
Factor

Level ai

b aA

Factor A

a2 81 at al a2

a+, (1) a 00 10 .

B b, al& a+2 1 b ab 1 01 11

level a, a2 Mean ‘a,-at  = Simple effects A

1 b, ( 30 32 1 31 ( 2

(1) 36 44 40 8I bz

M e a n 33 38 35.5 5 = Main effect A

Simple effests b-b, 6 12 9 = Main effect B
R
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(2)

level

bl

b

Mean

a1 a2 Mean 829

3 0 3 2 31 2

3 6 2 6 31 -10

33 29 3 1 -4

“2-h 6 -6 0

Level al a2 Mean a2-a1
I I

bl 3 0 3 2 31 2

(3) b 3 6 3 8 3 7 2

Mean 3 3 3 . 5 3 4 2

b-b, 6 6 6

S T  3 3 2



al a2

:

bl

b

I I I

al a2

b,
b2

I I

at

I

a2
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dD63Odl4 (at) (a21 (aI) (a2) Total

Total

39.5 38.6 27.2 24.6

43.1 39.5 23.2 24.2

45.2 33.0 24.8 22.2

127.8 111.1 75.2 71.0

(1) a b ab

129.9
9

130.0

125.2

Factorial s s

effect ( C CiTi)2

E CiTi r cc;

-1 1 -1 1 -20.9 36.40

-1 -1 1 1 -92.7 716.11

1 -1 -1 1 12.5 13.02

I I 765.53

ss

3.76

(765.53)

36.40

716.11

13.02

49.08

MS

36.40 4.45 **
716.11 87.54 *I13.02 1.59

8.18
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0 (b,) 40  w.  @2)

0 (aI) Smg.  (a2)  0 (a,) 5mg. (a21

I .30 1.2b 1.05 1.52

1.19 1.21 1.00 1.56

1.08 1.19 1.05 1.55

3.57 3.66 3.10 4.63

- 1 1 - 1 1 1.62 .2187

- 1 - 1 1 1 0.50 .0208

1 - 1 - 1 1 1.44 .1728

1:
I

0.2187

1 0.1728

8 0.0293

M S

0.0208

0.2187

0.1728

0.00366

F

5.68’

59.75**

47.21**

1rauKh-l 0 40 mg.
d
'Fll2 0 5 mg. 0 5 mg.

hA& 1.19 1.22 1.03 1.54
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Lysine

CL)

0

0.05

0 .10

1 7 0

Methionine

CM)

0

0.025

0.050

0

0.025

0.050

0

0.025

0.050

Protein

(W

1 2

1 4

1 2

1 4

1 2

1 4

1 2

1 4

1 2

1 4

1 2

1 4

1 2

1 4

1 2

1 4

1 2

1 4

Replication (Blocks)

I 2

1 . 1 1 0.07

1.52 1.45

1.09 0.90

1.27 1.22

O.K5 1 . 2 1

1.67 1.24

1.30 I .oo

1 .ss 1.53

1.03 1 . 2 1

1.24 1.34

1.12 0.M

1.76 1.27

1.12 1.13

1.38 1.0x

1.34 1 . 4 1

1.40 1 . 2 1

1.34 1.19

1.46 1.39

Treatment

Total

2.0x

2.997

2.08

2.49

2.06

2.91

2.30

3.08

2.24

2.58

2.08

3.03

2.35

2.46

2.75

2.61

2.53

2.x5
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I .ysine.  I,

(I.1

0.  IS

Total

14

o.oso I2

1 .  c = (60.47)*/4x

Replications Treatment

I 2 Total

1.1’) 1  .OB 2.22

0.x0 I.20 2.0’)

I.36 I.16 2.52

I .42 I.39 2.81

I .46 1.03 2.4’)

I.62 1.27 2.XY

31.50 28.97 ho.47

= 76.1796 (1 w

2. SS (Total) =  (I.1 12+ 0.Y72  +  +  l.622  +  1 . 2 7 ’ )  - C = 2.0409 (47 df)

3. SS (Treatments) = (2.08’ + 2.Y72  + 1..  + 2.HY2)/2  - C = 1.2756 (23  df)

4. SS (Replications) = (31.50*  + 2X.97*)/24  - C = 0.1334 (1 w

5.  SS  (Error) = 2.04oY  - (I.2756 + 0.1334) = 0.6319 (23 df)

CM)

Methionine

LxM

Lysine (L)

0 .05 .I0 .I5 Total

0 5.05 5.3x 4.81 4.31 19.55

0.025 4.57 4.82 5.36 5.33 20.08

0.050 4.97 5.11 5.38 5.38 20.84

Total 14.59 IS.31 IS.55 15.02, 60.47

(5.05 = 2.0X  f 2.Y7)...  etc.

6 .  SS  (Cells)LM = (5.0s*)  +  .  +  5.3X2)/4  - c = 0.3406 (I I df)

7. SS (lysine) =  (14.592  +  +  ls.o2*)/12  - c = 0.0427 (3 df)

8.  SS (Methionine) =  (lY.55* + 20.0X2  +  20.842)  116  - C  =  0 . 0 4 2 7  ( 2  d f )

0.  SS (L x M) JSS (cells) LM  - SS  (L) - SS  (M)

= 0.3496 - (0.0427 + 0.0526) = .2543 (6 W

t
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Mafhionine

0

0.025

0.050

total

Mxt’

Protien

12 1 4 Total

x.05 10.60 19.55

9.59 10.4’) 20.08

Y.16 11.68 20.84

27.70 32.17 60.47

IO.  KY.5 = 2.0X  + 2.30 + 2.35 + 2.22. etc.

