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Solutions
Note to instructors: Based on user feedback, this chapter nonparametric statistics is dropped in the 4e—few professors found time for teaching this in whole. While some material is integrated in the 4e chapters, we provide the original 3e solution material with additional exercises for those who might want it or teach it. Hope this helps. 
Chapter 11: Measures of Association
Critical Thinking
1. Explain why PRE is a measure of the strength of relationships. 
Ans: See p. 189: PRE measures “the extent to which one variable is a good predictor of the other.” You might also show how this definition is reflected in the formula on p. 190. 
2. Give some examples of dependent and independent samples. 
Ans: Most samples are independent samples. The textbook (see p. 166) lists three situations that constitute dependent samples: “(1) the before-and-after test scores of subjects in (quasi-) experimental situations (including other repeated measures of subjects), (2) subjects who have been matched (or paired, that is, chosen as having similar characteristics), and (3) the ratings of evaluators. Matched subjects are necessarily linked across groups.” 
3. In what ways is τ-c a more useful measure than χ2? 
Ans: See p. 188: They provide “information about statistical significance as well as strength and direction.” 
4. You have conducted a citizen survey and want to know whether respondents’ assessments about environmental and economic conditions are associated. Both items are measured on a 7-point Likert-type scale. Which test statistic might you use, and why? 
Ans: This involves two ordinal-level variables. Hence, gamma, Somer’s d, or Kendall’s τ-b or τ-c could be used. τ-b can be used only for square tables, though. Of course, χ2 can also be used. 
5. You are a senior staff member with the Federal Aviation Administration. Flight delays have been a major issue with the public of late, and one of your contractors has proposed a new system that promises to reduce the number of delays that exceed 10 min. To test whether the system works, you will implement it at a major airport and measure delays during the late afternoon rush hour. The average delay will be calculated daily for the late afternoon period. Which test statistic can be used to answer the question of whether the new system has reduced average delays that are greater than 10 min? For this purpose, use a dichotomous variable that measures, for each day, whether the average delay exceeded 10 min. Also, what is the fewest number of days that the airport must implement the system in order to determine (at the 1% level of significance) whether the system effectively reduces the average delay to less than 10 min? 
Ans: The question directs the use of the smallest possible sample, hence, a 2-by-2 table. Numerous statistics could be used. About 30 would be a safe answer, though with a little more effort you can determine which distribution allows for rejecting the null hypothesis of no difference. Consider the following table: 
	
