


1 B: 251 E: 230 A: 219 C: 287 D: 202 1255

2 D: 24.5 A: 283 E: 245 B: 280 C: 260 1313

3 E: 182 B: 252 c : 280 D: 246 A: 250 1210

4 A: 203 C: 204 D: 227 E: 1 9 3 B: 259 1086

5 C: 231 D: 2 7 1 B: 266 A: 334 E: 338 1440

Sum 1 1118 1240 1297 1340 1309 1 6304

A: 2” B: 4” c: 6” D: 8” E: IO”

Sum 1349 1314 1262 1191 1188 6304

Mean 269.8 262.8 252.4 238.2 231.6 252.2

Correction factor = 6304’125 = 1,589,617

Total SS : (2572 +...+  33S2)  - CF. = 36,571

SS (Rows) : (12552  +...+ 14402)/5 - CF. 13,601

SS (Columns) : (111s2  +...+  1309*)/S  - CF. = 6,146

SS (Treatments) = (1349*  +...-t  118g2)/5  - CF. = 4,156

SS (Error) = 12668

Source of Variation df. Sum of squares Mean Square F-Ratio
I I I I

Rows 4 1 3 6 0 1 3400 3.22

Columns 4 6146 1536 1.45

Treatments 4 4156 1039 0.9x

- - -Error 1 2 12668 1056

Total 24 3657 1
-
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.

Component Analysis in Latin Square

Source

Rows

Columns

Treatments

Error

df.

r - l

r - l

r - l

(r-l) (r-2) I
E (MS) Model 1 E (MS) Model 2

u* + r&f/  (I-  1) c2t  r 0% :.

CT*  + rq/  (,-I)
-.

u*t  rug

2 + rqq I (r-1) 2 t rc$

3 2

Source df.

s-l = I

S(r-  I)=h

S (r - 1) = 6

r-  1 =3

S (r  - 1) (r - 2) + (s - 1) (r - 1)  = 15

5a.u sr2  - 1 = 31

ST 332 1 1 7



3 x 3

ABC

B C A

CAB

424

(a) (b)  (4 (4
ABCD ABCD ABCD ABCLI

BADC BCDA BDAC BADC

CDBA CDAB CADB CDAB

DCAB DABC DCBA DCBA

5x5 6X6 7 x 7 x x x

ABCDE

BAECD

CDAEB

DEBAC

ECDBA

ABCDEF

BCFADE

CFBEAD

DEABFC

EADFCB

F D E C B A

ABCDEFG

BCDEFGA

CDEFGAB

DEFGABC

EFGABCD

FGABCDE

GABCDEF

ABCDEFGH

BCDEFGHA

CDEFGHAS

DEFGHABC

EFGHABCD

FGHABCDE

GHABCDEF
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&(RCB)  =
n$,  + (q + n,)E,

(rows as blocks)
nc  + nt  + ne

51 df “uO9  error Qomii 20 kOJpl3pl~~U  precision  factor

precision factor = (nl + l)(n2 +3)/ (n2+  l)(nl  +3)

,

S T  332 119



SW df. ss M S

Rows 3 1.95 0.65

Columns 3 6.X0 2.27

Varieties 3 7x.93 26.31

Error 6 2.72 0.45

RE : (LS to RCB) = MSE  (RCB) 81 MSE (LS)

rows as blocks

&E(RCB)  =

rows

~GE(RCB)  =
COlS

adjustment factor =

RE :(LS to RCB) =
r&s

RE : (IS to RCB) =
COIS

RE : (LS to CRD) =

=

=

(2.27)(3)+(3  +6)(0.45)  / (3+3+6) = 0.91

(3(0.65)+ (3 +6)(0.45)  /(3+3+6)==  0.50

(6 + 1) (9 + 3) / (9 + 1) (6 + 3) = 0.933

0.91 (.933)100 = 189 %
0.45

0.J)  (.933)100  = 104%

uI47

R+C+(r-1)E
(r+l)E

2.92 + 3(0.45)  = 1.8977
5(0.45)

1.8977(.897) 100 = 170.22

adj.lactor  = (6+1)(12+3)__-~--  = ,897
(12-F1)(6+3)
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Cl c2 c3

b, bz b, bl b2 b3 b, b h

a I x Y z z x Y YZX

a2 z x Y YZX XYZ

“ 3 YZX x Y z ZXY

ST 332 121



P

cli

pj

yk

residual

‘m(ijk)

1 2 2



P -  1

C (Treatments) P- ‘1 g $+ “ P

Residual (P  - 1) (P  - 2) 4 + 4es.

