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&Jl df.

C C-l

AC (a-l)(c-1)

BC (b-l)(c-1)

ABC (a-l)(b-l)(c-1)

Error (c) ab(r-l)(c-1)

Subsubunit total abr(c-1)

Grand total abcr-1

chedl~  lilu~lcjn~Raamsm3~~~~~~~~~~~~~  3 mlGu$  Ilgnr~er~4~u~:r?n1b~Ell~ua

&ilGh  44LU~rJW  ihwufidsluw~nos  rLa+la~~~~n"¶J~l  @Gi

b4 b3

bl b4

al b3 a3 b2

b2  ., bl

b2 b2

bl bl

a3 b, a3 b4

b3 b3

bl bl

b3 b3

a2 b4 al b2

b2 b4

IGoni  1 lh%Nl~ 2 ¶ib-li  6

iiu$ha

al

-r

I

2 2 6

bl

b2

b3

b4

1 2

2.17 1.88

1.58 1.26

2.29 1.60

2.23 2.0 1

8.27 6.75

l&la
3 4 5 6

1.62 2.34 1.58 1.66

1.22 1.59 1.25 0.94

1.67 1.91 1.39 1.12

1.82 2.10 1.66 1.10

6.33 7.94 5.88 4.82
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~UliiUli%?
Yz%fl

1 2 3 4 5 6

bl 2.33 2.01 1.70 1.78 1.42 I'?5

b2 1.38 1.30 1.85 1.09 1.13 1 .Ob

b3 1.86 1.70 1.81 1.54 1 .b7 0.88

bA 2.27 1.81 2.0 1 1.40 1.31 1.06

7.84 6.82 7.37 5.81 5.53 4.35

bl 1.75 1.95 2.13 1.78 1.31 1.30

b2 1.52 1.47 1.80 1.37 1.01 1.31

b3 1.55 1.61 1.82 1.56 1.23 1.13

"4 1.56 1.72 1.99 1.55 1.51 1.33

6.38 6.75 7.74 6.26 5.06 5.07

; g7gTf-q

Total 32.06 24.13 28.34 30.44

fmlh?~

Total

39.99

37.72

37.26

114.97

1. CorrectionFactor  = (114.97)‘/72  = 183.5847 (1 df)
2. SS (Total) = (2.t72 + . . . + 1.33’) - CF. = 9.1218 (71 df)

3. SS (wholeplotstotal) = (8.27’ + . . . + 5.07’)/4  - CF = 5.6902 (17 df)

4. SS (A) = (39.99’ + . . . + 37.26*)/'24  - CF. = 0.1781 (2 W
5. iS (Blocks) = (22.492  + . . . + 14.24’)12  - CF. = 4.1499 (5 df)

6. SS (Error(a)) = 5.602 - (0.1781 + 4.1499) = 1.3622 (10 df)

7. SS (Cells)AB = (11.25' + . . . + 9.66') /6 - CF. = i.3511 (11 df)

8. SS (B) = (32.06’ + . + 30.44’)/18  - CF. = 1.9625 (3 !w

9. SS (AB) = 2.3511 - (0.1781 + 1.9625) = 0.2105 (6 df)
10. SS (Error(b)) = 9.1218 - (5.6902 + 1.9629 + 0.2105) = 1.2586 (45 df)

11. SS (Subplotstotal) = 9.1218 - 5.6902 = 3.4316 (54 df)
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Source

Main plots :

A = w”u{ha

Blocks

Main plot error

Sub-plots :

B = a”ULii¶J&la

AB

Sub-polt error

df. S S MS

2 0.1781 0.0809

5 4.1499 0.8300

10 1.3622 0.1362

3 1.9625 0.6542

6 0.2105 0.0351

45 1.2586 0.0280

a1nrw1aadu Qu 1

c1 90

bl C2 95

c3 107

5 92

b 2 C2 89

C3 96

5 81

b3 c2 92

C3 93

5 80

bl c2 87

c3 100

ll&wl
2 3 4 Total

83 85 86 344

80 88 78 341 1064

95 88 89 379

98 112 79 381

98 104 86 377 1138

106 91 87 380

74 82 85 322

81 78 89 340 1002

70 94 83 340
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SC

v&m

n?lunultadu $lfJ 1 2 3 4 Total
5 121 9 9 9 0 c 109 4 1 9

b2 C2 110 9 4 118 131 4 5 3 1353

C3 119 123 113 126 481

5 7 8 136 119 116 4 4 9

b3 C2 9 8 133 122 136 4 8 9 1461

C3 122 132 136 133 5 2 3

lrce  of varition df. Mean square

Main Plots : .c

Blocks

A = mm&
Error (a)

