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CHAP TEH IV

STATISTICAL ANALYSIS AND INTERPRETATION

As mentioned in the previous chapters, the comparative 

nature of the present study needed a thorough control of 

variables\fco the maximum extent and thorough analysis of 

the results through rather sophisticated statistics. One-to 

one matching could not be achieved due to the obvious need 

of having seven treatment groups. Group matching was also 

not feasible as^ the size of the treatment groups remained 

small and differed from school to school, n being 1 in 

two schools, 3 in one school, 4 in one school, 5 in five 

schools, and 6 in two schools. Under these conditions, it 

was decided to go for statistical control.

In the present investigation, the relative effective­

ness of programme treatments was found on the following 

three criteria!

i) Immediate posttest;

ii) Percentage of retention; and

iii) Time taken to finish the programme.

The level of comprehension was taken as the number of 

correct answers given on the immediate posttest rather 

than taking (jf)pretest-posttest differences. As mentioned 

by Lewis (1969), the pretest-posttest design has its own 

disadvantagaand sources of errors. The limitations of
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pretest-posttest design, and the advantages of randomiza­
tion are given by Lewis (1969) as follows!

...It is well to remind ourselves therefore 
that a pretest is not an essential ingred­
ient in design.,..Often indeed a suitable 
pretest is difficult to conceive....If the 
posttest, or a parallel form of it, is also 
administered as a pretest, the element of 
artificiality would be apparent from the 
predominance of zero or near-zero scores 
that result.

...An equality of groups on a pre-test is no 
substitute for randomisation..The prime 
merit of randomisation is the control it 
exerts not just on one variable, but on all 
variables unrelated to the treatment(s) 
under investigation.

...The mere taking of the pretest might 
affect the, posttest scores. A related 
possibility is that it would sensitise the 
experimental group to the treatment it 
subsequently receives. A higher posttest 
score would then be an effect of the pretest 
by treatment interaction rather than a main 
effect of the treatment itself."

The school-to-sehool vaTiations were taken care 
through the application of the special method of covariance, 
called "Analysis of Covariance in Duplicate Experiments 
in JRandomly Selected Schools" (Lindquist, 1970).
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In short, the seven treatment groups were analysed in 
terms of the immediate posttest scores, retention scores 
and the time taken to finishi the programme. The distribu­
tion of scores on the immediate posttest, percentage of 
retention and the time taken to finish the programme are 
given in the following pages, where

A stands for the Linear Overt Form
B stands for the Linear Covert Form
C. stands for the Response Prompt Overt 

Form (Copying)
D stands for the Response Prompt Covert 

Form (Reading)
E stands for the Skip programme Form
F stands for the Branching Form
G stands for the Hybrid Form.
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Table No.4.1
Distribution of Scores of the Seven Treatment Groups on the Immediate Posttest (n=4§)

SCORE A B , C D E P G

3029
28
2726

13 2
7 6 13
3 4 5

1

3 23 5
3 6

4 28 3
1 6
1 3

25
24
2322
21

2
12

2
3
1

2
11

1
2 1
4 11 J 2
2 2

11
12
1

20
1918
17
16

12
3

3
3 1
1 1
2

1
1 1
It. 1
1

1

2
2 1
1 3

2

1514
13
12
11

11 1 1
1li

1 1
1

2
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fatie No.i

Distribution of Scores of the Seven Treatment 
Groups on the Retention Test

A B G D E P G

1
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Table Xo.i«3

i

Frequency PistribatIon of the Seven Treatment Groups in terms of the Time taken to finish {Time In Mts.)

Class intervals (mts.) A B C D E F G

170 - 179 1

160 - 169 2 2 1 1
150 - 159 1 1 1 1'
140 - 149 3 3 2 1 2
130 - 139 4 2 3 4 1 1

120 - 129 5 2 10 3 3 4
110 - 119 5 4 3 2 5 8 • 4
100 - 109 8 6 4 2 10 9 7
90 - 99 6 6 3 12 11 5 6
80 - 89 4 6 7 8 2 2 9

r

70 - 79 , 8 12 4 3 4 10 9

60 - 669 6 6 8 4 5 1
50 - 59 2 6 1 1

40- 49 1
30 - 39 1 1 1

I
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In the table given below ace shown- the means of .the 
seven treatment groups on the immediate posttest, reten­
tion test, percentage of retention and the time taken to 
finish. I

I
J

Table No.4.4
Mean^f Scores of the Seven Treatment Groups on 
Immediate Posttest. Retention test. Percentage 

of retention and Time

„ ImmediateForms Posttest Retention
Test ’Loss 1 % of

Retention
Time (in 
Minutes)

