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Quicker Methods in the Anaiysis of Variance -

by
T. A, GOVINDA IYER,
Agricultural Resoarch Institute, Coimbatore

Introduction: The two simplest designs for field experiments :
Completely Randomised and Randomised Block, are in use in the
various Agrieultural Research Stations of the State. The statistical
analysis of experimental data arising from these ‘designs are done by
the well known * Analysis of Variance” method developed by
R. A, Fisher. Use of this technique is straight — forward and the
whole analysis is easily done with the help of a caleulating machine,
The ecaleulation of ‘Sum of squares’ in this technique of analysis is
much quickened by the use of a calculator. Unfortunately, in the
absence of a caleulating machine, the tedious caleulations are done
using Tables of Squares. The object of this paper is to place before the
Research workers an alternative method which involves no caleulation
of “ Sums of Squares ™ and consequently is quicker and less laborious.

Materials: Tield data from four experiments, two in each of
completely Randomised design and of Randomised Block design
conducted by the State Research Officers, have been referred to the
author for statistical analysis. These data have been used to
illustrate the procedures involved in the wusual and the alternative
methods of statistical analysis.

The alternative method requires the use of certain tables
which have been published in the * Biometrika Tables for Statisticians

1954 7. These relevant portions of the Table are. gnren in Appendlx I
Tables 1-A, 1-B and 2.

Methods and Results: (A) Completely Réudomiaed design.

Illustration I': Indirect manuring of paddy — experiment
conducted by the Government Agricultural Chemist in 1957.

( Grain yield in lb. per plot )

_IT?,aphcatmn 1 9 g 4 5 . Total Mean
reatment L.

Control 159 131 149 161 144 T44 149
Sesbania alone 213 199 219 223 209 1063 213
Sesbania+P,0, 214 222 233 230 212 1111 222
Sunhemp _ﬂlnue 203 200 220 200 190 lﬂﬂ'f 205
Sunhemp+ P,0, 201 191 223 196 181 992 198

Total 990 _ 952 1049 1010 936 _ 4037

L ool
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(&) Analysis of variance method :

+ Analysis of Variance :

| Due to "~ D.F. -.;. 8.8 M. 5. T,
Between treatments 4 1636504 4001286 24.5
Within treatments : 20 333420 16671
Total 24 1969924 :

The treatment differences are significant.
S. E./plot =+v166-71=129 1b.

(h}_ Alternative method :
Siep 1: TForm ﬁ_ht_e: following table from the field data obtained.

Treatment Range
Control 30
Sesbania alone 24
Sesbania+ P,0; 21 Total=152
Sunhemp alone 35 ' Mean Range=30"4
Sunhemp + P,0, 42 .

The range for each treatment is the difference between the
maximum and the minimum yields obtained for the treatment:

Step 2: Enter Table 1-A with n=5 and k=5 and obtain

. V=184
C=236
dn=2'33

ri=the size of the sample from which each range is calculated.
k=the number of samples."

Step 3: Caleulate ‘g’ difined as

_ (Maximum Treatment mean — Miniinum Treatment mean) ¢ x v n
Mean range

i.e. .
=“I3 w236 224 — 1960
304

Step 4: Enter Table II with n=5 and v=18+4 and obtain
the hmltﬁ for q 5% as 4°28 and 4'25.

Thus the calculated “q’ is greater than the Table value. The
treatment differences are therefore significant — the same conclusion
ag obtained by the Analysis of variance method,
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Slep 5

Tilusiration 2 :
nut by the Groundnut Physiologist.

