Exercise Answers, Chapter 11
Question 4

a. To complete this question we can use the approach of variance decomposition.  The three group means are 53.875, 77, and 105.625, and the grand mean is 78.83, the numerical average of these values.

The total sum of squares TSS is 30,411.33 which can be decomposed into BSS=10,752.58, and ESS=19,658.75.  These values are then used to construct the following ANOVA table:

	Source of

Variation
	Sum of

Squares
	Degrees of

Freedom
	Mean

Square
	f-ratio

	Between
	       10,752.58
	2
	         5,376.29
	5.74

	Error
	       19,658.75
	21
	             936.13
	

	Total
	       30,411.33
	23
	
	


b. Taking the computed f-ratio of 5.74 to the F-table with (2,21) degrees of freedom, we find it exceeds the tabled value of  f and we can conclude that crime rates do vary by city size.

c. There are 3 contrasts to be estimated comparing small cities and large cities, small cities and medium size cities and finally medium sized cities and large cities.  Using equation 11-16 and our results above, consider the first case in which we compare small and large cities.

From the results of our 1-way ANOVA, we have t = 3, (t - 1)=2, and ESS/t (n - 1)= 936.13, 

t (n – 1) = 21, and F[0.95,2,21] = 3.467 (not in Table A-7, look online).  Therefore, [image: image1.wmf]  
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The confidence interval for [image: image7.wmf]  
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or between –91.99 and -11.51.  Note that this interval does not include 0 and we are 95% confident that these two sizes of cities have different crime rates.  The other two contrasts can be used to compare middle size cities to these two size categories. Note that 
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Question 5

1. This two factor ANOVA table is constructed using the format of Table 11-8.  First we compute the tables of means for the individual factors and for the factor crosses:

	Table of Means for the 2-Factor Model

	Grand Mean
	80
	
	

	
	
	
	

	Barrier Height 
	
	
	

	
	Low
	High
	

	
	90.667
	81.333
	

	
	
	
	

	Construction Material
	
	
	

	
	Earth
	Wood
	Concrete

	
	81
	91
	86

	
	
	
	

	Barrier x Height
	Low
	High
	

	
	
	
	

	
Earth
	86
	76
	

	
Wood
	96
	86
	

	
Concrete
	90
	82
	


We have 2 factors with a=2 categories in Factor A (Height), b=3 categories in Factor B (Construction Material), and m=3 observations in each treatment.

We begin by calculating our various sums of squares.  First, using the formula
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we find the sum of squares for Factor A or Height to be 392.

Similarly, we calculate the sum of squares for Factor B or Construction Material as
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and the interaction sum of squares ISS are calculated using
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Similarly, we calculate ESS using 
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and then calculate the TSS as the sum of these components so that
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We are now in a position to  create our ANOVA table:

	Source of

Variation
	Sum of

Squares
	Degrees of

Freedom
	Mean

Square
	f-ratio

	Barrier Height
	            392
	 1
	               392
	   24.500

	Construction
	            300
	 2
	               150
	      9.375

	Interaction
	                 4
	 2
	                    2
	      0.125

	Error
	192
	12
	                  16
	

	Total
	888
	17
	
	


c. We begin by testing the interaction effect and find the f-ratio of 0.125 to be less than F(0.95,2,12)=3.89 and conclude there is no significant interaction effect.  Both of the factor effects are significant as their f-ratios exceed the tabulated values:  24.5 >F(0.95,1,12]=4.75 and 9.375>F[0.95,2,12]=3.89.


Question 6

a. The 4 group means are 46, 56, 47.5 and 75.  Two of the groups are very close and only one seems different from the others, but considering the small sample size this is certainly worthy of testing. The ANOVA table
	Source of

Variation
	Sum of

Squares
	Degrees of

Freedom
	Mean

Square
	f-ratio

	Between
	          2,132.75
	 3
	           710.92
	1.60

	Error
	          5,339.00
	12
	           444.92
	

	Total
	          7,471.75
	15
	
	


leads us to accept the null hypothesis of no difference since the computed f-ratio is less than F(0.95; 3,12) = 3.49.
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