CIEPTER W
AMJALYSTIS AWND INTARPRETATION
5.0 TIntroduction

the data gethered throﬁgh the procedures detailed in
the previous chapter ié analysed and presented in this
chapter alongwith the interpretations. The anslysis of the
data gathered through the SOCOP3I is presented, in the first
scetion of this cheviter, to hiohlicght the nature of classroom
interaction in the experimental and control groups., This is
followed bv the enclyses and interpretation of the data
obtained from the experiment described in the preceeding
chapter, keeping in view the objectives of the presént
investigation (refer chapter iTI, section 3.9). It may be

mentioned here that among the five objectives precented in

oy

cheptar 7.0 the realisation of objectives 1 and

Do

have
already been discussed in chapter IV (referx' sections 4.4.1
and 4.4.2). The realisation of objectives 3, 4 and 5 are
digcussed in this chapter. A proéess of hypotheses testing is
implicit in the realisation of these threc objectives, The

hypotheses set in chepter IiI {refer section 3.10) are

bt

restated under each sub-section. This is folldved hv a

®

Jqualitative analvsis of the anecdotal records tracing out the

major reasons for the lack of interest in classroom



152

activities among the students. The chapter concludes with a

iscussion on the results of the present investigation amidst

o1

other studies in the field,
5,1 Classroom “nteractions

£ix sessions each of the 'treatment' (reorganised

curriculum frame; and the control (prescribed curriculum
frame) were observed\using the System of CObservation of
Jognitive Processes in Science Instruction (30COTSI) . The
‘instructional events' and the ‘'instructional episodes’
reccrded using the'SOCOPSI are giv.n in Apvendix K. An
analysis of the ‘'instructional episodes' {which contains
saveral 'instructional eventg') show clearlv that they differ
in the experimental and control groups. All the six
instructional sessions observed, among the treatment, show
‘process of ilnguirv pattern'! of instruction (sez pattern IX

aAppendix D) . A closer examination of these episodes reveal
that during these interaction sessions the students initiated
nvnothcseu. challengaed hypotheses initiated by the teacher,
tested hypotheses,‘accepted or rejected hvpotheses, and
concluded throucgh the process 6f testing. In contrast the
anélyses of the 'instructional episodes' of the control group
reveal that they are of 'narration with recall type guestions'

type (refer pattern ITI of Appendix D). All the six lessons

observed of the control group were of this type. A closer
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examination of the instructional episodes reveal that the

student initiated guestions end hvpotheses were given
prescriptive answers or explanations by the teacher in the
control group. There is no ottempt made by the teacher to
ignite the thought processzs of the students. Here, the
treatment of the content is at the information level. /
5.2 Bffect of Reorganising the Curriculum "rame on the
Combinatorial .Reasoning of Students

stucving the effect of reorganising the curriculum
frame on the combinatorial reasoning of students form s part
of the objective of the study (refer objective Yo. 3, chapter
TLI, section 3.9). The effectiveness can be established in
three ways viz., 1; by comparing the di?ferenee between the
pre and post-assessments of group 1 and grou? 2 students, il.e.,

the experimental and control groups {(refer chapter IV, section

Lo

1.1Ye 2} by the statistical analyses of the following four

pairs of observetions i.e., 0., & O 0. &0 and

2 ) 4’ 6’
& 03¢ cnd 3) by subjecting the post-assessment data to 3

i

2 X 2 analysis of variince as suggested in chapter IV.

O«w &O
2

0

g

5.2.1 Comparison of the gain scores of experimental and
control groups ' :

Group 1 and croup 2 students have been subjected to
end 0, and O

27 3 4
respectively as given in the design of the experiment,. The

pre and post-assessments. They are 0, and O



154

difference in the pre end post-assessments i.e., O, minus 01
and 0, minus 03 are computed from the data given in Appendices

¥ and J and presentzd in table 5.1.

Table 5,1

Improvement in the combinatorial reasoning of students
in the experivental and control croups (groups 1 and 2).

Wature of Task V and Task T Task VI and Task TI

so—

pot improved | Improved | Not improved | Improved

the aroup

hxperimental

7w = 50 2% ‘ 29 23 ‘ - 27
Zontrol ‘
N = 52 38 14 38 14

The above tahlz shows that améng the stu~ents who have
undergone the erperimentel treatment, 58% have improved their
reasoning vhen assessed throudh a pair of t%skS and 54% hsve
improved thelir reasconing when assessed through @ pérallel '
palr of tasks., Vhilg in the control group only 27% of the
stucdants show ilmprovement when assessed through both the
pairs of tasks. It may be mentioned here that in both the
experimental and conﬁrol croups there is not even a single
case where there was a2 decrease in the level of reasoning.
further analysis of the dats, where gﬁpfovement in thn levels
of combinatorial rcasoning is noted, reveal that the
increment has besen of only one unit in the case of all the
fourteen stusents of the control group. In the experimental

group out of the twentynine students who have shown



improvement, when assessed through the first pair of tasks,

the increment is of one unit for twenty two of them and of

two units for seven., Similarly, among the twentvseven

students who have shown improvement, whoen assessed through @

parallel pair of tasks, the increment is through o degree of

one unit among nineteen of them, seven of them show an

increment of two degrees and one shows an increment of thrae

¢

units, The increment of increasen in the level of reasoning
are further claborated in table 5.2.