I I ss  (Cells),, = (X.052 + .,. + ll.6X2)/8  - c =  0 .6702  (S  d f )

12. SS (Protien) =  (27.702  + 32.772)  I24 - C = 0.5355 (1 df)

13. SS (Methioninc) = 0.0427 (W-ii?2  8) (2 df)
14. SS (M x P) = SS (Cells)M,,  SS (P) - SS (M)

= 0.6702 - (0.5355 + 0.0526) = 0.0821 (2 w

I, x P

Protien 0

12 6.22

14 8.37

Totql 14.5’)

Lysine

0.05 0 .10 0. I5 Total

6.62 7.63 7.23 21.10

X.69 7.92 7.79 32.77

15.31 15.55 * 15.02 60.47

15. 6.22

16. SS (Cells)Lt,

= 2.08 + 2.08 + 2.06 ,... etc.

= (6.2; + ___ + 7.792)16  - C = 0.81X1 (7 4

17. ss  (L x P)

18. SS (LMP)

= SS(Cells)Lp  - SS (L) - SS (P)

= 0.8181  - (0.5355 + 0.0427) = 0.2399 (3 df)

= I.2756 - (0.0427 + 0.0526 + 0.5355 + 0.2543

+ 0.2821 + 0.2399) = 0.0685 (6 df)
6”
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.

SOV. df. ss M S

Replications 1 0.1334

Lysine, L (I = 4) 3 0.0427 0.0142

’Methionine, M (m = 3) 2 0.0526 0.0263

Protien, P (p = 2) 1 0.5355 0.5355**

L M 6 0.2543 0.0424

L P 3 0.2399 0.0800

M P 2 0.0821 0.0410

LMP 6 0.0685 0.0114

Error 23 0.6319 0.0275

%jk  .= g + Pi  ’ 7 + 4, ’ ("P)jk  + eijk WCB)

i = 1,2,...,r ; j = 1,2  ,_..,  a ; k = 1,7-  . . . . . b

X..g(kl)  = F + Ri  + ‘j  + yk)  + o(1) + @fl)(kl)  + ‘ij(kl)

i = 1,2...., I; j = I,2 ,,__,  r; k = l,?!  ..__ a; I = I,2  ,...,  b; ab = I

4
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HO  : Qi  = 0 ; i = 1,2,...,a

Ho : ai  + 0

Ho : flj = 0 ; j = 1,2,...,b

Ha : fij $ Cl

Ha : (oQ)ij  = 0 , i = I,2 ,..., a, j = I,2 ,..., b

Ha : (0p)ij f 0

Ho : G’, = 0

Ha : dQ  f;  0

Ho : I$ = 0

Ha : o$  f 0

,a
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Ho : c&j = 0

Ha : dg  c 0

Ho : ai = 0 , i = 1,2,...,a

Ha : cti  f 0

Ha:4=0
Ha : o$  f 0

Mean Squares Fixed effects

A

B

AB

Error

K? + rbKi

O2 B+ raK3

2 + rl&

o2

Random effects Mixed Model

A Fixed,  B Random

F - R a t i o  hl'h'lFl~EllJ~JUJ~~lU

Mean Squares Fixed effects Random effects Mixed Model

A Fiied, B Random

A AIE N A B AIAB

B B/E BIAB B/E

AB ABIE A W E AB/E

E

ST 332 1 7 5



‘ijkl = P + “i + Pj + r(  + (4)ij + taY)k  + @Y)fi  + tGY)ijk  + Ei&l

i= 1’._....,  a

j = 1,2,....b  *

k = l,Z,...,c

1 = l,l,...,r

Assumption : (3 - Factor in CRD.)
Model 1

zai
i

= fflj  = %Yk  = “@@)ij

= f@Y’p = f @Y)$  = ,Z: @b)ijk  = F (@Y)i$ = 8 (&)ijk  = 0

‘ijkl - NID (O,$)

Model 2

q - N’D  (0,  ~) ; Pj _ NID (0,  ~)  , ~ _ NID (0. ~)

(ap)ij - NID  (0,  &)  , (oL.v)~ - NID  (0,  Gy,,  @y,, - NID  (0.  $.+
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Mean Squares

A

B

C

AB

AC

BC

ABC

Error
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Mean Squares

A

B

C

AB

AC

BC

ABC

Error

Mean Squares

A

B

C

AB

AC

BC

ABC

ERROR

Model 3 : A Fixed, B,C Random.