A. Linear
Overt Form 28.36

i
26.84 1.52 94.64 106.63

B. Linear 
Covert Form 30.39 . .27.15 3,24 89.'34. 91.19

C. Response
Prompt
Overt Form (Copying)

28.10 25.69 2.41 91..42 , 99.23
/

D. Response 
Prompt 
Covert Form (Reading)

31.19 28.00 3.19 89/77 84.91

E. Skip Prog­
ramme Form 28.78 25.60 3.18 88 #95 95.21

P. Branching 
Form , 27.43 25.36 2.07 92,45 91.95

G. Hybrid Form )28.56 26.50 2.06 92.79 96.41
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OBSERVATIONS

1 Of all the seven forms tried out, the Response 
Prompt Covert Form (D) seems to be relatively 
better in effectiveness, both on the immediate 
posttest and the retention test.

2 Of all the seven forms tried out, the Branching 
Form (F) seems to be relatively less effective 
both on the immediate posttest and the retention

\ test.

3 When the percentage of retention is considered, 
the Response Prompt Covert Form (D) no longer 
retains its superiority; its 'loss' is 3.19 
points, next to the Linear Covert Form (B) whose 
‘loss' is 3.24 points.

4 The Skip programme Form (E), thoughi third in 
(order of achievement on the immediate posttest, 
is also the one xvithi considerable 'loss' of 
3.18 points.

5 Of all the seven forms tried out, the Linear 
Overt Form (A) requires the maximum time, while 
the Response Prompt Covert Form (D) requires the 
minimum time.

6 The Linear Covert Form (B) also requires shorter 
time, next only to the Response Prompt Covert 
Form (D) in this regard.
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Comparison of the group means gives a general picture 

of differences, but does not tell whether the differences 

are significant. In order to know the statistical signifi­

cance, the technique of analysis of covariance in duplicate 

experiment, in randomly selected schools (Lindquist, 1970) 

is followed. Analysis of covariance takes care of any 

possibility of the initial differences (for example, 

intelligence in the present study) influencing the final 

scores. This method of analysis is adopted because the 

groups were not matched in terms of initial scores. The 

method also gives a quantitative picture by revealing the 

levels at which these differences exist (.01 or .05 levels). 

The special feature of this design of duplicate e^qperiments- 

is that the class/school variations are also given due 

consideration so that the inferences cannot mask the effects 

of classes (i.e., classes selected from different schools).

Analysis of Covariance in Duplicate 
Experiments i Analysis of the Initial 
Scores (intelligence)

In the present investigation, intelligence was taken 

as an initial measure and the seven treatment groups were / 

randomly formed. The size of the groups differed from 

school to school; but in any particular school, the seven 

treatment groups were equal in size.



Wh
er
e,

GT
 s

ta
nd
c 
fo
r 
Gr
an
d 

To
ta
l 

Tc
 s

ta
nd
s 

fo
r 
Gl
as
s 
To
ta
l

Th
e 
To
 o
f 

47
3 
in
 t

he
 f
ir
st
 c
el
l 

is
 g

ot
 b
y 
ad
di
ng
 t

he
 i

nd
iv
id
ua
l 

IQ
s.
 o

f 
fo
ur
 s

tu
de
nt
s 

(n
c 
in
 s
ch
oo
l 

*a
' 

is
 4

) 
i.
e.
 =

 1
30
+1
23
+1
17
+1
13
 =
 4
73
 

T 
_ s

ta
nd
s 

fo
r 
Sc
ho
ol
 T

ot
al
, 

go
t 
by
 a
dd
in
g,
 t
he
 T
c 
fr
om
 t
he
 s

ev
en
 g
ro
up
s 

S(
i.
e.
 3

34
1 

= 
47
3+
48
5+
46
0+
47
6+
49
4+
48
9+
45
8,

T^
 s
ta
nd
s 

fo
r 
tr
ea
tm
en
tw
is
e 
to
ta
ls
.

Ts
/n
 ■ 
Me
an
s

11
9.
32

11
9.
83

11
9.
89 COCM

iO
tH 11

5.
59 COto

06■Hw 12
3.
07

12
1.
97

11
8.
14

11
7.
86

11
9.
28

UiE-t 39
86
52
.8
9

50
25
61
.0
3

50
30
40
.4
6 tH

CD
—H03t-03

COco
vHCM
tHto
id 50

08
84
.8
3 ■pHCM

COIDtHtoCO
0

COo
to03tooCM
ID 48

85
20
.7
1 pH

CM
COCM
t~05

fc~10»COOto0303

to
• S3

C3 \ CO CM 
to CO EhCO W
3 pi

0 2S 35 35 •Hca
CM 35 CM*3* 35 35 t> £~ CMCM 52;

