Exercise answer section 

Chapter 12

Analysis of variance

Exercise 12.1

Step 1.  State the null hypothesis and the alternate hypothesis
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H1: Not all means are equal.

Step 2. Select the level of significance. We have selected 0.05.

Step 3. Determine the test statistic. 

For an analysis of variance problem the appropriate test statistic is F.

Step 4. Formulate the Decision Rule.

H0 is rejected if F is greater than 3.59. Degrees of freedom in numerator = (3 ( 1) = 2, degrees of freedom in denominator = (20 ( 3) = 17

Step 5. Select the sample, perform the calculations, and make a decision.

Compute the grand mean and the SS total using Table I. 

Use columns A, D, & G: 
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	Table I
	
	
	
	
	
	
	
	

	
	A
	B
	C
	
	D
	E
	F
	
	G
	H
	I
	
	

	 
	60 Degrees
	 
	70 Degrees
	 
	80 Degrees
	 
	

	 
	X
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	X
	

	 
	3
	-2.55
	6.50
	 
	7
	1.45
	2.10
	 
	4
	-1.55
	2.40
	 
	

	 
	5
	-0.55
	0.30
	 
	6
	0.45
	0.20
	 
	6
	0.45
	0.20
	 
	

	 
	4
	-1.55
	2.40
	 
	8
	2.45
	6.00
	 
	5
	-0.55
	0.30
	 
	

	 
	3
	-2.55
	6.50
	 
	9
	3.45
	11.90
	 
	7
	1.45
	2.10
	 
	

	 
	4
	-1.55
	2.40
	 
	6
	0.45
	0.20
	 
	6
	0.45
	0.20
	 
	

	 
	 
	 
	 
	 
	8
	2.45
	6.00
	 
	5
	-0.55
	0.30
	 
	

	 
	 
	 
	 
	 
	8
	2.45
	6.00
	 
	4
	-1.55
	2.40
	 
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	3
	-2.55
	6.50
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Use columns C, F, & I: 
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Use Table II to compute the mean for each group.

For 60o 
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For 70o  
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For 80o 
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Table II

	 
	A
	B
	C
	 
	D
	E
	F
	 
	G
	H
	I
	 

	 
	60 Degrees
	 
	70 Degrees
	 
	80 Degrees
	 

	
	X
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	3
	-0.80
	0.64
	 
	7
	-0.43
	0.18
	 
	4
	-1
	1.00
	 

	 
	5
	1.20
	1.44
	 
	6
	-1.43
	2.04
	 
	6
	1
	1.00
	 

	 
	4
	0.20
	0.04
	 
	8
	0.57
	0.32
	 
	5
	0
	0.00
	 

	 
	3
	-0.80
	0.64
	 
	9
	1.57
	2.46
	 
	7
	2
	4.00
	 

	 
	4
	0.20
	0.04
	 
	6
	-1.43
	2.04
	 
	6
	1
	1.00
	 

	 
	 
	 
	 
	 
	8
	0.57
	0.32
	 
	5
	0
	0.00
	 

	 
	 
	 
	 
	 
	8
	0.57
	0.32
	 
	4
	-1
	1.00
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	3
	-2
	4.00
	 

	
[image: image21.wmf]å


	19
	 
	 
	 
	52
	 
	 
	 
	40
	 
	 
	111.00

	
[image: image22.wmf]å


	 
	 
	2.80
	 
	 
	 
	7.68
	 
	 
	 
	12.00
	22.48

	N
	5
	 
	 
	 
	7
	 
	 
	 
	8
	 
	 
	20


Use columns C, F, & I:
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ANOVA Table


	Source

Variation
	Sum of Squares
	Degrees of Freedom
	Mean Squares

	Treatment
	SST = 42.42
	(k – 1) = (3 – 1) = 2
	MST = 
[image: image25.wmf](

)

SST42.42

20.65

12

k

==

-



	Error
	SSE = 22.48
	(n– k) = (20 – 3) = 17
	MSE = 
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	Total
	SS Total = 64.90
	19
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H0 is rejected since F is greater than 3.59. 

There is a difference in the mean number correct (achievement).

Exercise 12.2

The means differ, found by using formula [12-5] and:
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t = 2.110 from Appendix B.2: (n ( k ) = (20 ( 3) = 17 degrees of freedom and the 95 percent level of confidence.

MSE = 1.32 from SSE/(n ( k) = 22.48/17 = 1.32.
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The means differ since both end points of the confidence interval are of the same sign, positive in this problem.

Exercise 12.3

a.
There are 4 treatments, found by: If (k( 1) = 3, then k = 4

b.
There are 5 blocks, found by, if (b ( 1) = 4, then b = 5

c.
Total sample size is 20, found by, if (n ( 1) = 19, then n = 20

d.
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e.
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H0 is rejected.  The block means differ.

Exercise 12.4
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a. The interaction plot on the right indicates an interaction between temperature and catalyst.  

b. The analysis of variance was conducted on MINITAB and are shown below.  The p-value corresponding to the interaction term (A*B) is 0.002.  Since this is less than α =.05, we conclude that interaction effects are significant.  Because the interaction effect is significant, the two-way ANOVA results for the main effects temperature and catalyst are probably not meaningful

Analysis of Variance for Y

Source  DF       SS      MS      F      P

A        1   4140.5  4140.5  67.88  0.001

B        1   3784.5  3784.5  62.04  0.001

A*B      1   3280.5  3280.5  53.78  0.002

Error    4    244.0    61.0

Total    7  11449.5

Exercise 12.5
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At the 0.05 level of significance and 9 degrees of freedom for both the numerator and the denominator, using Appendix B.4, H0 is rejected if F > 3.18.
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H0  is rejected. There is more variation in the Harmon forecast.
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