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lmiil 1 2 3 4

64 7 8 75 5 5

7 2 91 93 66

68 9 7 7 8 49

7 7 82 7 1 64

56 8 5 63 7 0

95 7 7 7 6 6 8

CXij 432 510 456 372
I
'i. 72 8 5 7 6 62

ccx2. 31994 43652 35144 23402
lj

(cx)2/r 31104 43350 34656 23064

&(x-a2 8 9 0 302 488 338
7

df 5 5 5 5

total

1770 = G

295

134192

132174

2018

2 0

pooled s2 = 2018/20  = 100.9

sa = &gF= J2(100.9)/6
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= 5.80



Analysis of Variance: One-Way Classification With Equal Replications

Source of
df.

Variation

.
(Among

groups)

Experimental
error tcr-1)

Total

Correction Factor

Sum of Squares

Definitior 1 Working

t
rC(X. - E..)

2
i 1.

tr
cccxij-xi  1 2
ij

&x. .-X.J2
ij 13

x2 x?.

c
1.--_

r rt

2 XT.ccx.  .--
11 tr

x2.
CF --= G2/~

tr

Mean Square

SSTr./(t-1:

SSE/t(r-1)

3
SS(Tota1) = (642 + 722 + . ...+ 702 + 682) = (1770)&/24

= 134192 - 130538 = 3654 ; df = 23

SS(Treatments)  = (4322+5102+4562+3722)/6 - (1770j2/24

= 132174 - 130538

= 1 6 3 6  ; df. = 3

SS (error ) = SS(total)  - SS(Treatments)

= 3654 - 1636 = 2018 ; df.

-&i"hJl&khW

SS(Treatments)  = 6[(72-73.7512+(85-73.7512+(

= 1 6 3 6 (2..  =  7 3 . 7 5 =

MSTr.
MSE

= 23 - 3 = 20

76-73.75)*+(62-73.75j21

1770/24)
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A B C D

42 45 44 109

0 64 82 120

63 33 64 116,

29 74 97

total 105 171 264 442 952

1. CF. 9822/15  = 64288.27 ( 1 df.)

2. ccx2 =- 422+02+ . . . . . +1162+972 = 81162 (15 df.)
13

3. cx;*/r  =1 lOi*/ + 171*/4  + 264*/4  + 442*/4

= 105*/3  + l/4(171*+  2642+ 442*)

= 77250.25 ( 4 df.)
. . . . . . . .._..........-.-..-...-......-.............................-.....-

4. sS(total)  = (2) - (1)

c 81162 - 64288.27 = 16873.73 ( 14 df.)

5. SS(Treatments) = (3) - (1) = 12961.98 ( 3 df.)
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Ho : 7. = 0 i1 i  =  1,2,...,t

Ha : 'Ti # 0

2

Ha :

x., = p + ri + E..
11 17

P = general mean

r. =
1 Iii  - u &El pi  = p + ri

E.. =
13 ‘ij  - ’ - ‘i

= xij - ! J - (Pi - p) -”

= Xij  - vi

,
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t r t r
c c x.. = c c cx.., + :: Lx. - 2. .) + : i (X. x. )
i j 13 i=l j=l i=l j=ll- i=lj=l  lj - 1.

= 0 0
t

= tr 2.. + rip. -1. X..) + i ci (X - x. :
i=lj=l  17 1.)

= tr Z-.

(xij-xJ*  = [(X. - 2..1. ) + (Xij - Xie!12

E (X.. 2- X..) =
t r

i=lj=l  11
c c me- x.., + CXij - zip2
i=l j=l

t r
= c c cx. - x..,*  +

t r
2

t r

i=lj=l  1.
c c (xij- xi-, +

i=l j=l
2 c z (2, - xJtxij- Xi-,
i=lj=l  1.

= cl
2::  i cq- x.Jcxij- Xi-) =
i j

2: [(if,*-  FL-.,  i (X..
i=l j=l J

xp
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c c (xij- x..,*  =
t 2 t r

ij
r c K*- X..) +
1=1

z c cxij- Xi*)'
i j

SSCtotal) = SS(treatment)+SS(experimental  error or residual)