Model 1

A/E

B/E

C/E

AB/E

AC/E

BClE

ABC/E

Model 3 (A Fixed, B,C Random)

I !b&hWl-da¶J

BIBC

C/BC

ABIABC

AC/ABC

BClE

ABC/E
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"2 =
(AC)  + 0-G  2

(AQ2 + (BC)2- -
fAC tC

I6-d c = MS(C) , ABC = M!S(ABC) 3UiiU

un:: fc = df 0 , fABC  = df (ABC) lfhbh

i = 1 , 2,...,  a
y..  =

11
cc+Qi+Ij+(~jtEij

j = 1 , 2,...,  b

ST 332 1 7 9



iource  of

r’ariation

A

B

Residual

&a AB

Total

Degrees of

Freedom

a- 1

b- 1

(a- l)(b-  1)

ab - 1

Sum of

Squares

a Y? ~2
z:  _fi ...
i=l  b ab

a b Y2

Mean

Square

MSA

MSB

MSResidual

Experted  Mean

Square

O2 t b+
a- 1

Q2 + a L’$

6%

o* t CC(c@

((a-l) (b-l)
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cpm$ fl3lolnid

09 25 30 35 40 45 Yi.

100 5 4 6 3 5 23

125 3 1 4 2 3 13

150 1 1 3 1 2 8

Y,j 9 6 13 6 10 44 = y..

a  ~2 Y2
ss* = z -'- _~

i=l  b a b
- 442  = 23.33
l3nv

SSB =

= 92 + 62 + 132 + 62 t lo2 - 442 = 11.60
3 FFiV

= 166 -- 129.07 = 36.93

SSResidual = SST - ss* - SSB

1.60 = 2.00= 36.93 - 23.33 -- 1

i Li Yij Yi,  Y.j = (5) (23) (9)
i=l  j=l

t (4)(23)(6) t....t (2)(8)(10) = 7236

SSN = I.9  ts Y..  Yi,  Y.j  - Y.. (SF.* + ss11~1  j=l '1 B

ab “A “B

= [7236  - (44)(23.33 + 11.60 + 129.07)12
(3)(5)(23.33) (11.60)
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= f$.~-Jj  2 = 0.0985 (df = 1)

=
SSResidual  - ssN

= 2.00 - .0985  = 1.9015 (df = 15 - 1)

.

Soarce  of Degrees of Sum of

Vaiation Freedom Squares

A = ?fUMq: 2 23.33

B = c1?7JJ@?U 4 11.60

Non addivity 1 0.0985

Error i 1.9015

Total 14 36.93

Mean F

Square

11.67 42.97**

2.90 10.68*

0.0985 0.36

0.2716

1. MWW)U  nonadditivity

Ho : (~)ij  = 0 i = 1,2,3 ; j = 1,2,3,:  .

lb ’ (Q13)ij + 0

F = o.o985/.2716  = 0.36 ns.

2. vlAno~~M3wawa'n

n. Ho : OL  = 0 , Ha : ai f 0 , i = 1,2,3

F =  11.67/.2716  = 42.97**

91. Ho : 4 = 0 , Ha : flj f 0 ; j = 1,2,3,4

F = 2.90 I.2716 = 10.68*
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A

B

a o2
b2

AB

a -  1 ab(r-  1)

ark?  j=“(@i;

2[(a-l)(u)  + 11

b - l

(a- l)(b  - 1)

ab (r - 1)

ab (I  - 1)

ihdl~ Y
a = 3, b = 3, r = 4 LLX d ANOVA  &fi

s o v . df. s s M S F

A 2 10,683.72 5,341.86 7.91

B 2 39J18.72 19,5X36 28.97

AB 4 9,613.77 2,403.44 3.56

Error 27 18,230.75 675.21

Total 35 77Ji46.96
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Random effects Model

B

AB

a -  1

‘b - 1

(a-l)(b-I)

(a - 1) (b - 1)

(a- l)(b - 1)

ab (r - 1)

184 ST 332



A

(Fixed)

B

(Random)

AB

Mixed Model

w1513d

bn TX  a?
42 = i=l’

-

a[$  + rq$

h = 1+*
u

x= 1-t r&if?
-7

l- .
Vl “2

.

a -  1 (a - 1) (b - 1

b - i ab (r- 1)

(a- l)(b- 1) ab(r- 1)

Chart

V

VI

Vl



a b r
( z z ..-  z Y.. )2

1 = i=l i=l m=l  lJ..‘m
ab...r

b
cc;

r b
I: Yijk) =

j-1 i=l  r=l
x ( Yy)

j=l

z: Y?.
SS (B) J

j=l Y*. . .-
ar -zE-

b LnDU  ~~Wl~:m~~~L~~n~l  un corrected sum of squares %3Jlill correction factor %Ji 1 df

adifinaan  fim3vGa  b - i maa.  riiiiy  df = b - 1

&.!!?I.4  iilil3ll  SS (AB) k3; df = (a-l) (b-l) l&lfEFWJll~‘I  ilZ!& ab - a - b + 1

6Jh il341 SS (AB) 64;

186, ST 332



a b
z 2 ( yij>i=l j=l i$ ( ‘i..)

a ‘L2
i=f br

i-j jj ii1 ‘ijk

+1
Y?.

