session (i.e., after the experiment was over) in Group A
to find out the reaction of the students to the whole
exercise, The discussion was more informal and not binding
on any one. The whole experiment took about three and a

half months to complete.

5e5 Data Collection

The data required for validating the instructional
strategy, developed and used, as required under objective
No.2, was obtained through elght criterion tests conducted
at the end of each topics, one comprehensive test towards
the end of the experiment and the anmal examination at the

end of the academic year. Each criterion test was divided



into three sections: A-.for conceptg, B- for rules

and C- for problem solving. Fach section was given equal
weightage. ALl the criterion tests were conducted for the
same duration of time, carried equal marks. Fach test was
marked for a maximum of 30 marks (10 each for section )

and the results were converted to percentages for the
purpose of analysis. The comprehensive test and annual
examinations were of longer time duration and the results

of which were also converted to percentages. The combined
criterion test scores were also used in the analysis.
Criterion test No.4 had only concept level question and as
such it was dropped for further amalysis at rule and problem
solving level., 4s the groups were not matched the annual
examination score of the previous year (at the end of Std.VIII)
was taken as covariate for adjusting the mean scores in the

analysis of covariance.

5e6 Data Analysis

The data collected threugh various tests described
earlier were analysed using usual statistical techniques.
The analysis was done under the following three sections :

(1) 4Analysis of individual tests,
(ii) Capability level analysis,
(iii) 4nalysis of covariance,



Apart from the usual analysis in terms of mean
mode median , percentile etc. graphical representation were
also made use of for a better comparison between the

experimental and control groupe.

5¢6e1 Analysis of Individual Tests

At the end of every topic a criterion test was
held to find out the performance of each student. These
criterion test results are analysed in this section. Such
an anal&sis tells us not only about the efficacy of the
instructional strategy but also gives us the feedback with
vital clues regarding the strengths and weaknesses of the
instructional strategy particularly the software component -

and thereby help to improve the strategy itself,

The discussion on the criteriom test scores is done
using the frequency distribution of scores for various class
intervals, The arithmetic mean and standard deviation valuves
also formed part of the analysis. For interpretation
purposes the following criterion was formulated, taking into
consideration the regulations of Central Board of Secondary
Education (CBSE, New De1h13 also, as thé school was
affiliated to CBSE.

0 - 32% Poor Performance

33 - 49% TPFair Performance
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50% - 59%  Average Performance
60% - T4%  Good Performance

75% -100%  Outstanding or Excellent Performance

%33% was considered also as the minimum score required
for a pass and score between 90-100 was taken as a mastery
level performance, Study was also done using graphical
representations given in the following sections. The
individual scores on 5 high achievers and 5 low achievers,
taking the Ist Test as base, were analysed to see whether the
instructional strategy helps any one of these groups, in

particular.

For the purpose of the learmning material

improvement, the over-all distribution of the achievement
scores on individual criterion test has been taken as the
main bvasis. No attempt has been made to analyse specific
errors comnitted by students on the criterion test. However,
the data were augmented by the points that emerged during
the detailed feedback session that were held to discuss the
answers to home agsignment material (HAM) and at the end of
each test which took into accouut the difficulties faced by

the sbtudents with respect almo & &l1 questionse.
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(a) Individual Criterion Test Scores

The resgult of first criterion test administered
at the end of topic No.1 : is given in Table No.i1. The
frequency distribution table showed clear cut difference
between the scores of the experimental Group 4 and the
control Group Be. Group 4 values shows no score below the
passing percentage of 33%% while there are 3 such cases in
Group B, exhibiting poor performance, There were nine cases
of scoring above 75% in Group 4 while there is none in
Group B showing excellent result. The cumﬁlative frequency
values show that there were only 16.22% of students getting
below 50% score in Group A while correspending value in
Group B is 35.29%. The mean score of Group 4 was higher
with a value of 62.,08% as compared to that of Group B which
was 50.68%, Group 4 also had a higher median value with 60
as compared to 51.65 of Group Be. Graph No.1 for the first
criterion test showed the scoring pattern of Group 4 and
Group Be Group 4 values clearly stand towards the higher side
comparéd to that of Group B. The moddl class for Group 4
was bimodel with equal frequency in the class interval 50-59
and 60-69 while in the case of Group B, it was 50-59 class
interval, The histogram showed a2 fair distribution of
scores in the case of both Group 4 and Group B around their

respective --'. median values. Group 4 values showed more
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Tanle Noel ¢ Frequency Distribubion
@Criterion Test No1

Scores GROUP-~ A GROUP-B
CeIe f cf cf in T cf cf in
percentage percentage
0-9 0 0 0 0 0 0
10+19 0 0 0 0 04 0
20-29 0 0 0 1 1 2.9
30-39 3 3 Be11 4 5 14471
40-49 3 6 16,22 7 12 35429
50-59 10 16 43.24 14 26 T6.47
60-69 10 26  T70.27 6 32 94.12
70-79 5 31 83,78 2 34 100,00
80-89 4 35 94,59 0 %4 100,00
90-100 2 3T 100,00 0 34 100.00
0~32 0 0 0 3 3 8.82
33-49 6 6 16,22 9 12 35.29
50-59 10 16 43424 14 26 T6.47
60-T4 12 28 75468 8 34 100,00
Arithmetic Mean 62,08 Arithmetic Mean 50,68
Median 60,00 Median 51465

Sample S.D. 15462 Sample S.D. 11436
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variation with its standard deviation value of 15,62
compared to that of Group B for which the value of S.De.

was 11436 o Mean score of Group 4 is the lowest among all
its mean scores which indirectly suggest a revision in our

strategy.