Sub-plots :

B .= fl~l%JMUlktiU

AB

Error (b)

Sub-sub-plots :
I c  =  $I

AC

BC

ABC

Error (c)

3

1

3-

7a

2

2

1 2-

22

2

2

4

4

3 6-

8277.56+’

470.59

879.10

1373.51*

232.33

988.72

476,72**

76.22

58.68

86.36

2206 2491 2463 7160

2210 2414 2536 7160
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s o v

Block

B = ~?1%lMMlLlIiU

Linear

Deviations

Error (a)

c = qu

L i n e a r

Deviations

BC

Error (b)

df.

(3)

2

1

1

6

1

1

4

18

ss

(3821) ’

3.725**

96

316

(2806)

2688**

118

92

137

1 29.1 31.5 30.8 33.5 38.7 35.1 33.1

2 26.9 29.4 31.7 32.1 34.5 35.3 31.6

3 27.9 28.9 31.7 30.9 34.4 35.7 31.6

mean 28.0 30.0 31.4 32.2 35.9 35.4 32.1
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ANOVA

s o v . df. s s M S F

Replication 14 10,204

ip491wal 2 135 67.5 1.58

Error (a) 28 1,199 42.8

pW$l 5 2,100 420.0 20.49

Linear regression (1,967) 1967.0 95.95

Deviations 133 33.2 1.62

i=pi?WJXpM~~ 10 206 20.6 1.00

Error (b) 210 4,299 20.5-

269 18,143

fll'3~id~~l3~U Whole unit LEE  Sub-unit
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rep.1

a1boq- _ - _ - _ _ .
bl

%

rep.2 b0-  - -  -  _ _ _

Llbl

rep.3 ----_-_
L-lbl

a2

blq_______ _

b0

a2

b0

n

__-___

bl

az

b0

17

--_-__.

b,

a5
b0

17- - - - - _

bl

a5

b0

0

- - - - - -

bl

as

b0

El

--____

bl

rep. 1

rep.2

a1  a2  a0  a4

F!YzEa

a4  a0  a2  a3

EiiEEia

a=5,  b=3,

Analysis of Variance r=3,  N=45

s o v df

Replications 2= (r-l)

A 4= (a-l)

Error (a) 8= (a-l)(r-1)

B 2= (b-l)

Error (b) 4= (b-l)(r-1)
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b2nbo
bl

a,L
bl

0bo

bz

a2

b0

II

b2

b,

/ a0

b,

El

b0

b

a3

bl

El

b2

b0

Rep. 1

Rep. 2

a
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Analysis of variance

Whole-units df a=4,  b=r=3

Replication 2 = (r-l)

A 3 = (a - 1)

Error (a) a = (a-l)(r-1)

total 11 = ar-1

Sub-units *

Rows 8 = a(b-1)

B 2 = b-l

AB 6 = (a-l)(b-1)

Error (b) 8 = a(r-l)(r-2)

.

row 3 r o w 4

r o w 5 Columns 4 = (r-l)

A 4 = (r-l)

Error (a) 1 2 = (r-l)(r-2)
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0 B 2 = (b-l)

Error (b) 8 = (r-l)(b-1)

AB 8 = (a-l)(b-1)

Error 32 = (a-l)(b-l)(r-1)-
74 = N-l
-

fIl3Yh’hd&‘l&‘Wl%Id  S u b - u n i t  a

n"l%ll5~U  sub-unit 5 2 Lb&lL61&t$l~  Yates r~uu,vril9~~a~u~n~~~~a~~~

sub-unit 6J%VhJ  q~ULLWUfi&l~I6  (~lVhL9lEl~  A l&4 whole-unit trt.)

Block lb

Rep. 2
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Main-plots df- Sub-units

Between sub-blocks

A

9 B, C, D, BC, BD, CD, 6

1 AB, AC, AD, ABC, ABD, ACD 6

BCD

Error (a)

1 Error (b) 48-

Total between units Grand-total betsub-units 79-
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HO ai = 0

Ha ai # O

Ho pj = 0

H o 4 t 0

Ho “pij = 0

Ha “Oij  3 O

for all i

for some i

for all j

for some j

for all ij

for some ij
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ABS Summary Table AB Summary Table

Sl
S2

a1 S3

_~ .-  .s4

SS

a2  ‘6

Sl

S_ . . . . . . -  _...  8. .l.

