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10.2 Nonparametric Test for Comparing 
Locations of Two Populations 

10.2.1 Wilcoxon Rank Sum Test
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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 
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10.2.1 Wilcoxon Rank Sum Test

[Example 10.2.1] A professor teaches the Statistics courses to students in 
the Department of Economics and the Department of Management. 
In order to compare exam scores of students in the two departments, 7 
students were randomly sampled from the Economics Department and 6 
students from the Management Department as follows: 

Department of Economics 87 75 65 95 90 81 93
Department of Management 57 85 90 83 87 71 

1) Draw a histogram of the data to verify that the testing hypothesis can 
be performed using a parametric method.

2) Apply the Wilcoxon rank sum test with the significance level of 5%.
3) Check the result of the Wilcoxon rank sum test using 『eStat』.

10.2 Nonparametric Test for Location Parameters of Two Populations
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<Answer of Example 10.2.1>

▪ Hypothesis 𝑯𝒐 ∶ 𝝁𝟏 = 𝝁𝟐 𝑯𝟏 ∶ 𝝁𝟏 ≠ 𝝁𝟐

10.2 Nonparametric Test for Location Parameters of Two Populations
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<Answer of Example 10.2.1>

▪ Hypothesis 𝑯𝒐 ∶ 𝑴𝟏 = 𝑴𝟐 𝑯𝟏 ∶ 𝑴𝟏 ≠ 𝑴𝟐

10.2 Nonparametric Test for Location Parameters of Two Populations

Sorted Data of 
Sample 1 

Sorted Data of 
Sample 2

Ranks 
of Sample 1

Ranks 
of Sample 2

65

75
81

87
90
93
95

57

71

83
85
87
90

2

4
5

8.5
10.5
12
13

1

3

6
7

8.5
10.5

Sum of ranks 𝑹𝟏 = 55 𝑹𝟐 = 36



6

<Answer of Example 10.2.1>

10.2 Nonparametric Test for Location Parameters of Two Populations

All possible 

permutation of 

ranks 

Sum of 

ranks, 

𝑹𝟐

{1,2,3,4,5,6}

{1,2,3,4,5,7}

…

{8,9,10,11,12,13}

21

22

…

63

Rank Sum 𝒏𝟏= 7 𝒏𝟐= 6

x P(X=x) P(X≤x) P(X≥x)

21 0.0006 0.0006 1

22 0.0006 0.0012 0.9994

23 0.0012 0.0023 0.9988

24 0.0017 0.0041 0.9977

25 0.0029 0.007 0.9959

26 0.0041 0.0111 0.993

27 0.0064 0.0175 0.9889

28 0.0082 0.0256 0.9825

29 0.0111 0.0367 0.9744

⋯ ⋯ ⋯ ⋯

55 0.0111 0.9744 0.0367

56 0.0082 0.9825 0.0256

57 0.0064 0.9889 0.0175

58 0.0041 0.993 0.0111

59 0.0029 0.9959 0.007

60 0.0017 0.9977 0.0041

61 0.0012 0.9988 0.0023

62 0.0006 0.9994 0.0012

63 0.0006 1 0.0006

• Since P(X ≤ 28) = 0.0256, P(X ≥ 56) = 0.0256, 
• decision rule: ‘If 𝑹𝟐 ≤ 27.5  or 𝑹𝟐 ≥ 56.5 , then reject 𝑯𝒐’
• In this problem 𝑹𝟐 = 36,  we can not reject 𝑯𝒐.
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<Answer of Example 10.2.1>

10.2 Nonparametric Test for Location Parameters of Two Populations
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• 𝑤2 𝑛1, 𝑛2 ∶ Wilcoxon rank sum distribution of 𝑅2 with sample size 𝑛1 and 𝑛2

10.2 Nonparametric Test for Location Parameters of Two Populations

❖ If there is a tie in the combined sample, assign the average rank.
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▪ E(𝑹𝟐) = 

𝑛1(𝑛1+𝑛2+𝟏)

𝟐
, V(𝑹𝟐) = 

𝑛1𝑛2(𝑛1+𝑛2 +𝟏)

𝟏𝟐

10.2 Nonparametric Test for Location Parameters of Two Populations
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Thank you