Though there were only 6 students from Group 4
getting less than 50% in aggregate a closer look at their
individval scores showed that there were 8 students getting
20%, 3 students getting 30% marks in problem solving and
similarly about 16 students were getting 40% or less in
rules. They had done well at the concept level. This
demanded that more illustrations may be given at the rule
level and some more guided problem solving exercises,
Problem solving, needed more attention. The assessment item
in Section B (rules) contained only application level
guestions. That would have made these items difficult for
the average students and hence a2 low score. Discussion at
the end of gelf learning material showed that they liked it,
but it could have included some protlems also; which were
not there, Thus, the feedback at the end of the topic are
revealed that (i) problems should be included in the self-
learning material anéwmore illustrations at the rule

1evé1 should be given in the class.
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Table No.2 gives the frequency distribution for
criterion test No.2 administered at the end of topic No.2 .
There was only one case of poor performance, by scoring
below 33%, in group 4 while there were 14 cases in group B.
41.18% of students in group B failed to get passing mdrks
as compared to 2,7% of group A. Only 13.51% scored below 50%
in group 4, while it is 85.29% in group B. This means that
for test No.2 the control group shows a below average
performance as almost 29 students out of %4 students had
a score below 50%. 13 students in group 4 show exceéllent
performance while there was one such case in group B. There
were 3 students in group 4 who scored between 90 and 100 which
we can consider to be the mastery achievement level while
there was none in group B. Group 4 has done very well compared
to group B which is evident from the arithmetic mean value of
6613 and 37.36 respectively. Graph No.2 shows that the group 4
distribution is skewed towards left while for group B it is
skewed towards right. It clearly indicated highly favourable
results exhibited by experimental groupe. The graph shows
that modal clasgs falls in the class interval of 30-39 for
group B while it is 50-69 in the case of group 4. The mean
scores shows that group 4 improved its performance while
group B has gone down. In fact this was & good progress for

group 4 considering bthat out of the gix concepbs 4 were



Frequency Distribution

183

Table No,.2 @
Criterion Test No.2
Scores GROUP -~ A GROUP-B
C.I. f cf ef in f ¢f ef in
Percentage Percentage

0-9 0 0} 0 0 0 0
10-19 0 0 0 0 0] 0
20~-29 0 0 0] 9 9 26447
30=39 1 1 270 13 22 64471
40~49 4 5 13451 T 29 85429
50-59 8 13 3514 2 31 91,18
60-69 8 21 56476 2 33 97 .06
T70~-79 T 28 75468 0 33 97 .06
80-89 6 34 91.89 1 34 100,00
90-100 3 37 100,00 0 34 100,00

0-32 1 1 2670 14 14 41.18
33%-49 4 5 13451 15 29 8529
50-59 8 13 3514 2 31 91.18
60-T4 11 24 - 64 .86 2 33 91,18
75-160 13 37 100,00 1 34 100,00 -
Arithmetic Mean 664,13 Arithmetic Mean 37.36
Median 63430 Median 3560
Sample S.D. 16459 Sample SeDe 1445
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treated as reviewing concepts as they were covered

under the previous topic,.

Individual analysis of the scores show that there
were 9 gtudents getbting legss in section B of the agsessment
compared to section C. This evidently point towards
something lacking at the rule level, A further discussion
on this with the students showed that there was no exercige
in the self learning material based on equations of motion
which was then taken care of. Also question No.1 and 2 in
the self evaluation section wag found too difficult or too
vague for the students and hence it was decided to delebe

the same,

The results of 3rd criterion test aduministered at
the end of topic No.3, Newton's Laws I & II is given in
talle No.3, Group 4 values show poor performance in 2 cases
(5441%) as compared to only one (2.94%) case in group B.
But there are only 5 students (13.51%) in group 4 with below
average performance as compared to 12 students (35.29%) of
group B, scoring below 50%. There were 14 students showing
excellent results scoring about 75% in Group 4 while there
was none in group B. 4 students of group A scored between
90 and 100 while there was none in group B belonging to

this category. While 63% of the students in group 4 showed
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Criterion Test Wo.3
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Scores GROUP-A _GROUP~-B

CoI. T ef ecf in f cf cf in

. percentage percentage

0-9 0 0] 0 0 0 0
10~-19 0 0 0 0 0 0
20-29 1 1 270 0 0 0
30-39 2 3 8e11 3 3 8.82
40~49 2 5 13451 9 12 35629
50-59 5 10 2703 12 24 70459
60-69 8 18 43465 8 32 94412
70-T79 8 26 T70.27 2 34 100,00
80-89 7T 33 89419 0 34 100,00
90-100 4 37 100 0 34 100,00

0-32 2 2 5e41 1 1 2.94
33~49 3 5 1551 11 12 3529
50-59 5 10 27403 12 24 70.59
60-T4 13 23 62.16 10 34 100
75-100 14 37 100 0 34 100
Arithmetic Mean 6721 Arithmetic Mean 51.65
Median 70400 Median 5330
Sample- S.D. 16,73 Sample S.D. 10661
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good performance scoring above 60% there was only

29.4% students in this category in group B. The

arithmetic mean value shows a fairly high score of 67.21

for group 4 and a moderate value of 51.65 for group B.

More variation in the scoring pattern was noticed in the
case of group A with 2 S.D. value of 16.73 compared to that
of group B with a value of 10.61. Graph No.3 shows an
average scoring pattern for group B compared to a high
scoring level in group A. The modael class falls within 50-59
range for group B while it was bimodaql is 60~79 range for x

group A. Both the groups have improved their performance.

Out of the five students scoring less than 50%
in group 4 there are3getting zero at the problem level.
Though the graph No.14 shows a steady level for problems
at this level the material, it seems needs improvement. The
scoring at the rule level had come down slightly. Self
learning material did not contain any exercise on the
derivation of f = ma which might have led to the low
scoring at the rule level, Otherwise in topic 3 the
strategy adopbed has shown good results which is evident

from group A achievement.,

Table Npe.4 gives the frequency distribution for
the fourth criterion test scores at the end of topic No.4d.