Within cell p*cn  - 1) 4

Total .p2  - 1

hl bz h h hz h

a, c3 C? c, “1 6. 8. 12. 7 0. 0. 1. 4 0. 2. 2. 5

a , c2 c, c7 a1 2. 5. 3. . 1 2 . 2. 4. 6 9. 10. 12. 12

“3 Cl c3 c2 a.7 0. 1, 1. 4 2, 1; I, 5 0. 1, 1. 4

Cell totals :

ST 332

37 = A,

68 = A, n=l

21 = A, p=3

123



Treatment Totals : C, =29  C,= 22 C J= 85 , n=4,  p =  3 , N  =36

1. CF. = G*/N = 513.78

2 .  xX*-CF = 978 -513.78 = 464.22

3 .  xA’/np  - C F = 606.17 - 513.78 = 92.39

4. CB*/np  - CF = 554 - 513.78 = 40.22

5 .  %*/np  - C F = 712.50 - 513.78 = 198.72

6 . C(ABC) ‘/ n - CF = 878.50 - 513.78 = 364.72

7 .  SS(Residual) 16.e  (  3 +4+5)

( 1 df.)

(35 df)

(2  df)

(2  df)

(2  df )

(8  df)

= 364.72 - ( 92.39 + 40.22 + 98.72 )

= 33.39
\

8. SS(Within ceils) = 464.22 -364.72 = 99.5

I

Source of variation / df

A = ~%Mll¶Jl~ j 2

B  =  U-l / 2

ss

92.3’)

40.22

198.72

33.39

99.50

M S

46.20

20.11

99.36

16.70

3.60

( 2 df)

(27 df )

F

12.52 *

5.45 *
*

26.93

4.53

f,,s  (2.27) = 3.35

1 2 4 ST 332





SS (Total) = (13.8’ + .._ + 14X)*)  - (i40.5)*/16  = 11.294

s s  (5u) =  (?19.3~  +  +  60.4*)/4  - (240.5)*116  =  0 . 5 4 6

ss  (i=$h) =  (62.8*  +  .  +  58.9*)14  - (240.5)*116  =  2 . 8 3 2

ss (Ul) = (57.1*  + 62.2 * + . 62.22)14  - (240.5)2116  = 4.756

SS (error) = 11.294 - 0.546 - 2.832 - 4.756 = 3.160

sov. df. s s M S F

Treatments (Ul) 3 4.756 1.585 3.01

qav 3 2.832 0.944

a”u 3 0.546 0.182

Error 6 3.160 0.527

Total 1 . 5 11.294

Lsov. df. Sum of Squares

Treatments (WI) 1 5 22.57

$-iv 1 5 3i.50

a”%4 1 . 5 2.62

Error 3 0 18.21

Squares 4 7.69

Total 7 9 86.59

T Flui+
SS  (+%7’)  = (240.5*  + 236.02  + .,. + 235.X2)/16  - llJ8.4*/80  = 7.69

1 2 6 ST 332



1 2 3 4

1 .59.3 61.2 59.6 60.5 240.5
2 59.1 59.3 59.4 58.2 236.0

;3 58.4 59.5 60.8 60.9 239.6

4 56.4 57.8 55.9 56.4 226.5

5 5 8 . 2 59.7 58.8 59.1 235.8_ _ - _ _ -

G 291.4 297.5 294.5 295.0 1178.4

SS (Cells) = (59.3’ + 59.1’ + .._  + 59.1’)/4 - (1178.4)2/80  = 10.31 (19 df)

SS (‘%A)  = (291.4*  + 297.5*  + ___ + 295.0’)/20 - 1178.4’/80  = 0.94 (3 df)

SS (~~%)  = 7.69 (4 df)

