Nonparametrics (Math 216) Exam 1 
Name 


                
October 19, 2001 - Prof. Hartlaub

This exam is open book, open notes, but you must show all of your work to receive full credit.  The point values for each problem are provided in parentheses.  Solve all of the problems below.

1. Some of the arrangements provided in Appendix A may be useful for this problem.  Find the null distribution of the Wilcoxon statistic that is used for comparing two dependent samples of size m=4 and n=4, 

a. when you sum all of the ranks.  (5 points)

b. when you sum the negative ranks.  (5 points)

c. Will the test results for a given set of data depend on which of the two statistics (a) or (b) that you use to conduct your test?  Explain why or why not.  (10 points)

2. An experiment was conducted to test a method for reducing faults on telephone lines.  Fourteen matched pairs of areas were used.  The fault rates for the control areas and the test areas are listed in the table below and in the file p:\data\math\nonparametrics\fault.mtw.

	Test
	Control

	676
	88

	206
	570

	230
	605

	256
	617

	280
	653

	433
	2913

	337
	924

	466
	286

	497
	1098

	512
	982

	794
	2346

	428
	321

	452
	615

	512
	519


a. Identify the parameter of interest to the researchers and obtain both point and interval estimates of this parameter. (15)

b. Specify the null and alternative hypotheses of interest.  (5)

c. Should the interval estimate in part (a) be used to conduct a hypothesis test for the hypotheses specified in part (b)?  Explain.  (5)

3. One method of comparing test procedures is the Pitman asymptotic relative efficiency.  The efficiency of the Wilcoxon rank sum test relative to the pooled t-test is E(W, t) = 3 for exponential populations.  Interpret this value for a casual user of statistical software.  (10)

4. About 10% of the human population is left-handed.  Suppose that a researcher speculates that artists are more likely to be left-handed than are other people in the general population.  The researcher surveys 150 artists and finds that 18 of them are left-handed.

a. State the researcher’s null and alternative hypotheses.  (5)

b. Find an appropriate 95% interval estimate (CI, LCB, or UCB) for p and explain how this interval can be used to test the hypotheses in part (a).  (10)

c. Find and interpret the p-value for the appropriate hypothesis test.  (10)

5. Suppose a highway safety researcher makes modifications to the design of a highway sign.  The researcher believes that the modifications will make the median maximum distance at which drivers are able to read the sign greater than 450 feet.  The maximum distances (in feet) at which n = 16 drivers can read the sign are given in the table below and in the file p:\data\math\nonparametrics\distances.mtw. 

	440
	490
	600
	540
	540
	600
	240
	440

	360
	600
	490
	400
	490
	540
	440
	490


a. Does the new design improve visibility by drivers?  State the appropriate hypotheses and conduct a hypothesis test using a reasonable significance level of your choice.  Describe any assumptions that you are making.  (15)

b. Provide a point estimate for the parameter of interest.  (5)

6. The effectiveness of vitamin C in orange juice and in synthetic ascorbic acid was compared in 20 guinea pigs (divided at random into two groups of 10) in terms of the length of the odontoblasts after 6 weeks.  The results are given below and in the file p:\data\math\nonparametrics\Vitamin C.mtw.

	Orange Juice
	8.2
	9.4
	9.6
	9.7
	10.0
	14.5
	15.2
	16.1
	17.6
	21.5

	Ascorbic Acid
	4.2
	5.2
	5.8
	6.4
	7.0
	7.3
	10.1
	11.2
	11.3
	11.5


a. Find the significance probability when the hypothesis of no difference is tested against the alternative that the orange juice tends to produce larger values.  (5)

b. A researcher obtained the 93.6% confidence interval for the difference in the population medians reported below.  Explain to the researcher how Minitab computed the confidence interval.  (10)

c. The researcher is confused by the apparent inconsistency in the results from parts (a) and (b).  Her question is: Why was I able to reject the null hypothesis at the .06 level, but the 93.6% confidence interval contains zero?  Explain what is happening.  (10)

d. Find the empirical distribution functions (Fm and Gn) for both sets of guinea pigs and sketch them on the same graph.  Do you think the empirical c.d.f.’s show any differences in the two populations?  (Do not conduct a formal hypothesis test, but provide a clear rationale.)  (10)

Appendix A

	Finding the null distribution when m=4 and n=4

	Arrangements
	Null Probability
	Test Stat (a)
	Test Stat (b)

	+4 +3 +2 +1
	1/16
	
	

	+4 +3 +2 -1
	1/16
	
	

	+4 +3 -2 +1
	1/16
	
	

	+4 -3 +2 +1
	1/16
	
	

	-4 +3 +2 +1
	1/16
	
	

	+4 +3 -2 -1
	1/16
	
	

	+4 -3 +2 -1
	1/16
	
	

	-4 +3 +2 -1
	1/16
	
	

	+4 -3 -2 +1
	1/16
	
	

	-4 +3 -2 +1
	1/16
	
	

	-4 -3 +2 +1
	1/16
	
	

	+4 -3 -2 -1
	1/16
	
	

	-4 +3 -2 -1
	1/16
	
	

	-4 -3 +2 -1
	1/16
	
	

	-4 -3 -2 +1
	1/16
	
	

	-4 -3 -2 -1
	1/16
	
	


	Finding the null distribution when m=4 and n=4

	Arrangements
	Null Probability
	Test Stat (a)
	Test Stat (b)

	XXXXYYYY
	1/15
	
	

	XXXYXYYY
	1/15
	
	

	XXXYYXYY
	1/15
	
	

	XXXYYYXY
	1/15
	
	

	XXXYYYYX
	1/15
	
	

	XXYXXYYY
	1/15
	
	

	XXYXYXYY
	1/15
	
	

	XXYXYYXY
	1/15
	
	

	XXYXYYYX
	1/15
	
	

	XXYYXXYY
	1/15
	
	

	XXYYXYXY
	1/15
	
	

	XXYYXYYX
	1/15
	
	

	XXYYYXXY
	1/15
	
	

	XXYYYXYX
	1/15
	
	

	XXYYYYXX
	1/15
	
	





Point estimate for ETA1-ETA2 is       4.300


93.6 Percent CI for ETA1-ETA2 is (-0.104,9.098)