Newton's 3rd Law of motion. This particular test



Pable No.4 @

Frequency Distribution
Criterion Test No.4
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Scores GROUP-A GROUP - B
Cele f ef cf in b4 cf cf in
percentage pe rcentage
0-9 0 0 0 0 0 0
10-19 0 0 0 0 0 0
20-29 1 1 270 0 0 0
30-39 4 5 13451 5 5 14.71
40~49 2 T 18492 2 T 20459
50~59 3 10 27.03 8 15 144412
60-69 0 10 27 .03 5 20 58482
T0~79 0 10 2703 1 21 61,76
80-89 9 19 51435 6 27 T9e41
90-100 8 37 100 7 34 100
0-32 5 5 13451 5 5 14471
33-49 2 T 18692 2 T 20459
50-59 3 10 27.03% 8 15 44,12
60~-T4 0 10 2703 6 21 61476
75-100 27 37 100 13 34 100
Arithmetic Mean T4 e32 62494
Median 80,00 60,00
Sample S.D. 24033 22450
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contained only councept level items and the values show
good scoring both in group A as well as group B. In both
the group there were 5 students each getting less than 33%
éhowing poor performance, On the other hand there were 27
students (77%) in group 4 and 13 students (38.3%) in
group B getting more than 75% marks showing outstanding
results. There were 18 studénts in group 4 and seven
students in group B reaching the mastery level performaﬁce
by scoring more than 90% marks, only 18,92% of the students
score less than 50% in group 4 as compared to 20.59 in
group Be. The arithmetic mean value of group A was T4.32
while it was 62.94 for group B. The graph No.4 shows that
the group 4 distribution is skewed towards left showing an
excellent scoring pattern. The moddl class for group 4 falls
within the class interval of 90-100 showed the mastery level
achleved by most students in the class for that particular
-topic. The modal class for group was 50-59, The high scoring
pattern exhibited in this test was due to the fact that the
tegt items contained.only concept level questions. Evidently
concept capability comes at the bottom of the difficulty
‘1eve1 glso as compared to rule capability and problem
solving capability. As the questions are set for higher
learning capabilities their difficulty level also lncreases.
Therefore, test No.4 was 2 case where a number of students

scored above average with low difficulty level gquestions.
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it can also be due to the fact that the number of
elements involved were less as compared to other
agcessment topics. At the same time this was the lowest
mean score at the concept level, This is due to the fact
that about 7 students scored less than 50%. This type
of result points towards something; "Is the strategy
helping more the high achievers than the 10w{achievers?"

A final analysis can tell us the same,

The freguency distribution in the case of
criterion test No.5 for the btopic conservation of
momentum is given in table No.5 + This was a test in
which a clear distinction was drawn between group 4 and
group B. The arithmetic mean value of 69.28 for group 4
and 49.92 for group B is an indicator towards the better
performance of the experimental group compared to that
of the control groupe. The mdedian value also shows & high
score of 73,30 for group 4 as compared 41.65 of group Be.
The variation in the scoring pattern is the same for group
4 and group B. There was just one case in group 4
getting a score below 33% but in there were 11 such cases
(32.35%) in group B. There were 18 cases (42.6%) in

group A showing outstanding results by scoring above 75%
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Table No.5 FPrequency Distribution
Criterion Test Noe5

Seores GROUP - A GROUP-B

C.I. £ cf cf in T cf cf in
percentage percentage

0-9 0 0 0 0 0 0
10-19 0 0 0 0 0 0
20-29 0 0 0 5 5 14671
30~-39 1 1 2.70 11 16 47406
40-49 9 10 2703 4 20 58,82
50-59 4 14 3784 2 22 64071
60-69 3 17 45495 4 26 76447
T0-T79 3 20 54 .05 4 30 88+24
80~-89 8 28 75468 2 32 99.12
90-100 9 37 100 2 34 100

0-32 1 1 2470 11 11 32435
33-49 9 10 2703 9 20 58.82
50-59 4 14 3784 2 22 644,71
60-T74 5 19 5135 5 27 T9.41
75-100 18 37 100 7 34 100
Arithmetic Mean 69.28 494,92
Median 73430 41465

Sample SeDe 22416 22.T4
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while there was T cases in group B belonging to this
category. 9 cases (24.,6%) in group A and 2 cases (5.88%)

in group B showed mastery level achievements by scoring
above 90%. The graph No.5 clearly indicates the scoring
ratterm in group 4 and group B. 30-39 class interval

became the model class for group B while it is bimodel

for groupy A with 40-49 and 90-100 registering the same

value for frequency. The graph shows a specidl aspect in
group 4 with two sections: one, mostly to the higher side
of the scoring and the other to the lower side. This is

due to the fact that group 4 has scored hegving at the -
concept level with the arithmetic mean reaching 94.1 while
it goes down 58.9 and 57 for rules and problems respectively,
which is discussed later on in this chapter. The dip in the
mean score for group A is not impdbrtant here as the previous
test contained only concepts. Therefore comparing to the
first threce tests we see that the greup A was deing well,
This is one test where the strategy has shown tremendous

SUCCES Se

The results shown in table No.6 is the freqguency
distribution of scores obtained for the topic on
gravitation, N;ne of the students from group 4 failed to
get the pass percentage of 33% but there were four such

cases in group B. There were only 3 students (8.11%) getting



Table No.b6 ¢

Frequency Distribution

Criterion Tegst No.6
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Scores GROUYP - A GROUP-3B
Cele £ ef cf in f cf cf in
percentage percentage

0-9 0 o0 0 0 0 0]
10-19 0 0 0 1 1 2494 .
20-29 0 0 0 2 3 8.82
30-39 0 0 0 2 5 14,71
40~49 3 3 8.11 6 11 3235
50-59 9 12 32643 5 16 47 « 06
60~69 6 18 48465 5 21 61.76
T70-79 9 27 72697 8 29 85425
80-89 7 34 91.89 3 32 94412
90-100 3 37 100 2 54 100

