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Chapter 15 Nonparametric Statistics HW Solutions

15.1 Sign Test

1.

10.

A nonparametric test is a hypothesis test that does not require any specific conditions
concerning the shapes of populations of the values of any population parameters.
Median

When n is less than or equal to 25, the test statistic is equal to x (the smaller of the + or

—signs). When n is greater than 25, the test statistic is equal to z = (x_+%_)_ﬂ
n

2
Answers will vary. Sample answer: It is called the sign test because each valuein a

sample is compared to the hypothesized median and assigned a + or —sign, based on
whether the difference is positive or negative. The number of + signs and — signs are
used to determine whether the null hypothesis should be rejected.

Verify that the sample is random. Identify the claim and state Ho and H1. Identify the
level of significance and sample size. Find the critical value using the table. Calculate the
test statistic. Make a decision and write a long conclusion.

A sample must be randomly selected from each population and the samples must be
dependent.

a) claim: median > 300 Ho: median =300 H1: median > 300

b) critical value is 1.

c) x=5

d) Because x > 1, we do not reject Ho

e) There is not enough evidence to support the claim.

a) claim: median < 193,000 Ho: median = 193,000 H1: median > 193,000
b) critical value is 1.

c) x=4

d) Because x > 1, we do not reject Ho

e) There is not enough evidence to reject the claim.

a) claim= H1: scores will decrease after treatment
Ho: scores will stay the same after treatment

b) critical value is 1.

c) x=0

d) Because x < 1, reject Ho

e) There is enough evidence to support the claim.

a) claim= H1: scores will improve
Ho: scores will stay the same
b) critical value is 1.
c) x=1
d) Because x < 1, reject Ho
e) There is enough evidence to support the claim.



15.2&15.3 Wilcoxon Rank Sum and Wilcoxon Signed Rank

1. When the samples are dependent, use the Wilcoxon signed-rank test. When the

samples are independent, use the Wilcoxon rank sum test.

2. a)claim: scores will increase or stay the same
Ho: scores will stay the same

H1: scores will decrease
b) Wilcoxon signed rank

c) critical value is 10.

d)

Before After Difference Absolute Rank Signed Rank
Difference

108 99 9 9 8 8
109 115 -6 6 4.5 -4.5
120 105 15 15 12 12
129 116 13 13 10.5 10.5
112 115 -3 3 2 -2
111 117 -6 6 4.5 -4.5
117 108 9 9 8 8
135 122 13 13 10.5 10.5
124 120 4 4 3 3
118 126 -8 8 6 -6
130 128 2 2 1 1
115 106 9 9 8 8

Sum of negative ranks=-17
Sum of positive ranks= 61

Ws=17

e) Because Ws> 10, do not reject Ho
f) There is not enough evidence to reject the claim.

3. a)claim: There is difference between the 2 groups.
Ho: There Is no difference between the 2 groups.
H1: There is difference between the 2 groups.

b) Wilcoxon rank sum test

c) invnorm(.025, 0, 1) gives critical valuesareZ= + 1.96

d) next page




Ordered data Sample Rank
46 B 1

52 B 2.5
52 B 2.5
54 B 4

56 B 5.5
56 B 5.5
58 B 7

62 B 8

65 B 9

72 B 10
78 B 11
81 A 12
82 A 13
84 A 14
86 A 15.5
86 A 15.5
87 A 17
90 A 18
93 A 19.5
93 A 19.5
95 A 21

R = sum of ranks of bachelor’s degrees = 165
n,(n, +n,+1)
=T

#R=IO(10;11+1)=110

nn,(n,+n,+1)
Or= 12

=14.201

R

_\/10*11*(10+11+1)
12

_165-110

=387
14.201



e) Because z > 1.96, reject Ho
f) There is enough evidence to support the claim.

. a) claim: There is difference between the 2 groups.
Ho: There Is no difference between the 2 groups.
H1: There is difference between the 2 groups.
b) Wilcoxon rank sum test
c) invnorm(.025, 0, 1) gives critical values are Z= + 1.96
d)

Ordered data Sample Rank
47 w 1
49 W 2
51 w 3

52 W 4

53 w 5

55 w 6.5
55 w 6.5
56 M 8.5
56 W 8.5
58 M 10
59 w 11
60 M 12
61 1 14
61 M 14
61 w 14
62 M 16
64 M 17.5
64 M 17.5
65 M 19
68 M 20
70 M 21.5
70 M 21.5
79 M 23

R = sum of ranks of bachelor’s degrees = 75.5
_n(m+n,+1)
=T

1, = 11(11-!-212+1)=]32



mn,(n,+n,+1)
Tr= 12

*19 *
o= /11 12 (11+12+1)=16.248

12

_755-132 _
T 16248

=348

e) Because z < -1.96, reject Ho
f) There is enough evidence to support the claim.

Kruskal — Wallis Test

. The conditions for using a Kruskal-Wallis test are that the samples must be random and
independent, and the size of each sample must be at least 5.

. a) claim= H1 is the distributions of the annual premiums in at least one state is different
from the others.

Ho: The distribution of the annual premiums is the same in all three states.
b) z2 =5.991 ; rejection region x*>5991
c) next page



Ordered data Sample Rank
605 VA 1
616 VA 2
688 VA 3
695 VA 4
784 MA 5
800 VA 6
848 CT 7
885 VA 8
916 MA 9
929 CT 10
982 VA 11
1007 MA 12
1013 CT 13
1052 MA 14
1053 CT 15
1070 CT 16
1132 MA 17
1137 MA 18
1163 CT 19
1288 CT 20
1322 MA 21

R1=100 R2=96 R3=35

H=L(£+£+£J—3(N+l)
NN+ n n

12 [1002 96%> 352
+—+

H= =3(21+1)=9.848
2121+ 7 7 7

d) Because H > 5.991, we reject Ho

e) There is enough evidence to support the claim.

. a)claim=H1 is the distributions of the annual salaries in at least one state is different

from the others.

Ho: The distribution of the annual salaries is the same in all four states.
b) y2=6.251 ; rejection region x> 6.251

c) next page



Ordered data Sample Rank
28.3 KY 1
29.8 SC 2.5
29.8 SC 2.5
31.6 wv 4.5
31.6 wv 4.5
334 wv 6
33.7 KY 7
34.7 SC 8
34.9 wv 9
35.3 KY 10.5
35.3 KY 10.5
35.5 NC 12
36.1 SC 13
36.6 NC 14
37.0 KY 15
374 SC 16
39.6 NC 17
419 NC 18.5
41.9 wv 18.5
42,7 wv 20
429 SC 21
43.5 NC 23
43.5 NC 23
43.5 SC 23
45.9 KY 25
47.1 wv 26
54.3 NC 27
57.5 KY 28

R1=97 R2=134.5 R3=86 R4=88.5

RZ 2 2 2
H=——12— —L+£-+£=‘-+-R—“ -3(N+1)
(N(N+I))\ n, n, n n

2 3 4

12 (972 1345> 86> 885
+ +

H-= + -3(28+1)=3.206
2828+ 7 7 7 7) (28+D

d) Because H < 6.251, we do not reject Ho

e) There is not enough evidence to support the claim.



