
How	to	statistically
distinguish several
distributions	?
KRUSKAL WALLIS	TEST
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Context 
• Protoplanetary disks
• Planet formation
• Disk evolution

-> 9 Dust mass distributions

Are those regions statistically distinct from each other ?

Science case 
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Kruskal-Wallis test
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• Testing for differences between several independent groups
• Testing if samples come from the same population or if at least one come from 

a different population

• Alternative to ANOVA test  :
• When data don’t come from a normal distribution
• No hypothesis on variances

• If 2 samples only :
• equivalent to Mann-Whitney tests



Kruskal-Wallis test
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• Non-parametric test :
• Based on ranked data

• Hypothesis :
• H0 : All populations have the same median yield
• Ha : Not all medians yields are equals



Kruskal-Wallis test
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Groupe 1
m1 0 … m1 n1

Groupe 2
m2 0 … m2 n2

Groupe 3
m3 0 … m3 n3

Rank all data from all 
groups together

Tied values 
Get the mean value of their
rank

Rank
1

Data
m2 0

2 m1 7

3 m3 2

4 m2 4

5 m2 5

6 m2 1

7 m1 0

… …



Kruskal-Wallis test
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Groupe 1
m1 0 … m1 n1

Groupe 2
m2 0 … m2 n2

Groupe 3
m3 0 … m3 n3
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Calculating the associated p-value
xlstat options

7

• Assymptotic method
p-value obtained from approximation of the law by a     law with g-1 
degrees of freedom
Reliable except if N small

• Exact method
Using the real H distribution
Numerically intense

• MC method
Random ressampling and estimation of a confidence interval around p-value
Better results for large number of simulations
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Interpretation
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α : critical value to interpret the test (usually 0.05)

• p-value < α : H0 rejected – Distributions are statistically different 
(large H)

• p-value > α : H0 accepted – Distributions are similar
(smaller H)

α = 0.014



Bonferroni correction
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Groupe 1
m1 0 … m1 n1

Groupe 2
m2 0 … m2 n2

Groupe 3
m3 0 … m3 n3

Probability of falsely rejecting null hypothesis increase with the number of 
samples compared
(inflation of type I error)

αcorrected = α / nb of tests conducted

Example :
• For 4 regions
• Number of tests : 3 + 2 + 1 = 6
• So for α = 0.05 , αcorrected = 0.05/6 = 0.008

Changes the interpretation of the results because we compare several samples all 
together
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Use the test ?
XLSTAT
https://www.xlstat.com/en/solutions/features/kruskal-wallis-test

Python
scipy.stats.kruskal -> statistic + p-value for 2 or more distributions