0-32 0 0] 0 4 4 11476
33-49 3 3 8e11 T 11 32435
50-59 9 12 324473 5 16 47 .06
60-T4 13 25 6757 8 24 70459
75-100 12 37 100 0 24 100
Arithmetic Mean 68429 59,20
Median 70,00 60,00
Sample S.De 14456 25.50
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below 50% marks in group A while there were 7 students
(32,%5%) belonging to this category in group B. 12 students
of group A and 10 students of group B scored above 75%
showing outstanding achievement. Arithmetic mean of 68.29
for group 4 and 59,20 for group B showed very good
verformnce by both the groups. Three students from group
4 and two from group B scored between 90 and 100 reaching
the mstery level., Graph No.6 shows that the scoring
pattern of group B was widely distributed. The model class
for group A was bimoddl with highe st frequencies falling
between the clags intervals 50-59 and T70~79. The model
class for group B was 70-79, Most values, the graph showed,
were towards to higher side exhibiting bvetter achievement.
Scaring here was considered to be better in the sense that
four out of the 8 concepts were discussed in the class as
reviewing concepts since these pre-requisite concepts were
developed in the previous topicse. The individual andlysis
shows that many in group 4 has not done well in problems.
Twenty one students scored less than 50%., This suggested

a fresh revision on problem solving was required and more
guided problems are to be included in the self learning

mterial.
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Table No.7 gives the frequency distribution of
the scores for the topic friction., None of the students
in group A failed to get 33% the required pass percentage
but there were 10 students whose score was below this
percentage in group B. 8 students of group 4 and 15 students
of group B showed below average performance scoring below
50 » Almost half the number of studemts of group 4 (16)
scored between 75 and 100 as compared to 8 students of group
B belonging to this category. There were 3 students of
group 4 and 4 students of group B who scored between 90 and
100. Arithmetic mean valuve of group 4 was 66.31, a good
rerformance, as compared 52.55 of group B. The graph No,.7
shows distinctive characteristics between group 4 and
group Be. While most of the distribution of group B were
towards to left of the graph, it is towards the right for
group 4. This evidently indicates high scoring pattern of
group A as compared to group B. Group B distribution has
a bimodal class in 20-29 and 50-59 intervals. For group 4
the mpdal class was in 80-89 interval, The mean of both
the groups are less compared to the previous and the high
SJDe values show lot of variation in scoring. Laws of
friction being abstract in nature and problems which are
normally more difficult compared to other topics may

have contributed towards this change, Lot of practice work



Table No. 7 @

Frequency Distributien
Criterion Test No. 7
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Scores GROUDP -~ 4

GROUP -3
Col. f cf ¢f in f cf cf in
percentage percentage

@-9 0 (@] 0 o] o 0
10-19 0 0 0 0 0 0
20-29 0 0) 0 7 T 20659
30~39 2 2 5e41 5 12 35629
40-49 6 8 21462 3 15 44412
50-59 6 14 3T «84 T 22 64,71
60~69 6 20 54,05 1 23 6765
70-79 4 24 64 .86 5 28 82435
80-89 10 34 91 .89 2 %0 B8e24
90-100 3 37 100 4 34 100

0~%2 0 0 0 0 10 29.41
3%=49 8 8 21462 5 15 44,12
50-~59 § 14 37 « 84 T 22 64471
60-T4 7 21 5676 4 26 76 47
75-100 16 37 100 8 34 100
Arithmetic Mean 66+31 5255
Median 66,70 50400
Sample S.D. 18.44 23467
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may be required at this stage to develop problem

solving strategies,

Table No.8 gives the frequency distribution for ’
the criterion test om the topic 8 and 9, work and power.
One student of group 4 (2.70%) and two students of group
B (5.88%) failed to get the pass percentage of 33%,

Group A resulvs show excellent achievement pattern with

19 of the studenis (51.4%) scoring between 75 and 100 as
compared to 4 students of this category in group B. This

is an outstanding performance of group A. In fact this
could be the result of the whole strategy which was adopted.
There were only two students in group 4 exhibiting below
average performance by scoring less than 50% as compared

to 5 students belonging to this greup in group Be. The
arithmetic mean reaches a very high value of 73.%33 for
group 4 compared to 60.29 of group B. Graph No.8 shows that
most of the values are concentrated above 50% level, The
modal class of group 4 falls within the range of 80-89
while for group B it was within the 70-79 range. This
result was particularly important in the sense that most of
the concept involved were treated as reviewing concepts as
they were developed in the previous chapters. The pattern
of scoring at different level indicates that more

iliustrations my be included in the strategy to explain
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Frequency Distribution:

203

Table No.8 3
 Criterion Test No.8 |
- Scores GROUP -4 GROUP~-B
Cole £ cf cf in f cf cf in
percentage percentage
¢
0-9 . 0 0 0 2 2 5¢88
10~19 0 0 0 0o i 2 5.3¢
20-29 0 0 0 o . 2 5.8%
30~39 1 1 2470 2 1+ 4 11.76
40-49 1 2 5 e41 1 + 5 14471
50-59 4 6 16,22 7T b 12 35029
70-79 8 21 56 476 12 ' 32 94,12
80-89 9 30 81.08 1 4 33 97406
90-100 7 37 100 1 | 34 100
0-32 1 1 2.70 2 2 5.88
33-49 1 2 5e41 3 705 14471
50-59 4 6 16422 T i 12 35429
60-T4 12 16 48465 18 . 30 88424
75-100 19 37 100 4, 34 100
Arithmetic Mean 73433 : 60429
§
Median 76470 ' 63430
sample S.D. 15,70 I 19,68
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the work done in differemt circumstances, Because
guestions 1like, "What will be the work done when a

person is carrying a luggage on his head.on a level road?",
needed some more explamation. To give the justification

of the answers to the above seemed to be difficult for

the students,.

Table No.9 gives the percentile,mean and
standard deviabion values on the various criterion tests
conducteds The results shows good results for group 4.

