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Chapter 8 

One-Way Analysis of Variance (ANOVA) 

 

13.1 Six different machines are being considered for use in manufacturing rubber seals. 

The machines are being compared with respect to tensile strength of the product. A 

random sample of four seals from each machine is used to determine whether the mean 

tensile strength varies from machine to machine. The following are the tensile-strength 

measurements in kilograms per square centimeter 𝑥10−1: 

 

 
 

Perform the analysis of variance at the 0.05 level of significance and indicate whether or 

not the mean tensile strengths differ significantly for the six machines. 

 
 = 0.05        ,    𝑘 = 6      ,    𝑛 = 4     6 rubber  machines      ,     𝑁 = 24 

 

Hypothesis : 

𝐻0: 𝜇1 = 𝜇2 = ⋯ = 𝜇6.   𝑉. 𝑆      𝐻1: 𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝜇𝑖 𝑖𝑠 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡. 
 

Test statistic : 

 

i 1 2 3 4 5 6 

Total   𝑦𝑖. 68.8 

𝐓𝟏. 

68.7 

𝐓𝟐. 

72.7 

𝐓𝟑. 

71 

𝐓𝟒. 

73.7 

𝐓𝟓. 

72.1 

𝐓𝟔. 

𝟒𝟐𝟕 

𝑻.. 

 

∑ ∑ yij
2 = 17.52 + 16.92 + ⋯ … … … … … … . . +17.52 + 20.12 = 𝟕𝟔𝟔𝟓. 𝟎𝟐 

𝐒𝐒𝐓 = ∑ ∑ yij
2 − 

(𝑇..)
2

𝑁
 =  7665.02 −

(427)2

24
=  𝟔𝟕. 𝟗𝟕𝟖𝟑 

𝐒𝐒𝐭𝐫 = ∑
𝑻𝒊.

𝟐

𝒏𝒊.
−

(𝑇..)
2

𝑁
= [

68.82

4
+

68.72

4
+

72.72

4
+

712

4
+

73.72

4
+

72.12

4
] −

(427)2

24
= 𝟓. 𝟑𝟑𝟖𝟑𝟑 

𝐒𝐒𝐄 = 𝐒𝐒𝐓 − 𝐒𝐒𝐭𝐫 = 67.9783 − 5.33833 = 𝟔𝟐. 𝟔𝟑𝟗𝟗𝟔𝟕  
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ANOVA Table  

source df SS MS F 

Treatments k-1= 5 SStr=5.338 1.068 1.068

3.48
= 0.307 

Error N-k =18 SSE=62.64 3.48 

Total N-1 =23 SST=67.978  

 

R.R & A.R of H0: 

 

 

Decision: 

 

𝑅𝑒𝑗𝑒𝑐𝑡 𝐻0 𝑖𝑓 𝐅 > 𝐟∝ ,𝐝𝐟𝟏 ,𝐝𝐟 𝟐 

Since 𝑭 = 𝟎. 𝟑𝟎𝟕 ≯ 𝟐. 𝟕𝟕𝟑  , 𝒘𝒆 𝒄𝒂𝒏𝒏𝒐𝒕 𝒓𝒆𝒋𝒆𝒄𝒕 𝑯𝟎. 
 𝒕𝒉𝒖𝒔, 𝒕𝒉𝒆 𝒎𝒆𝒂𝒏 𝒕𝒆𝒏𝒔𝒊𝒍𝒆 𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉𝒔 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒂𝒎𝒆 𝒇𝒐𝒓 𝒕𝒉𝒆 𝟔 𝒎𝒂𝒄𝒉𝒊𝒏𝒆𝒔 
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Two-Factor Analysis of Variance 

 

14.1 An experiment was conducted to study the effects of temperature and type of oven on 

the life of a particular component. Four types of ovens and 3 temperature levels were used 

in the experiment. Twenty-four pieces were assigned randomly, two to each combination 

of treatments, and the following results recorded. 

 

Using a 0.05 level of significance, test the hypothesis that: 

 (a) different ovens have no effect on the life of the component; 

 (b) different temperatures have no effect on the life of the component; 

 

 
Here we are interested in the 2 factors(A=ovens +B= temperatures ). we have two tests: 

i)Test whether the means of the factor A are all equal or, (i.e., the effects of all levels factor A are 

the same). 

ii)Test whether the means of the factor B are all equal or, (i.e., the effects of all levels of factor B are 

the same). 

