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CHAPTER 12               

Nonparametric Tests








12.1       Introduction


12.2      A nonparametric confidence interval


12.3      Nonparametric hypothesis tests for one sample

  
12.4      Nonparametric hypothesis tests for two samples


12.5      Nonparametric hypothesis tests for k>2 samples


12.6      Chapter summary


12.7      Computer Examples


             Projects for chapter 12

Exercise 12.2
12.2.1. In this case 
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12.2.3. 
(a) The next normal probability plot generated by a SPSS statistical software shows that the normality assumption may not be satisfied.
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(b) Looking in the table for
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 confidence interval for the central median is greater than 57.3 and less than 66.7. That is, we have at least 
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chance that the true median air pollution index for the city falls in the interval
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12.2.5. Looking in the table for
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12.2.7. Looking in the table for
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chance that the true median time required to prune an acre of grapes falls in the interval
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12.2.9. Looking in the table for
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 confidence interval for the median in-state tuition costs is 
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.That is, we have 
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chance that the median is-state tuition cost falls in 
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.
Exercise 12.3

12.3.1. Let 
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i) Since there is a tie, 
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, which is not less than 
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is not rejected. Based on the sample, the median interest rate in the city is not significantly different from 7.75

ii) Eliminating the tie, it can be obtained the next table 
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	Sign
	Rank

	7.625
	0.125
	-
	2

	7.875
	0.125
	+
	2

	7.625
	0.125
	-
	2

	8
	0.25
	+
	5

	7.5
	0.25
	-
	5

	8
	0.25
	+
	5

	7.375
	0.375
	-
	7

	7.25
	0.5
	-
	8
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12.3.3. Let 
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i) Since there is no tie, 
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, which is not less than 
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is not rejected. Based on the sample, the median SAT scores is not significantly greater than 1000.
ii) It can be obtained the next table 
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	Sign
	Rank

	986
	14
	-
	1

	1065
	65
	+
	2

	1089
	89
	+
	3

	890
	110
	-
	4

	1128
	128
	+
	5

	1157
	157
	+
	6

	1224
	224
	+
	7
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	235
	-
	8

	1355
	355
	+
	9
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	433
	-
	10
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is not rejected since the rejection region is 
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. Based on the sample we conclude that the median SAT scores is not significantly greater than 1000. 
12.3.5. Let 
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i) Since there is no tie, 
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follows standard normal distribution. In this case 
[image: image84.wmf]11

n

+

=

, then 
[image: image85.wmf]0.447214

z

=

. Since 
[image: image86.wmf]1.6448

z

a

=

, the rejection region is 
[image: image87.wmf]||

zz

a

³

. Based on the sample we conclude that the median weight of NFL players is not significantly greater than 250 pounds.
ii) We have 
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	254
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12.3.7. Using the difference as “after”-“before” we test 
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i) We have 

	Before
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	Difference
	3
	-5
	-6
	-8
	2
	-12
	-3
	-3

	Sign
	+
	-
	-
	-
	+
	-
	-
	-


Then 
[image: image99.wmf]2

n

+

=

.  
[image: image100.wmf](2)0.1445

PN

+

£=

. Since 
[image: image101.wmf]0.05

a

=

we do not have enough evidence to reject 
[image: image102.wmf]0

H

. Therefore there is no evidence to say that the new diet reduces the systollic blood pressure on individuals of over 40 years old.
ii) We have
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However this conclusion is different from part (a).
12.3.9. We use the sign test at 
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. Therefore there is not enough evidence to conclude that the median rating is atleast 4.

Exercise 12.4

Assumptions: The samples are independent  and 
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12.4.1. We need to test 
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Combining and keeping track the next table is obtained
	Value
	Population
	Rank

	0.455
	N
	1

	0.545
	A
	2.5

	0.545
	N
	2.5

	0.636
	N
	5

	0.636
	N
	5

	0.636
	N
	5

	0.727
	A
	7.5

	0.727
	A
	7.5

	0.818
	A
	10

	0.818
	A
	10

	0.818
	N
	10

	0.909
	A
	12
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12.4.3.  If we select 
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R is the sum of the ranks 
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 of observations from population 2. Under the null hypothesis they have the same distribution. 

Since the rank 
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12.4.5. Using  Wilcoxon-Rank-Sum test:

We need to test 
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is the median net conversion in female rat, and 
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	Value
	5.1
	5.5
	6.5
	7.2
	7.5
	9.5
	9.8
	9.8
	10.4
	11.2
	11.6
	12.8

	Population
	F
	F
	F
	F
	F
	F
	M
	F
	F
	F
	M
	M

	Rank
	1
	2
	3
	4
	5
	6
	7.5
	7.5
	9
	10
	11
	12


	Value
	13.1
	13.5
	13.8
	13.8
	14.2
	14.5
	15.1
	15.8
	15.9
	16.0
	16.0
	16.7

	Population
	M
	M
	M
	F
	M
	F
	M
	F
	M
	M
	M
	M

	Rank
	13
	14
	15.5
	15.5
	17
	18
	19
	20
	21
	22.5
	22.5
	24

	Value
	16.9
	17.3

	Population
	M
	M

	Rank
	25
	26


Then 
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. There is not enough evidence to conclude that the median net conversion of progesterone in male rats is larger than in female rats.
Using Median test:
Testing the same hypothesis, the grand median is 13.3. The next tables can be obtained

	Sample
	5.1
	5.5
	6.5
	7.2
	7.5
	9.5
	9.8
	9.8
	10.4
	11.2
	11.6

	Population
	F
	F
	F
	F
	F
	F
	M
	F
	F
	F
	M

	Above/Below Median
	B
	B
	B
	B
	B
	B
	B
	B
	B
	B
	B


	Sample
	12.8
	13.1
	13.5
	13.8
	13.8
	14.2
	14.5
	15.1
	15.8
	15.9

	Population
	M
	M
	M
	M
	F
	M
	F
	M
	F
	M

	Above/Below Median
	B
	B
	A
	A
	A
	A
	A
	A
	A
	A


	Sample
	16
	16
	16.7
	16.9
	17.3

	Population
	M
	M
	M
	M
	M

	Above/Below Median
	A
	A
	A
	A
	A


Then, it can be obtained the next table
	
	Below
	Above
	Total

	sample1
	9
	3
	12

	sample2
	4
	10
	14

	total
	13
	13
	26


The total above is
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At 
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12.4.7 We need to test  
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	Value
	4
	6
	7
	8
	8
	10
	11
	12
	12
	13
	13
	13
	14
	15

	Population
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S2
	S2
	S1
	S1

	Rank
	1
	2
	3
	4.5
	4.5
	6
	7
	8.5
	8.5
	11
	11
	11
	13
	14.5

	Value
	15
	16
	17
	17
	18
	19

	Population
	S2
	S2
	S2
	S2
	S2
	S2

	Rank
	14.5
	16
	17.5
	17.5
	19
	20


Then 
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There is not enough evidence to suggest that the median for sample I is less than the median for sample II.
Exercise 12.5
12.5.1. We need to test 
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	11
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