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3.1 One Random Block ANOVA |2
[
sum of
Source of Variance square df Mean square F

Treatment /Between

oroup/ explain variance SST k-1 MST=SST/k-1 [MST/MSE

Block SSB b-1 MST=SSB/b-1 MSB/MSE

Error/within group/ n-k-b+1 | MSE=SSE/mn-k-

unexplained variance SSE (k-1)(b-1) b+1

Total SST (toatl) n-1




3.1 One Random Block ANOVA 0

e Formula for the calculation of the sums of

SS(Total) = (x;; = X) + (% = X)2 ot (py = X)2 + (2 = X) +

"’+(X1k —})2 +(X2k —)_()2 +..=

Treatment SSB=
Block 1 2 k |Block mean — 2
1 X1 X12 . .. Xik X[BJ k ()_C[B]l)_X) +
2 X21 X22 X2k X[BJo 2
k ()_c[B]z)—X) '
. IIIIIIIIIIZIZIIIIIIIﬁﬁﬁﬁﬁﬁiIiﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁ 5
b Xb1 Xb2 Xbk = k((f[B]k)—X)
Treatment mean X[Th X[T]o X[Tlk X

SST = b((z‘c[T]I)—):f)z+b((z‘c[T12>—)=f)

L +b((3_c[T]k)—)=() |



3.1 One Random Block ANOVA 0

SSE = (X, — X[T], = X[B, + X)? + (X, — X[T], = X[B, + X)2 +...

(Xy = X[T], = X[BL, + X)? + (X5, = X[T], = X[B, + X)? .
2 + ...

(Xy = KT}, = X[BJ, + X)% + (X — [T}, - B, + X)

Treatment
Block 1 2 k |Block mean
1 X11 X12 ... X1k| XB)
2 X21 X22 X2k | X8l
b Xb1 Xb2 Xbk =
Treatment mean X[T1 X[T], X[Tlk X

SST = b((z‘c[T]I)—):f)z+b((z‘c[T12>—)=f)

2

,... +b((3_c[T]k)—)=()
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Example 1:38121 1,2,3

How well do diets work. In a preliminary study, 20 people.
who were more than 50 pounds overweight were recruited
to compare four diets. The people were matched by age.

The oldest four became block 1, the next oldest four
became block 2, and so on. The number of pounds that
each person lost is listed in the following table. Can we

infer at the 1 % significance level that there are differences

between the four diets?

Diet
Block 1 2 3 4
1 5 2 6 8
2 4 7 8 10
3 6 12 9 2
4 7 11 16 7
5 9 8 15 14




Solution 1
ST IE
H, : The means of the 2 levels of factor A are equal

H, : At least two means differ

H  : The means of the 2 levels of Block are equal

H, . At least two means differ

0000
( X X X J
| XX
X
[ )
sum of
Source of Variance square df Mean square F
Treatment /Between
group/ explain variance SST k-1 MST=SST/k-1 [MST/MSE
Block SSB b-1 MST=SSB/b-1 |MSB/MSE
Error/within group/ n-k-b+1 | MSE=SSE/n-k-
unexplained variance SSE k-1®b-1) b+l
Total SST (toatl) n-1

S2:;4 7€ critical point

FactorA
FactorB

F (0.01, b-1, n-k-b+1)

F (0.01,k-1, n-k-b+1)=F(0.01,3,12)=5.95
F(0.01,4,12)
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S3: Eisfisl SSA/SSB/SSE o0
factor a 215 .
BLOCK 1 ) 3 4
1 5 ) 6 8 5.25
) 4 7 3 10f 7.25
3 6 12 9 2 7.25
4 7 11 16 71 10.25
5 9 8 15 14 11.5
1 6.2 8 10.8 8.2 8.3

SSA=5%((62-83)"+(8-83)>+(10.8-8.3)* +(8.2-8.3)")=53.8

SSB=4%((525-83) +(7.25-83) +(7.25-83)* +(10.25-8.3)> +(11.5-8.3)) = 102.2

SST(total) =[(5-8.3)* +(4-8.3)" +(6-8.3)" +...(14-8.3)°] = 286.2
SSE =286.2-53.8-102.2=130.2
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¥=—. MST/MSE 44
[
S4: T4
ANOVA Table
Source Degrees of Freedom Sum of Squares Mean Squares F

Treatments 3 53.8 17.93
Blocks 4 102.2 25.55

Error 12 130.2 10.85
Total 19 286.2

F=1.65<5.95, There is not enough evidence to conclude there are differences between
the four diets.
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Factor B:
Advertising media

3.2 Two-way ANOVA (two factors) |s:2:

Factor A: Marketing strategy

Convenience Qualit Price
TV City 1
sales
City 2
Newspapers sales
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Source of sum of

Variance square df Mean square F
Factor A SST a-1 MST=SST/a-1 | MST/MSE
Factor B SSB b-1 MST=SSB/b-1 | MSB/MSE

MS(AB)=SS(AB)/[
(a-D(®-D] | MSAB/MSE

Factor AB SS(AB) (a-1)(b-1)
Error/within group/
unexplamed ab(r-1)=
variance SSE n-ab MSE=SSE/(n-ab)
Total SST (toatl) n-1

3.2 Two-way ANOVA (two factors) |2
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Factor A Sum
Factor B |1 2 LLLLL a
1 XXl Xy, | X Xl L X, JLLLLL Xy Xyl 5 X, Xi. 1.
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— LLLLL g
r, X[AB Ll a, X181
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¥5—. Sums of squares g
a j— _ _ _
SS(A) = rbz (X[A], - X)2 2 (102){(F,y,, 1) + E gty = %) + X pyice =)}
b

SS(B) = raz (X[BJ; - X)? T A0G) (G~ + Cnengaper =9}
|=

a

SS(AB) = rz (X[AB]; — X[A], - X[B], + x)
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= - .. 2
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Example 2 (£8{£14,5,6)

e The following data were generated from a
2 X 2 factorial experiment with 3 replicates.