CO

Ofl *o ID CO to IO to IO IO pH T-i

CM
CO&H f

•rHoCM CM 
CO 
tH 
tH 
■>—( 17

58
96
36 to

tH-*COofOir~tH

tH
CM-H
COCO
IO 23

57
10
25

17
53
09
69

26
71
85
61 tHtoco

cacaCO
pH

IOMCM3033O
t-
•H

68
06
25

69
72
25 *

03Eh 33
41

41
94 CO

o>
r-f

tHCM
ca 48

55 t-CO
■H

Cl
tomIO 42

69
41
35 in'

3 83
5 t~ Eh 

cci O 
m
00CO

83
5.
38

00id
*sj<

iOo>
ID 59

0
35
0 IOCM

t- 59
9 ID<5

fc-
CO
<M
CO

CO
to»o 12

5

12
6 o

IO
ID

IDCDcj

CO3
a

-

48
9

59
0

53
4 T9C 69
6

63
0

72
8

61
7

58
1

11
6

11
5 t-

1D

to 2
S
0)

eHD
rH

OEh

W 49
4

59
1 IO

tHCO CO 69
2

58
3 O«D

l-

6T9 60
5

12
6

12
6 ■rt

ID
ID

a

P 47
6

59
1

61
9

t j CO
0Jcoto

t-o<s>
-oIOc-

ooto 59
3

11
4

10
8 COCO

ID

o3
a

o 46
6

60
5

61
9 o>

CO
IOCM
t- 55

1 IOCO
t- 58

6 IOCO
*o 10

6

pH-H
ID

1

p 48
 5 *H■pHCO 62
4

35
0

66
2

60
1 fc* 61
3 CMCO

1/3 11
8 IOCM

•H
CO
tHIDID

CD
S9

<
CO
t-’n* 61

1

59
5 t-eoco toCO 61
6

rHt-
tH
H0
1

62
1 o
CM
*rt 11
8 O

co
ID

q
B

Tr
ea
tm
en
ts

Sc
ho
ol
s 03 p o a> hD X is

•pEh

-POgH Me
an
s

(T
 o

n 
tr
ea
tm
en
ts
)

Ta
bl
e 

Ho
 .
4.
 S

To
ta
ls
 a

nd
 M
ea
ns
 o

n 
In
it
ia
l 

Sc
or
es
 (

In
te
ll
ig
en
ce
)



145

In the following pages are given the compulation of 

sum of Squares for Methods, Glasses and Schools and also 

MxS for Intelligence Scores. *

Step li Compulation of the total and moan for each 
class . for each school and for each method 
for the initial scores (intelligence) Table No.ffi4.5

Step 2: Sums of squares for M. S and C and MxS for
the initial scores (Intelligence).

On the basis of the calculations shown in the 
table, the following computations are done:

i) GT = 38427 ; N = 322
• (GT)2 _ (38427)2 _

* * N 322 4585820.89

ii) Sum of Squares for Schools 
(Ts2/n) = 4587669.46

(GT)2 = 4585820.89
N -----------------

S.S.for School

I

iii) Stun of Squares for Methods
IT T2m = (5480)2*(551S)2+(5444)2+(5483)2+ | 

(5541 )2+(5457 )"+(5504) - 21095469,5

. •. |_ 210954695 _ 4585971.63 i

21 T%/im

(Gf)2
N

S.S. for 
Methods

4585971.63

45858^)^89

i|Q£X|
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Computations

Using the value of 5~feTc /nc) the sum of squares for 

Classes is computed as follows:

Sum of Squares for Classes

Tc2/nc) =4592143.21

(GT)2 _ 4585820.89
N " 6322,32

S.S. for Classes §2§g*3g

The sum of Squares for MxS is computed by subtracting 
the S.S. values for schools and methods from that of classes:

S.S.for Classes
5.5. for Schools

5.5. for Methods
5.5. for MxS

6322.32
1848.57
4473.75
150.74

4323.01

i) Analysis of the final Scores - Immediate Posttest scores -

As one of the indices of relative effectiveness, the scores on 
immediate posttest were taken as the final scores while

'!intelligence was taken as the initial score. |

The following pages illustrate the 
of Squares for Methods, Schools, Classes 
the immediate posttest scores.

computation3f Sum
!

,• and for (MxS) for
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As a next step, the Sum of Products were computed 

taking intelligence as initial scores and immediate posttest 

scores as final scores*

The details of the computations are given in the follow­

ing pages. • - ,

Step 1; Computation of the total and mean for each
class, for each school and for eachimethod, for 
the final scores (immediate posttest) Table No.