0)

3F-

b a. r
j=F ci5  z1 ‘ijk)

Y?
---z&y-  (2)

b
I: ( Y.j.)

j=l
$- (3)

b Y?.
“d-j=l

SS  (AB) =

= ss (cell)Am  - SS  ( A )  - SS(B)”

flQfIlW1  Expected Mean Square

fl.$ev;  1 %l~V4~i$%.4TE~  Variancecomponent (LLYY$J)  %&I  fixed factor (LLLIYfhU~)

i&k&lJ;;lEla~  1 LllilU i?lEYlh~tUL9U  interaction JU  tktor  ti1hl1~Y~ti~~~EilJ~~F-lda

1 4lU3-4  il3%WKUlil  interaction slaJ~n~wn~u~JMucill~ut~uu~u  &I+khmintSu

subscript ?lilJ  Variancecomponent  ~~a~~~cilJ~l~~f~~~~$~ll~Yu~~LCdU~l  A (hlU(il)  11% B

(ULILI~U)  variance component ?.lilJ B &I 08 variance component ‘IIOJ  AB &I o&hU

fixed effect Xl% SS  91aJ  model component WIJ  factor $U 1 LLklMl4~7U  df. dU 6Yl%Wt9

“UilJ A ;O  i.<  /(a-])

~&I  2 &FdSll  Expected Mean Squares W~ilJ&lJ’?ll~J  ~JWiEl:ll~  ‘&ltlsi~~l~~~

II.4  Model thU  Column &I subscript t?h-4’hX4’%‘6lHl~J  factor LMkl  subscript WlJJh

U'KFi~~ilL~U  F (IilMU(il)  M%ZI  R (UUU~U) ‘kdU  replicate SGa  tfluttuu~u  tma
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9311 E (MS) WI9 2-factor II.4  CRD (bW¶JfhTWA)  3X$ model 64:

i = l,...,  a

Yij = /.I + ai + pj  + ‘(ij) k , j = l,...,b

k = l,...,  r

F F R

a b r

Factor i j k

‘(ij) k

Factor

F F R

a b r

i j k

E(ij) k 1 1

0 ?11  Column 6I-A Lh fixed factor LbaZ  a$LRU  1 51  Column GI-4 Lh random factor.

1 8 8 ST 332



F F R

a b I

Fartor i j k

“i 0

9 0

(4)ij 0 0

‘(ij)k 1 1 1

Factor

F F R

ri b *

i j k

0 b I

a 0 r

0 0 r

1 1 1

E (MSA)

1. &l&l  Column i Will A a model component :O w,i  L?!U  live subscript

ST 332 1 8 9



F F R

a b r

r o w Factor i j k
c(

1 i 0 b.  r
.zq

br  (al)

2 ("Bij 0 0 r oxc& = 0
3

‘(ij)k 1 1 1 1x02 = fJ2

br Z:clz
E(MSA) = r$ t --

a --- 1

fllSH1  Expected  Mean Square 91&I  Two-Factor F?xed  Effects Model

Factor

F F R Expected

a b r Mean

i j k Square

0 b r

0 0 I

0 0 r

1 1 1

1 9 0 ST 332



i313Ml  Expected Mean Square ‘II&l  Two-Factor Mixed Model

9

(4ij

‘(ij)  k

F R R

a b T

i j k

0 b I

a 1 I

0 1 I

1 1 1

Expected

M e a n

Squar

fll3tsl  E-ted  Mean Square 9189  Two-Factor Random Model

Factor

9

4

Wij

‘(lj)  k

2
CT2 + arqj

R R R

a b r

i -j k

1 b I

a 1 r

1 1 I

1 1 1

Expected

M e a n

Square

ST 332
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Ol%Hl  Expected Mean Square 910-J  Three-Factor Random Model

Factor

ct.1

4

rk

("P)ij

(au)jk

(@I  ijk

‘(ijk) 1

R R R R

a b c r

i j k 1

1 b C r

a 1 c r

a b 1 I

1 1 c *

1 b 1 *

a 1 1 r

1 1 1 r

1 1 1 1

Expected Mean Square

u2 t M&L, + br& + cru2

5

+ bcro;

u2  2 2+ ruapv  t aroh  + cr

u2 t I2& + are8-Y + bro2UY + abr o27

u2 2 2+ rcI&h  + cru,

U2
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(1) A dl;B Fil 28 25 27 80

a A+, B’h 36 32 32 1003
b A 41, B $4 1 8 19 23 60

ab A$ B$¶ 31 30 29 90

&‘lhWE!~  A &%h’uOJ  B (simple effect A at bt)
.

= [a- (1)1/n

%l?iV4WWlJ  A ~5:6U~P?EN  B (simple effect A at b2)

A = & lab-b1  + [a-(1)1

= &-[ab+a-b-(l)]

ST 332 I 1 9 3



B = & { [ a b - a ]  +  [b-(l)]}

= -& [abtb-a-(l)]

dx.4 interaction AB &I FhL&%ilJRltWlSWl\f  simple effect 2 5Gh wmin

simple effect YOJ  A M%I  B t%$

HlOlfl  simple effect 9169  A

AB = &- [ a b - b ]  - [ a - ( l ) ]

= & [ab+l-a-b]

HlWlfl simple effect LUBS  B

AB i 1
2n [ a b - b ]  - [ a - ( l ) ]

1= _
2n [ah+(l)-  a - b ]

A = -&  (90 + 100 - 60 - 80) = = 2&- = 8.33

B = & (90 + 60 - 100 -.80) -30=- =
2(3)

-5.00

AB = 1 (90 t 80 1 0- 100 -
2(3)

60) =-  =
2(3)

1.67

Contreat  A .Q ab + a - b - (1)

iiimi1inm treatment total

SS (A) = [ab + a - b - (1)12
4r

= (W2_ _  =
4(3)