1. CF = (172)2/32 = 924.5

vi.  .bs .!3  .b4

3'4 7 7

6 5 8 8

3 4 7 9

3 3 6 8

12 5 1(

2 3 610

2 4.5 9

2 3 611

AS
_. __
21

27

23

20

hW2/q_
110.25

bl
(=I2

182425
b2 b3bqz*  q--
--

132.25 al 15 16 28 32 91 517.5635

100.000 % 7 12 22 40 81 410.0625
._~.. ._._ ,

18 81.00 22 28 50 72
21 110.25

20 100.00 CB12-nP =60.5 98.0 312.5 648.0
22 121.00

172 937.00

2. CX& =  (32t62t...t112)  = 1160.00

3. ZZx&/q  = z (Z AS)2/q = 110.25 + 182.25 + . . . + 121.00 = 937.00

4. zxf;,,  = z((z:A)2/nq  = 517.5625 + 410.0625 = 927.625

5. zx$/np = z(ZB)2/np  = 60.5 + 98.0 + 648.0 * 1119.00

6. Zz:X,+ = (152 + 162 t...j 402)/4  = 1141.500

7. ss (total) = (2) - (1) = 235.500

8. SS (Between subgroup) = (3) - (1) = 12.500

9. SS (A) = (4) - (1) = 3.125

10. SS (subjeckwithin  groups) = (3) - (4) = 9.375
Il. SS (Within subjects) = (2) - (3) = 223.000
12. SS (B) = (5) - (1) = 194.500

13. SS (AB) = (6) - (4) - (5) + (1) = 19.375
<

14. SS (B x subj.within  groups) = (2) - (6) - (3) t (4) = 9.125

a=2,  b=4,  r=4,  N=32

SOURCE SS MS

(12.500)

F E(MS)  : A,B  Fixed

Subjects random.

3.125 3.125 (2/3) 2, -0, 29as +nqai

9.375 1.563 = 2.00 2 +L ae, saz

238 ST  332



= - I)MS  (subj.w.groups)  + p(q-I)MS  (Bxsubj.w.gr.j  /(pq-I)
MS (subj.w.gr.)

= [(2-1)1.563  + 2(4-1)0.507]/(2)(4)  - 1)
1.563

= Fe-  1)MS  6W.w.;;~  ;s;bF;;y  @xsubj.w.gr.)l  /(Pq-  1)

= [2-l)  1.563 t 2(4-l)  0.5Ofl  /(2)  (4-l) .
'om7

ST  332

= 129.8%
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Sl

a1 s2

s3

s4 3 3 6 8

ss 1 2 5 10

a2 % 2 3 6 10

s7 2 4 5 9

SF3 2 3 6 11

ABS

bl b2 b3 b,

3 4 7 7

6 5 8 8

3 4 7 9

total
-

21

21

23

20

18

21

20

22

(z AS12/q

110.25

182.25

132.25

100.00

81.00

110.25

100.00

121.00

937.00
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bl b2 b3 b4 total (L:a2/q  ”
al 4.000 4.333 7.333 8.000 23.666 140.020

a2 2.000 3.000 5.600 9.600 20.200 102.010

E 6.000 7.333 12.933 17.600

m 18.000 26.886 83.631 154.880
P

1. CF. = (172)2/32  = 924.500

2. =l$ = ( (32  + 62 +...+ 112) = 1160.000

3 .  X(zAS)2/q = 110.25 + 182.25 t...+  121.00 = 937.000
4. L:  (Z A)2/nijq = 420.083 + 510.050 = 930.133
5 .  Z((zB)2/~ = 60.5 + 98.0 t...+ 648.0 = 1119.000

6. ~~ (AB)‘/nij = (122  + 13* +...242)/3  + (lo2  + 152 +...+  48’)  /5 = 1140.267

7. iT 2
= ((l/nij + l/n:  +...t l/nij)  = (l/3 + 115) = 3’750

8. (D6)2/pq = (43.866)2/2(4)  = 240.528

9. z:(ZQ2/q = 140.020 + 102.010 = 242.030

1 0 . c(cE)2/p = 18.000 t 26.886 +...+ 154.880 = 283.397
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