Example P,. for group A varies between 86 and 98.3% and

30
for group'B it varies between 55,8 and 89,5, In the case
of 2nd criterion test we see that 90% of the scores falls
below 55.8 for group B while for the same test Pgo value
for group 4 was 88.8. PBO values for group A varies

between 58,85 and 79.9 while for group B this value varies

between 33,2 and 62.5., ALl these indicate higher scoring =

rattern in case of group A. Graph No.9 shows the mean
scores in respect of both group 4 and B for verious
criterion tests., Group A curve clearly lies above Group B
curve, Not for even a single test it overlaps. Group 4
curve shows almost a steady scoring pattern while the
curve for group B is more zigzag shaped showing more
variation., The graph is indicating the better scoring

performance by the experimental group as compared to
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the contrul group; may be a pointer towards the
efficacy of the instructional strategy adopted which
will be seen through ANCOVA described towards the end

of this chapter,

(b) Analysis on the Individual Scores

To see how the instructional strabegy has
af fected both the low achievers and high achievers,
10 students' (5 from each group) scoring pattern was
analysed., Table No.TéT;hows the scores in percentage
obtained by these 10 students. For selection of these
10 students the filrst criterion test was taken ag the
base, The first 5 in table 10 are those who obtained
highest marks in the first criterion test and the last
five students are those who obtained least marks in the
same. Anirban who got 96.,6% in the first test, maintains
his marks in nineties except for the last two testse.
Similar is the case with all the other students., 4ll
of them have scored 100% at least in one test. Therefore
with these high achievers, though we can see a slight
improvement in the scoring, fthey cannot go further. So
it is a question of maintaining the mastery level
which the strategy had helped them to do so. The

scoring pattern shown in graph 10 shows 2almost a
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Tavle No,10: High Achievers and Liow Achievers of

® No.11 Group A

CRITERION TESTS

I I 11T 1V v vl VIl  VIiI
High Achievers \
1  Anirban 9646 96.7 90,0 90,00 100,0 9343 T3s3 B33
2 Pathik 86.7 9344 8343 90,00 so.é 8647 100.0 9647
3 Punam 93.3 93.3 90,0 80,0 83.5 100.0 86,7 83,3
4 Hemant 8647 8646 90,0 80,0 100.@ 83¢3 80,0 93,3
5 Sumit 8343 7646 9343 90.0 1@0.&0 70,0 80,0 8647
Low_Achievers
1 Avhijit 46,7 T0s0 6343 9040 76.% 5647 6647 5343
2 Sriram 3647 5647 4343 50,0 3040 60,0 40.0 5647
3 Nilesh 43,3 66,7 6040 30,0 43.% 50,0 60.0 7343
4 Hitesh 3647 6647 3040 3040 5345 6343 4647 6343

5 Shreyas 4647 5%e3 5343 90,0 40,0 5647 4647 7647
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steady pattern as we cannot expect the scores to be
same throughout, Only two times theilr score has gone
below 75% out of a total of 40 ( 8 x 5 ) scores, which

is commendable,

The low achievers scoring pattern shows definite
lmprovement , Interestingly the score has reached above
75% four times out of which 2 were 90s. The strategy
has helped the low achievers to better their performance,
The graph Noe11 shows how erratic their scoring was. This
is only as can be expected; for what steadyness can be had
from low»performers unless they reach a high level of
leaming, From level below 50% we see that their
performance goes above that. In fact, there were only 14
scores below 50% and the rest 26 scores were above 50%
which shows progress. The instructional strategy thus
succeeded in accelersting the progress of the low

achievers, however small it may be,

546 e2 Capability Level Analysis

The criterion tests were so designed as to
obtain the scores with respect teo various capabilities
also, This was reguired because somebtimes it may so

happen—that the instructional strategy adopted may be’
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good, say at concept level only. This lTevel-wise
analysis, in fact, tells us, the suitability of the
material developed and instructional events employed

were of great use in the classroom or not, at all levels,

The capabilities identified were as Gagne suggested,

(a) Concept Capébility

(b) Rule Capability

(¢) Problem Solving Capability
These three capabilities are discussed individually in
the next section. Only the criterion tests scores are

used in the analysise.

{(a) Concept Capability

N The results shown in table No.12 is the
percentile mean and standard deviation values on
criterion test scores at the concept level for the
experimental group A and control group B. The values at
different levels show that group 4 always had & better
score than group B. There was not even a single level
where the score was more for group B than for group 4.

The P.. level for group 4, interestingly, varies

90
between 95.9 and 99,4 as compared to 82 to 92 interval

for group B. For the fifth test the median value
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reaches a very high value of 90.8 for group 4 as

compared to 78,5 for group Be. It 1s at the lowest
percentiles the differences are made very wide, The P1O
value, for the 2nd test 63.3 for group 4 and 37.3 for
group B; 3rd test, 66,2 for group 4 and 33.3 for group Bj
fourth test, 27.3 for group 4 and 6.8 for group B; fifth
test, T1e4 for group 4 and 46.5 for group B and the 6th
test, 5%.9 for group 4 and 8.5 for group B are all
indicating an upward shift of the group 4 scoring pattern

ag compared to the low scoring profile of group Be.

The arithmetic mean values for various test
showed that in all cases group A was leading group B.
The group A values varied from 74.3 to 94,1 while for
group B it varied from 62.9 o0 77.9. The value of 94.1 for
the mean score for the criterion test V of group 4 is ‘
singularly high performance. The values shows bet ter
capability acquisition by group 4 than group B. The
group B scoring shows more variation than group 4 which

is evident from their value for standard deviation.

Graph No,12 represents the mean concept scores
for all the criterion tests. The graph of the concept
scores for group A shows a higher level scoring pattern

as compared to that of group B, There is & sudden dip
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for the scores for criterion test Noe.4 which needs

our attention at the feedback segsion on the topic
Newton's 3rd Law of Motion and equally sao sudden use

for test No.4 on the topic conservation of momentums
Except for the magnitude of variation the group B curve
also shows similar ascends and descends. At no place the
curve overlaps. The group A curve keeps its lead
throughout. The wide gap shown by the graphs for group 4
and group B is an indication of the excellent performance
of group 4 and the usefulness of the instructional
strategy employed. In general, the way the software was-
developed about the concept was liked by most students.
The reaction from the students was highly favourable, This
was because most of the attributes which contributes

towards a particular concept was very clearly dealt with,

(b) Rule Capability

Table No.13 gives the percentile mean and
standard deviation values at rule level on criterion
tests., The percentile values on the first criterion test
showed interesting resulbs. Value for P4O ’ - PBO ’ P60

and P was higher for group B compared to that of group 4.

