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DISCUSSION GROUP ANSWERS
CHAPTER 8: TESTING HYPOTHESIS WITH CATEGORICAL DATA


1. A recent study found that individuals with military experience are more likely to have been incarcerated for a violent offense. You want to know if military experience also causes individuals to be more likely to be incarcerated for property offenses. The following table provides the joint distribution for military service and the commission of a property offense. 
  

	 
	Property Offense
	No Property Offense
	Total

	Military
	208
	753
	961

	No Military
	1143
	3389
	4532

	Total
	1351
	4142
	5493


a. What are the independent and dependent variables in your study? How are they measured (nominal, ordinal, interval, ratio)?

Independent variable (IV): Military experience (nominal)


Dependent variable (DV):  Property offense (nominal)

b. Using probabilities, test for whether or not property offense is independent of military experience (i.e., test to see if p (property offense) = p (property offense given military experience).  Do they appear to be related? 
Check to see if P(A) = P(A | B) 

p(PO) = 1351 / 5493 = .246      p(PO | M) = 208 / 961 = .216      
            p(PO | NM) = 1143 / 4532 = .252   
Because p(PO) ≠ p(PO |M), these variables appear to be related and not independent.
c. Using the chi-square statistic, conduct a hypothesis test to investigate the null hypothesis that the two variables are independent (not significantly related to one another). Use a significance level of .01 and retest your null hypothesis with a significance level of .05. Be sure to identify the five steps of your hypothesis test and interpret your results accordingly.  
Step 1: H0:  (2 = 0 (There is no relationship between the variables.) 
            H1:  (2 > 0 (There is a relationship between the variables.) 

Step 2:  (2 distribution 

Step 3: α = .01     df = (R-1)(C-1) = (2-1)(2-1) = 1    (2crit = 6.63    Reject if (2obt > 6.63.
Step 4: Compute Chart: 
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	A
	208
	236.36
	-28.36
	804.29
	3.40

	B
	753
	724.64
	28.36
	804.29
	1.11

	C
	1143
	1114.64
	28.36
	804.29
	.72

	D
	3389
	3417.36
	-28.36
	804.29
	.24


                                                                                                                                
Total = 5.47 

Step 5: We see that our chi-square obtained value (5.47) is less than our chi-square critical value so we fail to reject the null hypothesis and conclude that there is no relationship between the two variables. 

    
When alpha = .05, our critical value now becomes 3.841 so we would now reject the null hypothesis and conclude that there is a relationship between the two variables. 

d. Calculate gamma. What does this tell you? 
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There is only a very weak negative relationship between having military experience and the risk of committing a property crime. 

2. The following table shows the association between childhood delinquency and adult criminality: 
  

	 
	Not Criminal
	Criminal
	Total

	Not Delinquent
	14
	6
	20

	Delinquent
	8
	22
	30

	Total
	22
	28
	50


a. Conduct a hypothesis with a .05 significance level to determine whether the association between delinquent status and criminal status is statistically significant (i.e., more than expected by chance). 

Step 1: H0:  (2 = 0 (There is not a relationship between the variables.) 
             H1: (2 > 0 (There is a relationship between the variables.) 

Step 2:  (2 distribution;   χ2 test for independence for two categorical variables 
Step 3: α = .05        df = (R-1)(C-1) = (2-1)(2-1) = 1     (2crit = 3.841     Reject if (2obt > 3.841
Step 4: Compute chart: 
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	A
	14
	8.8
	5.2
	27.04
	3.07

	B
	6
	11.2
	-5.2
	27.04
	2.41

	C
	8
	13.2
	-5.2
	27.04
	2.05

	D
	22
	16.8
	5.2
	27.04
	1.61


                                                                                                                           Total = 9.14 

Step 5: We see that our chi-square obtained value (9.14) is greater than our chi-square critical value and therefore we reject the null and conclude that there is a relationship between early childhood delinquency and adult criminality. 

The value of gamma is
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Our calculated gamma value is strong and positive indicating that the risk of being an adult criminal is more likely if you committed delinquent acts as a child. 

3. You want to know if being the victim of crime causes a person to have greater fear of crime.  You take a random sample of 75 people and ask them about the number of times they have been criminally victimized and their fear of crime. This is your data:

OBSERVED FREQUENCIES

	 
	 
	Fear of Crime
	 
	 

	Victimizations
	Low
	Medium
	High
	Total

	0
	13
	7
	3
	23

	1+
	12
	16
	24
	52

	Total
	25
	23
	27
	75


a. What are the independent and dependent variables? How are each measured?
IV:  Victimization     (ordinal)


DV:  Fear of crime   (ordinal)

b. Compare the probability of someone having high fear of crime given that she has been victimized to the probability of high fear of crime given no victimization. Does there appear to be a relationship between victimization and fear of crime?

P(High | Victim) = 24 / 52 = .462

P(High | No victim) = 3 / 23 = .13: Victimizations appear related to fear of crime.
c. Complete the partially filled-in table of expected frequencies below. Assume that the null hypothesis is that victimizations and fear of crime are independent (not related to one another).  