208.33
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SS(B) =

SS (AB)

ss (total)

SSE

[ ab + b - a - (l)]*
75.00

41 4(3)

= [ab + (l)--  a - b]* = (roj=
4 r 4(3)

8.33

= &$&;,-  $
i=lj= lk= 1

= 9398.00 - 9075.00 = 323.00

= St$- - SSA  - SSB - SSAB

= 323.00 - 208.33 - 75.00 - 8.33

= 31.34 df = 4(r-  1) = 4(2)  = 8

11flVVJlJ?lfl’il&  WlJ’h&  main effect A 11%  B &klfh6f&J Mu”  interaction AB

bakMJ.J  riilGoCuiuSnfwnaa~  A llL=I:: B IMwdomn&+hwiSij4  2 1ifiuGnszn”u

Source of df Sum of Mean F

Variation squ- ss-=

A 1 208.33 208.33 53.15*+

B 1 75.00 75.00 19.13**

A B 1 8.33 ' 8.33 2.13

Error 8 31.34 3.92

Total 1 1 323.00

~UfWiMl  contrast l’iIihUL~UU?~~li~U~l]  Standard order

(1) a b

A :’  -1 +1 -1

B: -1 - 1 +1

AB: +l - 1 -1

(tff%JVlUXl%N  interaction ~%NlW~~tU%KlJ  A LLW  B)

ab

+1

+1

+1

ST 332 1 9 5



AB...K = + ( ContrastAB.JK)

SSAB...K  = + (COntrastffg...K)2

25 psi

na1dJ (c)

200 250

30psi

na1olria  (c)

200 250

10

-3 -1 -1 1

-1 0 0 1- -
-4 = (1) -1 = c -1 = b 2 = bc

12

0 2 2 6

1 .* 3 5

l = a 3 = a c 5 = a b 1 1 = abc

ss .I = (Contrast)*
23 r

= (Contrast)2
8r

3ih1n

(1) = -4

a=1

b = -1

ab = 5

c = -1

Factorial Effect

A B AB C AC BC ABC

- - + + +

+ + +

+ + t

+ + +

+ + t
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A B A B C AC BC ABC

ac = 3 + + +

bc = 2 + + +

abc = 11 + + + + + + +

= 1
8

c = 2
Wd

= -k
1 4=
s

AB = i?-
80)

= +
6= s

*C = 2
80)
1=
s
2=
x

[ a - ( l ) t a b - b t a c - c + a b c - b c ]

[ 1 - (-4) t 5 - (-1) t 3 - (-1) t 11 - 2 I

= 3.00

A

[b+abtbctabc-(1)-a-c-a:]

[-1t5+2+11  - ( - 4 ) - l - ( -  l)-31

= 2.25

[ctactbctabc-(1)-a-b-h]

[-1t3t2+11-(-4)-l-(-1)-5]

= 1.75

[ab-a-bt(l)tabc-bc-actcl

[5-1-(-1)+(-4)t11-2-3t(-l)I

= 0.75

i(l)-.a+b--ab-E+ac:-bctabc]

[-4-I+(-1)-5-(-l)t3-2+11l

= 0.25

ST 332 1 9 7



BC = + a - b - a b - c - a c t b c + a b c ]

= 1
s

[-4t1-(-1)-5-(-1)-3t2t11]

= 4
2- =

0.50

ABC = & [abc-bc- a c t c - a b t b t a - ( I ) ]

= r
8 [ 11-2-3+(-1)-5t(-l)t1-(-4)]

= 4
s =

0.50

(24)2SS  (A) = - =
8(2)

36.00

(W2SS  (B) = - =
80)

20.25

(14)2ss (C)  = - =
WI

12.25

WI2ss (AB) = ___  =
W)

2.25 4

SS  (AC) = -+& = 0.25

t4)2ss (BC)  = - =
W)

1 .oo

(4)2SS  ( A B C )  = - =
WI

1 .oo

Source of

Variation

d f Sum of

sq-

36.00

20.25

12.25

2.25

0.25

36.00

20.25

12.25

2.25

0.25

57.14**

22.14**

19.44**

3.57

0.40

1 9 8 ST 332



BC 1 1.00 1.00 1.59

ABC 1 1.00 1.00 1.59

E r r o r

Total

8 5.00 0.63

1 5 78.00

~UJlUYl~~tl~Ll~ll  2k factorial ~J&iJlI4l’lcil~aJ~~  k factor ?fl  factor fi 2 SZhJ  ilK

a main effect ai k h.4,  d 2-factor interaction 04 ($) &4.  d 3-factor interaction ad @) 5%

c ontrastAB.JK = (a ? 1) (b f, l)...  (k * 1)

c ontrastAB = (a - 1) (b - 1) (c + 1)

= abc + ab + c + (1) - ac - bc - a - b

M8all.4  25  factorial XII1  contrast ABCD 6J6

contrastABCD = (a - l)(b  - l)(c  - l)(d - l)(e  + 1)

= abcde  + cde + bde + ade + bee  + ace + abe

t e + abed  + cd t bd + ad t bc t ac t ab

t (1) - a - b - c - abc - d - abd - acd - bed  - ae

- be - ce - abce  - de - abde - acde  - bcde

ST  332 1 9 9



Source of

Valiation
df

Sum of

Squares

k Main Effects

A 1 =A

B 1 =B

K 1
k

(2) Two - Factor Interactions

AB

AC

JK

k($ T h r e e

A B C

A B D

IJK 1

SSAB

Factor Interactions

- Factor Interaction(i)  = 1 k

ABC...K 1 =ABC...K

Error 2k(r-  1) =E

Total r2k- 1 SST

2 0 0 ST  332



Source of

Variation

A

B

C

D

A B

AC

AD

df
-
!