Factor A«¢

Factor B¢

1e
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Ex2 - continued 000

e a. Test at the 5% significance level to
determine whether factors A and B interact.

e b. Test at the 5% significance level to
determine whether differences exists
between the levels of factor A.

e C. Test at the 5% significance level to
determine whether differences exist
between the levels of factor B.



H,, : The means of the 2 levels of factor B are equal

Solution 2

STERERIE

H, : Factor A and Factor B do not interact to affect the mean response

H, : FactorA and B do interact to affect the mean responses.

H , : The means of the 2 levels of factor A are equal

H, : At least two means differ

H, : At least two means differ

20

S2:; /%€ critical point

Source of
Variance

sum of
square

df

Mean square F

Factor A

SST

a-1

MST=SST/a-1 |MST/MSE

Factor B

SSB

b-1

MST=SSB/b-1 |MSB/MSE

Factor AB

SS(AB)

(a-1)b-1)

MS(AB)=SS(AB)/[| MSAB/MS
(a-1)(b-1)] E

Error/within group/
unexplained
variance

SSE

n-ab

MSE=SSE/(n-ab)

Total |

SST (toatl)

FactorA F (0.05, a-1,n-ab)= F(0.05,1,8)
FactorB F (0.05, b-1,n-ab) = F(0.05,1,8)
Factor AB F (0.05, (a-1)(b-1), n-ab)

n-1




Solution 2 - continued

21

F (0.05, a-1, n-ab) ¢

S3: E4ist= AN
A B C D E F G

23 |[ANOVA P . N
24 | Source of Variation SS df MS F P-value crit
25 |Sample SSA 5.33 11 5.33|| 1.23] [0.2995 5.32
26 [Columns SSB 956.33 11 56.33|| 13.00 0.0069 5.32
27 |Interaction SSAB 1.33 11 1.33|| 0.31 0.5943 5.32
28 |Within SSE 34.67 8 4.33
29
30 | Total 97.67 11 \_ J

SN

a F = .31, p-value = .5943. There is not enough evidence to conclude that

factors A and B interact.

b F=1.23, p-value =.2995. There is not enoughevidence to conclude that
differences existbetween the levels of factor A.

c F=13.00, p-value = .0069. There is enoughevidence to conclude that
differences existbetween the levels of factor B.
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Solution 2 - continued 333
0
o Factor B¢ a=2,b=2,r=3
1¢ 20
be 12¢
le 9e 100
7o 11¢
90 156 Factor A
20 10¢ 14¢ Factor B
50 100 | b
0 (.3
|
) ) 15
10 14 103
) 10
T 1. 938



SS(A) = rbz (X[A]; - >=<)2 —3(2){(7.7-9.8)* +(12-9.8)*} = 55.5
|=

Solution 2 - continued

d

b

SS(B) = raZ(i[B]j _x)2 = 3)(2){(9.2-9.8)> +(10.5-9.8)°} = 5.1
J

Factor A
Factor B l ) i

l 6
0 7.3 0)
]

) 9 15
0 g 14 13| 105
5 10
11 120 98

o VB
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Solution 2 - continued T
Pl A (7.3-9.8)=(9.2-9.8)+(7.7:9.8) | <
: by | =7.39.8:9.27.7+9.8+98
wfrB 2 W 2739277498 |
\

SSAB=(3({(73-77-92+98)* +

) 13 (8-7.7-105+9.8)" +
150 S }é 13 1 (11-12-92+9.8)" +
i 1] 120 0§ (13-12-10.5+9.8)°}=1.35
SSE =({(6-73)+(9-7.3)+......
a b _ B _ —
SS(AB) = r2 (X[AB]; — X[A], - X[B]; +X)*

a'=' 4 7
SSE = Z E(xljk — _)—C[AB]lj )2 —
i=1 k=1

24 =



()
Source of Variation §S ad MS F P-value F critical
Factor A 5.333 I 5333 1231 02995 5318
Factor B 56333 1 56333  13.00  0.0069 5318
[nteraction 1.333 I 1333 0308 0.5943 5318
Error 34667 8 4333
Total 97.667 11

(b) H,: Factors A and B do not interact
H,: Factors A and B do interact.
Conclusion: F=0.308 <5.318. donotreject

(c) Hy: No difference among the means of the two levels of factor A
H,: the two means differ
Conclusion: F'=1.231<5.318.
Don't reject the null hypothesis. No, differences do not exist among the
25 levels of factor A (injection procedures), according to this data.



Example 3 43

e Provide an example for a randomized
block design with three treatments (k = 3)
and four blocks (b =4), in which SST is
equal to zero and SSB and SSE are not
equal to zero.

Fx Treatment

Block 1 2 3
1

2
3
4




Example 3 43

e Provide an example for a randomized
block design with three treatments (k = 3)
and four blocks (b =4), in which SST is
equal to zero and SSB and SSE are not
equal to zero.

‘; Treatment

Block 2
1
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