
9.3 Chi-squared test for association

Example 9.1 Shell colour in Cepaea nemoralis in coastal and hedgerow 
habitats

An investigation was carried out into the frequency of banding and colour patterns on the shells of the 
native snail Cepaea nemoralis and the habitat the snail was found in (Table 9.3). The association that is 
under investigation is therefore between the variables ‘shell pattern’ and ‘habitat’.

Table 9.3 Shell colour in Cepaea nemoralis in coastal and hedgerow habitats

Habitat Shell pattern and colour in C. nemoralis

Banded Yellow No bands Yellow Banded Pink No bands Pink Total

Coastal observed 10 (20%) 19 (38%) 5 (10%) 16 (32%)   50

Hedgerow observed 17 (31%)   8 (15%) 19 (35%) 11 (20%)   55

Total 27 27 24 27 105

BOX 9.1 How to calculate an r x c chi-squared test for association

1. Hypotheses to be tested

H0: There is no association between the distribution of shell patterns observed and the habitat 
(coastal and hedgerow) of Cepaea nemoralis.
H1: There is an association between the distribution of shell patterns and the habitat (coastal and 
hedgerow) of Cepaea nemoralis.

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

Yes (9.3.2.ii.).

3. How to work out expected values

Look first at the expected value in row 1, column 1 in Table 9.4. To calculate this expected value, 
take the column total for banded yellow (27) ÷ grand total (105) × row total for coastal snails (50) = 
12.85714. This calculation is repeated for each row x column combination.
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4. How to work out chi-squared calculated

χ = − + − + − + −
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= + + + + + + +0.63492 2.93492 3.61607 0.76825 0.57735 2.66757 3.28734 0.6980

χ2 calculated = 15.18472

5. How to find χ2
critical

In our snails example there are two rows (coastal and hedgerow). Do not include your ‘expected’ 
rows; these are part of your calculation. There are four columns (banded yellow, no bands yellow, 
banded pink, no bands pink).

Therefore the degrees of freedom (ν) = (2−1) × (4−1) = 1 × 3 = 3.

The critical value where ν = 3, p = 0.05, and is χ2 = 7.81 (Appendix d, Table D1).

6. The rule

χ2 calculated (15.18) is greater than χ2 critical (7.81) at p = 0.05 and therefore we reject the null hypothesis.

Table 9.4 Contingency table with expected values for a chi-squared test for association using data from 

Example 9.1 Shell colour in Cepaea nemoralis in coastal and hedgerow habitats

Habitat Shell pattern and colour in C. nemoralis

Banded Yellow No bands Yellow Banded Pink No bands Pink Row totals

Coastal 
observed

10 19 5 16 50

Coastal 
expected

27/105 × 50  
= 12.85714

27/105 × 50  
= 12.85714

24/105 × 50  
= 11.42857

27/105 × 50  
= 12.85714

Hedgerow 
observed

17 8 19 11 55

Hedgerow 
expected

27/105 × 55  
= 14.14206

27/105 × 55  
= 14.14206

24/105 × 55  
= 12.57143

27/105 × 55  
= 14.14206

Column 
totals

27 27 24 27 105
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7. What does this mean in real terms?

There is a significant association (χ2
calculated = 15.18, p = 0.05) between the distribution of shell 

patterns and habitat (coastal and hedgerow) of Cepea nemoralis.

In fact at p = 0.01, critical
2χ  = 11.34 and at p = 0.001 critical

2χ  = 16.27. Therefore you may reject the 
null hypothesis at p = 0.01 but not at p = 0.001. This can be written as: There is a highly significant 
association (χ2

calculated 15.18, 0.01 > p > 0.001) between the distribution of shell patterns and habitat 
(coastal and hedgerow) of Cepea nemoralis.