Sum of

squares

1870.56

39.06

390.06

855.56

0.06

1,314.06

1,105.56

Mean

square

1870.56

39.06

390.06

855.56

0.06

1314.06

1105.56

F

73.15**

1.53

15.25*

33.46**

L.1

51.39**

43.24**

ST 332 2 0 1

.



Source of I df

VLiation I
I
I

BC 1

BD 1

CD 1

Error 5

Total 1 5

Sum of

squares

22.56

0.56

5.06

127.84

5,730.94

Mean F

square

22.56 <1

0.56 (1

5.06 C l
25.57

2 0 2 ST  332



Ordered effects far the 2’  frctorirl

Contrast Constsnu  for the 2’ Design

A B AB C AC BC ABC D AD BD  ABD CD ACD BCD ABCD

(1)  - - + - + + - - + + - + - - +

a+---- 4 +-- + + + + - -

b-+--+- +-+- + + - + -

ab+++--  - - -- - - + + + +

c--++-- +-++ - - + + -

ac+-  - + + - - - - + + - - 4 4

bc-+-+-  + - -+ - + - + - +

abc  + + + + + + + - - - - - - - -
d--+-+4  - +-  - + - + 4 ,c

ad+---- + + ++ - - - - + 4
bd-+--+-  + +- + - - + .- +

abd  + + + - - - - + + + + - - - -
cd-- + +-  - + + - - ++-- +
acd+--++-  -++- - + + - -
bed  - + - + - + - + - + - + - + -

abed  + + + + + + + + + + + + + 4 +

ST  3 3 2 2 0 3



Source of

Variation

A = EjR.W$

c=@Tm&&i

D = Stirring  rate

AC

AD

df Sum of

squares

1870.56

390.06

855.56

1,314.06

1105.56

i
I

M e a n

square

F

1870.56 83.36”*

390.06 17.38**

855.56 38.13**

1314.06 58.56**

1105.56 49.27*”

2 0 4 ST 332



Source of d f Sum of Mean F

Variation squares square
l

CD 1 5.06 5.06 Cl

ACD 1 10.56 10.56 Cl

Error 5 179.52 22.44

Total 15 5730.94

ST 332 205



iih (1) (2) (3) effect

(1) (1) + a (1) + a + b + ab (1) + a + b + ab + c + ac + bc + abc = G

a b + ab c + ac + bc + abc a - (1) + ab - b + ac - c + abc + bc = A

b c + ac a - (1) + ab - b b + ab - (1) - a + bc + abc - c - ac =  B

ab bc + abc ac - c + abc - bc ab - b - a + (1) + abc - bc - ac + c = AB

C a - (0 b + ab - (1) - a c + ac + bc + abc - (1) - a - b - ab = c

a c ab - b bc + abc  - c - ac ac - c + abc - bc - a + (1) - ab + b = AC

bc ac - c ab - b - a + (1) bc + abc - c - ac - b - ab + (1) + a = BC

abc abc t bc abc - bc - ac + c abc - bc - ac + c - ab + b + a - (1) = ABC



n3sGs”

(1)
a

b

ab

C

a c

bc ’

abc

d

ad

bd

abd

c d

a c d

bed

abed

wmm

58.9

59.9

50.1

53.1

48.2

52.7

52.6

47.1

65.2

50.8

58.2

54.1

57.6

51.0

51.3

56.2

865.0

ST  332 2 0 7



?“ih was?lJ (1) (2) (3) (4) ss.

(1) 58.9

a 59.9

b 50.1

ab 53.1

C 48.2

ac 50.7

b c 52.6

abc 47.1

118.8

103.2

98.9

99.1

116.0

112.3

108.6

107.5

222.0 420.6 865.0 = Grand total

198.6 444.Q -19.2 11.52

228.3 1.0 -19.6 12.00

216.1 -20.2 15.8 7.80

4.0 -14.8 -35.6 39.61

-3.0 -4.8 9.8 3.00

-18.5 -6.0 19.0 11.28

-1.7 21.8 -8.8 2.42

d 65.2 1.0 -15.6 -23.4 23.8 17.70

ad 50.8 3.0 0.8 -12.2 -21.2 14.05

bd 58.2 2.5 -3.7 -7.0 10.0 3.18

abd 54.1 -5.5 -1.1 16.8 27.8 24.15

cd 57.6 -14.4 2.0 16.4 11.2 3.92

acd 51.0 -4.1 -8.0 2.6 23.8 17.70

bed 51.3 -6.6 10.3 -10.0 -13.8 5.95

abed 56.2 4.9 11.5 1.2 11.2 3.92

2 0 8 S T  3 3 2



sov.

Main effects :

A

B

c

D

2-factor interaction : I

AB

AC .