The standard error per plot is given by
Mean range

dn

i. e, 304

=13

2:33
A difference of 0°14 Ib. per plot exist in the S. Iisfpint caleulated by
the two methods. :
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04

Duration studies in Pot cul t;uréfwiigh ‘ground-

(Wet weight in gms. of 10 ;plants)

Replication L g
Treatment 1 . 8 o 5 ¢ ) Tp.ta__l_r. -
D7 264 238 285 214 230 244 1475 246
L7 280 244 242 228 252 258 1504 25°1
L. Naph 230 255 2012 216 237 256 1396 233
B. Indole 25’1 26'1 243 236 246 215 14_5"2' . 242
Water 19°7 269 257 200 200 210 1333 222
Control 238 229 245 236 186 204 1338 223
1460 149°6 147'4 1330 13571 1387 849'8 '
(a) Analysis of variance method :
Analysis of variance : _ -
Due to - D.F..0 B8 MBS T
Between Treatments -'B 43.16 -+ 863 161
‘Within treatments - 30 16068 - 535
Total 35 20384

The treatments do mnot produce, slgmﬁca,nﬂy different web

weights.

(b) Alternative method :

S. I/plot or obervation=+v535=231

Step 1: Range Table :

Treatment Range
DT 1
T 7 52
L Naph 54
B. Indole 46
Water 72
Control B9
Total 354
Mean 59 .
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Step 2: n=6, k=6
From Table-1-A
v=22'6
- e= 256
Step 3: (=29X256X245_ 4.0
59
_ Step 4 : Limits for qﬁ% from Table with n=6 and v=22'6
are 437 and 4-45, \

~ The calculated value being less than the Table value, there is
no reason to believe that the treatments tried differ significantly.

Step 5 8. Ethaarv&tinn-_—g:—ig =233
Thus practically the same conclusion and the same 8. E. have been
obtained by the alternative method also.

B. Randomised Block Design :

Illustraiion 3 :  Brinjal type collection summer 1855 —
experiment conducted by the Horticulturist, Coimbatore.

(Yield in ozs./plot)

Blﬂ—?ki I IT 111 1V Total Mean
Variety

H 68 159 108 133 146 539 134‘75
H 93 241 256 21% 219 0928 23200
H 98 60 81 4.9 6 259 6475
H 39 a6 129 101 85 404 101-00
H 81 102 86 08 85 371 9275
H 61 151 176 170 167 664 16600
TGt&ll 802 829 763 771 3165 131-88

(a) Analysis of variance method :
Analysis of variance :

Due to D. F. S. 8. M. S. F.
Blocks 3 4582
Varieties b 7275074 14550°1 5827
Error 15 3746°1 2497
Total 23 T6954°7

S. E./plot=+240"7=15"80 ozs.
The varieties are significantly different in their yield eapacities.
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(b) Alternative method : - |
Step 1: TForm the following tabe from the data presented.

Dewiations from the y@é{iéml mean

Blocks : ' AT g

Varieties 1 _II - i . i
68 1725 - —2675 .- o — 175 7 1125
93 9-00 - 2400 —20°00 ~1300
08 — 475 1625  —15'75 425
89 — 5°00 21-00 0-00. ~16°00.

8L .99, =675 . . 5% ~ 775
61 . - —15:00 - 1000 . - 4-0p 1:00

Range 3225 - - 5025 . 2525 - 2725

Total 13500 -

Mean : 33756

To form the above table first obtain the: differences of individual
yields from their respective wvarietal means. ' Then, .the. range for-
each block is obtained by finding the difference between the maximum
and the minimum deviation, ' '

Step 2: Enter Table 1-p witn n=u and k=4 and obtain.
v=139 .
c=2-23

Jk=no. of blocks

n=no. of plots per block.

Step 3: Calculate ‘q’ defined as
_ (Max. mean — Min. Mean) ex ¥ k
q mean range

16T X22IX2_ oa
==gg75 - . o0

Step 4: Enter Table IT with n=6.and v=139 and obtain
that q 5% point lies between 4-69 and 464, The ‘calculated value
- is “higher than ‘this value. Hence the varieties are significantly

different in their yield capacities. S

Step 3.: . The 5. Efplr:_-t'-is" gi_van'hy
" Mean range . 8375 ...
R T i S
A difference of 0°67 ozs. exist in the S. Bg/plot - caleulated by the
two methods.
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Tllustration 4: Bhendi type collection — summer 1955 —
experiment conducted by the Horticulturist, Coimbatore.