Ul

Gq4ai  1 Sl s2 “I “ 2

Qq4a?i 2 Sl s2 “I “ 2

5,‘%fi  3 Sl s2 “I “ 2

S T  332 1 2 7



df. S S M S F

4 7.69 1.922

1 5 35.50 2.367

3 15.15 5.050 8.32

3 0.94 0.313

12 1.68 0.140

12 7.42 0.618

30 18.21 0.607

79 86.59

xijkm  = p + 8k + rm(k)  + ai  + pj + a$‘1

1 2 8 ST 332



sov. df. E (MS) A, B Fixed. n Random

Between subjects np-1=3n-1

B (Treatments) p - 1 = 2

Error (a) p (n-l) = 3 (n-l)

Within subjects

A (‘SXkii)

AB

A x subj.w.groups

nSaOh

np (p-l) = 6n

p - l  =2

(P-l) (P-1) = 4

p (n-l) (p-l) = 6n - 6

%OlS

C-Ia1

lpml  1 2 3 4 5 total

3 6 4 1 5 1

2

3

4

5

z

4 7 5 3 6 ’ 6

7

8

9

1 0

z

5 3,6 4 7 11

1 2

1 3

1 4

15

2

11 15 10 13 10

7 8 12 17 16

1 2 17 9 19 18

1 3 16 17 15 15

1 4- D 18 18  g

57 83 66 82 74

8 11 11 15 14

1 3 13 13 5 10

1 9 16 18 14 21

8 17 12 14 17

-2 Jfi3l-l

57 66 70 58 73
.

10 8 13 11 17

1 6 16 18 14 19

1 5 15 16 14 14

1 2 14 15 13 16

l2al2216

65 63 76 64 82

59

70

75

76

82-

362

59

54

88

68

55-

324

59

83

74

70

4

350
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64753 1 6

1 7

1 8

1 9

20

2:

7 5 3 6 4 21

22

23

24

4 25

z

13 12 16 14 9 64

1 6 10 19 16 11 72

13 15 13 13 9 63

11 10 13 II 7 52

d&l6flN 6 2

59 63 14 71 46 313

11 8 9 12 15 55

20 18 10 18 17 83

1 6 14 10 12 13 65

14 15 16 16 17 78

JllloXfi 3

72 67 55 73 77 344

1. SS(total)  = (11’ + 7*  + ..,  + 152)  - 1693*/125  = 1327.01

2. SS (bbbla)  = (592 + 702  + + 632)/5  - CF = 495.41

3. SS(fli=$)  = (362i  + 324* + + 344*)/25 - CF.?=  63.01

4. SS(Error(a))  = (2) - (3) = 432.40

5. SS(L’-Jaal)=  (313 + 3422  + + 352*)/25 - CF. = 44.13

6. SS fib) = (2792 + 3272  + _..  + 376*)/25 - CF. = 232.0;

7. SS(Cells)  = (572 + 57*  + + 772)/5  - CF. = 414.21

8.  SS  (Latin square error) = (7) - (3) - (5) - (6)

= 414.21 - 63.02 - 44.13 - 232.05 = 75.02

9. SS(Error)  = (1) - (2) - (5) - (6) = 555.42

&mm-
.

SS (y-Ha  x bXi7) WMia~:4’+~  df = 4 (4) = 16

=mfiu  5 %+=l = 16 x 5 = 80 df SS = 480.40

LLaZ33iaufiU  SS (errpr)  “bbh  (8) df = 12 = 75.M

555.42 df = 92

(124df)

(244

(44

(204

W9

(44

Pdf)

(124
CQdf)
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til~uil
a”ifll5 1

3 6 4 7 5 57

4 7 5 3 6 57

5 3 6 4 7 65

6 4 7 5 3 59

7 5 3 6 4 72

310

. .

tail1

2 3

83 66

66 70

63 76

63 74

61 55

342 341

4 5 Total

82 74 362

58 73 324

64 82 350

71 46 313

73 77 344

348 352 1693

sov. df

Between subjects

=miim+.  (rma)

ymmi~ibunijad (E,)

within subjects

A (GIANT)

B (%fm)

(AB’)
within group (E,,)

np-1 = 3n-1

p-l = 2

p (n-l) = 3 (n-1)

np (p-l) = 6n

p-l = 2

p-l = 2

(P-l) (P-2) = 2

p (n-l) (p-l) = hn  - 6

A, B Fixed, ’