Table 5,2

The increment of improvement in the combinntorial
reasoning of experimental and control group students

Improvement in the level of rcasoning
Group Tasks T A | T B{xIx Al TT A TT B |ITT A
to to to to to to
IT B IIIT »|IXIT 2|IIT A[ITT B |TII F
) V& I 3 11 6 1 0
',x{pt.
v & IT 7 11 5 2 1
Cort. J & T (3 5 1 0 1 0 0
VI & IT « 5 0 0 o .
Tt may be notad from table 5.2 that the improvements

in the levels of reasoning from concrete (IT o

is shown only by

<

hY

/

the eyperimental group studants

to formsl

whereas among the control group students theve is not even

single case of such

an improvemcint. The improvement in the

<.

level of reasoning from transitionsal (LI B) to forpal (11T



is shown only by the experimentel students, It may slso be

not:d from the table thet the number of students who have

of reasoning from transitional (TII 3) to

H:
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warly formal (IIT A) is more when compar:id to the improvement
T 2) to trensitional {7I B) 1in the cass of
the experimental group whereas in the control oroup the
number of students who hsvs improved from IX A to II B is
more vhen compared to the improvement fvrom T° 13 to ILT A,
This shows that the treatment is effective in improving the
rzasoning of students to higher lcwvels when compared to the
control group. Thesoe evidencas clearly indicate the ctfect of
reorganising the prescribed curriculum f£rame on the
combinzgterial reasoning of students when compared to the

imorovement brought out by the eizisting curriculum frame.
H

5.,2.2 Htztistical anelvses of the evperimental deta

In order to conduct a statistical analyses on thc
aexperimental dazte the four levels of reasonlag are assignad
scores. The scores assicned are as follows: 1 to the level of
reagsoning TT &, 2 to TL B, 3 o XTI A, 2nd 4 to II7 B. The
levels of ressoning from early concrete to formal are in
hierarchical order and hencc the scorzss are given ia the

increasing order from 1 to 4. The scole thus formed is
)

assumed to ba of interval scale. RBesed on :tha assicghed values

the means and standard deviotions axe computed on the six
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observations made during the experiment., To test the
significance of the difference between the wmeans *t' test is
epplied on the followina Ffour pairs of observations i.e.,

02 and «,, 02 and O,, 0. &nd G_, and Oq an¢ O, to test the
L r = o 2 N

2

following hvpothesis:

Thairo ig no diftference betiecen the mean scores of the
students, vho undergo the classrnom instruction with
the reorganising of the prescribed curriculum and those
who undergo the normeal classroom instruction based on
tae existing curriculum frame, on the combinatorial
rzesoning as assessad through tasks.

The above4hypothesis ig restated from the hypothesis

lo. 1 given in chepter ITI, section 3.10. Here the hypothesis

is stited in the null form.

Amona the four palrs of observations to be subjected

to statistical testing 0, and 0, 2re made on the same

2
studente and therefore the 't' test avplied is for the
significance of difference between two means for corrclated

samples (Perguson, 1959). The 't' test applied, on the other

he significence of

ct

or

n

threc pairs of observations, is

differcnce betveen indepsndant samples. The 't' value between

O

the twn observetions O, an
L

, is 7.2 when the assessment is

made through task I and task V. The metn scorc of these twa

observations O1 and O2 are 1.3% and 2.08 respectively. The

't' value is significant at 0.01 level rejectine the null
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hvpothesis. Observation 02 has a significantly higher mean
“than Ol showing that thé experimental treotment has positively
influenced tihie combinatorial reasoning. The 't' value of the
difference bctween means when the assessment is made through
task IT and task VI is 6.74. This value is also significant
at 0.01 level rejecting the null hypothesis in favour of O

2

{mean scores of 0, = 1.46 and 0, = 2.2) .

The mean, standerd deviation and the ‘'t' values for
the three pairs of observations 0, and 0,, Oy and O, and O
and 03 are given in the tables 5.3, 5.4, and 5.5.

Table 5.3

The mean, standard devietion, and 't' values of
02 and ‘04 for two tasks assessing combinatorial

reasoning
Task Task V Task VI
Cbeerv- 0 0, C 0,

s 2 ) “ 2 &
tions )

N 50 T2 50 52
ean 2.08 1.52 2.2 1.69
S.D. 0.97 0.68 1.02 0,77

; - * % ” Wk ]

gt 2.91 2,89

*% significant at 0.01 level
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Tahle 5.4

The mean, stendord deviction and 't' values of
Gz and g on two tasks assessing combinatorial

- -}
Tasks Tesk V Tage vI
CHS2CVa~— - IS 0 0
tions ~5 & & 6

Table 5.0

The means, standard cdeviations, and 't' valuss of
Gz and O3 on two tesks assessing combinatorial
reesoning
Tasks Task I and V Task T1L and V7T
(bseréé— T - - 17 5
oo Og L3 O, o,
tioas 2 2
o £2 52 52 52
Mean 2.15 1.28 2,17 1.3¢8
SeDa 1.07 0.47 1.03 0,56
o b e - . e
et Sed 4,64
3 T p— A ————— P s 2
*#% gignificant at 0.01 level

211 the above six t' values sre significent at 0.97

J

lzvel showing thet the megns of the scores after treatmenk on

wlv different feom

the 'combinotorial reesoning' are simifice

-t

the mezn scores of those who were teught through the proscriled
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curriculum frame, The strength of such an inference is high
since all the experimental group mean scores are higher than

tnose for the control groups.

The analysls of the post test <ata O?, Qé, 05 and 06
ig discussed alongwith the testing of the hypothesis

concerning the intezraction between pre-assessment and

trectment.
5.3 ZEEffect of Pre-assessment on the Combinatorial Reasoning

The need feor studying the effect of pre-assessment on
che combinatorial reasoning comes from a part of the objective
number four of the study (refer chepter I7I, section 3.9). The

hypothesis heing tested is as follows:
There 1is no diff{erencz in the combinatorial reasoning
of students, who have been asgsessed throuah tesks
vhich demand tha use of such reosoning patterns, and

those who have not been assessed through such tasks.