 

 

Factor Oven   A 

Temperature 

B 

 O1 O2 O3 O4 Total 

T=500 227 214 225 260 𝑇.1 = 926 

T=550 187 181 232 246 𝑇2. = 846 

T=600 174 198 178 206 𝑇.3 = 756 

 Total 𝑇1. = 588 𝑇2. = 593 𝑇3. = 635 𝑇4. = 712 𝑇.. = 2528 
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∑ ∑ yij
2 = 2272 + 1872 + ⋯ … . . +2462 + 2062 = 541220 

𝑺𝐒𝐓 = ∑ ∑ 𝑦𝑖𝑗
2

3

𝑗=1

4

𝑖=1

−
𝑇..

2

𝑁
= 541220 −

(2528)2

12
= 8654.667 

𝐒𝐒𝐀 = ∑
𝑻𝒊.

𝟐

𝒃
−

(𝑇..)
2

𝑁
= [

5882

3
+

5932

3
+

6352

3
+

7122

3
] −

(2528)2

12
= 3288.667 

𝐒𝐒𝐁 = ∑
𝑻.𝒋

𝟐

𝒂
−

(𝑇..)
2

𝑁
= [

9262

4
+

8462

4
+

7562

4
] −

(2528)2

12
= 3616.667 

𝐒𝐒𝐄 = 𝑺𝑺𝑻 − 𝑺𝑺𝑨 − 𝑺𝑺𝑩 = 𝟖𝟔𝟓𝟒. 𝟔𝟔𝟕 − 𝟑𝟐𝟖𝟖. 𝟔𝟔𝟕 − 𝟑𝟔𝟏𝟔. 𝟔𝟔𝟕 = 𝟏𝟕𝟒𝟗. 𝟑𝟑 

 

Source df SS MS F 

 

Factor A 

Oven 

a-1     3 SSA= 3288.667 
MSA=

𝑆𝑆𝐴

𝑎−1
=

1096.222 
F1=

𝑀𝑆𝐴

𝑀𝑆𝐸
=3.7599 

 

Factor B 

Temperature 

 

b-1     2 SSB=3616.667 
MSB=

𝑆𝑆𝐵

𝑏−1
=

1808333 
F2=

𝑀𝑆𝐵

𝑀𝑆𝐸
=6.20236 

 

Error 

 

(a-1)(b-1)   

6 
SSE=1749.333 - - 

 

Total 
ab-1     11 SST= 8654.667 - - 
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The Steps Of the test of factor A: (Oven) 

Hypothesis: 

𝑯𝟎: 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑜𝑛𝑒𝑛𝑡 𝑙𝑖𝑓𝑒 𝑜𝑓 𝑡ℎ𝑒 4 𝑂𝑣𝑒𝑛 . 
 

            𝑯𝟏: 𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑚𝑒𝑎𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡. 
 

Test statistic : 

                    F1=
𝐌𝐒𝐀

𝐌𝐒𝐄
=3.7599 

R.R& A.R of H0 :   𝑭 ,(𝒂−𝟏),(𝒂−𝟏)(𝒃−𝟏) = 𝑭𝟎.𝟎𝟓 ,𝟑 ,𝟔 = 4.76 

 

Decision: 

Since 𝐹 = 3.7599 ≯ 4.76 = 𝑓0.05,3,6  , we can’t Reject 𝑯𝟎. 
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The Steps Of the test of factor B : Temperature 

 

Hypothesis: 

 

𝑯𝟎: 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑜𝑛𝑒𝑛𝑡 𝑙𝑖𝑓𝑒 𝑜𝑓 𝑡ℎ𝑒 3 Temperature . 

𝑯𝟏: 𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 𝑜𝑛𝑒 𝑚𝑒𝑎𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡. 
 

Test statistic : 

                    F2=
𝐌𝐒𝐁

𝐌𝐒𝐄
=6.202 

R.R& A.R of H0 :   𝑭 ,   (𝐛−𝟏),   (𝒂−𝟏)(𝒃−𝟏) = 𝑭𝟎.𝟎𝟓 ,𝟐 ,𝟔 = 5.14 

 

Decision: 

Since 𝐹 = 6.202 > 5.14 = 𝑓0.05,3,6  , we  Reject 𝑯𝟎. 

 