Step 2: Computation of Sum of Squares for M. S and C
and MxS for the final Scores (Immediate posttestV

Onsthe basis of the Calculations shown in the 
table, the following computations are done:

i)i) GT = 9331; N=322 *

Therefore, = 270396.15

ii) Sum of Squares for Schools

= 272238.95

= 270396.15

S. S .for Sehools= ISililS

iii) Sum of Squares for Methods
= (1305)2*(1398)2*(1293)2*(1435)2.+

(1324)2*(1262}2*(1314)2 = 12460719

T:(Ts2/n)
(GT)2

N

XLT2m/nm =
a

5lT2m/nm =
(GT)2

N
S.S.for_
Methods

12460719
46

270885.19

270396.15

IliaQI

270885.19
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Computations :
oUsing the value ofx(xTc /ne), the sum of squares 

for classes is computed as follows:

Sum of Square for Classes
XT (23Tc2/nc) = 275294.67

(GT)2/N = 270396.15

S.S. for = 4898.52
classes

The sum of squares for MxS is computed by subtracting 
the S.S. values for schools and methods from that of classes, 
as shown below:

S.S. for Classes - 4898.52
S.S. for Schools » 1842.80 '

3055.72
S.S. for Methods = 489.04
S.S. for MxS 2566,.68

Step 3: Computation of Sum of Products for Methods.Schools and Classes 
(intelligence and Immediate Posttest)

Grand Total of IQ, that is, (GTX) ■* 38427

Grand Mean of ImmediatePosttest , (GMy) = 28.98

(6Tx).(GMy) « (38427) x (28.98)

1113614.46



diate posttest means as follows;

<TAx^V +
= (5480). (28.36) + (5518) . (30.39) +

(5444). (28.10) * (5483) . (31.19) + 
(5541). (28.78) + (5457). (-27.43) + 
(5504).(28.56) = 1113445.72

S M(Tx.My) = 1113445.72

(GTx).(GMy) ■ = 1113614.46

Sum of Pro- -168.74
duets for =======
Methods

Sum of Products for Schools

Sum of Products for Schools is computed using the school- 

wise IQ totals and the Schoolwise immediate posttest means as

followsi

^8<W

Tx.My) 
GTx)*. (GMy)

<Tax>*<V * (Tl*)-<Mby) + ...
•*** (TloP*

(3341).(28.46)
(4196).(30.08)
(4855).(32.73)
(5169).(27.69)
(4135).(24.40)
(835) .(30.71)
1113249.52
1113614.46

+ (4194).(28.62) +
+ (2421).(26.66) +
4- (4187). (29.17) +
+ (4269). (31.51) 4- * 
4- (825). (26.85) *
= 1113249.52

Sum of Products -364.94
for Schools =======
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i

Step 4: Computation of Sum of Products for MxS(Intel11genoe
and Immediate Post test)

Sum of Products for MxS is computed as below:

Sum of Products for Classes = 999.87

Sum of Products for Schools -*(-364.94)

, 1364.81
Sum of Products for Methods —(-168.74)

Sum of Products for MxS : 1533.55

Computation of M+(MxS ) ■

J
2

■jz xy szxy
_ t 2 s.y

M 150 .74 -168.74 489.0 4

MxS 4323 .01 1533.55 2566.68

M*(MxS) 4473.75 1364.81 3055.72

Step 6: Adjusted Sum of Squares for MxS

t2y y.2 _ (£ X.y) (for MxS)
szx

= 2566.68 -
(1533.55)‘ 
4323.01 2022.67

Step 7! Adjusted Sum of Squares for M»(MxS)

2 (x:xy)2
szy

SZX
(for M'f(MxS) )

v2= 3055.72 - 4473^7g'"^ " = 2639.36
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Step 8; Reduced Sum of Squares for M

This is obtained by substraeting Step 6 from 
Step 7,
= 2639.36 - 2022.67 = 616.69

Step 9: Reduced METHODS Variance

Reduced Methods Variance reduced Sum of squares for M 
df for M

616.69
6 102.78

Step 10; Adjusted MxS (error) Variance

Adjusted MxS Variance
Adjusted sum of Squares 

for MxS
d.f. for adjusted MxS

2022.67
59 = 34.28

Step Hi Computation of F
„ _ Reduced Methods Variance _ 102,78

Adjusted MxS Variance 34.28
2A99

Fis significant at .05 level.

The table in the following page shows the analysis of
Covariance and the F calculated for the immediate posttest, 
taking intelligence as the initial score.
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OBSERVATIONS

It ean be seen that the overall differences between 

the seven treatment means are significant at .05 level.

As the differences among the schools have been statisti­

cally controlled by ’analysis of covariance in duplicate 

experiments in randomly selected schools', (Lindquist,

1970) it can be inferred that the differences among the 

treatment groups are true differences and are neither due 

to initial differences in intelligence which are indicated 

by the negative value of the sum of products for methods 

as -168.74, nor due to school to school variations.

