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Kruskal-Wallace test and UniODA are compared in an application 

comparing corn yield produced by four different farming methods. 

 

 

 

The Kruskal-Wallace test is a non-parametric 

one-way analysis of variance (ANOVA) that is 

conducted on ranks, and it is an extension of the 

Mann-Whitney U test for applications involving 

more than two independent groups.
1-3

 The null 

hypothesis of the Kruskal–Wallis test is that the 

mean ranks of the groups are the same, and the 

alternative hypothesis is that at least one popu-

lation mean rank of one group is different from 

the population mean rank of at least one other 

group: the test does not identify pairs of groups 

for which differences exist, or the directionality 

of the differences. If an identically shaped and 

scaled distribution is assumed for all groups, the 

null hypothesis is that the medians of all groups 

are equal, and the alternative hypothesis is that 

at least one population median of one group is 

different from the population median of at least 

one other group. If the null hypothesis is re-

jected then pairwise comparisons are conducted 

to identify underlying differences. 

For expository purposes this paper uses 

both the Kruskal-Wallace test and the UniODA 

algorithm
4,5

 in an application comparing the 

corn yield produced by four different farming 

methods
6
 (Table 1). 

Analyzed by the Kruskal-Wallace 

method
7
, after adjustment for ties, T = 25.63, 

p<0.0001. From the omnibus test we conclude 

that at least one farming method has a signifi-

cantly higher mean rank score than at least one 

of the other farming methods. Reported in Table 

2, all pairwise comparisons were conducted in 

an effort to specify the precise profile of mean 

rank differences among the different farming 

methods. 

 

Table 1: Independent Samples 

of Corn Yield by Farming Method 

                               Method 

                      1       2         3       4 

83 91 101 78 

91 90 100 82 

94 81 91 81 

89 83 93 77 

89 84 96 79 

96 83 95 81 

91 88 94 80 

92 91   81 

90 89     

  84     
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Table 2: p for Pairwise Comparisons
7
 Employed 

to Disentangle the Statistically Significant 

Omnibus Kruskal-Wallace Test 

                    Dwass-Steel- 

 Methods     Chritchlow-    Conover- 

Compared    Fligner             Inman       UniODA 

     1, 2          0.1529             0.0078        0.1074 

     1, 3          0.0782             0.0044        0.0435 

     1, 4          0.0029             0.0001        0.0001 

     2, 3          0.0048             0.0001        0.0015 

     2, 4          0.0044             0.0001        0.0003 

     3, 4          0.0063             0.0001        0.0005 

---------------------------------------------------------- 

Note: In each UniODA analysis 10,000 Monte Carlo 

experiments were used to obtain an exact permuta-

tion p (no distributional assumptions are required).
4
 

Exploratory (non-directional) analysis 

via UniODA was conducted next, comparing 

corn yield data (the ordered attribute) between 

four different farming methods (the class varia-

ble with four categorical levels).
4
 The UniODA 

model was: if yield <82 predict method=4; or if 

yield <88 predict method=2; or if yield <92 

predict method=1; or if yield >92 predict 

method=3. This model correctly classified 6 of 

9 (66.7%) samples for farming method 1; 5 of 

10 (50.0%) method 2 samples; 6 of 7 (85.7%) 

method 3 samples; and all 8 (100%) of the 

method 4 samples. This level of accuracy was 

statistically significant (p<0.0001; 99.3% cer-

tainty that p<0.01). Considered ecologically this 

level of accuracy was relatively strong
7
 on the 

basis of the Effect Strength for Sensitivity (ESS) 

statistic of 66.5 (ESS=0 is the level of accuracy 

expected for this application by chance; ESS= 

100 is perfect, errorless classification; and ESS> 

50 is the criterion for a relatively strong effect
4
). 

Accuracy declined marginally in jackknife 

(leave-one-out) validity analysis to ESS=59.4 

(accuracy declined for methods 2 and 3), 

suggesting the finding may cross-generalize 

with marginally lower accuracy to independent 

random samples. 

UniODA was next used to conduct all 

six possible pairwise comparisons between 

farming methods, in order to ascertain the spe-

cific nature of the omnibus effect.
4,8,9

 The Type 

I error rate for each of the UniODA-based pair-

wise comparisons is given as the right-most 

column of Table 2 (the other two comparisons 

were used in Kruskal-Wallace analysis). For 

every UniODA model exact p is obtained: no 

distributional assumptions are made and must be 

satisfied by the data to ensure the validity of 

reported Type I errors.
4
 Summary findings of 

the pairwise comparisons are given in Table 3. 

Table 3: Findings of UniODA-Based Pairwise 

Comparisons of Corn Yield Between 

Four Farming Methods 

 

Methods      

Compared       UniODA Model          ESS    ESP 

     1, 2       Yield <88  Method 2       49      52 

     1, 3       Yield <92  Method 1       63      62 

     1, 4       Yield <82  Method 4     100     100 

     2, 3       Yield <92  Method 2       86      91 

     2, 4       Yield <82  Method 4       90      89 

     3, 4       Yield <86  Method 4     100     100 

---------------------------------------------------------- 

Note: ESS is an index of the sensitivity of the model 

in predicting the actual farming method category of 

observations, and ESP is an index of the predictive 

value of the model in making point predictions of 

observations into farming method categories.
4,10-12

 

 

As seen, two strong patterns emerged that 

explain the omnibus finding. The strongest 

effect to emerge is that farming method 4 has 

statistically and ecologically lower corn yield 

than the other three farming methods. The 

second strong effect to emerge is that farming 

method 3 has statistically and ecologically 

greater corn yield than farming method 2. 
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