E (MS) random

ST 332 1 3 1



aawwra fil&UlPl

qnna nai qnna 6aai ‘s?pJ
1 2 1 2

1 A B 1 9 6 1s

2 B A 2 5 8 13

3 A B 3 10 Y 19

4 B A 4 7 7 14

5 B A 5 4 7 11

6 A B 6 8 9 17

7 A B 7 8 4 12

8 B A H 5 11 16

9 A B 9 5 1 6

10 B A 10 6 4 10

Ix 6766 133
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na1 iih

3YQyGi 1 2 total lb#l  A B total

1 14 14 28 1 17 11 28

2 17 16 33 2 17 I6 33

3 12 16 28 3 15 13 28

4 19 15 28 4 19 9 28

5 11 5 .I6 5 9 7 16- - - - - - -

z 67 66 133 c 77 56 133

1. SS (total) = (92  + 52 + .__  + 42) -‘1332/20  = 114.55

2. SS (Rows) = (15’  + 13* + .._ + 102)/2  - CF = 64.05

3. SS (Columns) = (672 + h62)/10 - CF = 0.05

4. SS (Treatments) = (772 + 562)/10  - CF = 22.05

5. SS (error) = (1) - (2) - (3) - (4) = 28.40 (8 df)

ss (Gf%i  x am)+ ss (Gvf%  x%l1s)

df.=4+4=8

sov df. S S M S F

Treatments 1 22.05 22.05 6.21

Rows Y 64.05 7.12

Columns 1 0.05 0.05

Error 8 28.40 3.55-

Total 19 114.55

1 9 6 15

AB 3 10 9 19

6 8 9 17

7 8 4 12

9 5 1 6- - -

'40 29 69
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2 5 8 13

4 7 7 14

BA 5 4 7 II

8 5 II 16

1 0 6 4 IO- - -

27 37 64

SS (n,lWla  x Ral) 81n~l'=i19  AB + SS (I$WE x L'XU)  91fl'Fl1519 BA

= 28.40 = SS (error), df = 4 + 4 = 8

SS  (i%J?i)  = (692 + 642)/10  - 1332/20 = 1.25 (1 df)

SS (¶$Wl~til~UU~U?fiU  '?ll%19  AB) = (152 + 192  + .._  + 62)/2  - 69’110  = 51.4 (4 df)

SS  (~FW%i”L;“3fiU  Fll519  BA) = (132 + 142  + + 102)/2  - 64’110 = 11.4 (4 df)

Pooled SS ( ~Fl@lth%l&J’$U)  = 51.4 + 11.4 = 62.80 (8 df)

SS (rows) - SS (E%hJf!)  = 64.05 - 1.25 = 62.80, df = 9 - 1 = 8

I, 2, n, 3, n-l, 4, n-2, 5, n-3,..

1 3 4 ST 332
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CRD ss (=miim+) ss (nifdIm+)

k - l = 3 N - K = 1 2-
I - -

RCB ss (%hr) ss (U&R) SS (residual)

k-1=3 n - 1 = 3 (k-l) (n-l) = Y

ss fii;ni=i) ss (FIGa&)
-

L S ss (ma) SS (residual)

P - l = 3 P - 1 = 3 P - 1 = 3 (P 1) (P - 2) = 6

1 3 6 ST 332



Total tip*  - 1

PH

IPjO81%od~llO9~l~~~Dpd
I

0.05 0.10 0.20 0.40 0.80 Total

4.0 17 n 39 9 65 "II 19 Fl 12 9 152

5.0 32 3 33 n 61 n 71 "I 94 9 291

6.0 56 Fl 49 n 84 9 90 il loo"11 ! 379

7.0 76 9 81 "I 97 9 98 n 100 n 452

8.0 93 "u 90 B 97 Fl 100 9 100 n 480

Total 274 292 404 378 406 1754

mm n ?I $3 9 B

ma. 325 410 305 393 321

89%?-l'rl,"I%hd;IR

ST 332 1 3 7



Rl

R2

R3

R4

Column

Total

Treatment

Total

Answer :

Cl

Al

12 16

25 32

(85)

A4

12 15

20 28

(75)

A2

10 6

12 10

(38)

A3

4 6

.7  2

(19)

c2

A4

10 16

24 20

(70)

A2

18, 10

6 1 5

(49)

A3

Y 9

8 7’

(33)

Al

4 7

7 1

(19)

217 171

4 ‘42

c3 c4

A3 A2

9 12 4 7

15 1 0 1 0 12

(46) (33)

Al A3

24 8 10 1 2

1 6 5 1 8 1 5

(53) (55)

A4 Al

6 5 4 5

8 2 7 1

p, (17)

A2 A4

3 4 4 6 ,

5 2 3 2

(14) (15)

134 120

A3 A4

174 134 1 5 3 181

L

Row totals .