Hence we can safely reject the null hypothesis, and 

can attribute the differences to the variations in the 

effectiveness of the programme forms.

Analysis of covariance does not tell us which one 

treatment is significantly different from others. In such 

cases, the analysis can further be continued using other 

derived techniques. The Least Significant Difference (LSD) 

Test is one such technique using a pooled error variance 

computed in the analysis of covariance.



The formula for LSD is:

71LSD = /—-jp- with df = 59n

where MSW = error variance :

n = no, of subjects in each 

treatment group (46),

LSD at 5$ = t 0,5 '2 MSW
n

(2,00) ay/HHIM =
2.4414

LSD at t 0,1 x, '2MSW
n

(2.66) 28 3.24706
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Table No. 4.10

Significance of Difference between Means of 
any Two Treatments on the Immediate Posttest (Using the technique bof L.5.57)

Treatments Difference Significance
between Means

A & B 2.03
A & C 0.26
A & D 2.83

A & E 0.42
A & P 0.93
A & G 0.20

B & C 2.29
B & D 0.80
B & E 1.61
B & F 2.96
B & G 1.83

C & D 3.09
C & E 0.68
C & F 0.67
C & G 0.46

D & E 2.41
D & F 3.76
D & G 2.63

£ & F 1.35
E & G 0.22

P & G 1.13

Not significant 
Not significant 
Significant at .05

!

Not significant 
Not significant 
Not significant

Not significant 
Not significant 
Not significant 
Significant at ,05 
Not significant

Significant at .05 
Not.significant 
Not significant 
Not significant

Not significant 
Significant at ,01 
Significant at .05

Not significant 
Not significant

Not significant

level

level

level

level
level
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OBSERVATIONS

i) The differences between the following forms 
are significant at .01 level

- The Response Prompt Covert Form 
(Form D) and the Branching Form 
(Form F)

ii) The differences between the following forms 
are significant at .05 level

- The Response Prompt Covert Form 
(Form D) and the Linear Overt Form 
(Form A)

- The Response Prompt Covert Form 
(Form D) and the Response Prompt 
Overt Form (Form C)

- The Response Prompt Covert Form 
(Form D) and the Hybrid Form 
(Form G)

- The Branching Form (Form F) and 
the Linear Covert Form (Form B).

In short, the differences between the Response Prompt 
Covert Form and four other forms are significant.
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ii) Analysis of the Final Scores - Percentage 
of Retention

In the following pages are given the 
analysis of covariance using the percentage of 
retention as the final score and intelligence 
as the initial score* The details of the 
computation include the Sum of Squares for 
Methods, Classes, Schools and MxS. The Sum 
of Products are computed as before and the 
P value is deduced.

The details of the computation involved the 
following steps:

Step 1. Computation of the totals and means for
each class, for each school, and for each 
method for the final scores (percentage 
of retention) Table No, 4.11

i
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Step 2: Computation of the Sum of Squares for M, S
and C andv MxS lor the final Scores (Per­
centage of retention)

On the basis of the values shown in the table, 
the following computations are made;

i) GT = 28383.77; N = 322
Therefore (GT)2/N = ''= 2501982.60

ii) Sum of Squares for Schools
XCTsVn) = 2507806,02
(GT)2/N = 2501982.60 ;

f .......
S.S. for §823,42

. Schools

iii) Sum of Squares for Methods
X? T2m = (4173.40)2 + (4037.9l)2 + (4037.19)2 + 

(4077,67)2 + (3960.54)2 + (3999.2i)2 +
(4097.85 )2 = y.5120212.76

. * c T2m/nm = ̂15120212,76 = 2502613<.32

S7 T2m/nm = 2502613.32

(GT)2/N = 2501982.60

630.72S.S. for 
Methods
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2Using the value of y (SlTc /nc). the sum of 
Squares for Glasses is computed as belowi

Sum of Squares for Classes
X4^Te2/nc) - 2523128815

= 2501982.60

The sum of squares for MxS is computed by sub­
tracting the S.S. values for Schools and Methods 
from that of Classes.

S.S.for Classes = 21145.55
S.S.for Schools = 5823.42

15322”13
S.S.for Methods = 630.72
S.S.for IvJxS =

I

Step 3: Computation of Sum of Products for Methods.
Schools and Classes (Intelligence and Percentage 
of retention)

Grand Total of IQ^(GTx)
Grant Mean Percentage of Retention (GM )j' %

(gtx).(gmz)

38427

88.14

38427 x 88.14 = 3386955.78

Sum of Products for Methods

Sum of Products for methods is computed using
the treatmentwise Intelligence totals and the 

•meotavtreatmentwise^pereentage of retention as follows %



/
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Xj„(T .M ) x z'
.... (TGx)-(m^)Gz'