EXPECTED FREQUENCIES

	 
	 
	Fear of Crime
	 
	 

	Victimizations
	Low
	Medium
	High
	Total

	0
	7.67
	7.05
	8.28
	23

	1+
	17.33
	15.95
	18.72
	52

	Total
	25
	23
	27
	75


d. Test the null hypothesis that the number of victimizations is independent of fear of crime against the alternative hypothesis that they are significantly related to one another. Use an alpha of .05. What would you conclude from this test?
Step 1:    H0:  χ2 = 0


   H1:  χ2 > 0
Step 2:    χ2 distribution;   χ2 test for independence for two categorical variables
Step 3:    α = .05  
df = (2-1)(3-1) = 2   
χ2crit = 5.99
Reject if (2obt > 5.99
Step 4:   
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	A
	13
	7.67
	5.33
	28.41
	3.70

	B
	7
	7.05
	-0.05
	0.00
	0.00

	C
	3
	8.28
	-5.28
	27.88
	3.37

	D
	12
	17.33
	-5.33
	28.41
	1.64

	E
	16
	15.95
	0.05
	0.00
	0.00

	F
	24
	18.72
	5.28
	27.88
	1.49

	
	
	
	
	
	Σ = 10.2


Step 5:  10.2 > 5.99 so we reject the null hypothesis and conclude that number of victimizations is related to fear of crime.
e. Select and calculate an appropriate measure of association for these data. What does this measure of association tell you about the strength of relationship between victimization and fear of crime? 

Because both variables are ordinal and because they are in a 2x3 contingency table the only appropriate measure of association is gamma.

CP: 
A:  13 (16 + 24)
  CP = 688 
DP:
D:   12 (7 + 3)
DP = 168

B:   7 (24) 



E:    16 (3)  
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This suggests a moderate to strong, positive relationship between victimization and fear of crime. Being victimized significantly increases one’s fear of crime.

4. You think that people who have an impulsive personality are more at risk for committing criminal acts than those who are less impulsive. You do some research on this by asking a sample of 200 students in the criminology department at Penn State to take a personality test that measures impulsivity and self-reports the number of criminal acts that they have committed since turning 18. The joint distribution of these two variables is shown in the table. 
  

OBSERVED CELL FREQUENCIES

                                                                             Level of Impulsivity 

	# of Criminal Acts
	Low
	Medium
	High
	Total

	0
	15
	20
	4
	39

	1–5
	8
	25
	6
	39

	6–10
	5
	35
	10
	50

	11+
	2
	45
	25
	72

	Total
	30
	125
	45
	200


        


a. What is your sample, unit of observation, and population?



Sample: 200 students in the criminology dept. at Penn State 

Unit of Observation: Student


Population: All criminology students (at Penn State)
b. Identify the independent and dependent variables for this problem. 

        
            

IV: Level of impulsivity 
            

DV: Number of criminal acts 

       
c. What is the conditional probability (i.e., the relative risk) of 0 criminal acts for individuals at each level of impulsivity? 

       
 
            

P (0 criminal acts| low impulsivity): 15 / 30 = .50 

            

P (0 criminal acts| medium impulsivity): 20 / 125 = .16 

            

P (0 criminal acts | high impulsivity): 4 / 45 = .089 
  

d. Based on this, does it look like that there is a relationship between impulsivity and self-reported offending? 

        
Yes, it looks like there is a relationship between impulsivity and self-reported offending. It appears that adults with low impulsivity commit fewer criminal acts than those with high impulsivity. 

        
e. Conduct a formal hypothesis test that the two variables are independent against the alternative that they are dependent or related to one another. Use an alpha of .01, and state each step of your hypothesis test. We've helped you by providing the expected frequencies. 

EXPECTED CELL FREQUENCIES (rounded up to whole numbers)
                                                                                           Levels of Impulsivity 

	# of Criminal Acts
	Low
	Medium
	High
	Total

	0
	6
	24
	9
	39

	1–5
	6
	24
	9
	39

	6–10
	7
	32
	11
	50

	11+
	11
	45
	16
	72

	Total
	30
	125
	45
	200


Step 1:    H0:  χ2 = 0


   H1:  χ2 > 0

Step 2:    χ2 distribution;   χ2 test for independence for two categorical variables

Step 3:    α = .01  
df = (4-1)(3-1) = 6   
χ2crit = 16.812


Reject if χ2obt > 16.812

Step 4:   
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	A
	15
	6
	9
	81
	13.500

	B
	20
	24
	-4
	16
	.667

	C
	4
	9
	-5
	25
	2.778

	D
	8
	6
	2
	4
	.667

	E
	25
	24
	1
	1
	.042

	F
	6
	9
	-3
	9
	1.000

	G
	5
	7
	-2
	4
	.571

	H
	35
	32
	3
	9
	.281

	I
	10
	11
	-1
	1
	.091

	J
	2
	11
	-9
	81
	7.364

	K
	45
	45
	0
	0
	0.000

	L
	25
	16
	9
	81
	5.063

	 
	 
	 
	 
	 
	( = 32.024


        

Step 5:  Reject the null hypothesis. Level of impulsivity and number of self-reported criminal acts are NOT independent events. Therefore they are dependent, or significantly related to each other.


e. Suppose you were told that the gamma for this table was .50. What would you conclude about the strength of the association between these two variables? 

I would conclude that there is a moderate positive relationship between level of impulsivity and the number of criminal acts committed. 
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