	New System 

	
	No
	Yes 

	Delay < 10 min 
	0 
	4 

	Delay > 10 min 
	4 
	0 



Using Goodman and Kruskal’s τ, we find that τ = 1; p = .008, < .01. Thus, measuring the performance over 4 days with the system and 4 days without the system could be sufficient to determine its effectiveness, if we wanted to do so at the 1% level of significance. (Note that χ2 should not be used here, because all cells have expected counts of less than five.) Of course, if other outcomes are to be allowed (such as at least 1 day with the system that does not produce a delay of less than 10 min), then a larger sample size is needed. Also, even though the preceding table looks as if we could also use the McNemar test, the sample is neither paired nor are we narrowly interested in comparing dissimilar pairs. 
6. You are a manager with a state employment agency. In one of your districts, managers have implemented a new program and after 6 months of trial (and error), it is decided to bring in a panel of outside experts to evaluate it. You would like to have the option to later disregard any evaluator whose assessment sharply disagrees with others. How many experts should you bring in? How many different aspects should they each evaluate? Should they evaluate the same aspects or different aspects? Which statistical test should you use, and how does that affect your answer?
Ans: To later disregard any expert, at least three evaluators should be brought in. This allows you to distinguish one evaluator who strongly differs from the other two who (we hope) agree. However, it would be even better to bring in four or five for the same reason.
To determine whether evaluators agree, using the Friedman test, in which evaluators must be asked to evaluate a pool of common items. Some may be asked additional, different items reflecting, for example, special expertise. In this regard, at least 10 common items, and preferably 20 items, should be evaluated so that the Friedman test can be used to determine whether differences exist. 
7. As a manager, you want to know whether your employees are treating service requests from White and minority program clients in a similar manner. You decide to send pairs of White and minority testers to your agencies with similar service requests. Which test statistic might you use, and why? 
Ans: The question could be set up as a classic paired observations case (the paired event is the service request) in which dissimilar pairs are contrasted. Then, the McNemar test should be used.
8. If you wanted to examine the effects of different job training programs on employment outcomes, which statistical test would you use, and why? (Note: Answers vary depending on the level of measurement you choose with regard to these variables.) 
Ans: Answers depend on the level of variables. The phrasing challenges students to go beyond thinking that there is only one correct answer. We might assume that “different training programs” is a nominal variable (Program A, Program B, etc.). The variable “employment outcomes” could be construed as either nominal or ordinal (“applied for job,” “got an interview offer,” “got a job”). If nominal, Goodman and Kruskal’s τ or χ2 might be used. If ordinal, then Kruskal–Wallis’ H might be used, whereby the program type is the grouping variable and employment outcome is the rating variable (thinking along the lines of analysis of variance). If differences are found, subsequent analysis would try to describe the exact nature of the differences.
9. Identify questions that can be addressed using the following tests: Mann–Whitney test, McNemar test, χ2, and Kendall’s τ-c. Identify one question per test.
Ans: This question is apt to really test comprehension. (a) The Mann–Whitney test is used to test whether two samples come from the same population, by comparing mean ranks. For example, does a sample of 20 men and women have different attitudes about welfare? (b) The McNemar test is a paired samples test of dissimilar pairs: for example, do White and minority clients receive difference responses to their service inquiries? (c) χ2 is a measure of association that has broad application. For example, do men and women differ in their perception of workplace discrimination? (d) Kendall’s τ-c is a measure of association for two ordinal-level variables. Are two survey questions associated, when both are measured on a 5-point Likert-type scale? 
Data-Based Exercises
1. Use the Public Perceptions data set. Previously, in Chapter 10 of this workbook, we used χ2 to examine the relationship between residents who trust the county government to do what is right most of the time (Trust) and their belief that county government works efficiently (Works). Reexamine this relationship using measures of gamma, Somer’s d, Kendall’s τ-b, and Kendall’s τ-c. What do you conclude? 
Ans: First, recode the categories on both scales, so that the order is Yes, Can’t Say, and No. All of the measures are highly significant. Kendall’s τ-c has the lowest PRE value, .346. 
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χ2 Tests 
	
	Value 
	df
	
	Asymp. Sig. (Two-sided) 

	Pearson χ2
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases 
	304.069a
283.317
140.970
1030 
	
	4
4
1 
	.000
.000
.000 


aOne cell (11.1%) has an expected count less than 5. The minimum expected count is 3.59.
Directional Measures 
	
	
	Value 
	Asymp. SEa 
	Approx. Tb 
	Approx. Sig. 

	Somers' d Ordinal by Ordinal 
	Symmetric trust3
Dependent works3
Dependent 
	.393
 353
.444 
	.028
.027
.030 
	13.671
13.671
13.671
	.000
.000
.000 


[bookmark: _GoBack]aNot assuming the null hypothesis.
bUsing the asymptotic standard error assuming the null hypothesis. 

Symmetric Measures 
	
	
	Value 
	Asymp. SEa 
	Approx. Tb 
	Approx. Sig. 

	Ordinal by Ordinal N of Valid Cases 
	Kendall's τ-b Kendall's τ-c 
	.396 .301 1030 
	.028 .022 
	13.671 13.671 
	.000 .000 



aNot assuming the null hypothesis. 
bUsing the asymptotic standard error assuming the null hypothesis. 

2. Use the Public Perceptions data set. What is the association between having a positive view of the county government (Posview) and satisfaction with the various services that are mentioned, such as law enforcement (Lawenf)?
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χ2 Tests 
	
	Value 
	df 
	Asymp. Sig. (Two Sided) 

	Pearson χ2 
Likelihood Ratio
Linear-by-Linear Association
N of Valid Cases 
	99.969a
77.266
66.092
992 
	12
12
1 
	.000
.000
.000 



a. Eight cells (40.0%) have expected count less than 5. The minimum expected count is .64. 
Symmetric Measures 
	
	
	Value 
	Asymp. SEra 
	Approx. Tb 
	Approx. Sig. 

	Ordinal by Ordinal N of Valid Cases 
	Kendall's τ-b
Kendall's τ-c 
	.195
.118
992 
	.033
.021 
	5.736
5.736 
	.000
.000 


aNot assuming the null hypothesis. 
bUsing the asymptotic standard error assuming the null hypothesis. 

