
10.10 Tukey–Kramer test following a parametric one-way 
ANOVA with unequal replicates

This calculation follows on from those outlined in Box 10.10. and is illustrated using 
Example 10.6.

Table 10.10 Peroxide levels (mEq of peroxide per kg sample) in a number of different cooking oils taken as 

fresh samples from a new bottle. All values × 10–2. Superscript a indicates samples not significantly different at 

p = 0.05 using a Tukey–Kramer test (10.10).

Peroxide levels (mEq of peroxide per kg sample) in a number of different cooking oils 

(all values × 10–2)

Corn oila Extra virgin olive oila Cold pressed rapeseed oil

14 17  8

15 13  7

– 12  8

ns  2  3  3

x 14.5 14.0  7.66666

s2  0.5  7.0  0.33333

∑ x 29 42 23

Example 10.6 Differences in the peroxide levels of popular cooking oils

An increase in peroxide levels in cooking oils is indicative of reduced nutritional value and is associated 
with an increase in an unpleasant rancid taste. As part of a larger study, an undergraduate assessed the 
peroxide levels in a number of different oils from samples taken directly from new bottles.

BOX 10.11 How to carry out a Tukey–Kramer test after a significant one-
way parametric ANOVA with unequal replicates

1. Hypotheses to be tested

In the Tukey–Kramer test we will be comparing three pairs of mean values. Each of these 
comparisons is a test of hypotheses. You could write specific hypotheses for each: for example,
H0: There is no difference between the mean peroxide content (mEq of peroxide per kg sample) of 
corn oil compared to virgin olive oil. However, common sense suggests that where you are making 
many comparisons using this test then it is sensible to report the general hypotheses only.

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

Yes (10.10.2.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. See Table 10.11.

Table 10.11 The difference between each pair of means from Example 10.6 Differences in the 

peroxide levels of popular cooking oils. All values × 10–2. (Each difference is a Tcalculated value to be used 

in a Tukey–Kramer test.)

Peroxide levels (mEq of peroxide per kg sample × 10–2

Cooking oils Cold pressed 

rapeseed oil

Extra virgin 

olive oil

Corn oil 

x  = 7.66667, n = 3 x  = 14.0, n = 3 x  = 14.5, n = 2

Cold pressed rapeseed oil 14.0 − 7.66667

= 6.33333*

14.5 − 7.66667

= 6.83333*

x  = 7.66667

Extra virgin olive oil 14.5 − 14.0 = 0.5

x  = 14.0

Corn oil

x  = 14.5

*Significant at p = 0.05.

4. How to find Tcritical

i. Examine the ANOVA calculation to find the following:

a: number of samples.

MSwithin from the ANOVA table.

(For accuracy you should use the full value and not a rounded-up value).

v: degrees of freedom for the s2
within from the ANOVA calculation table.

In this example a = 3.
From the one-way ANOVA for unequal replicates (see Box 10.10) the MSwithin = 3.033334 and its 
degrees of freedom are v = 5.

ii.   Find the q value at p = 0.05, in a q table for the Tukey’s test using a and v (Appendix d, Table 
D11). In our example when a = 3 and v = 5, q = 4.6 at p = 0.05.

iii.  First identify all comparisons between means where the numbers of replicates are the same.

(Continued)
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In our example this is the comparison between extra virgin olive oil and cold pressed rape seed oil 
where n = 3 for both samples.

Tcritical = 4.6
3.033334

3
×   = 4.6 1.01111×   = 4.6 1.00554021 4.6254896× =

iv.  We have two comparisons where n is not the same for both samples. These are the comparisons 
between the corn oil (n = 2) and the rape seed oil (n = 3) and the corn oil with the olive oil (n = 3). 
Here

T 4.6
3.03334

2
1
2

1
3critical = × +





4.6 1.51667 0.5 0.33333( )= × +  = 4.6 1.51667 0.83333× ×  = 4.6 1.26389166×

= 4.6 1.12422936× = 5.17145507

5. The rule

There are two Tcalculated values in Table 10.11 that are greater than their Tcritical values at p = 0.05 and 
these are shown in bold in the table with an asterix to indicate significance at this level. If we repeat 
the calculations at p = 0.01 we find that the hypotheses may be rejected at 0.05> p > 0.01.

6. What does this mean in real terms?

The general significant difference detected by the ANOVA (Box 9.8) is accounted for by the 
significant difference (0.05> p > 0.01) in mean peroxide levels (mEq of peroxide per kg sample) in the 
cold pressed rapeseed compared to the other two oils.