(Yield " ozs.[plot)

Blocks _ I I r IV Total  Mean
Varieties e
- H 10 4575 6200 4950 5400 21125 5281
H 31 64'00 6225 3850  43:00 20775 51-94
H 12 4700 4050 3025 3275 15050 3762
H 13 46'25  56°25 6275 3475 20000 50-00
H 15 5950 5275 6600 4775 22600 5650
H 14 52:50 7250 2550 4800 19850 49°62

Total S 31500 34625 27250 26025 119400

(a) Analysis of variance method
Analysis of variance : )
Due to D.F. . 8.8 M. S. F.

Blocks ‘ 3 78139
Varieties ' 5 .- 82728 16546 ) 1-37
Error 15 180571 12038

Total . 23 3414-88

S. E/plot =+ 120'38=10-97
There is no significant difference in the yields of the varieties.

(b) Alfernative method :

Step 1:
' Table of deviaiions from the varietal means :

Blocks

5 ey IV

Variety 1 I :_[H I§
H 10 — 706 919 — 331 1-19
H 31 1206 10°31 . —1344 — 805
H 12 . 938 2-88 — 37 — 487
H 13 — 375 625 12-25 —15'25
H 15 300 — 3'7Th 0°50 — 875
H 14 - 288 22:88 —24°12 — 162

Range 19-22 26-23 36:37 1644

Total 98-50

Mean B 24-G4
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Step 2: !
k=4 (no. of blocks)

n=0 (no. of plot/block)
From 1-B with k=4 and n=6, obtain -

v=139
c=223
Step 3 :
(Max. Mean — Min. mean} cx#k
a= Mean range
__18. 88x2'23x 92

2464 =844

Step 4: q 5% point for n=6 and v=13'9 from Table IT lie:
between 469 and 4'64. The calculated © q’ being less than 1..1113 value
the varietal differences in yield are not significant.

Step &
: Mean range 2464
8. E/plot = £
[plo G “ggg =11'04 |
The S. Bs. obtained by the two methods are practically be same.

Discussion and Conclusion: It is evident from the illustrations
that the alternative methd is much less time-consuming because the
ranges of values alone are calculated instead of the * Sums of squares 7,
and the ranges are very easily calculated. The statistical conclusions
arrived at are also identical.

The statistical analysis however, does not stop with the test
of significance. The error involved in experiment due fo unknown
and uncontrolled causes marked as ‘error’ in the analysis of variance
is further used in the comparison of treatment responses by
calculating the standard errors. The 8. E. per plot or per observation
which is obtained by extracting the square root of the error mean
square -is a fundamental statistical measure., The closer the
agreement on the wvalues of the S. H. between the two methods, the
greater will be the justification for the adoption of the new method.

In the illustrations 1 and 3 the values of S.E. do not agree
as closely as those obtained in the illustrations 2 and 4. In the
former experiments however, great variations exist in the treatment
responses, while the treatment effects in experiments:2 and 4 do not
differ very much.  Thus, the agreement in the values of S. E. is close



Analysis of Variance 333

when the treatment differences are small. This is an important
point counting in the favour of the new method, because it is only in
-such marginal cases the alternative method should give S. E. values
as precise as the usual method so that its adoption may not lead to
loss of information.

Thus, the alternative method is a good substitute for the
usual method of statistical analysis. It saves time with no loss
of efficiency. '

Summary: An alternative method of statistical analysis of
date arising from completely Randomised and Randomised Block
designg is illustrated with worked out examples. The method does
not involve calenlations of ‘Sums of Squares’ required by the usual
-Analysis of Variance method and hence is less fime - consuming and
less laborious. - The method also does not seem to involve any loss
of efficiency. '

Acknowledgments: The author is much thankful to the
Biometrika trustees for the permission kindly granted to reproduce
the Tables 30 A and 30 B and the 5% points in Table 29 from
Biometrika Tables for Statisticians Vol. 1 (1954).
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