“

Tthe efizzt of pre-assessment on the combinatnrial
ref zouing caa be established by comparing the £ollowing twg

pairs of observations i.e., 0, and 0., and 0, end N Thé

2
data on the four obs»rvations are converted into sTores as
mentioned in section 5,.2.2 ond 't' test is appilied for testing

the significance of the difference betweon two neans for

indeoendant samples. The means, standard deviations, and the
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't' values for these samples are given in tables 5.6 and 5,7,

rTable 5.6

The means, standord deviations, and 't' vzlues
of 0, & O and ¢, & O, on task V assessing
combinatorial redsoniio.

Tasks Tash YV Task V
b e —y
: ™
U8V - -
tions 9 O O s
o X 50 52 52 50
Mazan 2,08 2.15 l.2¢@ 1.52
3.0, 0,27 1.02 N.68 0.64
o 0,35 0,52

Table 5.7
The means, standard deviations, and *t' values .
cf 02 & Qg and Qg4 & O on tesk VI asscssing
combinatoricl reesoning

Tasks Task VI Task Vi ]
‘~—\ 50 52 = EQ
Jean 2.2 2457 57 144
S..). 1.02 1.03 .77 0.60
e 0.15 1.83

A1L thie '£' volues shown in the tables 5.6 and 5.7

re not significart indicatiwy thet “he combinatoriel

)

reasoning of students is not influenced by the pre-sssessument

with & task to assess tho sSame reasoncig.
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.4 Analysis of Variance of the RExperimental Data

The dates gathered through the observations O Oy, O

2’ 5
and Oy are arranged into a 2 X 2 analysis of variance table

as ghovn in chapter IV section 4:1. Tn such on analysis ths
two frctors taken into consideration are 1) treatment and

2) pre-assessment, The two levels in the treatment are the
observations on the two treatment groups and the observatiouns
on the 'no treatment' groups. The two levels of assessment are
the observations on the pre-assessed gnd the observations on
the not pre-assessed gtudents. Here agsin the data obtained

£
KA

from the four observations are couverted into scores. The

-scores ¢ilven are zs follows, To the reisoning level IT A

score one is assigned, to IT B score two, to ITI A score three
!

and to ITI B score four is assigned. The data given in
ppendix o are assigned the values ailven above before
applying the test of analysis of varisace. The number of
scores in the four cells esre not ejual. They are as given in

table 5.8.

The number of students in the four groups

e

Trestment | No trestment

- - o

Pre-~ N = 50 T= 52

assessed 02 04 102 B
ot pre- W= 52 o= 50

) 102
assessed O% 06

= o+ s e

102 102 204
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Tn such & case when the cell freguesncies sre unsgual
the first step taken before applying the snalysis of variance
is to spply a X2 test on the cell frecuencies te find ocut
whether thev depar: very much from equality. rhe freguency in
the cell corresponding to the rth row and cth colwm is
denoted by eI The expected agual freguency is then computed
by acding all the N and dividing by the number of rows
multiplied by the number of columns i.e., N/RC. In the
prezent experiment this valus is 204/4 = 51. This value is

2 .
denoted by ﬁ The ¥~ is then computed using the formula

2oy e T

square value thus obtalned is 0.0784, Por degrees of freadom

with RC-1 degrees of Ffreedom. The chi

thre

®

the table value is 0.12 et 0.01 level. Theretfore it can
be inferred thet the n in the four cellic do not deviate
significantly from eyuality. Following this a siaple
acjustnent to the sum end sum OFf suuares for ezch ce2ll is

mrde by multiplying the rwspective values by 1/np.. Thin

po ]

~

adjustment estimates what the cell sum and sum of syuares

wrw

would be, were there an sqyual nuwber of cases T in each cell.

-

/
The adjusted c2ll sums and sums of syuares are used to obtain
the row and column totals and the total sum of sjuarcs.
Purther anzlysis of verience is carried out emploving

computotional formulas given by Ferguson (1959, p.254).

The above discussed procedure was adoptad for the
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analysis of varience on the four observations O and

2t 40 Cs
Og nade on the students using task V and task VI for

aasessing the combinatorial reasoning. The zumary of these
two analyses are given in tables 5.9 and 5.10. The hvpotheses

boing tested through this 'F' test are as follows:

1. There is no difference bhetween the mean scores of the
students, who undergo tre clasgsroom instruction with
the reorganising of the prescribed curriculum and
those who undergo the normal clessroom instyuction
based on the existing cuvrriculum frame, on the

> combinatorial reascning as assessed through tasks.

2, There is no difference in the combinatorial recsoning
of stulents, who have heen assessed through tasks
wvhich demand the use of such & reasoning pattern, and

those who have not been assessed through such tasks.

~ 1y .

3. There is no disfersnce in thz ‘combiunstorial recasoning!
oI students, who have been pre-assessed on the same
reasoning pattern and who have undergona tho treatmant
{(the reorganising of the scilence curriculum), and who

have not heen pre-asscssed eénd not undergone the
treetment:; and those who have not been pra-assessed
and who have undergone the treetment and those wvho

have been pre-asszssed but not undergone the treatment.

Armong the three hynotheses stated above, the first one
is restated from hypothesis No. 1 given in chepter ITI

section 3.10. The second and third are from hypotheses No. 3

i
and 5 ziven in the samc section.



Table 5,9

Sumarv of 2nalysis of varience on the combinatorial
reasoning scores assessed through task Vv

Source'of |'Sum of neérees of | Variance P
: ) - . p P value

variance sguares freedom astimate

Rows . .
(pre-ass.) 0.00013 )1 0.00013 00000?7
Columns o
(treatm.) ;5,91 1 15,91 20.94.
Interaction}0.2899 1 0.2699 0.3552°
vithin 151.93 200 0.7596
iotal 168,11 203

for df of 1 and 200 the values at 0.05 = 3.89 and
0.01 = 6,76 :

*% gignificant at 0.01 level

Table 5.10
Summary of analysig of variance on.the

combinaforial

rezsoning scores assessed through task VI
Source of Sumaof af |Variance | o ooqe
variance sguares Jestimate
ROWS . e )

el
(pre-asses.) 0.99 1 0.99 1.26
Columns %k
freatment) 19,61 1 19161 24,86
Interaction 0,63 1 0.63 0.79
Within 157.8 200 0,78 \

¢

T | Total 179,03 -} 203

PN S

significant at 0.01 level

The F values in tables 5.9 and 5.10 show that the

null hypothesis number one is rejected and the other two
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null hypotheses are not rejected, This indicates -that the
treatment Mas an influence on the combinatorial rezsonina
of students whereas the pre-—assessnent as well as the
interaction,caused because of the treatment and
prz-assessment, do not have any significant efifect on the

combinat a2l reasoning.

