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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



10.3 Nonparametric Test for Location of Several Populations

10.3.2 Randomized Block Design : Friedman Test

[Example 10.3.2] The fuel mileage of the three types of cars (A, B and C) is

measured using the randomized block design as following table.

1) Draw a histogram of the data to see if the fuel mileage of the three cars
can be tested by a parametric method.

2) Using the Friedman test which is a nonparametric method of the
randomized block design, test whether the fuel mileage of the three types
of cars are different with the significance level of 5%.

3) Check the result of the above Friedman test using”eStatU..

Car A Car B Car C
1 22.4 16.3 20.2
Driver 2 16.1 12.6 15.2
(Block) 3 19.7 15.9 18.7
4 21.1 17.8 18.9

5 24.5 21.0 23.8 3




rametric Test for Location of Several Populations

<Answer of 10.3.2>

File ‘ EX090201_GasMileage.csv

Probability Histogram and Normal Distribution

Analysis Var by Group
3: Miles v | |1 Car

{ Selected data: Raw Data ) (Select up to t
SdeﬂedV34V3 by V1,

0.26

0.22
0.20 -
0.18
0.15 -
0.14 A
012
0.10
0.08
0.06
0.04
0.:02 -
B3k
024
0.22 o
0.20 -
0.18 o
0.15
0.14
0.12
0.10
0.08 -
0.06
0.04
0.:02
3%e-
024 -
022
0.20
0.18
0.16
014
012 o
0.10 o
0.08
0.06
0.04
0.:02 -
0.00 —TT

Mean=1
553 721 EE 1056 123 1352 1558 1T 1R85 202

Car Driver Miles V4

—

1 22.4
16.1
19.7
21.1
24.5
16.3
12,6
15.9
17.8
21.0
20.2
15.2
18.7
18.9
23.8

Lt e pa

—

(V=T =~ B I = - T o B SO B L]

]
L e pa

—
)
—

5td Dev=3.10
223 2398 2565 2733 01 3068 3136

- -
[ R

Miles

=

oy iy | m m W m e I I I

—
(W]
L e pa



10.3 Nonparametric Test for Location of Several Populations

<Answer of Example 10.3.2>
= Hypothesis H,: M; = M, = M;
H, : At least one pair of location parameters is not the same

= Ranking in each of the:block

Car A Car B Car C
1 3 1 2
. 2 3 1 2
(';:;"cekr) 3 3 1 2
4 3 1 2
5 3 1 2

Sum of ranks R,=15 R,=5 R; =10
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10.3 Nonparametric Test for Location of Several Populations

| =
Friedman Test Statistic

_ 12 k )
S = nk(k+1) <J=1 Ry —3n(k +1)
- 5><31(:+1) (152 + 52 +10%) -3 x 53 +1) =10

If S > 6.4, then reject H, , hence reject Hy,

Friedman S Distribution
k=3, n=5
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Friedman S

distribution k = n=>

X P(X = x)| PX<x) | P(X>x)
0.000 0.0463 | 0.0463 1.0000
0.400 0.2623 | 0.3086 | 0.9537
1.200 0.1698 | 0.4784 | 0.6914
1.600 0.1543 | 0.6327 | 0.5216
2.800 0.1852 | 0.8179 | 0.3673
3.600 0.0579 | 0.8758 | 0.1821
4.800 0.0309 | 0.9066 | 0.1242
5.200 0.0540 | 0.9606 | 0.0934
6.400 0.0154 | 0.9761 0.0394
7.600 0.0154 | 0.9915 | 0.0239
8.400 0.0077 | 0.9992 | 0.0085
10.000 0.0008 | 1.0000 | 0.0008
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<Answer of 10.3.2>

Friedman Test

Friedman Test
Ho: M1 = Mz = ... = Me
Friedman S Statistic

Ho . fl'fj =fl'f;_:u =.. = Mk
Hj : At least one pair of locations is different

[Hypothesis]

[Test Type] Friedman Test
Significance Level a= ® 5% © 1% 0.24

[Sample Data] (Trearment k=3 or4) 22
Block 1/22.4 163 20.2 |
Block 2/16.1 126 15.2 |
Block 3197 15.918.7 | 0.12
|
|

Block 4 21.117.618.9
Block 5/24521.023.8
[Sample Statistics] 002

- - Rs- R — a0 7 e O
- 5= 5200
Exacute 5 = 10,000

P(X < 5) = 1.0000 P(X 2 §) = 0.0008



10.3 Nonparametric Test for Location of Several Populations

10.3.2 Randomized Block Design : Friedman Test

Decision Rule

Hypothesis Test Statistic: S

H:n=n=--=m If § > sk n),, then reject A,
H, : At least one pair of 7, Is different |else accept #

% s(k,n) : Friedman S distribution

“ If there are tied values in each block, use the average of rank.




10.3 Nonparametric Test for Location of Several Populations

10.3.2 Randomized Block Design : Friedman Test

Table 10.3.13 Fnedman Test - large sample case

Decision Rule

Hypothesis Test Statistic: S

H:m=1=" =1 If $ > Xi_1.., then reject H,, else

H, : At least one pair of 7, is different laccept A

“ If there are tied values in each block, use the average of rank.




Thank you



