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ANOVA
(Extension material for Level 3 Biology Study Guide, ISBN 978-1-927194-58-4, pages 16–18)  

ANOVA (ANalysis Of VAriance between groups) is the test used when results of three 
or more treatments are to be compared (e.g. height of tomato plants across a range of 
fertiliser concentrations). It is usually used to establish if there is a significant difference 
across a range of treatments as a whole. 

• Data must be measurements that are continuously variable and have no upper limit. 
(Data that are counts (e.g. numbers of slaters in each light category) or that are 
percentages or proportions cannot be analysed using this method.) However, such 
data can be transformed so that it can be analysed using ANOVA.

• Results from all treatments must have the same variance. (This can be established as 
part of the test.)

• It is preferable all treatments have the same number of replicates. (However, most 
computer programs used for the test have ways of overcoming this.)

The method looks long and complicated but is actually very straightforward as long as 
calculations are set out systematically. Computer programmes such as Excel quickly and 
accurately carry out the calculations needed. 

Example 
An investigation where the effect of fertiliser concentration on tomato plant height was 
carried out. A range of 3 fertiliser concentrations was used with 3 replicates for each 
treatment. 

Replicate Group A Group B Group C

1 11 21 39

2 14 18 37

3 9 22 41

Calculations should be done in the following order. (Show all working in the 
Appendix section of your final report. If you use Excel, attach a copy of the computer 
calculations to the Appendix.) 

1. For each column (treatment) calculate the sum of all replicates (Σx), the number of 

replicates (n), the mean (x̄ ), the sum of each replicate squared (Σx2), and 
Σx

n
( )2

, and 

Σd2 (= Σx2 – 
Σx2

n

⎛

⎝
⎜

⎞

⎠
⎟) and the variance σ2 (= Σd2

n – 1
). Put all these results into another 

table (see later).
2. Follow this step if you suspect that the results may not have the same variance. 

Example 
If the mean is a very high number such as 600, the individual data that resulted in this 
mean may have come from a very wide range (such as 330, 700, 650). In this case, 
they may not have the same variance. 
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 Divide the highest value for variance calculated in Step 1 by the lowest to give the 
variance ratio F. Consult a table of Fmax (see below). Using the appropriate number 
of treatments and the degrees of freedom (calculated by number of replicates per 
treatment – 1) compare F with the Fmax value in the table. If F is less than Fmax then 
proceed with the rest of ANOVA as the results have the same variance. If F is greater 
than Fmax, then the data will need to be transformed. 

 For this data, F = 6
4

 = 1.5. The Fmax for 3 treatments and degrees of freedom of 2 (3 – 1) 
is 87.5. F is less than Fmax, so these results have the same variance and it is appropriate 
to continue with ANOVA to test the significance of the results.

3. Assign A, B and C to Σx, Σx2 and 
Σx

n
( )2

.

4. Square A, divide it by the total number of observations, and assign it the letter D.
5. Calculate the Total sum of squares (B – D).
6. Calculate the Between treatment sum of squares (C – D).
7. Calculate the Residual sum of squares (B – C).

Replicate Group A Group B Group C Row totals

1 11 21 39

2 14 18 37

3 9 22 41

Σx 34 61 117 212 (A)

n 3 3 3

Mean 11 20 39

Σx2 398 1 249 4 571 6 218 (B)

Σx
n

( )2

386 1 240 4563 6 189 (C)

Σd2 12 9 8

σ2 6 4.5 4

 D = 
2122

9  = 4 994

 Total sum of squares = B – D = 6 218 – 4 994 = 1 224
 Between treatment sum of squares = C – D = 6 189 – 4 994 = 1 195
 Residual sum of squares = B – C = 6 218 – 6 189 = 29
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8. Draw up another table for the final processing steps, where u is the number of 
treatments (in this case 3) and v is the number of replicates for each treatment (in this 
case 3).

Source of variance Sum of squares 
(S of S)

Degrees of 
freedom (df)

Mean square = 
S of S/df

Between treatments 1 195 u – 1 (2) 598

Residual 29 u(v – 1) (6) 4.8

Total 1 224 (uv) – 1 (8)

9. Now, the F value can be calculated = 
Between treatments mean square

Residual mean square

  = 
598

4.8

  = 125
10. Consult a table of F values. Using the Between treatments dof and the Residual dof, 

find the tabulated F value at p = 0.05. For these results, the F value is 5.1. 

If the calculated F value exceeds the tabulated F value then the results are 
statistically significant and the Null Hypothesis is rejected.

 In this case, the calculated F value is greater than the tabulated F value, so the Null 
Hypothesis is rejected and the results are statistically significant – i.e. the fertiliser 
concentration is making a difference to tomato plant growth.