-~

The significant 7 value of 24.86 for the trestment

effects calls for further analV81s of the obscrvetions 0, &

2
and O & Og Dy subjecting these observeti ons to 't' tests.

Q
™~

This has already been detailled in section 5.2.2.

9]
[#2)

Effect of vaturetion and History on the Combinotorial
Reasoning

A cowparison of obscrvation 06 with O1
seberately would indicate the combined effect of maturation
and the effect duc to the iﬁstruction through the prescribed
curriculumn frame on the combinatorisl rea%oning of students.
Tables 4.5, 4.5 and 4.10 given in choptor IV present the

¢ota collected through observetions O 0, and O,

3.’
respectively. Thege date arn furthec subjected to statistical
snalysis. The mran, standardé deviation and 't! values of Og

with O1 and 06 with 03 aoe given in teble F.ll.

ZAmong the four 't' values onlv the one between 06 and

03 when assessed through task I and V shows a significance
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Ta?le .31

The Means, standard deviations, and 't' values
o O with 01 and Og with 03 through two pairs
of tasks assessing ‘combinatorial reesoning’.

Task I and Task V Task I and Task VI
O1 06 03 O1 O6 03
N 50 50 52 50 50 52
Maan 1.38 1 1.52 1 1.28 1.45 | 1.44 | 1.38
S.0. 0.5810.64 10,49 0.601 0,60 |0.,56
Tt 1.12 | 2.17 0.18 | 0.55

* gignificant at 0.05 loevel

H

1Y

in the Gifi

%

erence of the mean scores. &A11 the other 't!

N

values are not significant. This shows that the effect of
wmaturstion and history‘on the combinatorial rcasoning is
marginal. One 't' value beiné significant is insufficient
evidence to conclude that there is a —mositive effect due to

maturetion and history within a period of six months.

v

5.6 Lffect of Reorganising the Curriculum frame on the
Controlling of veriables of 3tudents
Studying the effect of reorganising the orescribed
curriculum frame on the ‘controlling of variasbles' of the
students form part of the ohjective Fio. 3 of the present
investigation (refer chapter ITII, section 3.9). The
efectiveness can be estabiished in three ways viz,, 1) by

comparing the di€ference betw=sen the pre and post-assessments

'



168
of group 1 and group 2 students i.e., the experimental and
control groups {(refer chapter IV, section 4.1), 2) by the
statistical analyses of tﬁe following four pairs of
cbscervations i.=s,, 0, & 01,
and 3) by subjecting”the data obtaincd through 0O

0, & 0,4, Oy & Oy, and Oy & Og,
9t 04, Os,and
Og to a X 2 analysis of variance as suggested in

chapter 1V, section 4.1.

5.6.1 Comparison of thie gain scores of euperimentel and
control groups

Group 1 and group 2 students have been subjectad to

pre- and post-assessments. These are observations O.L and 02

on group 1 and O and 0, on group 2., The di“ference in the

3

levels of reasoning as observed through the pre and post-

i

assessments i.e., 02 minus'ol and O4 minus 03 are computed
from the data given in apmendices F and-J. These differences

are nresented in table 5.12

Table 5.12
Improvement in the 'controlling of variavbles' of

r.—
E™

udents in the experimental and control groups

o
by

2le TTT oy el R VTTT
VMigture Task ITX and VIiI ARSI Y IJ aﬂd JITY
of the Not impro- | Tapro- ot impro~ | Impro-
group ved ved vad vad
sxgerlmental 35 15 37 13
o= 50
Zontrol
42 10 46 ")
N = 52
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Table 5.12 shows that among the students who have
undergons the experimental treatment 30% have improveﬁ their
reasoning when assessed through a pair of tasks (task III &
task VII) and 26% have improved theilr reaconing when assessed
through a parallel pair of tosks (task IV end task VIII).
Hhiie, in the control group only 19.2% improved their
reasoning when assessed through the tasks TIT and VII and
11.5% of the stuﬁents improved théir reasbning‘«hen assessed
through the tasks TV and VIII. A further analysis of the
data, where improvément in the reasconing is noted, reveal
that the improvement has beenlof only one unit in all the
sixtezen cases {(1046; of the control éroup. In the -
experimental group out of the fifteen students who have
showp imorovement, when assessed through the first pair of
tasks, the improvement in the levels of reasoning is of onc
unit among eleven of them and of two units in the rest four.
Zimilarly, among the thirteen students whn have shown
iprovement, when éssessad through>a socond paif‘of tasks,
the improvement is through a degroe of one unit for nine of
them,'three show an increment of two units and one shows an
increment of threes units. The improvements in the level of
rzasoning are further detailed in table 5.13.

it may be noted from tablce 5.13 that in the control

4

group the improvement in the level of raasoning is confined

+



Table 5,13

The improvements in the controlling of variables of
experimental and control groups assessed through two
pairs of tasks

Improvements in the level of ressoning
Group TeSKS [F R UTIT ETIII A [ T A | IT 8| FLA
to to to to to to
IT 8 1TrT A | ITT 2 | TTT A |IIT B | ITT 3
I7L & i o
p 1
vIT g 2 : 4 0 0
BApte 1y g
——— 3] 2 1 2 1 1
IIT &
vIT 7 3 0 0 0 0
Zont. |
IV &
VTIT 3 3 0 0 0 0

to the reasoning levels IZ A to IT B and II B to IiI A,
Among the experimentsl students there are higher level of

improvemont i.e., from IIiYT A to IYI B, I7.&4 to IITI A, and

v

2180 IV A to ITI B. Though the number of students who have
iwproved bv two and threc incremsnts are few, these
increments sre dus to the treatment. All these indicate the
‘nositive influence of the reorganising of the prescribed
curriculum on the reasoning (controlling of varizbles) of
stucdents when compared to the control group.