70
In fact the mean scores for group 4 and group B were very

close with values 51.6 and 49.4 respectively. At the
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P_ . level the group A value showed 2 sudden change

90
with 73.8 as compared to 59.8 of group B. Except for
the first criterion test the value for rule capability
at various percentile level was higher for group 4 in
relatioﬁ to group B. The percentile values for rules
were vexry much legs than that for the concept level
indicating the increase in difficulty level as the tést
items moved from concept to rules. Test No.3, 4 and 5
shows very low scoring for group B. 10% of the group B
students got a score less than 68 for 2nd test, 11.7
for 3rd test and 2.4 for 5th test. In the same tests
group B students showed very low results with 5th
percentile values 24,7 for 2nd test, 24.8 for 3rd test
and 16.5 for 5th test. But the group 4 values were not

nuch affected for these testse.

The arithmetic mean value for group A scores -
varied from 51.6 of the first test to 77.6 of the 6th
test; while for group B it varied from 33,2 of the 2nd
test to 65.6 of 6th and 8%th test. The méan value falling
below 50% for the fidst (49.4), the second (3%.2), 3rd
(35.,6) and 5th (36.5) in the case of group B the scoring
show a low trend. The best result came from 6th test
on gravitation with mean values 776 for group A and

65.6 for group B.
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Graph No.13 represents the mean rule score for
group 4 and group B, The first test values and the last
test values scores to be very close for both the groups.
In between the group B has suddenly dipped while group 4
always maintained the progresse. Though there is a éip
for group 4 after 6th test i.es, for 7th and 8th tests
the overall graph shows a general ascend for the graph
showing improving scoring patbtern. This is also true for
group B. Not once even the curves overlaps, group 4
always keeping the high scoring lead. Thus the graph for
rules also shows that the experimental group had done
better, The dip shown at the 3rd test and 7th and 8th test

indicated the need for a revision at the rule level,

(¢c) Problem Solving Capability

The percentile, mean, and standard deviation
values for problem solving capability is tabulated in
table No.14. It is in problem solving, group B scores
looked miserably low. 4t P1O’ and PBO’ level in test

level in the 6th test P,, level in Tth test group

N
035 F5 70
B values are higher compared to that of group 4. 4ll
other percentile values are higher for group 4 than for
group B. An analysis of the 10th percentile shows some

very low values for group B with 3.8 for the 1st test,



222

celz 2°G2  6°8¢ 9°FE G*2Z 6°¥z  9°0¢ L°0¢ £°lg L°vZ  L*92 L°0¢ ¥°02 w.mmwﬂwmmm
0°0% 2°C9  €°GCT €°Lb  6°0% L°G¥  ¥*2¢ 0°LS  9°GS 8°LG  L°LL 0°LG  2°82 9°LY ueej
£'0G S°96 268 L°C6  S°69 0°28 G'9L 296 G°9L 0°28 §°¢S 2'e6 gsv 2tes 0%
c*gy 2°26  G°9L G*8L 0°l9 G°¥9 2°LG 2°68  8°0L 6°89 G°9¢ &*98 ¢*8¢ &*99 9%
Coob G°CL  2°C9 9°6G 8°9F L°8F 0°GE 0°G9 2°G9 ¥°99 &°gL ¢*0L o0°¥¢ ¢*sv Ol
Covv L°L9  G°LC 0°LG  2°L¥ G'9v  G°8Z 0°LS 665 0°¥9  6°8  0°L9  ¢°62 6°0% %
C'zv 667 G'GZ Lot G°0C L°0C  £°hZ ¥°2G  8°6G G°L9  v°L  G°¢c  ¢°zz g¢e9¢ 0%
G'6¢ 8'Sy 68  GoLy 976z L2 6L @6¢ b0y 2706 6°5 avch it ¢rge Ola
0% LPL¥ ¥t9 8°62 8°02 Ll i iy 0TAE 0%V #tv o Ltve 2eel gLz O
0°LL 2°L €% 6°2L  G°9L 9°LZ 2°9 6°0S 0°¥¢ 2°G¢ 0°¢ g8 9°L L8l 9%
G*g  9°2¢ 1°Z £  £'2L G°Ly l°C  8°28 .6°0¢ 8°2Z &L 2°9L 8¢  9'¥l Olg
g v q v g v g v q ¥ g ¥ g v
IITA IIA IA A 11T 1T I ——sotdog

DNIATOS

RETE0¥8d
§4S8] UOTIS3TI) U0 SenTep
,U0T3BTAS(C PIBPUBLS PUE UBS[ ‘SaTIjusdxed

: 71 °ON sTA®BL



2
(9%
(4]

1e5 for the second test, 3.1 for the fifth test and

2.1 for the 8th test, Similarly the median value of

Te4 o for the 2nd test for group B is very low., In fact
group B : had done very adly in the first two teasts

at the problem level, The percentile values at various
levels shows high values in favour of group A as compared

to group B. This was on the proper lines as the students

in the experimental group taught through the instructional
strategy which gave a lot of importance to the pre-requisite
capabilities and with greater emphasis on lower order skills
were expected to do better in the higher order skills. If
If we just look at the 90th percentile values obtained we
see that the group 4 values varies between 82 and 96.5

as compared to the group B values of 45.8 to 89.2 .
Evidently group A had shown their ability to solve

problems,

The arithmetic mean values shown in the table
No.14 clearly indicates that the scoring at the problem
level was less than at the concept or rule level, The
higshest mean value attzined was only 63%.2 for group 4 in
the 8th test., The lowest value of the mean was 17.1 for
group B in the 2nd test, For test No.3 the mean values

of group 4 and group B came very close with 57.8 and
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5546 respectively. The higher standard deviation

values shows that there was more variation at the problem
solving level as compared to rule level or concept level,
This is only expected as with higher order skills the

dif ficulty level also increases which brings out

distinctively the differences among the students.