3. Three interviewers are evaluating five job candidates. After interviews and analysis of qualifications and skills, the interviewers are asked to rank the five job candidates. The rankings shown in Table W11.1 are obtained (1 = high, 5 = low).Which job candidate has the highest level of approval? Do the raters agree? How do your results change when a fourth evaluator is added with rankings identical to those of the first evaluator? 
Ans: The respective mean scores of the job candidates are 3.00, 1.67, 2.67, 2.67, and 5.00. Thus, Job Candidate 2 has the most favorable score. Interestingly, with just three interviewers, these differences are not statistically significant (Friedman test score = 7.2, p = .126). By inversing the rows and columns, we test whether testers agree and find that the Friedman test statistic is .40 (p = .819); hence, they do not disagree (the raters agree). 
When a fourth rater is added, the differences between job candidates are statistically significant (Friedman test score = 8.4, p = .034). After the columns and rows are inversed, raters still agree (p = .856). 
4. A manager wants to know whether Whites and minorities are receiving similar or disparate answers to their inquiries. To this end, 15 pairs of testers are sent with identical questions. Testers report to the study supervisor the answers as received, which are then evaluated as satisfactory or unsatisfactory. The result shown in Table W11.2 is obtained. Do Whites and minorities receive different treatment? 
Ans: The McNemar test has a level of significance of .625, which indicates that outcomes are not significantly different. Only the four dissimilar pairs are considered. The variables need to be recreated in the following manner to produce this test: (0 = unsatisfactory, 1 = satisfactory). 
	White 
	Minority 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	1 

	1 
	0 

	1 
	0 

	1 
	0 

	0 
	1 

	0 
	0 

	0 
	0 

	0 
	0 



6. Examine the Employee Attitudes data set. Use τ-c to test five associations of your choice. Of those that are statistically significant, which are also practically relevant? Why? Practice writing up your results. 
Ans: This is a class exercise, but you can focus on writing up the results. 
Quiz Questions
1. The proportional reduction in error is a measure of the strength of relationships. 
Ans: T
2. Proportional reduction in error is the improvement in predicting dependent variables due to knowledge of the independent variable.
Ans: T
3. Although there are no absolute standards for proportional reduction in error scores, scores of less than .25 indicate weak association, scores between .25 and .50 indicate moderate association, and scores above .50 indicate strong association.
Ans: T
4. The concept of paired cases is identical to the concept of independent samples.
Ans: F
5. The concept of paired cases is identical to the concept of similar cases.
Ans: F
6. Dependent samples include (1) the before-and-after test scores of subjects in (quasi-) experimental situations, (2) subjects who have been matched or paired, and (3) the ratings of evaluators.
Ans: T
7. Kendall’s τ-b is more conservative than Kendall’s τ-c.
Ans: F
8. Kendall’s τ-b can be used only for square tables.
Ans: T
9. Goodman and Kruskal’s τ is appropriate for continuous-level data.
Ans: F
10. A goodness-of-fit test tests whether one distribution is similar to another.
Ans: T
11. Researchers sometimes use two-by-two tables to increase the amount of information in the rows and columns.
Ans: T
12. The Fisher exact test is used for two-by-two tables with small samples.
Ans: T
13. The McNemar test is a paired samples test that is commonly used in discrimination cases. 
Ans: T
14. When measures are symmetric, two different statistics are produced depending on which variable is the directional one.
Ans: F
15. The Kruskal–Wallis test assigns ranks to continuous data and then evaluates whether the mean ranks are statistically identical between groups.
Ans: T
16. The Kruskal–Wallis test is appropriate for mixed ordinal-nominal data.
Ans: T
17. The Friedman test is used to test whether evaluators agree in their ratings.
Ans: T

image1.jpeg
trust3 * works3 Crosstabulation

works3
Yes Can't Say No Total

trust3  Yes Count 467 187 54 708
% within works3 89.3% 44.6% 61.4% 68.7%

Can't Say Count 43 221 16 280

% within works3 8.2% 52.7% 18.2% 27.2%

No Count 13 " 18 42

% within works3 2.5% 2.6% 20.5% 4.1%

Total Count 523 419 88 1030
% within works3 100.0% 100.0% 100.0% 100.0%
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