5.6.2 Statistical apalysis of the data

Based on the experimental design there ore six

obseryations made i.e., Ol' 02, 03, 04, 05 and 06

s
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{sce chapter I7, section 4.1). The data obtained through
these observations are in the form of categories viz,, IT A
‘early concrete), IT B.{ transitional), ITI 2 (early formal)
and IIT B (formal). These Ffour levels of reasoning are
assignod scores 1, 2, 3 and 4 respectively as discussed

earlier

z
i

refer section 5.,2.2). Viith these assigned values
the means and standard deviations are computed for the
observations nade. In order to establish the effectiveness
of the trestment the following four pairs of observations

arc subjected to 't' test. Tha observations are: 0, and 0.,

ot

0, and Oge Og and Cg s and Og and 03‘ The hvpothesis being

tested throuagh these FTour 't' tests on the nbservations

]

-

s &8 “ollows:

There is no signitficant difference between the mean
scores of the groups of studants, who undergo the
classroom instruction with the reorganising of the
prescribed curriculum and those who undergo the normatl
classroom instruction bhased on the existing curriculum
frame, on the controlling of variebles of students as

asscssed through tazks.

Thac above hyvpothesis is restated based on hypothesis
No. 2 stated in chapter I7I, section 3.10. lerzs it is stated
in the null form.

Among tire four pairs of observations to be subjected

to testing 0, and 02 are made oun the same students and
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therefore, the 't' test meant for testing the significance

of difference between two means for cprrelated samples is
apntied (Fsrguson, 1959 p.139). The 't' test applied on the
other three pairs of observetions, is the test of
significance of difference between two means for independent
samples {Ferguson, p.137). The 't' values bhetween the two
2;%nd 0, is 4.0 when the asszesment is made

through task IUL and task VII. The m:en scores of these two

obscrvetions O

observations o and C, are 1.26 and 1.62 respectively. The
'£t!' value is sicgmificsnt at 0.01 level leading to the

rejection of the null hvpothesis. Cbservation 0O, has. a

2
significant moan difference with Ol showing that the
experimentel treatment hias positively influenced the reasoning
wcontrolling of variables) of students. The 't£' value of the
difference Petween means when the assessment is made through
tesk IV and task VITI is 3.67. This value is also significant
at 0.01 level, rejecting the null hypothesis in favour of 02.
The observations through the second pair of tasks also show

thet the treathent 1is effective,

3

The means, standard deviations, and 't' values for
the three pairs of observations 02 & O, 05 & 06’ and O5 & 03

are given in tables 5.14, 5.15% and 5.16,
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Table 5,14

the Means, Stendard Deviations, and 't' values
of 0, and 0, on two tasks assessing the
'congrolling of variables'

Tasks Task VII Task VIIX
Obscrva- I
tions 0y O4 92 Oy
M 50 52 50 52
5‘5631’1 1062 104 1;62 1.42
S.D. 0.79 0,63 0.87 0.63
red ) 1.57 1.32

Table 5.15

The Means, 3tandard Deviations, and 't' values
of Og and Og on two tasks assessing 'controlling
of variables'

2

Tasks - sk VET Task VILI
Observ- Ox
ations 2 06 05 O6
. 1
N 52 -50 52 50
I“’{ean 1.63 1.28 1.57 1a3
5.0, 0,92 | 0.49 0.82 0.53
e e ) - —
g 2.36™ 1.324

Table 5.14 shows that, tl‘zouqhb2 has higher mean
compared to O4 when assessed through tasks VII and VIII, the
mean differences are not significent. Table 5,15 shows that
the means of the experimental group obseréations 05 are
higher when assessad through the tasks VII and VITI, The

mean difference is significant at 0,05 level when assessed



Table 5.16

The Means, Standard Deviations and 't' values
of 0Og and O3 on two tasks assessing ‘controlling

of variables?

Tasks |Task IIYT and VII Tasks IV and VIII
Observa-
tions 05 O3 05 C3
N 52 52 52 52
Mean 1.63 1423 1.57 1.28
S.D. 0.92 " 0,46 0.82 0.49
g 2,77** 2,16

* significant at 0.05 level
** significant at 0.01 level

thréugh task VII whereas when assessed through task VIII the
't* value .falls.short of the signifigaﬁtly different vélué.
{the 't' value to be significant -at 0.05 leével is 1.98). 7
Table 5,16 shows that the experlmental group observatlon Og
have 31gn1f1cantly higher wmeans when assessed threugh boﬁh
the pairs of tasks (tasks III & VII and tasks IV & VIII).
The strength of the inference'is reduced since three oﬁt of
the eight 't' values are not sigpificant. From the five 't!
values which are significaﬁé it may_be‘infefred that the
Lreatment is effective in improving tﬁe reasoning
(controlling of variables) of the stﬁdents. This inference
may be further strengthened by subjecting the observations

0,, 0y, Og and Oy to analysis of variance (see section 5.8).
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.7 Eflzct of Pre-assessment on the 'Controlling of
a .

Tre nced for studying the effect of pre-assesgment on
the 'controlling of variables' form a part of the objective
nuaber four (refar chunter IIT section 3.72). The hypothesis
Dein~ teshed is 2s follows:

There is no difference in the 'controlling of variables!
o students, who nave beon assessed through tasks which
demend the use of such reasoning pattorn, and those who
hzve not been asscosged through such tasks.

