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10.1 Nonparametric Test for Location of Single Population
10.1.1 Sign Test
10.1.2 Wilcoxon Signed Rank Sum Test

10.2 Nonparametric Test for Comparing Locations of Two
Populations
10.2.1 Independent Samples: Wilcoxon Rank Sum Test
10.2.2 Paired Samples: Wilcoxon Signed Rank Sum Test

10.3 Nonparametric Test for Comparing Locations of Several
Populations
10.3.1 Completely Randomized Design: Kruskal-Wallis Test
10.3.2 Randomized block design: Friedman Test



10.1 Nonparametric Test for Location Parameter of Single Population

10.1.2 Wilcoxon Signed Rank Sum Test

[Example 10.1.2] A bag of cookies is marked with a weight of 200g. Ten bags
are randomly selected from several retailers and examined their weights.

203 204 197 195 201 205 198 199 194 207

« Can you say that there are as many cookies in the bag as weight marked?

« Test the hypothesis by using the Wilcoxon Signed Rank Sum Test with the
significance level of 5%.

« Check the result of the above test using "eStatU,.
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[Answer of Example 10.1.2]
* Hypothesis Hy: M =200, Hi: M # 200

-

Sample data 203 | 204 197 195 201 205 198 199 194 207

Sign data + + - - - = - - - -
|data — 200| 3 4 3 5 1 5 2 1 6 7
| Rank of |data — 200 4.5 6 45 | 75 | 15 | 75 3 1.5 9 10

Rank sum of '+’ sign R, =45+6+15+75+ 10 = 29.5




[Answer of Example 10.1.2]
 All possible cases of R, = ‘rank sum of + sign data’
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N f
urr.1ber © i data All possible combination of ranks | All possible rank sum of R,
with + sign
0 0 0
1 {1}, {2}, ..., {10} 1,2, ..., 10
{1,2}, {1,3}, ..., {1,10}, 3,4, .., 11,
5 {2,3}, ..., {2,10}, 5 ..., 12,
— {9,10} 19
10 {1,2, ,10} 55
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e

= Distribution of Wilcoxon signed rank sum when n = 10
| S

Wilcoxon Signed Rank Sum Distribution n=10
Wilcoxon Signed Rank Sum Distribution X AP A AV
0 0.0010 0.0010 1.0000
n=10 1 0.0010 0.0020 0.9990
2 0.0010 0.0029 0.9980
3 0.0020 0.0049 0.9971
4 0.0020 0.0068 0.9951
5 0.0029 0.0098 0.9932
6 0.0039 0.0137 0.9902
7 0.0049 0.0186 0.9863
8 0.0059 0.0244 0.9814
9 0.0078 0.0322 0.9756
/ 0.020 5
47 0.0059 0.9814 0.0244
0.015 48 0.0049 0.9863 0.0186
e 49 0.0039 0.9902 0.0137
50 0.0029 0.9932 0.0098
L2 51 0.0020 0.9951 0.0068
. 52 0.0020 0.9971 0.0049
Swu N0l ZaIpNURNTLSRLEASEAEREG >3 0.0010 0.9980 0.0029
54 0.0010 0.9990 0.0020
55 0.0010 1.0000 0.0010
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= Since P(X < 8) = 0.0244, P(X = 47) = 0.0244, the decision rule is:
‘If R, < 85 o0or R, > 46.5, then reject H, '

= Since R, = 29.5 in this problem, we can not reject H,, .
EEETETY N W W

Signhed Rank Sum Test @
Wilcoxon Signed Rank Sum Test
Ho: M = Mo , H: M # Me
[Hypnthesis] Ht;. M= -'Mﬂ' 200 [TestStat] (R+) ~ Wilcoxson Sign (n = 10) Distribution
) 0.045
L Hj .'ﬂf-}“—'ﬂfg '.'Hj .'.-U:"‘Mg '.'le .'_-M"*‘:;Wﬂ .
[Test Type] Signed Rank Sum Test 0,035 -
Significance Level a= ® 5% © 1% R
0.025 =
[Sample Data] ]
Sample 203 204 197 1585 201 205 198 199 194 207 o015 -
[Sample Statistics] z:c: 00322 0.0322
Sample Size n. = 5 ne = 5 0000
R L E T L LAt EEEETE LY T
Rank Sum R, = 255 R. = 295 i

P(X < (R+)) = 05771 P{X = (R+)) = 0.4229

Ifn = 20 Wilcoxon Rank Sum Test, n > 20 Nomal Approximation Test
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Fil= EX100101 CookieWeiaht.csv

Analysis Var Weicht Confid ———
|1Z Weight eight Confidence Interval Grap

( Selected data: Raw Data =10
s=440
SelectedVar| V1 1 I
electedVar Wilcoxon Signed Rank s Weight
: Sum Test
Weight V2
1 203 Total Test G G
L ota es -Group +Group
2 204 e Observation Ohservation Observation Observation
3 197 iz e
1 195 10 10 5 5
5 201 Missing Observations 0
6 205 H hesi
ypothesis
7 198
g 199 oo o666 |®» eoee o Hp: M =My Ho [TestStat] Rank Sum R+ PX = R+) P = R+)
9 1 94 1;4 1;6 1;3 2&0 2&2 264 Z(IJG 2(IJS
Group Rank
ht : +laroup
10 207 Weig Hi M £ My 20000 Sum(R+) 29.50 0.5771 04225
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Decision Rule

Type of Hypothesis Test Statistic £, = Rank sum of + sign data of |2, — AZ |

1) H : M = M
H - M = M,
2) H : M = M
H M < M,

If 2, > w.(n), , then reject H,, else accept H,

If B, < w,(n),__ , then reject A, else accept A,

3) Hy : M =My |If B, < wiyln)i_yy OF By > wyln),, . then reject
H : M= M |H, else accept H

= w,(n): Distribution of + rank sum of |x; — M|
= If any of the observed values has the same value as M, , they are not used in test.
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Decision Rule

Type of Hypothesis Test Statistic: R, = Rank sum of + sign data of | x, — A7 |

1 H . ;M = ‘,M R — E R :
) N I s (&) > z,, then reject H, else accept A
H M = M, ‘-/m

2) H : M = M
H M < MM

— F
;2 (B:) < —z,, then reject X, else accept I
v V(R,)

3) H - M = MM,
H : M = M,

R, — E(R,) .
i — | > =z, then reject H, else accept #
JVR,)

n(n+1)
4

n(n+1)(2n+1)
24

. E(R+) = [} V(R+) =

10



Thank you