234

232

109

R o w

Total

67

642

sov. df. ss MS F

Rows 3 1369.31 456.44 21.76

Cols 3 352.81 117.60 5.61

A 3 85.06 28.35 1.35

Residual 6 151.75 25.29 1 . 2 1

Within cells 48 1007.00 20.98

Total 63 2965.93
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ma

1

2

3

4

5

Col. Totals

A 449

B 463

c 393

D 371

E 258

1934

B 444 c 401 D 299 E 292

c 375 D 323 E 264 A 41.5

D 353 E278 A 404 B 425

E 241 A 441 B 410 C 392

A 430 B 450 C 385 D 347

1843 1893 1762 1871

Treatment totals

Row Totals

1885

* 1840

1853

1855

1870

9303

A: 2139 B: 2192 c :  1946 D: 1693 E: 1333

Ghl%%~~

A : ‘bi~d$U~Z!9~diU

B : $lOihW%

c : Qwlofl  10 @hmbNl~

D : $lFlOfl  20 hUWl&

E : $mn 3oh.umLm~

A 14 E 22 B 20 C 1 8 D 25

B 19 D 21 A 1 6 E 23 C 1 8

D 23 A 15 c 20 B 1 8 E 23

c 21 B 46 E 24 D 2 1 A 1 8

E 23 C 16 D 23 A 17 B 19

ST  332 1 3 9



fWhl a'pd flXX+iltl -ill

1 2 3 4 1 2 3 4

1 C A B D 1 5 9 5 6 41 5 4

2 B D C A 2 5 6 5 8 7 3 6 9

3 A C D B 3 4 5 41 3 0 2 8

4 D B A C 4 6 2 4 9 6 3 8 4

5 A B D C 5 42 39 44 61

1 4 0 ST 332



1 2 3 4 1 2 3 4
-6 C A B D 6 49 61 38 43

I B D C A I 83 8 1 1 0 1 9 6

8 D C A B 8 56 5 4 65 5 8

9 B D. A C 9 4 7 46 62 7 6

1 0 A C B D 10 90 74 61 63

1 1 C B D A 1 1 79 63 58 87

12 D A C B 1 2 5 0 69 66 59

13 D A C B 13 45 61 45 71

14 C B D A 14 52 31 35 8 1

15 A D B C 1 5 5 7 30 57 50

16 B C A D 1 6 64 83 7 4 67

i$klt&6

3 6 4 7 5

L?tll

qnna I 2 3 4 5 total

1 19 21 25 27 22 114

2 22 20 23 31 24 120

3 26 28 26 31 32 143

4 17 20 17 14 1s 86

5 2 8 30 30 31 2 8 147

z 112 119 121 134 124 6 1 0

6 23 30 29 24 28 134

7 24 33 28 19 32 136

ST 332. 141.



t-la1

fiQ”ifaiih qnna 1 2 3 4 5 total :

4 7 5 3 6 8

9

10

c

29

24

1 1-

111

11 18

1 2 29

5 3 6 4 7 1 3 30

14 25

1 5 15

z 117

16 27

1 7 22

6 4 7 5 3 18 28

1 9 23

20 29

2 129

2 1 29

22 30

23 1 9

24 28

1 5 3 6 4 25 2 4

zz 130

30 3 1

26 27

Ix 27

137 142

16

26

27

22

1 7-

108

24

1 4

30

22

26

116

28

31

1 9

20

27

125

24

29

30

28

Is

126

27

1 2

34

25

2 8

126

21

30

1 7

1 6

25

109

29

25

18

115
i

24

29

30

26

16

125

29

1 8

31

23

2 8

129

30

33

25

20

2 8

136

28

3 1

24-

143

1 8

27

3 1

30

15

121

26

1 5

28

1 6

2 6

111

24

30

24

2 1

21-

126

147

133

98

648

100

140

148

131

‘7- -

597

133

81

151

109

137-

611

132

154

104

105

131-

626
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