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SOLUTIONS
CHAPTER 10: HYPOTHESIS TESTING INVOLVING THREE OR

MORE POPULATION MEANS: ANALYSIS OF VARIANCE

1. You think that level of education is related to criminal behavior. You take a sample of nine people with differing levels of education and have them self-report on criminal behavior in the past year.  

	No High School
	HS/GED
	Some College

	6
	3
	1

	3
	2
	0

	4
	4
	2

	
	
	

	Σ = 13
	Σ = 9
	Σ = 3
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a. What is the independent variable and what is the dependent variable?

IV:  
Level of education (ordinal)
DV:  
Self-reported criminality (ratio)

b. Test the null hypothesis that the three population means are not different against the alternative that they are different. Use an alpha of .05.

Step 1: 
H0:
µNo HS = µHS = µColl
    

H1:  
µNo HS ≠ µHS ≠ µColl
Step 2: 
ANOVA using an F-statistic
Step 3: 
α = .05
dftotal 
= (n-1) = 9 – 1 = 8
dfbetween 
= (k-1) = 3 – 1 = 2
dfwithin 
= (n-k) = 9 – 3 = 6
Fcrit = 5.14, so reject null if Fobt > 5.14
Grp#
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1.00
6.00
6.00 – 2.78 = 3.22
10.37

1.00
3.00
3.00 – 2.78 =.22
    .05

1.00
4.00
4.00 – 2.78 = 1.22
 1.49

2.00
3.00
3.00 – 2.78 = .22
   .05

2.00
2.00
2.00 – 2.78 = -.78
   .61

2.00
4.00
4.00 – 2.78 = 1.22
 1.49

3.00
1.00
1.00 – 2.78 = -1.78
 3.17

3.00
.00
0.00 – 2.78 = -2.78
 7.73

3.00
2.00
2.00 – 2.78 = -.78
   .61

∑= 




25.57

SStotal = 25.57

3 (4.33 – 2.78)2 = 7.21

3 (3.00 – 2.78)2 = .15

3 (1.00 – 2.78)2 = 9.51

∑ =                      16.87

SSbetween = 16.87

SSwithin = 25.57 – 16.87 = 8.70

Variance between = 16.87/2 = 8.44

Variance within = 8.70/6 = 1.45

Fobt = 8.44/1.45 = 5.82

Fobt > Fcritical, so reject the null hypothesis and can conclude that the means are different.

c. If they are different, conduct the Tukey’s HSD test to determine which ones are different.

α = .05

nk = 3

k = 3

dfw = 6
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H0:  
µNo HS = µHS


H0:  
µNo HS = µColl


H0:  
µHS = µColl
H1:  
µNo HS ≠ µHS


H1:  
µNo HS ≠ µColl


H1:  
µHS ≠ µColl
4.33 – 3 = | 1.33 |

   
4.33 - 1 = | 3.33 |


3 - 1 = | 2 |
1.33 < 3.01



3.33 > 3.01



2 < 3.01
Fail to Reject



Reject Null



Fail to Reject
The only significant differences in the population are between those who don’t finish high school and those with at least some college education.
d. What is the strength of the relationship?
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This indicates a strong relationship. Eta² measures the amount of variance in the dependent variable that is explained by the independent variable. In this case, the level of education explains 66% of the variation in self reported crime.

2. State laws vary in the degree to which employers are allowed to have access to information about the criminal history records of potential employees. In particular, Florida allows employers very open access, Michigan provides access for only some employers, and Tennessee provides access to no employers. Employers sometimes use the criminal history records to avoid hiring ex-offenders. As a result, ex-offenders in states where it is easier to find out who is an ex-offender have worse employment outcomes (lower wages) than ex-offenders in states with more restrictive laws. To test this hypothesis, a researcher surveys 50 ex-offenders each in Florida, Michigan and Tennessee. The average hourly wages for these ex-offenders are listed below by state.
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nFlorida = 50



nMichigan = 50



nTennessee = 50

The grand mean is $8.51.
TSS (Total Sum of Squares) = 635.54

Calculate the between sum of squares

a. What is the independent variable and what is the dependent variable?




IV:  
Level of access to criminal history (ordinal)
DV:  
Wages (ratio)

b. Test the null hypothesis that the three population means are not different against the alternative that they are different. Use an alpha of .01

Step 1: 
H0: µFL = µMI = µTN
    
  
H1: µFL ≠ µMI ≠ µTN
Step 2:
 ANOVA using an F-statistic
Step 3: 
α = .01

dftotal 
= (n-1) = 150 – 1 = 149

dfbetween 
= (k-1) = 3 – 1 = 2

dfwithin 
= (n-k) = 150 – 3 = 147

Fcrit = 4.79, so reject null if Fobt > 4.79
Step 4: 

SStotal = 635.54  

SSbetween = 

50(7.94 – 8.51)2 = 16.25
50(8.20 – 8.51)2 = 4.81
50(9.40 – 8.51)2 = 39.61
∑ = 

       60.67
SSwithin = 635.54 – 60.67 = 574.87
Variance between = 60.67/2 = 30.34

Variance within = 574.87/147 = 3.91
Fobt = 30.34/3.91 = 7.76

Fobt > Fcritical, so reject the null hypothesis.

c. If they are different, conduct the Tukey’s HSD test to determine which ones are different.

α = .01

nk = 50

k = 3

dfw = 147
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H0:  
µFL = µMI


H0:  
µFL = µTN


H0:  
µMI = µTN
H1:  
µFL ≠ µMI


H1:  
µFL ≠ µTN


H1:  
µMI ≠ µTN
7.94 – 8.20 = | .26 |
   

7.94 – 9.40 = | 1.46 |


8.20 – 9.40 = | 1.20 |

.26 < 1.174



1.46 > 1.174



1.20 > 1.174
Fail to Reject



Reject Null



Reject Null
There are significant differences in the population between states that allow open access (like FL) and no access (like TN), and between states that allow moderate access (like MI) and no access (like TN). There is no difference between states that allow open access (like FL) and states that allow moderate access (like MI).  
d. What is the strength of the relationship? 
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This indicates a weak relationship. The level of access to criminal histories explains less than 10% of the variation in ex-offenders wages.

� EMBED Equation.3  ���





� EMBED Equation.3  ���
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