
Customer Book Title Stage Supplier Date

OUP Research Methods for the Biosciences Revise 1 Thomson Digital 28 Nov 2016

11.4 Alternative post hoc test following a Kruskal–Wallis test 
(Meddis (1984))

In the post hoc test that we used to test specific hypotheses following a significant one-way 
non-parametric ANOVA (11.3), the specific hypotheses were the differences between pairs 
of means. In this alternative test the specific hypotheses are more flexible, dependent on the 
trends you observe in your data, and unlike the parametric ANOVAs you may test specific 
hypotheses without first confirming a significant difference in the general hypothesis testing. 
We will use the same example as that used for the post hoc test outlined in the book.

Example 11.2 The density of Bellis perennis (daisy plants) at four different 
locations on the University of Worcester campus, 2002

Students in their first year at the University of Worcester randomly sampled four locations on campus 
using a 0.5m2 quadrat. The number of Bellis perennis in each of eight quadrats in the four areas was 
recorded (Table 11.4). Is there a significant difference between these four areas?

Table 11.4 The number of Bellis perennis growing at four locations on the campus of the University of 

Worcester

Number of B. perennis at four locations on the University of Worcester campus

Cricket pitch Lawn Quadrangle Rugby pitch

 8 15 10 15

 9 13 16 10

 9 15 18 15

12 18 13 12

 4 11 12 8

 5 12 16 5

 5 13  8 10

 7 13 12 10

Median  7.5 13.0 12.5 10.0

Mode 5.9 13 12.16 10

Range  8  6 10 10

Interquartile range  4  2.25  4.5 3.25

Look at the medians for Example 11.2 (Table 11.4). From this we may propose that the median 
density of daisies can be ranked as follows: the cricket pitch has the lowest daisy density, fol-
lowed by the rugby pitch, then the quadrangle, and finally the lawn has the highest density. 
This specific proposal can now be tested statistically.

Central to this test is a term denoted by the symbol λ. This is a value that is used to weight 
the sums of ranks and reflect the specific hypotheses that you are testing. In our example, 
(Box W11.1 and Table W11.1) we only examine one pair of specific hypotheses and therefore 
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we only show you one example of selecting appropriate values for λ. For other examples, see 
Barnard et al. (2001).

Key trends and experimental design

These were outlined in 11.3.1.

Using this test

i. To use this test you:

1) have met the criteria for a Kruskal–Wallis test;

2) do not need equal numbers of observations in each category;

3) should not use if many of your observations are the same (i.e. you have many tied 
rank values).

ii. Does the example meet these criteria?

To illustrate this post hoc test we will use Example 11.2 and the Kruskal–Wallis test in Box 11.3. 
We know therefore that the criteria for using a Kruskal–Wallis test have been met by the data.

The calculation

The method for this post hoc test is outlined in Box W11.1 and the calculation table 
(Table W11.1).

BOX W11.1 How to carry out a one-way non-parametric ANOVA:  
specific hypotheses (Meddis, 1984)

1. Hypotheses to be tested

H0: The median density of Bellis perennis does not follow the predicted order
CP < RP < Q < L.
H1: The median density of Bellis perennis follows the rank order CP < RP < Q < L.

2. Have the criteria for using this test been met?

Yes.

(Continued)
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3. How to work out zcalculated

i. Each sample is given a weighting (λ) that reflects the predicted order.
  For our specific hypothesis the cricket pitch has the lowest density of daisies so we will give this a 

weighting (λ) of 1. We will increase each weighting by 1 to reflect their apparent relationships to 
each other.

  CP < RP < Q < L
 λ 1 2 3 4
ii. For each sample calculate λ2, λR, λn, λ2n (Table W11.1).
iii. Sum these across samples, to calculate N = Σn; R  λ( )Σ ; n  λ( )Σ ; n  2λ( )Σ  

 N n  8 8 8 8  32= Σ = + + + =

 R     56 740 505.5 237 1538.5λ( )Σ = + + + =

 
n     8 32 24 16 80λ( )Σ = + + + =

 
n    8 128 72 32 2402λ( )Σ = + + + =

iv. Calculate the terms L, E, and V where

 L = Σ(λR) = 1538.5

 E = N
n

1
2
λ( )( )+

Σ  = 32 1
80
2

( )( )+  = 33 80
2
×  = 2640/2 = 1320

V N
N n n

( 1)
12

2 2λ λ( ) ( )
= + ×

Σ − Σ





   
(32 1)

32 240 80

12

2( ) ( )
= + ×

− 

   
(33)

7680 6400
12

33
1280

12
33 106.66667 3520

[ ]= × − = × = × =

v. Calculate the test statistic, z.

 
z

L E
V

1538.5 1320
3520

218.5
59.32959

3.68282calculated
( )= − = − = =

4. How to find zcritical

See Appendix d, Table D5. The z distribution is unusual in that it is independent of sample size. For 
any one p-value, there is only one z-value. At p = 0.05, zcritical = 1.645.

5. The rule

If zcalculated is more than zcritical then you may reject the null hypothesis (H0). Since zcalculated (3.68) is 
more than zcritical (1.64) at p = 0.05 then you may reject the null hypothesis (H0). In fact at p = 0.001 
for a one-tailed test zcritical = 3.10. Therefore you may reject the null hypothesis at this higher level of 
significance.

6. What does this mean in real terms?

The median density of Bellis perennis is not significantly different (z = 3.68, p = 0.001) from the 
predicted order CP < RP < Q < L.
These details therefore complement and extend our understanding for the result from Kruskal–Wallis 
test (11.3).

(Continued)
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Table W11.1 Calculation for one-way non-parametric ANOVA: General and specific hypotheses 

examining the number of Bellis perennis growing at four sites on the campus of the University of 

Worcester 

Cricket pitch (CP) Lawn (L) Quadrangle (Q) Rugby pitch (RP)

Number Rank Number Rank Number Rank Number Rank

8  7 15   26.5 10 12.5 15 26.5

9  9.5 13   22.5 16 29.5 10 12.5

9  9.5 15   26.5 18 31.5 15 26.5

12 18 18   31.5 13 22.5 12 18

4  1 11 15 12 18  8 7

5  3 12 18 16 29.5  5 3

5  3 13   22.5  8 7 10 12.5

7  5 13   22.5 12 18 10 12.5

λ  1  4 3 2

λ2  1 16 9 4

R 56  740 505.5 237

n  8 32 24 16

n2λ    8 128  72 32




