
10.8 Tukey’s test following a parametric one-way ANOVA 
with equal replicates

This calculation follows on from those outlined in Boxes 10.7 and 10.8 and is illustrated from 
Example 10.5.

Example 10.5 The effectiveness of weaning plantlets of Lobelia ‘Hannah’ 
from tissue culture onto one of four composts

An undergraduate studying horticulture was interested in how plants propagated by tissue culture were 
then weaned onto other growing media, such as soil-based compost. She designed a series of trials 
that examined aspects of this weaning process. In one trial, she transferred Lobelia ‘Hannah’ plantlets 
at random into plugs containing one of four different composts (A–D). After eight weeks, the plantlets 
were examined and their fresh weight recorded (Table 10.7).

BOX 10.9 How to carry out Tukey’s test after a significant one-way 
parametric ANOVA with equal replicates

1. Hypotheses to be tested

In the Tukey’s test, we will be comparing six pairs of mean values. Each of these comparisons is a test 
of hypotheses. You could write hypotheses for each. For example, H0: There is no difference between 
the mean fresh weight for Lobelia ‘Hannah’ grown in compost A compared with compost B, etc. 

(Continued)

Table 10.7 The fresh weight of Lobelia ‘Hannah’ after eight weeks’ weaning in one of four types of compost 

(A–D): calculations using these data and summary statistics

Fresh weight (g) of Lobelia ‘Hannah’ weaned in one of four composts (A–D)

A B C D

7.04 2.48 3.18 2.18 3.20 5.11 4.16 3.71

4.86 3.03 1.52 2.12 3.93 5.32 2.94 1.60

7.47 4.21 3.85 1.27 3.21 3.00 3.62 1.60

4.49 6.03 1.42 2.03 3.01 2.25 2.09 2.14

3.06 4.77 4.00 4.82 3.93 3.53 3.83 3.16

x 4.744 2.639 3.649 2.885

s2 2.84663 1.53683 0.91999 0.92307

∑ xs 47.44 26.39 36.49 28.85

∑( )xs
2 250.675 83.4747 141.4319 91.5399

ns 10 10  10 10

∑ xT 139.17

∑( )xT
2 567.1215

N 40
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However, common sense suggests that if you do formally record these hypotheses then you use the 
generic hypotheses only.

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

Yes (10.8.2.ii).

3. How to work out Tcalculated

Calculate the difference between the means in all possible pair-wise combinations. Each of these 
differences is a Tcalculated value (Table 10.9).

Table 10.9 The difference between each pair of means from Example 10.5 The effectiveness of 

weaning plantlets of Lobelia ‘Hannah’ from tissue culture onto one of four composts (each difference is 

a Tcalculated value to be used in a Tukey’s test)

Compost A B C D

x  = 4.744 x  = 2.639 x  = 3.649 x  = 2.885

A 4.744 − 2.639 4.744 − 3.649 4.744 − 2.885

x  = 4.744 = 2.105 = 1.104 = 1.859

B 3.649 − 2.639 2.885 − 2.639

x  = 2.639 = 1.010 = 0.246

C 3.649 − 2.885

x  = 3.649 = 0.764

D

x  = 2.885

4. How to find Tcritical

i. Examine the ANOVA calculation to find the following:
ns: the number of observations in a category or sample.
a: number of categories or samples.
MSwithin is in the ANOVA table. For accuracy, you should use the full value and not a rounded-up value.
v: degrees of freedom for MSwithin from the ANOVA calculation table.
For this example these values are found in Box 10.8 and Table 10.8. where:

ns = 10, a = 4, MSwithin = 1.5566297, v = 36

ii.  Appendix d, Table D11. Find the q value at p = 0.05, in a q table for the Tukey’s test using a and ν.

To find q for a = 4 and ν = 36, p = 0.05 we need to interpolate from the q table. The nearest q values 
are at a = 4, ν = 30, q = 3.84, and a = 4, ν = 40, q = 3.79. The difference between these two q values 
is 3.84 – 3.79 = 0.05. There are 10 degrees of freedom between ν = 30 and ν = 40. For each the 
increment is 0.05/10 = 0.005. Therefore to find q at ν = 36 it is simplest to add 4 × 0.005 to the q 
value 3.79 = 3.81.

(Continued)



3RESEARCH METHODS FOR THE BIOSCIENCES

iii. Calculate Tcritical.

T q
s

n
3.814

1.5566297
10

3.814 0.15566297 3.814 0.39454 1.50478critical
within
2

= × = × = × = × =

5. The rule

Compare Tcritical with each of the differences between the means (i.e. each Tcalculated). If any Tcalculated 
is greater than Tcritical, then you may reject the null hypothesis for these two samples. There are two 
Tcalculated values in Table 10.9 that are greater than Tcritical (1.505) at p = 0.05 and these are shown in 
bold in the table.

6. What does this mean in real terms?

The general significant difference detected by the ANOVA (Box 10.8) is accounted for by the 
significant difference (p = 0.05) in mean fresh weight of Lobelia ‘Hannah’ growing in compost A 
compared with compost B and in compost A compared with compost D.

From this information, the student was able to identify which components of the compost appeared 
to be most important in the weaning of Lobelia ‘Hannah’.