AD

BC

BD

C D

S-factor interaction :

ABC

ABD

ACD

BCD

4-factor interaction :

ABCD

Error

total

ANOVA

df. ss. MS. F

1 11.52 11.52 4.68

1 12.00 12.00 4.90

1 39.61 39.61 16.10

1 17.70 17.70 7.20

1 7.80 7.80 3.17

1 3.00 3.00 1.22

1 14.05 14.05 5.71

1 11.28 11.28 4.59

1 3.13 3.13 1.27

1 3.92 3.92 1.59

1 2.42 2.42 0.98

1 24.15 24.15 9.82

1 17.70 17.70 7.20

1 5.95 5.95 2.42

1 3.92

1 6 39.j6

3 1 217.51

3.92

2.46
*

1.59

ST 332 2 0 9



bl b2 b3

a1 7,W 8,12,16,24 16,14,17

3,672 17,19,21,22 8,15

a 2 23,14,9 11,15,26,31 9,27,31,42

18,22,26 26,14,13 16,17,18,20

a1

a 2

b, b2 ’

nll = 6 n12 = 8

T,,  = 28 T,,  = 139

nzl = 6 n22 = 7

T21  = 112 T22  = 136

b,

= 5n13

T,,  = 70

nz3 = 8

Tz3  = 180

ab
(l/IQ1 + l/n12  +...  + l/nab)

= 6
=l/6 + l/8 +, l/5 t l/6 t l/7 t l/8

6.48

2. rdSlJnl51J~1~a~u~o~~~n~FilJ  1

bl b2 b3

a1 xl1  = 4.67 xl2  = 17.38 x,,
= 36.05

= 14.00
T,.

x,, = 12.02

a2 r;;,,  = 18.67 x,,  = 19.43 x, = 22.50
T2, = 60~60

Jr,, = 20.20

T,l = 23.34 T., = 36.81 T., = 36.50 T = 96.65

z,, = 11.67 F, = 18.41 x., = 18.25 g = 16.11. .

2 1 0 ST 332



1 . C F

2 . l/b ‘7  9)

3: l/a ( FX$)
1

4 . ” ?“I;

”5 . U$k

6 . SS  (A)

7 . =@I

8 . SS (AB)

9 . SS (Error)

= (96.65)2  / (2)(3) = 1556.87

s (36.0S2  t  60.602)  13 =  1 6 5 7 . 3 2

= (23.342  + 36.812  + 36.502)/2  = 1615.99

= (4.672  + . . . t 22.502) = 1752.22

= (72  t 62 + ._.  t 202) = 13,913

= 6.48 (1657.32 - ‘1556.87) = 650.92

= Zh [(3) - q

= 6.48(1615.99 - 1556.87) = 383.10

= 6.48(1752.22 - 1657.32 - 1615.99 + 1556.87)

= SS (within cells)

= 13913 - (282/6  +.  139!/8  + . . . t 1802/8)

= 1604.26

Source of Variation

A

B

AB

Error

Degrees  of Sum of MeaIl

Freedom squares squares

1 650.92 650.92

2 383.10 191.55

2 231.85 115.93

34 1604.26 47.18

F - Ratio

13.80

4.06

2.46

ST 332 2 1 1



Mean Square

6 2 5

400

2 2 5

100

n .

ll.

3.

37.0 50.0 49.0 56.0

40.1 28.6 43.7 69.0

57.0 37.2 27.0 54.7

2 1 2 ST 332



LflU@dl 36.0 42.0 50.9 5 5 . 0

52.0 54.5 34.0 41.0

38.0 58.0 43.8 54.6

t~u~tdlttn::t~l~oJ 72.6 54.0 67.4 63.0

f%hWd-J?ca 65.2 58.6 32.5 45.0

71.0 29.0 43.8 60.0

57 26 39 23 48

46 38 39 36 35

28 20 43 18 48

67 44

72 68

66 64

95 92 91 98 78

90 89 82 85 89

89 99 98 85 95

92 96

88 95
.