= (5480).(90.72) + (5518).(87.78) +
‘ (5444).(87.76) + (5483).(88.64) + 
(5541).(86.09) + (5457). (86.93) -+ 
(5504).(89.08) = 3386992.22

21 „(T .M ) = 3386992.22MN x z/
GT . GM = 3386955.78
X z ___________

Sum of Products ..for Methods ==-==

Sum of Products for Schools

Sum of Products for Schools Is computed using the 
school-wise Intelligence totals and the sehoolwise

Xei&iviXtfi'l/imni.ediat.e p'6sttes't means as follows;

3.<*x-V ■ *

T*, (T .M ) ^sv x z'
(GTx).(GMz)
Sum of Pro­
ducts for 
Schools

(3341).(88.51) + (4194).(85.26> & 
(4196).(80.35) + (2421).(92.11) + 
(4855).(87.5) + (4187 ).(89.7) t
(5169).(93.61) * (4269).(83.94) + 
(4135).(93.57)’ + (825) .(88.35) + 
(835) .(85.06) = 3386861.41

3386861.41
3386955.78

-_9|*JX
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Step 4; Computation of Sum of Produets for IvfacS (intelligence 
and Percentage of retention)

/Sum of Products for MxS is computed as belowj

Sum of Products for Classes 
Sum of Products for Schools

Sum of Products for Methods 

Sum of Products for MxS

1721,56
-(-94.37)

1815,93
-38.44

Illicit
Step 5; Computation of M*(MxS)

M

MxS

M+(MsS)

17 x2 

150.74 

4323.01

liSlill

XJ xz 

-36.44 

1779.49

lllli-gl

— 2 21 'X

630.72

14691.41

illll&li
Step 6: Adjusted Sum of Squares for MxS

s2(S7 xz)‘ (for MxS)
5?x

14691.41
(1779.49)2 
4323.01 13958.92

Step 7: Adjusted Sum of Squares for M*(MxS)

(for Mt(MxS) )
Sx
15322,13 - ^4473*75= MUii—
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Step 8: Reduced Sum of Squares for M

This is obtained by subtracting step 6 from 
step 7.

= 14643.01 - 13958,92 = 684,90

Step 9; Reduced METHODS Variance

Reduced Methods Variance Reduced Sum of Squares forM 
df for M

= 684.09
6

Step!0: Adjusted (MxS) error1 variance
Adjusted sum of squares 

for M
df for adjusted MxS

= 13958,92
59

= 236.59

Stepll: Computation of F
p _ Reduced Methods Variance 

Adjusted MxS Variance
114,01 " 236.59

= Q£4§
P is not significant

The table in the following page shows the analysis of 
covariance and the P calculated for the percentage of reten­
tion, taking intelligence as the initial score.1
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OBSERVATIONS

It can be seen that the overall differences between
the seven treatment means are not significant even at 
.05 level. As the differences among the schools have been 
statistically controlled by the design used, and as school 
variations are also controlled, it can be safely inferred 
that there are no true differences among the treatments 
in terms of the percentage retained.

f

Hence the null hypothesis isretained indicating that 
the programme forms do not differ statistically in terms 
of the percentage of retention.

LSD is also calculated using the formula:

with df .59 as done earlier

LSD at 5% = t

/2 x 236.59
46

6.4144

LSD at lfo = t 0.1 xr /2MSWV a

§±.§2115
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Table No. .47*4

Significance of Difference Between Means of anv
Two Treatments on the Percentage of Retention

(Using the techniaue of-L.S.D.)

Treatment Difference between Means Significance

A & B 5.30 Hot significant
•A & C 3.22 Not significant
A & B 4.87 Not significant
A & E 5.69 Not significant

& F 2.19 Not significant
A & G 1.85 Not significant

B & C 2.08 Not significant
B & D 0.43 Not significant
B & E 0.39 Not significant
B & F 3.11 Not significant
B & G 3.45 , Not significant

C & D 1.65 Not significant
C & E 2.47 Not significant
c & F 1.03 Not significant
c & G 1.37 Not significant

D & E 0.82 Not significant
D & F 2.68 Not significant
D & G 3.02 Not significant

S & F 3.50 Not significant
E & G 3.84 Not significant

F & G 0.34
>

Not significant
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Prom the table for L.S.D., it is seen that the 
differences between any two treatments are not signi­

ficant as for as the percentage of retention is concerned. 

Thus, whatever differences existed on the immediate posttest 

disappeared after six weeks.

As the differences between the means of the seven 

treatment groups are not significant, the Null hypothesis 

is retained.

Analysis of the Final Scox-es - 
Time taken to finish the programme

The effectiveness of a programme form is also judged 

in terms of the time taken by the seven treatment groups.
The time (in minutes) taken by each individual pupil was 

noted down to calculate the average time taken by each 
class, by each school and by each treatment group.'

