
10.9 One-way parametric ANOVA with unequal replicates

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 10.10 How to carry out a one-way parametric ANOVA with unequal 
replicates

1. General hypotheses to be tested

H0: There is no difference in the mean peroxide levels (mEq of peroxide per kg sample) in different 
cooking oils.
H1: There is a difference in the mean peroxide levels (mEq of peroxide per kg sample) in different 
cooking oils.

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

Yes (10.9.2.ii.).

3. How to work out Fcalculated

A. Calculate general terms.

1. Add together all the observations in all the categories or samples (grand total) xT∑ .

x 14 15 17 13 12 8 7 8 94.0T∑ = + + + + + + + =
(Continued)

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



RESEARCH METHODS FOR THE BIOSCIENCES2

Customer Book Title Stage Supplier Date

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

2. Square each observation in all the categories and add these together xT
2( )Σ .

x 14.0 15.0 17.0 13.0 12.0 8.0 7.0 8.0T
2 2 3 3 2 2 2 2 2∑( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )= + + + + + + +

= 196.0 + 225.0 + 289.0 + 169.0 + 144 + 64.0 + 49.0 + 64.0 = 1200.0

3.  Add all the observations in a column ( xsΣ ). Square this value ( xsΣ )2. Divide by the number of 
observation in that column (ns). Repeat for each column and add these together.

In our example the calculation for this step is:

29
2

42
3

23
3

42.50 588.0 176.33333 1184.83333
2 2 2( ) ( ) ( )

+ + = + + =

4.  Take the result from step 1, square it ( xTΣ )2 and divide by N, where N is the total number of 
observations in all the categories or samples combined.

(94.0)2/8 = 8836.0/8 = 1104.5

B. Calculate the sums of squares (SS).
5. SStotal = result from step 2 – result from step 4.

SStotal = 1200.0 – 1104.5 = 95.5

6. SSbetween* = result from step 3 – result from step 4 * between samples.

SSbetween = 1184.833333 – 1104.5 = 80.33333

7. SSwithin** = result from step 5 – result from step 6 ** within samples.

SSwithin = 95.5 – 80.33333 = 15.166666

C. Construct and complete an ANOVA calculation table.

i. Draw an ANOVA table as illustrated here.

Source of variation SS v MS F

Between samples Step 6

Within samples Step 7

Total variation Step 5

ii.   Transfer the results from the calculations for SSbetween, SSwithin, and SStotal into the ANOVA 
table in column 1 (below).

iii. Calculate the degrees of freedom (v).
vtotal = total number of observations – 1 = N – 1 = 8 – 1 = 7

vbetween = number of samples–1 = a – 1 = 3 – 1 = 2

vwithin = total number of observations – number of samples = N – a = 8 – 3 = 5

Enter these results in column 2 (below).
(Continued)
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iv. Calculate the mean squares (MS) for between and within samples.

Note: Variances in this context are also known as mean squares (MS).

s2 = MS = 
ν
SS

In the ‘between samples’ row take the value for SS and divide it by its value for v.
In the ‘within samples’ row take the value for SS and divide it by its value for v.
Put the results from these calculations in column 3 (below).

v. Finally calculate the variance ratio Fcalculated where:

Fcalculated = 
MS

MS
‘between samples’

‘within samples’

It is usual to place the results from this calculation in column 4 in the first row (below).

Source of variation SS v MS F

Between samples 80.33333 2 40.166667 13.2417582

Within samples 15.166666 5 3.03333

Total variation 95.5 7

4. To find Fcritical

Appendix d, Table D7. Identify the critical F-value using the F tables for an ANOVA. You may need to 
interpolate (6.4.4) these values. To find the critical value you need the degrees of freedom relating to 
the variances ‘between samples’ (v1) and ‘within samples’ (v2).

In our example ‘between samples’ v1 = 2 and ‘within samples’ v2 = 5.

Interpolating from the F table for p = 0.05, Fcritical = 5.79.

5. The rule

If Fcalculated is greater or equal to Fcritical then you may reject the null hypothesis.

In our example, Fcalculated (13.24) is greater than Fcritical (5.79) so you may reject the null hypothesis.
At p = 0.01 (Table D9), Fcritical = 13.27, so you may not reject the null hypothesis at this higher level of 
significance.

6. What does this mean in real terms?

There is a significant difference (F = 13.24, 0.01 < p < 0.05) in the mean peroxide levels (mEq of 
peroxide per kg sample) in different cooking oils.