t r
1) SS(total) = c z CXij - j2..,*

i j
t r
c c (Xf,- ZXij'XJ  +
i ,

t r
E : x2 - *x..c  c x..
ij l3 ij I3

E : xr?. - 2(x..)2  +
ij l7 tr

c' E x2.
ij II- 2(x..)*  +

; i x2
13

- ,xF:,*
i j tr

ct..,*
t r

+ c c (X..) 2
i j

(X.-j2
(trI2

(X..12
tr

t
2) SSCtreatment)  = riEl(Xis-  X..) 2

t 2= r C (X. - X..)1.i=l -
r tr

t t t 2= r I: Xz. -
i=lT

*r C (5)(X..) + r C X..-
i=l r tr

r i=lt2,2

t
c XT.  - 2(X..)(X..)  + tr (X..) 22z

i=l---r tr
2-T*

= ; XT1.i=l-
- 2(X..J2  + &*

r tr tr
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t 2
= 2 Xi. - (X-j2

i=l- -
r tr

3) SS(error)
t r

= c c (Xij  -
i j

t r

= ' ' ('ij -i j

= 4 ‘;c  cxzj -
i j

= “,;:x2.-
ij 17

t r
= zzx;j-

i j

= IT:Xfj-
i j

= ;t;:xfj-
i j

,

Xl-J2

'i.)
2

-
r

2(XimHXij)  + XI-)
-

r r2

2  E: HXi*GX.  .)I  +
tr

i---r
j '7

c c  x;-
ij -

r*

t t2
2 C [(Xi-)(Xi-)l  + r C X.
i--

r lf+

2:x:- -t
t2
C Xi.

i -r i ,

k x21 .l-77

sov

Treatments

Experimental

error

E(MS)

df. Mod&l  1

t - 1 a2 + rCTf/(t  - 1)

t(r - 1)

= N - t a2

E(MS)

Model 2

a2
2+ ra7

ls2
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X.
l]k =

u + 7. + Eij + 6..
*I Ilk

i=l,..,t ; j=l,..,r

c
A
7.
1

= x... k=l,...,S

X. . . -1..
A
E. . = -
13

2.. 2
11. 1..

A
6.. =
13k

Xijk  - xij.

t r s t r sc x c (Xijk 2 2- X...) = 2 1 1
1 j k i j k

[(~i..-x...)+(xij.-xi..)+(xijk-~ij.)l

trs
c c c (Xi.  - 2 )Z

t r s
=

ijk -- ---
+ c c c cxij  - xi*-

ijk -

t r s
~ ~ C (xijk-  X... )* = SSCtotal)  i! df = trs - 1
= I k

t r sc c P (X,.  -X...J2
t

= rs C (Xi.  - Z... )* = SSCtreatments); df = t-l
i j k i

trs
J2= s&x., -2.

ij 17* la-
)*= SSCexperimental  error);  df=t(r-1)

t r s
c c c  (xirrk-qj  I2 =
i j k

SSCsampling  error) G df = tr(S-1)

t r s
1. SS(total) = c c c (Xijk - x.--j2

ij k

sampling unit
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Estimate of variance components

a2  = s2 = 0.93  ; 2; = S: = ( 2.15 - O-93)/4  = 0.30

“’

ii” =
7

s',  (Model 2)&+'5(Model  1)=(35.93-Z-15)/12  = 2.82

HO :7
i

= 0 ,Ha : Ti f 0 , i = I,*,...,6

F = MST/MSE  = 35.93/2.15 ’ f5,12(  .Ol)= 5.06

Ho
2

: 0s = 0, Ha : 2 # 0

F = MSE/MSS = 2.15/0.93 = 2.3 > f12,54(.05)= 1.92

Linear Model for Subsampling

x.. =
ilk

p + 7. + E..  + 6 . . i = l,*,...,t
1 17 Ilk '

j = l,*,...,r

k = 1,2,...,s
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(3) Cjijk 'L NID (0, 0;)

6 8 S T  3 3 2







3.09 3.03 3.03 12.43 3.11

3.48 3.38 ' 3.38 13.76 3.44

2.80 2.81 2.76 11.25 2.81

3.38 3.23 3.26 13.21 3.30
4

sov . I 1MS.ldf. Prameter  Estimated

53l?l~bGl 3 0.2961 + 46;
I I

5:wrmi&34n,~

(n?lunalwan~ou)
12 0.0066

3: = A.0066  ) (0.2961 - 0.0066)/4  = 0.0724
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4 4 2.00 1 5 -38 -62

5 5 2.24 20 -18 .82

6 6 2.45 2 5 .06 .94

(power of the test for the random effects model)

l-8 = P { l$jlti5  Ho / Ho Lihih  1

= P $ F. > fa,t-l,N-t  / a;-> 0)

I o=FlUi F MS (Gni5)  / tdsE

ii1 H l  ‘&C&I 0: > O,Fo ilihl%lWlWlJllllLl  central F +hfl "1
=t-1, w2

= N-t
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a=5, r=6, 2
=7;

= 62

A = 4 1 + 6(l) = 2.646

5lln Chart VI , v1 = t-l = 4 , "2 = n-t=25, CL =.05

d6 /3 =. .20

&&A wi+mm=mil:nl~:~im .80
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GXVI (n) GGI (3) IJiGl (tl)  l&&l  (9)
. . . .._.................-.....................

28 34 29 22

z 19 23 24 31

30 20 33 18

25 16 El 24. ..__._....-._....._................-.-......

n 7J n
_._..........._.................

42 52 3 8

36 48 44

47 43 3 3

43 49 3 5

38 51 3 2
. . . . . . . . . .._.....-..-.....--....

22 2 5 17 2 1 2 7 20

20 2 3 19 2 4 29 14

24 26 15 2 5 2 4 17

.- 18 2 2 18 23 2 5 15
__.._..._._......._.-....................
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