The following pages show the computation of the 

Sum of Squares and Sum of Products for Methods, Schools 

and MxS®

Step 1: Computation of the total and mean for each
class, for each school ad for each method, 
for final score (Time taken to finish) - 
Table No, 4;.!5
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Step 2; Computation of the Sum of Squares for M, S 
and C and MxS for final scores (Time)

On the basis of the calculations shown in the 
table, the following computations are done:

i) GT = 30616; N = 322
Therefore = 2910992.09

ii) Sum of squares for schools
^(Ts2/n) = 3020694.97

(GT)2 2910992.09
N 109702.88

S.S. for 109702.88Schools

Sum of Squares for Methods

Z T
2
m

(4905)2 + (4195)2 + (3906)2 * 
(4380)2 + (4230)2 + (4435>2

134499636
134499636

46 2923905.13

ST2m/run = 2923905.13
(GT)2/^ = 2910992.09

S.3. for 12|1|*.Q| 
Methods
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Computations

Using the value o$(^. Tc2/nc\ the sum of squares for 

classes is competed as follows:

Sum of Squares for Classes

JZ (XlTc2/nc) = 3061723.49

(GT)2/N = 2910992.09

S.S. for |5Q1§1£|0
Classes

The sum of squares for MxS is computed by subtracting

the S.S. values for schools and methods from that of 
classes.

S.S. for Classes = 150731.40
S.S. for Schools = 109702.88

41028.52
S.S. for Methods = 12913.04

S.S. for MxS 28115.48

Step 3: Computation of Sum of Products for Methods. Schools
and Classes (intelligence and Time)

Grand Total of IQ that is (GT ) = 38427^3) f v X'

Grand Mean Time that is. (GM, ) = 95.08

(GTxMGHj.) = 38427 x 95.08 = 3653639.16

Stun of Products for Methods

Sum of products for methodsxis computed using the 
treatmentwise Intelligence totals and the treat- 
mentwise meantime, as follows:
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= ^As^^At* + '~B:sP*^'W'!+---

= (5480).(106.63) + (5518).(91.19) +
(5444).(99.23) + (5483).(84.91) +
(5541).(95.21) + (5457).(91.95) +
(5504).(96.41) = 3653258.87

X?M^T:x*Mt^= 3653258.8^

GT .GM, = 3653639.16
Sum of -380.29
Products =======for Methods (

Sum of Products for Schools
Sim of Products for Schools is computed using the

r ’

sehoolwise Intelligence totals and the schoolwise 
meantime as follows:

^s<VMt> =^^Mat> * ^bx^'W +
* ^TtaP’(Mkt^

= (3341).(143.57) + (4194).(100^28)+ 
(4196).(89.42) + (242l).(70.0) +
(4855).(89.76) + (4187).(104.85) * 
(5169),(74.07) + (4269).(87.57) +
(4135). (102.42)*}- (825).(102.14) +
(835).(81.42) = 3652171.82

•S s(T .M, ) = 3652171.82
X u

(GTx).(GMt) = 3653639.16
Sum of Products -1467.34
for Schools == =
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Step 4: Computation of Sum of Prodtxets for ?,txS(Intell­

igence and Time)

Sum of Products for MxS is computed as below:

Sum of Products for Classes = -915.03

Sum of Products for Schools = 4-1467.34)
SOS - "■............................. . .............

522.31

Sum of Products for Methods = -(-380.29)

Sum of Products for MxS = ===1§2.60=

Step 5: Computation of M->(lvIxS)

„ 2 X*xt X t2

M 150.74 -380.29 12913.04

MxS 4323.01 932.60 28115.48

M+(MxS) 4473.75 J552..31 41028.52

Step 6: Adjusted Sum of Sauares for MxS
t2 (X’xtJ.2

_ 2

28115'ts-

• •

= 27914.30

. (for MxS)

Step 7: Adjusted Sum of Squares for M-f(MxS)
2 *X t2 - fe;bi- ... (for M+(MxS)

41028.52 - . = 40960.34
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Step 8; Reduced Sum of Squares for M

This is obtained by subtracting step 6 from 
step 7.

= 40960.34 - 27914.30 = £30|6£.Q4

Step 9; Reduced METHODS Variance 

Reduced Methods Variance
Reduced sum of 
squares for M 

d.f. for M

13046.04
6

2174.34

SteplO: Adjusted MxS (error) Variance

Adjusted MxS 
(error)Variance

Adjusted Sum of Squares for MxS 
d.f. for adjusted MxS

27914.30
59 4I3iia

Stepll; Computation of F

Reduced Methods Variance 
Adjusted MxS Variance

2174.34
473.12

P is significant at lfe level.
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OBSERVATION

It can be seen that the overall differences between 

the time taken by the seven treatment groups are significant 

at ,01 level. As the differences among the schools have been 

statistically controlled by ’analysis of covariance in 
duplicate experiments in randomly selected schools» (Lind­
quist, 1970) it can be inferred that the differences 

among the treatment groups are true differences, neither 

due to initial differences in intelligence which are 

indicated by the negative value of the sum of products for 

method as -380,29, nor due to school to school variations.