Graph No.14 represents the mean problem solving
scores for variouws criterion tests. 4s we see though,
there is variation in pérfermanee for both the groups;
but the variatién in the case of group B is more prominant
than group Be. It is only for the 3rd test group B has
done well. The wide gap between the curves exhibits the
validity and success of the instructional strategy
developed and used in the classroom. The problem solving
level ==- had reached the lowest bottom for the 6th test
and 7th test for group 4 which ma} be indicator ﬁowards

the need for a revision of material at that stage.

Table Wo.15 gives the percentile, mean and S.D.
values on the combined criterion test scores. In fact.
these values given here, gives a complebe picturs of the
performance of group A and group B. At every level the

percentile values of group A4 was higher than that of
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Table No.15: Percentile Mean and Standard Deviation
Values on Combined Criterion Test Score

26

R P
4 B- A B A B
P 7142 5743 4246 32,5 2143 1743
Poo 7503 61s7 4743 3Te4  33.9 2241
5o 795 64,0 52,3 4144 39.2  25.2
P10 82,5 6642 58,5 44,0  45.1 28.3
Psy - B5.1 68,5 62,8 46,7 5143 31.8
Peo 8748 7049 6641 4944  57.5 3640
R0 0.4 T4s0  69.5 5248 6543 4043
Pgo 93.8 T7.0 75,7 5T.0  73.T 485
P90 97.1 80.1 B348 6345 B1e3 59.2
Mean — 84.5 6847  62.6 48,3 52.8  35.7
SeDe 93 9.1 1448 1244 19.6 1646
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group B. Whether it ig at the concept level, rule
level or problem solving level the group 4 values are

much ahead of group B values.

It is interesting to note that none of the graph
discussed so far overlaps and group 4 curve always leads
that of group B. Even the percentile values has beyond
doubt established the superiority of group 4 over
group Be All . ' indicates the usefulness of the
instructional strategy adopted during the study. The
graph have very clearly shown, especilally that of group B
that it is at the problem solving level the instruction
needs to give more éttention. The variation in the graph
definitely indicates the need to;/  give more guided

problem solving exercises,

5.6e3 Analysis of Covariance

As mentioned earlier in the beginning of the
present study a conscious decision was made not to disturbd
the sections in the class while naming them as experimental
or control group. 4s such the groups were not matched or
rather no effort was made to match the groups, if they
were not. In fact no exercise was performed to see

whether they were matched., Having said this, as there was



no guarantee that they were matched, natural course
before us was to take them as they were with whatever
differences they wmay have and to treat them as unlike,
The presence of any difference in the achievement levels
of both the clags would have affected the final scores;
thus contributing a source of error in the experiment.
fnalysis of covariance was done to remove any such error

in the final valuese.

In this study, analysis of covariance was done
using the three sets of scores mentioned below s
(1) combined criterion test score
(ii) comprehensive test score
(iii) annual examination score.
In all these analysis the annual examination scores at
the end of Std.VIII were considered as pre-test scores

and as such were taken as constituting the covariate.

The results shown in table No.16 is the summary
of analysis of covariance (A4NCOVA) on combined criterion
test scores with previous annual examination score as
covariate in respect of both group 4 and group B. The F
value of 23.7 is highly significant at .01 level. (The
table values of F .01 = 7.01). (In the table, X is the

uncontrolled variable or covariate). We may conclude,



Table No., 16 3 Analysis of Covariance
Combined Criterion Test Scores

SOURCE OF V ART ANCE
Between Within Total

Sum of Squares : Y 1898456 @ 20438.44 22337400

Sum of Squares s X 4102488 1036T7.56 - 14470444

Sum of Products . 2791.@0 11034 .44 1332545744
Degrees of Freedom 1400 69,00 . T0400

Ad justed Sum of Squares:X 1503.00\ 4410422 5913.21

Degrees of Freedom for :

Adjusted Sum of Squarés 1.00 68,00 69,00

Variance Estimates 1503400 64,86

F Valiie = 23 017




Table No.17 : Analysis of Covariance

Comprehengive Test Scores

231

SOURCE OF VART ATION

Between Within Total
Sum of Squares : Y 1898456 20438444 22337.00
Sum of Squares : X 3T49.75 40738.00 44487475
Sum of Products . 2668419 2400206 26570425
Degrees of Freedom 1;00 69,00 70,00
Adjusted Sum of Squares: X 92.66 12550497 12643463
Degrees of Freedom for
Adjusted Sum of Squares 1,00 68,00 69,00
Variance Estimates 92,66 184457 -

F Value = 0.50
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Table No., 18 ¢ Analysis of Covariance
Mnnual Examination Scores

SOURCE_OF V.ART ATION

Between Within Total
Sum of Squares : Y 1898.55  20438.44 2233700
Sum of Squares : X 1456.81 36055406 37541.88
Sum of Preducts ' 1680413 22288,38 23968450
Degrees of Fréedom 1,00 69,00 70,00
Adjusted Sum of Squares: X T3e41 11749431 11322.72
Degrees of Freedom for
Ad justed Sum of Squares 1.00 68,00 69.00
Variance Estimates 73441 172.78 -

P Value = Q.42
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score also as a useful parameter. This examination was
couducted almost 7 months after our experiment was over.
Anyway the ANCOVA did not show any significant result.
The F value of 0.42 shows no significance at P 41.01 or

P .05 level,

As a whole we may say thabt because of the nature
of the experiment and the test involved, it is the result
of the criterion test which was more valid for discussion

which is done in the next section.