99 99

57 74 61

61 47 60

61 69 75

98 99 99

93 90 98

98 98 99

ST 332 2 1 3



sIUl@l

5-10

10-15

15-20

5.0

12.5

20.0

5.0

12.5

20.0

5.0

12.5

20.0

1900

tpMlif?ii
2000 2300

340 375 316 386 374 350

388 370 338 214 334 366

378 378 348 378 380 398

260 244 388 304 266 234

322 342 300 420 234 258

330 298 260 366 350 284

134 140 146 194 152 212

186 30 4;2 428 194 208

40 210 436 490 230 254

2 1 4 ST 332



wk

133 45

111 34

221 42

323 69

213 58

331 51

232 72

122 56

312 82

z 509 zz 608

mJ%nvl  1

npk

211 39

313 62

222 65

233 92

123 56

332 91

131 73

112 55

321 75

npk wk Iwk wk

333 70

311 40
212 45

132 53

121 54

223 69

322 85

113 60’
231 78

211 56 133 65

321 49 112 48

333 92 311 56

122 75 332 79

312 86 213 95

232 74 222 81

223 109 231 84

113 68 323 103

131 98 121 64

z 554

1671

212 83

221 52

322 65

313 101

111 50

331 61

132 89

123 90

233 122

z 713 z 707 z: 675

2095

T amhlvl 2

df Mean Square

4 7 0

3 5 0

3 160

9 4 0

6 0 1 0

ST 332 215



XX%FdhlR3!QU

wJzm81 n1 “2 “3

b 2.29 6.50 8.75

2.24 5.94 9.52

9 0.46 3.03 2.49

0.19 1.00 2.04.
t2 0 0.75 1.40

0.26 1.16 1.81

lo.  d%r=idiia~~eialdX

Replicate 1 Replicate 2 Replicate 3 Replicate 4

(1) 7 b 24 ab 36 bc 31 a 28 ac 31 abc 66 (1) 1 1

abc 39 ac 31 (1) 1 9 a c 36 c 24 b 19 a 31 bc 29

a 3 0 c 21 abc 41 b 30 ab 35 (1) 1 3 c 21 a c 33

bc 27 ab 39 c 30 a 33 bc 26 abc 36 b 25 ab 43

2 1 6 ST 332



57 65 93 102

46 73 92 108

26 44 81 96

38 67 90 99

39 57 96 105

40 60 100 116

1

2

3

4

5

total

1 2 3 4 total

43 35 37 42 157

45 39 40 41 171

42 30 43 115 + M”M”

M’ 43 48 49 140 + M’

41 34 36 44 155 *
171 + M’ 181 161 + M” 225 738 + M’ + M ” .

\

._
AIBl : 8 6 9 9 8 7 6 3 ANS. A A : F = 3.77

AlB2 : 5 8 10 7 10 7 8 5 B :,FLl.OO

A2Bl : 10 9 4 8 8 4 3 6 AB : F = 1.60

A2A2 : 5 7 3 5 3 5 5 8 .

ST 332 2 1 7



BI '32

Cl c2 Cl c2

8 5 10 5

6 8 9 9

9 10 4 3

9 7 8 5

8 10 8 3

7 7 4 5

6 8 3 5

3 5 6 8

A2

Bl B2

Cl c2 Cl c2

7 6 5 2

10 8 7 7

6 7 4 5

7 6 7 7

5 8 6 5

7 9 8 9

6 8 1 0 6

10 9 6 6

(A : FL 1.00, B : F = 7.39, c : F L 1.00, AB : F ‘L 1.00, AC : F L 1.00, BC : F = 2.4

ABC : FLl)

17. w%fm:%a~neiahl~

*I A2

BI B2 J% B2

7 6 10 3 10 1 1 9

7 8 1 2 2 4 10 6

4 1 3 2 8 3 10 5

1 7 9 5 1 0 4 6 6

2 1 8 ST 332



*1 *2
B1 B2 9

5 7 9 2 3 6 7 3

9 7 4 4 1 9, 3 9

6 8 1 7 4 3, 8 5

8 7 3 1 3 4 8 3

9 9 1 0 8 4 4 3 7

8 3 3 9 1 10 5 2

(*:F’L  LOO,B:F  L 1.00,c:F  L 1.00,  AB:F  = 4.05~c:F L LOO,BC:F  L 1.00, ABC:  F L 1.00)

Al A2

BI  Bz  B3 h B2  B3

38 54 65 24 21 35

45 34 86 43 67 45

, 22 54 62 56 98 76

23 23 26 75 46 89

45 32 42 43 55 98

(A : F = 1.34, B :F = 3.49, AB : F L 1.00

A3

BI B2  B3

36 35 35

81 36 65

22 54 67

23 65 76

45 78 55

A.4

Bl 9 B3

45 45 3 4

55 98 65

3 4 65 65

45 54 36

Clltplyst

A B C

3 5

8 2 88

Replicates 3 S 3 5

1 6 8 82 9 0 96

2 83 7 9 6 8 8 0 71 7 8

3 6 6 75 7 0 9 1 6 8 78

4 6 6 7 6 8 4 92 74 8 0

ST 332 2 1 9



Gauge bihhle;

Block 1 2 3 4 5

A .OllO .0115 .0130 .0151 .0121

B .0135 .0127 .0132 .0155 .0128

C .0127 .0124 .0132 .0152 .0130

-50

75

200

2 2 0

fl?lUlaid

psi.

* 10000

15000

20000

10000

15000

20000

loooo

15000

20000

f

A B cl

5 10 15 5 10 15 5 10 15

7.4 7.0 6.8 5.4 5.0 4.8 7.2 6.9 6.6

7.5 7.2 6.7 5.5 5.2 4.7 7.2 6.6 6.5

7.4 7.4 6.0 5.4 5.4 4.0 7.2 6.7 6.2

6.6 6.6 5.8 4.6 4.6 3.8 6.8 7.2 ‘4.9

6.8 6.6 6.6 4.8 4.6 4.6 6.9 7.0 5.0

6.8 6.2 5.9 4.8 4.2 3.9 7.0 7.1 5.0

5.1 5.1 5.1 3.1 3.1 3.1 6.0 4.9 4.8

5.1 4.8 4.9 3.1 2.8 2.9 6.4 4.8 4.1

5.2 4.7 5.0 3.2 2.7 3.0 5.9 4.9 2.0

ST 332



Primary

initiator

(Mg.)

5

1 0

15

5

1 0

15

fl?lWYU  (psi)

12000 2oooo 2sooo

12.3 10.6 15.2

10.4 9.5 15.0

8.8 9.1 14.5

12.4 11.7 15.0

11.0 11.0 14.6

11.0 9.8 14.6

Y

S T  3 3 2 2 2 1