Hence we can safely reject the null hypothesis and 

can attribute the differences to the variations in efJfectivenes 
of the programme forms.

LSD is also calculated using the formula

/2MSW with df 59 as done for the immediate
* 11 posttest and for the percentage of

retention. *

LSD at 5$ = t.05 s.J

LSD at 1 %
= 2.00 x/'2x47,|.12 _ 9>070

*01 x /'2MSW/ n

= 2.66 x / 2x^7|q"— = |§,0631

4l&=i=i
The table belo\? shows the significance of difference 

between any two means (L.S.D.).
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Table No. 4.18

Significance of Difference between Means of Any 
Two Treatments on the Time taken to, finish the 

programme (Using the technique of L.S.D.)

Treatments Difference 
between Means

Significance

A & B 15.44 Significant at .01 level
A & C 7.40 Not significant
A & D 21.72 Significant at ,01 level
A & E 11* 42 Significant at .05 level
A & P 14.68 Significant at .01 level
A & G 10.22 Significant at .05 level

B & C 8.04 Not significant
B & D 6.28 Not significant
B & E 4.02 Not significant
B & F 0.76 Not significant
B & G 5.22 Not significant

C & D 14.32 Significant at .01 level
C & E 4.02 Not significant
C & F 7 .28 Not significant
C & G 2.82 Not significant

D & E 10.30 Significant at .05 level
D & F 7.04 Not significant
D & G 11,50 Significant at ,05 level

E & P 3.26 Not significant
E & G 1.20 Not significant

P & G 4.46 Not significant
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OBSERVATIONS ON TIME

i) The differences between the following forms 
are significant at .Oi level

- The Linear Overt Form (Form A) and 
the Linear Covert Form (Form B)

- The Linear Overt Form (Form A) and
the Response Prompt Covert Form (Form D)

- The Linear Overt Form (Form A) and 
the Branching Form (Form F)

- The Response Prompt Covert Form 
(Form D) and the Response Prompt 
Overt Form (Form C)

ii) The differences between the following are 
significant at .05 level

- The Linear Overt Form (Form A.) and the 
Skip programme Form (Form E)

- The Linear Overt Form (Form A) and the 
Hybrid Form (Form G)

- The Response Prompt Covert Form 
(Form D) and the Slop programme Form 
(Form E) .

- The Response Prompt Covert Form 
(Form D) and the Hybrid Form (Form G)

The results of the present study do not support the 
superiority of the overt response mode both in terms of 
immediate posttest and time as shown in the following 
summary table. Holland (i960) asserts that only 
covert responses suitably reinforced are learned and



187 4

that the students must ’write* the programme. The results 
have shown that the Response Prompt Covert Form, in which 
the correct responsesare already given!,is significantly 
better than other forms both on the immediate posttest 
and the time taken to finish the programme. The F value 
for the immediate posttest is significant at .05 level, and 
for the time taken, it is significant at .01 level® But 
the differences on the percentage of retention are not 
significant. ^

In Shah's study (1970), the pupils responded either 
overtly or covertly, Each group was further divided into 
a group making constructed responses and a group reading 
the frames with answers already filled in. Significance 
differences were found on the immediate test scores but 
not on the retention scores. The covert response prompt 
group showed an appreciable time saving, and the results 
have shown that covert responding is at least as effective, 
if not more, as overt responding from the viewpoint both 
of immediate and delayed test scores. In the present study, 
however, the relatively better effectiveness of the 
Response Prompt Covert Form in comparison with the Linear 
Overt Form is seen (significant at .05 level).

Leith and Guhraan (1966) asserted that "being aware of
/

the answer before making a try does not necessarily lead 
to poor learning'. The results of the present study
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stipport0 this contention. Skinner’s emphasis on overt 

and active responding does not seen to he tenable after 

surveying the results of many studies including the present 

one.

In the Indian contest, the effectiveness of Response 

Prompt Covert Responding has much significance. It is 

•often alleged that programmes prove to he costly. Experts 

advocate the use of separate answer sheets in order to 

bring down the cost. As the Response Prompt Covert mode 

does not require even the answer sheet or Mg margins for 

responses etc., it is less expensive and time saving also. 

Also, it frees one from the alleged fears of ’cheating’.

(
f
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