57 Discugsion

Physics in general, is considered to be the most
difficult of all sciences; a view held by many learners
as well as practioners. This learning difficulty can be
overcome by the proper organisation of the learning
material. In the present experiment learners were not forced
to master the lower skillse. They were only asked to do so.
The experiment was carried out in a more free atmosphere.
The internalisation of new facts, concepts principles was
more frequently achieved by direct instruction rather than
by the cognitive restructuring process favoured by
Piaget (1964 ) and Brunner (1966) (Hacker, 1984). Qagne's
approach makes an attempt in this direction where direct

instruction is made to influence the learning processe.
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By providing support for the learning of
intellectual skills the present research has also
demonstrated the application of learning hierarchy idea
in physics; learning in the actual classroom situation.
Normally these type of learning programmes consumes lot
of time and many succegses have been demonstrated at the
expense of long time duration. This long time exposure
for short amount of learning causes problems in the
classroonm situations. Hence many experiments die with its
completion itself. Practioners are not in a position to
pick up‘what the researchers have to say. The researcher
in this study, being a practioner himself, r given lot of
importance the factor that strategy evolved and the material
developed should be used in actual classroom instruction
even after the present experiment 1s over, In fact, the
experimental result should boost the use of hierarchy ideas
in the teaching learning process. To what extend is our
research agenda - our gquestions and answers - linked to
the real world of the science teacher? Have we become so
engrossed in our research that we find only that, for which
we are looking for? These are some of the guestions
David P. Butts (1984 ) asks the researchers, In the present

study an all out effort is made to experiment a strategy
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which can later be of immense use to the practioners

and to help them to profegsionalise instruction.

Increasing the problem solving abilities of
students continues to be a major goal of science teachers.
However students (and thus teachers) continue to be
criticized for their lack of problem solving proficiency.
For a student who is introduced to science discipline the
successful solution of what may appeszr to be a very simple
and routine problem requires a great deal of knowledge.
Procedural knowledge of how to execubte a problem solution
and the knowledge of various concepts and rules which
provide meaning or context to the procedures are both
necessary for a solution to 2 problem.: Science teachers
should be interested in bothe. 4 seemingly simple problem
also regquires an extensive amount of pre-requisite
capabilities, then it can be argued that there are many
places where a student can go wrong. To simply 1 know
that a student has obtained a wrong (or correct) answers
is not necessarily informative., Thelr capabilities at
various levels (concepts or rules) should be known to do
anything useful . With such information gathered from many
students it should be possgible to make substantive
suggestions for alteration of iInstruction in & science

discipline,
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The present study has clearly shown that
problem solving continueg to be the difficult area,
whether it be routine, extension or novel type, for the
studentss In fact, as the students approaching problem
solving stages,many of them, egpecially in the control
group, lacked the ability to integrate the lower order
skills in concepts and rules to interpret and solve the
problem, To most of these weak students the problem
solving poses a much greater difficilty than that in the
other two taken together, We also see that the gap
between group 4 and group B widened at the problem solving
level, Though this indireétly tells the success of the
strategy adopted at the problem solving level, it also
draws our attention on the need for a broader more
holigtic approach to probtlem-solving instruction. This,
however places & number of responsibilities on the teacher,
The teacher must possess the ability and will to
demonstrate and/or guide students towards solutions.
The problem presented should be also meaningful in the
contexts and to the students and worthy of the effort
expended in finding a solution. The bteacher should
encourage the students to support and explain the
rationale behind thelr solutions as there is a distinct
possibility of many students using trial and error

method which, they must be persuaded to avoid.
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The criterion test values have exhibited the
usefulness of the material developed. In fact, hierarchy
learning, sets the tone of 1earning of the students as they
concentrate only on the required intellectual skills. They
need not waste time on unnecessary learning in a haphazard
situation., In this process of highly organized learning
the learners same time%to be utilized for purposeful

learning.

Though the comprehensive test results and annual
examination result do not shnow significant effect, it
need not be considered with éreat importance as the
situation in which they were administered were not the

game as that for criterion tests and were not the ideal

situations created for this type of study.

This study has important implications for the
design of instructional materials for secondary school
science where the material to be learned contains
intellectual skills. There is now quite impressive amount
of evidence that these skills should be ordered into
a hierarchical sequence for most efficlient learning. That
ig, the pattern of pre-requislte of the terminal gkills

to be learmed should be first established. Further in



situations where bthe students came to a new course
defficient in certain skills needed to begin the ceurse,
learning hierarchy materials can be used to identify

‘these missing skills and to guide teaching of them,

The general discussion at the end of the
programme reveaed that the students preferred the
learning material developed., The great demand from
group B for the learning material also indicated their

liking of the material developed.

58 Conclusion

Providing quality information to fteachers and
adminigtrators about learning skills, preferences,
strengths and weaknesseg of individual -learners is a
challenging task., Developing a good productive
instrmuctional strategy within the parameters of actual
classroom situation is yet another and still more
difficult task to attempt., In both these the instructional
strategy designed and the experiment conducted thereof
has done well, Yhe analysis showed the success of the
strategy though it also indicated the need for some
modifications in the learning material developed. It
also brought out the need for including more exbensive

exercises at the problem solving level.,
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ag follows

(1)

(ii)

(iii)

(iv)

o
o
fone

main findings of the study can be listed

»
L

In the hierarchy of leaming problem solving
foxmed the most difficult and weak area for

studentse

The learning mbterial developed needed some
slight modificatlons especially regarding the
inputs related to problem solving by way of

ad ding more guided problem solving exercises.

As the students proceeded from concept level
to problem level the gap between the
experimental group and control group widened
as indicated by their performances on

criterion testse.

The instructional strategy was found effective

at all three levels as revealed by criterion

test scores at concept, rule and problem

solving levels. The experiment could not conclude
tha t the strategy had any differential effect

on any one of the areag mentioned above.



(v)

(vi)
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The andlysis did not show that any one
particular group, high achievers or low
achievers, wag more benefitted than the other,
The high achievers maintained their mastery
level from the first to last criterion test.
The low achievers had shown a steady
improvement as they nmoved from first to

the eighth criterion test.

The instructional strategy as a whole was
found to be more effective than the
traditional mwethod followed in classrooms,

for teaching science,



