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CHAPTER 10                

Analysis of variance 








10.1 Introduction


10.2 Analysis of variance method for two  treatments


10.3  One-way Analysis of variance, completely randomized design


10.4  Two-way Analysis of variance, randomized complete block design


10.5  Multiple comparisons


10.6 Chapter Summary


10.7 Computer examples


      
Projects for chapter 10

Exercises 10.2
10.2.1. 
(a) We need to test 
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From the random sample, we obtain the following needed estimates
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Since 3.0843 is not greater than 4.49, 
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 is not rejected.

There is not enough evidence at 5% significance level to indicate that the means differs for the two populations.
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Then, the t-statistic is
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Now,  
[image: image22.wmf]11991

.

2

14

,

025

.

0

=

t

, and the rejections region is 
[image: image23.wmf]{

}

2.11991

 

|

 t 

|

 

>


Since 
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 is not rejected at 5% significance level, which implies that there is no significant difference between the means for the two populations. It can be seen that 
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10.2.3. 
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We need the estimates
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. Because 6.898 is not greater than 7.881134, H0 is not rejected. Therefore, there is not enough evidence at 1% significance level to suggest that mean relief times of two medicines are significantly different.

 (b) Assumptions: The samples are assumed to be independent from the Normal population with respective means 
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Now, 
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Now, for ANOVA, with 
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Note: In the text, 
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Exercises 10.3
10.3.1. 
(a) Assuming that the samples are from populations which are normally distributed with equal variances and means 
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Therefore, the ANOVA table is

ANOVA table

	Source of variation
	Degrees of freedom
	Sum of squares
	Mean square
	F-statistic
	p-value

	Treatments
	2
	10206
	5103
	1.0972
	0.37462

	Error
	9
	41859
	4651
	
	

	Total
	11
	52065
	
	
	


From the table, since the p-value is more than 0.05, we do not reject the null hypothesis 
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(b) Let
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: The mean auto insurance premium paid per six months by all drivers insured for each of these companies is the same. Based on the data, there is not enough evidence at 5% significance level to suggest that the mean auto insurance premium pay per six months by all drivers insured for each of these companies are different.
10.3.3.  
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10.3.5. 
(a) From exercise 10.3.4 we know that
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10.3.7. 
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Therefore, the ANOVA table is

(a) ANOVA table

	Source of variation
	Degrees of freedom
	Sum of squares
	Mean square
	F-statistic
	p-value

	Treatments
	3
	241
	80.3333
	9.8367
	0.00046

	Error
	18
	147
	8.166667
	
	

	Total
	21
	388
	
	
	


Assumptions: The samples are randomly selected from the 4 populations in an independent manner. The populations are normally distributed with equal variances 
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(b) Since p-value is than 
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, there is sufficient evidence at 5% significance level to indicate a difference between the mean number of customers served by the 4 employees.
10.3.9. Assumptions: The samples are normally selected from the population in an independent manner. The populations are assumed to be normally distributed with common variances.
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, the sample evidence supports the alternative hypothesis that the true rental and homeowner vacancy rates by area indeed different for all five years at 1% significance level.
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Since 0.0408 < 6.3589, based on the data there is not enough evidence to support the alternative hypothesis that the true mean cholesterol levels for all races in the United States during 1978-1980 are different at 1% significance level.
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, we reject the null hypothesis at 5% significance level. Hence, we have enough evidence at 5% significance level to suggest that there is difference in the true income lower limits of top 5 percent of U.S. households for each race. 
To test if the true income lower limits of top 5 percent of U.S. households for each year between 1994-1998 are the same, 
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, we have enough evidence at 5% significance level to suggest that there is difference in the true income lower limits of top 5 percent of U.S. households for each year among 1994-1998.
10.4.7. 
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To test if the true mean performance for different hours of sleep are the same, 
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, there is not enough evidence to suggest that there is a difference in the true mean performance for different hours of sleep.
To test if the true mean performance for each category of the test are the same, 
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, there is not enough evidence to suggest that there is a difference in the true mean performance for each category of the test.
EXERCISES 10.5
10.5.1. 
(a) For simplicity of computation, we will use R package.  The following is the output. Note that ‘Facility’ sums of square is ‘between groups’ sums of square and ‘Residuals’ sums of square is ‘within group’ sums of square.
R Output
[image: image266.png]Df Sum Sq Mean Sq F value Pr(>F)
Facility 3 0.900 0.2999  0.913 0.461
Residuals 12 3.913 0.3265




Set up the null hypothesis to be that there is no significant difference in average processing times between four facilities.
Since p-value is greater than α = 0.05, we fail to reject null hypothesis. 
(b) Since there is no significant difference, Tukey’s method is not necessary.
(c) There is not enough evidence at 5% significance level to suggest that the average time to process claim forms among the four processing facilities.
Assumptions: The samples are randomly selected from the 4 populations in an independent manner. The population are normally distributed with equal variances 
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#----R Code for Exercise 10.5.1-----#

y=c(1.50,2.25,1.30,2.0,0.9,1.85,2.75,1.5,1.12,1.45,2.15,2.85,1.95,2.15,1.55,1.15)

Facility=c("1","2","3","4","1","2","3","4","1","2","3","4","1","2","3","4")

summary(aov(y~Facility))

10.5.3. 
(a) R output- One-way ANOVA
[image: image269.png]DI Sum Sg Mean Sg F value  Pr(>F)
Race 5 6345 2114.8  32.35 5.03e-07
Residuals 16 1046 5.4





Since p-value is less than α = 0.05 , there is enough evidence to suggest that there is a difference in the income lower limits of top 5 percents of U.S. households for each races for all five years at 5% level of significance.
(b) R output
[image: image270.png]Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = y ~ Race)

srace

aies
Black-All Races  -35.0
Hispanic-All Races -32.6
Wnite-All Races 5.4
Hispanic-Black 2.4
Wnite-Black 38,4

Lur
-23.63082
-47.23082
-11.23082
-12.23082

23.76958

—20.
-17.
1.
17.
3.

upr
36952
s6952
03082
03042
03042

b ad:

.0000212
0000236
.90e7188
9647317
0000062




Based on 95% Tukey intervals, Black is significantly different from All-Races, Hispanic is significantly different from All-Races and White is significantly different from Black.

(Corresponding p-values are less than 0.05 or corresponding confidence intervals do not consist of zero).

 (c) Assuming the samples are randomly selected in an independent manner, the populations are normally distributed with equal variance 
[image: image271.wmf]2

s

, and based on 95% Tukey intervals, All-race is similar to White, and Black is similar to Hispanic. All other true income lower limits for each race are different.
#----R Code for Exercise 10.5.3-----#

y=c(110,113,120,127,132,113,117,123,130,136,81,80,85,87,94,82,80,86,93,98)

Race=c(rep("All Races",5),rep("White",5),rep("Black",5),rep("Hispanic",5))

summary(aov(y~Race))

TukeyHSD(aov(y~Race),conf.level=0.95)
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