The effect of pre-assessment on the ‘controlling of

Lriocbles’ cen be established by compering the following two
pairs of observatioans i.e., O, & Qp and 0, & Og + The data
sethiered through these four obsarvetions are convertsad into

scores as mentioned in section 5.2.2 and 't' test is applied

“or the significance of diffcrence hetwen two means for

o7

independent samples. The meeng, stonderd Anviations and the

T ovelues are ¢glven in tables 5,17 and 5.18.

The resns, Stondar’ Devietions and 't' values
of 09 & O a2nd 04 & O as assessad through
task VIL

4
o ¥
4]
o
[
s
oy O
~N
N
o
[CA 0
98]
o 'm
> O
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« U
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(o B o0




- Table 5,18

The Heans, standerd Devistions, and 't'!' values
of 02 & Os and 04 & Og when assessed through

task VIII
O, Oy Cq Og
, 50 52 50 59
Mean | 1.62 1.57 1.42 1.3
3.D. 0..87 0,62 0.63 0.53
» o - oo . oy, S AP
TR 0.27 - 1,02

The *'t' values in both the tables 5,17 and 5,18 ar=
not significant -end therefore the null hypothesis is not
rejected. It may be inferred tnat the pre-assessment does

not influence the 'controlling of variables' of students.
5.8 analysis of Variance on the Bxperimental Data

The data gathered through the expariment, O O

2* Yar Oge
and Og are arranged into a 2 ¥ 2 analysis of varisnce table
as sghown in chapter IV section 4.1. The four scts of
ohservational data are converted into scorcs as detailed in
section 5.2:2. The number of units in each cell is not eqgual
and therecfore, before applyving the analysis of variance,
adjustments zre made on the cell sums and sum of syuares as
detailled in section 5.4. '"he summary of the enalvsis of
variance on the controlling of varisbles obszrvetional dats

are given in tables 5.19 and 5.20. The hvpothases being

tested through this 'F' test are as follows:
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-

1. Therc is no difference between the meen scores of the
studente, who undargo the clessvoom instruction with
the reorganising of the prescribed curriculum and
those who undergo the normal classroom instruction
weged on the existing curficulum frame, on the

'controlling of varisbles' as assessed through tasks,

is no difisrence in the 'controlling of
variables' of students, who have beoen assess-d through
tagks which donand th-e use of such a reasoning pattern,

s
and theose who heve not been #ssesse? throuoh such

- 3. fhere is neo difference in the ‘controlling of
variables' of students, who have bcen pre-issessaed on
the same raolsoning vattern and who heave undergone the

traatment (the reorganising of the scilence curriculum),

and who heve not been pre-assessed and not undergone
the treatment; and those vwho have been pre-nsscssed

1

and who have uadergonce the treatment, and those who

have been pre-assessed but not undergone the treatment.

Among the three hvpotheses stated, the first one’is
resteted from ypothecis Wo. 2 given in cheapter TIT, section
3,13, The second and third are the hypotheses wimbered 4 and

6 in the gzame socction.

-

. The P values in tables 5,18 ead 5.19 show that the
nullt hypothesis; number one, stated in this section, i3
rejected and two and three are not rejected. This indicates
that the trestment has an influence on the reasoning

{contro¥ling of variables) of students whercas
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Table 5.19

‘”wnerv of Analysis of Variance on the 'Controlling of
Variables' scorcs when assessed +through task VIT

<

orca of sum of 5 £ Variance -
variance . sguares ’ estimete :
OWS

0.15 1 0. 2
(pre~ess.) 1 0.15 0,27
Solumns ~ p ok
’\":_.'f‘eat,} 4.,11 1 4..L5 7.68
Interaction . 2 1 0.24 0,44
“"ithin 108.20 200 0.54
Totz1l 112.74 203

for &% 1 & 200 the velue nt 0.05 = 3.89 aﬁa 0.01 = 6,76

q :

*+ significant <t 0.01 level

e on the 'Controlling of
VarisblC”’ scores wnun zgeessed through tesk VIIT

Sourca of suam of 2 Variance
v o -~ cx » i
VArianso squeres cgtimnate
LOWS 1 ~
© 0.44 g N, 44 0.83
(pre-oss.)
Colunns 5
.11 i o 5.86°
(treat.) 3.11 3.11 86
Mteraction .04 | 1 0.04 0.07
within 107.52 204 0.523
Total 111.11 203

N ’

* sicmificant ot 0.01 lavel

-

the pre-assessment and interaction czused becsuse of
treatment and pre-asgessment do not heve any significant .

effect on the ‘controliing of variables of students.

LN ]
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The significant ® values of 7.6F end 5.86 shown in

=

tables 5.19 and 5.20 call for further analysis of the

observetions ¢, & 0, and O, « 06 "y subjecting thes

2
ohservational scores to 't' tests. This has alrcady been

detalled in section 5.6.2.

5.9 TWffect of Maturation and Ilistorv on the

Controlline of Variables
& corpariseon of observetions 06 with 0, and 03 would
indicate the combined effect »F ﬁatur&tion and the cffcct
Adue to the Iinstruction through the nrescribed curriculum
frome on the reasoning {controlling of veriables) of the
students, Tables 4.5,4,6 and 4,10 given in chapter IV present

the data collected through cbserveations Gl' 03 and Og

s

raespectively. This dats 1s further subjected to statistical

enalvsig. The means, standerd devietions, and 't' velues of

Og with O1 and OG with 03 are given in table 5.21.

A1l the four 't' values presented in table 5,21 wre

not significant. This clesrly indicates that the effoct HF

3

maturation and history on the controlling of variables 1y
marginal. The aean 1ls higher in case of Og when conmpared

to 0, and On when assessed through hoth the pairs of tasks,

2

"Thig indicates that due to maturation and histrory there 's

improvement in ths reasoning but, within sirz monthsg the

difference is not significant.
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\ Table 5,21

Heans, Standard Deviations, and 't' values of O, with
01 @na O with 03 through two pairs of tasks assessing
contreolling of voriables

Tasks Tasks TIT and VII Tasks IV »nd VITT
Chsarva.- O 0 0 Q O o]
“4 1 2~
tions N 6 3 = °© 3
W 50 50 52 50 1 50 52
2ans 1425 1. 28 1.23 1.26 1.3 1.28
s.3. | 0.56 | 0.49 | 0.46 0.48] 0.53 | 0.49
Py 0.23 0.53 0.41.] 0.21

5,10 analvses of the *necdotal Records

Though the acccleration or improvement in the reasoning
nmetterns viz., 1) combinatorial reasoning and 2) controlling
of variables are statistically significant all the students
in the experiment”l group have not shcown improvemcnts. Tt may
b2 observed herc that the assumption of the cexperiment is

rhat studaont

tn

will act

n

ively participatz in the classroom

.

interaction so that their recsoning patterns would develop

refer chaoter 197, saction 3,.8). The analyses of the

anacdotal records maintained by the investigator indicates

a gcner~l lack of intzarest in the instructional activities

Ly many students. The lack of interest oriaginetn from
.

¢ifferent basic recsons for different students. A2 Tov of
them *ho have been informally interviewed indiceite that one

k)

oI the mein reasons is because of the sccurity thev Fforsce
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in their future prospcects. They know that the formal

education is not going te help them much with their future

and thev are sure that they would enter the some as soon as
thev arz aature to take over. The abeve wpoint may be further
elavoratad with an example from the anccdotal records.

o83 ( age 1% vears, 6 monthis) belony to group 1 of the

Gegign. “hot 1s, the pre-tested ervperimental group. le was

-

one among the maqv vMo did not participate in the classtroom
discussion even when information soeking guestions are

directed to him. huring the interview hz indicated that his
'father owns three swecet meat shors in the city. Two of thaesc

shops are managed by his elder brothers #ad the third shop

presently run by his father would b handed over to him as

0
o
O
D
Ql
4]

he is mature. On the investigators suggestion that
formal education can heln him hetter with his business, he
roplied that, what is wossible has already been acquired,
i.e., basic mathematics, and to read and write in Fnglish
onG Gujerati. The above illustration is onlv one aaong

similar instancss where stwients have cxprossed theilr

sSeasons for the lack ¢

fw;

£ intovest in tne classroom
interactions. It @may also boe mentioned here that the pra
and wost-assessmants of the boy indicetas thet e has not
showvm any improvement in the ‘combinetorial ressoning' and

‘controlliag of variables'.
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. nother maojor reason for the lack of interest among
the students in instructional activities is the over anxiety
o scors high in the examination. The étudents‘show a general
tendency to show interest in only those activities which
would directly help them in getting wore marks in the
examninations and a lack of iﬁterest in aétively participating
in the classroom inte--actions throuah which they would/
discover the laws and principles of nature. Such 2 tendency

oFf

‘examination orientation' is shown ever by those who
actively participate in the classroom discussions. Zn
illustration from the anecdotal records may further explain
this noint. Two students of the pretested experim=ntal. group
on avproaching the investigator with a content clarification

in Phvsics, were suggested to do the experiments in the

lehorstorv so that they wmey discover the law, The investigator

h

i+

offered to help. The imnediete response of the students vas
hat they bave a 'test' the next day and just needed only an
explanation of the experiment and expressed thelr disinterest
in doing ths actnal experinent, The akove illustrnation
clearly indicates how the natural curiosity of the students

is curbed by the overemphasis on 't-st’ or examination

oriented teaching,.

From the analyses of the anezdotsal records a third

major reason that has emerged is the medium of instructidn,
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It may be rezalled here that only 6% of the total cample speak
“nglish at homé and with peers (refer chapter IV, section 4.2).
The rest of the sample speak Indian lenguages (Hindi, Gujarati
Mrrati, etc.). Tring the clinical interview settings the
investigator had to axplaln the problem situation using

'

Findi/Gujarati words in place of Znglish since the students

'

showad a lack of understanding of the problem. An example of
such » usage is the word 'choola' in place of & pendulum,
Also, during instructional situations, where day to dav
expericnces are recalled, students showed a lack of ' ‘

1

understanding of the problem situation. For a proper

understandiny of the problem situation neseded the use of
Hindi or CGujerati words. ~1ll these indicate a lack of
understanding on the part of the stuldents through the medium
of instruction viz., English. Therc¢fore, the medium of

P

instruction, brine differcnt from the language the students

speak with peers, poses a hinderancce to the proper
understending. This may be mrinlvy Que o the reason that the
medium (language), through which experieunces arc asssimilated

by the student, is difforent from the mediun of instruction.,

The above illustrations are a fow among many indicating

%)

a genersl lack of interest in instructionel activities among
students. The nrrosent investioetion indicetes that oiven such

constraints of lack of interest in instructionzl activities
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of normal classroom students the reorganising of the
prescribed curriculum can initieste cognitive dissonance in

students and thus improve their reasoning patterns,

The analyses of the experimental deta clesrly
indicates that the expcrimental treatment is effective in

accelerating the 'combinztorial recsoning' and 'controlling
of variables' of students, But, the improvement in the

s to a lesser extont when

-

'controlling of varisbles'
comparz=d to the ‘combinatoriel reasoning'. This i1s besed on
two observations. nec, the nunber of students who have
improved their reasoning {controlling of vairiables) is less
when compared to the number of improvements in 'combinatorisl
rzesoning'. Two, the improvements in the reasoning indicated
through the pre and post-assessments indicate that those who
have snown laprovements in the'controlling of vericbles'

have Eléo improved their ‘combinatorial recsoning’: but, the
reverse 1is not true. That is, all those who have shown
improvements in the ‘combinatorial reasoning! have not
improved their reasoning in 'controlling of weriables'. It
awy be mentioned hers that both the reasoniné pattarns !
'combinatorial reassoning' and 'controlling of vaviables' form
narts of the formal ressoning structure. “uch a differenae

in the rcasoning patterns exhibited by the students, i.e.,



N
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e

mani ting formel rezsoning when assessed through oune task,
and not when assassed through a related task, is termed as
horizontal décalage in tﬁe Piage >tian theoretical frameworP
{refer chapter ITI, section 3.6). This finding, of a
horizontal dééalage in the closely related reasoning patterns,
is contradictory to the findings of the earlier studies
{(Karplus, 19793; Vollﬁan & Chen, 19682; and Lawson et. al. 19758).
But, there is a psychological link between the 'combinatorial
reasoning' and ‘controlling of variables'. Chat is, the
generation pf all poss;ble combination of variables in a
given situstion is reguired for an individual to 'isolate!

and ‘'control' variahles. Such a psychological link has been
zlrerdv suggasted by Lawson {1979), and. the findings of the

nresent study also indicate the same,

The eocceleration of the reasoning patterns viz.,
'combinatorial reesoning' ¢nd ‘controlling of variebles' is
in agrecment with studies conducted under different field
cbnditions, The strotegy used for acceleration in the present
investigetion has common éharacteristics with those studies
(studies 7onducted under field conditions different from that
of the present investigntion). For =xcmple, Bredderman (1973)
used & cognitive conflict strategy to sccelerate the ability
to control varizhlag arong young sdolescents. This strategy

has the common characteristic of inducing cognitive conflict
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in the learn=rs with tho instructional model used in this

study. 'The mein difference is that Dredderman used an

individual focused mode of instruction whereas the present

~

studv has us=2d ~ groux

v

instructional model, ~ sinilar group

=

ingtructional model, called 'le~rniny cyclesh is used by
Mcldnnon & Renner (1971) and Snith & Von Egeren:2 (1877) to
accelerete ‘'combinatorial reasoning' and ‘controlling of

veriables'. The strategy used by these rescarCherr Ffocused

morz on the manipulation of objects when compared to the model

usad in the present study. The Llelﬁ conditions in the pres:nt

o
iavestigation did not permit such a possibility, of
waninulation of objects bw cach student, becouse of th

non-availcobility of adeguate Facilitilies in the school where

the experiment was conductad.

sone the verious strotegiecs usned by resecrchors for
accelercting the formal recasoning patherns there are two

strutegias which resemble the iunstructionsl model used in the

Joer

sresent study, Thev arcs: 1) the »ecer interaction model used

by Ward {1979) and 2) the social interaction mod=l used Wy

Wollmen and Then {2922). The main char-cteristis which is

common to-these two instructionel strrtagies and the one

s2d) in this study is the element of group intoraction., "he
. <

findings of the precent investigation are in aareement with

J)

11
.,{

those whore aroupd 1nt‘ raction stratzales Heve bhoon used.
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The feature which differentiates the instructicnal model useé
in the present study from those referred above, is the
apistemic characteristic of instruction. That is, the
curriculum reo-uanisztion has heen carriced out based on the
nistoricel development of the concepts, principles and laws,
This choracteristic makes the modzl of instructicn used in the
present study, more suitable for concrete operational learners,
than the ones used bv other researchers referraed in chapter IT.

The mode of instructior in the control groups of the
prasent investigation was not bhased on any specific
thaoretical grounds, The lack of accelorstion in these groups
~av be attributed to such a lacuna in the instructional mode.
This mode of instruction ﬁay ha taken as one thoet ¢oes on in
a ‘normal! classroom. sandeep (1979) after surveving the
. relationshin betweon the classrcon interaction pattern and
cogniltive development on "nfilsn sample reports that the

clossroom interaction adverssly aifects the coonitivo skills.

The ‘steady state! of the reasoning patterns in the control

croups e be bacause of such an adverse effaeCt.

“he guided ingulrv approach to instruction used in the

experinental agroup of the present study

e

g found successful
in acoeleratiac the reesoning patterns vheveas the didectic
presentation of content matter was not succe :sful. The

acceleration of the recasonin~ patterns mav be seen similar to



the improvemant in problem solving'abilities. That is, the

students who have improved thelr rcasoning peticrns will be

gble to perzeive the Aifferent varisables in a problem

had

[

unation an

n
]—l.
t

isolete and control varisbles effectively in

finaing a solution. This finding of the present study is in

greement vith the one conducted by Ajwsni (1272} vhere he

]

bl

r

o

@

r to accelerate the problem scolving ebllity by guided
discoverv, through lezrning puzzles and by giving spocific

iirections. e found that guided discovery is better than the

-~

othar two approsches in acceleratitvg the reasoning. Also, the
study conducted by Yadev (1982 shows the superiority of
guide” discovervy over locture method in accelertting concepts.
Tt may be mentioned hers thaot, in the studies conducted hv
Ajueni end Vadav the experimental danputs arce not divectlw
relatoc to the prescribed curvi-ulun of the nrados, whereas
the prescnt invastigation Tocussed on the reframing of the

;

srescribed curriculun €reme for the arade.

Though the presgent inve shown that

i

o
g/ .
¢t
b
o]
ay
;”1‘
O
i}
&
&

acceleration of logicnl reasoning is possible througbh the
reorganised curriculum frams, it cannot o taken ar coaclusive
evidenco. Jurcher reseorch in this ares under voeried field
conditions 1s reuired te conclude on the ponsibility of
2caelerating logical recsoning pattorns under field conditions.

"

2lso, the model of instructios uszsed in thds gtuwity hes o be

¥]
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conmpared with other models of instruction before concluding
on its merits. Bascd on these lines a few studies are

suacested for further research in the concluding chapter of
A

this roport alongwith the summary.

- — iy W o 2o
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