
9.7 Pearson’s product moment correlation

Example 9.4 The hardness of eggshells in pullets

A student believes that there is a relationship between the hardness of shells in eggs laid by Maren 
pullets and the amount of a particular layer’s pellet eaten as part of their mixed diet. She selected 13 of 
her pullets at random and on one day recorded the amount of layer’s pellets each consumed and the 
hardness of the eggs laid, on a scale of 0.0 (softest) to 10.0 (hardest) (Table 9.8).

Table 9.8 The hardness of eggshells produced by 13 Maren pullets and their consumption of a food 

supplement

Pullet Amount of food supplement (g) Hardness of shells

 1 19.5 7.1

 2 11.2 3.4

 3 14.0 4.5

 4 15.1 5.1

 5  9.5 2.1

 6  7.0 1.2

 7  9.8 2.1

 8 11.6 3.4

 9 17.5 6.1

10 11.2 3.0

11  8.2 1.7

12 12.4 3.4

13 14.2 4.2

1. Hypotheses to be tested

H0: There is no correlation between the hardness of shells and the amount of food supplement (g) 
eaten by 13 Maren pullets.
H1: There is a correlation between the hardness of shells and the amount of food supplement (g) 
eaten by 13 Maren pullets.

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

Yes (9.7.2)

BOX 9.3 How to carry out Pearson’s product moment correlation

(continued)
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3. How to work out r

i. There is no requirement for there to be a dependent or an independent variable, therefore you 
may choose which variable should be x and which y. Let the amount of food supplement eaten 
(g) be the x variable and hardness of shells be the y variable.

ii. Calculate the sums of squares of x; SS(x)
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 where n is the number of pairs of observations.

 This term should be familiar to you as it has figured in the calculation for standard deviation 
and variances (Box 5.1). We show you again in this example how to work these out 
(Table 9.10).

Table 9.10 Calculating Pearson’s product moment correlation for Example 9.4 between the hardness of 

shells and food consumption in Maren pullets

Amount of food 

supplement (g) (x) x2

Hardness of 

shells (y) y2 x × y

 7.00  49.00 1.20  1.44   8.40

 8.20  67.24 1.70  2.89  13.94

 9.50  90.25 2.10  4.41  19.95

 9.80  96.04 2.10  4.41  20.58

11.20 125.44 3.00  9.00  33.60

11.20 125.44 3.40 11.56  38.08

11.60 134.56 3.40 11.56  39.44

12.40 153.76 3.40 11.56  42.16

14.00 196.00 4.50 20.25  63.00

14.20 201.64 4.20 17.64  59.64

15.10 228.01 5.10 26.01  77.01

17.50 306.25 6.10 37.21 106.75

19.50 380.25 7.10 50.41 138.46

Σx = 161.20 Σ(x2) = 2153.88 Σy = 47.30 Σ(y2) = 208.35 Σxy = 661.00

(Σx)2 = 25985.44 (Σy)2 = 2237.29

=x 12.40 =y 3.63846

n = 13 n = 13

Add all x values together = ∑x i.e. 7.0 + 8.2 + 9.5 + ..... + 15.1 + 17.5 + 19.5 = 161.2

Therefore (Σx)2 = (161.2)2 = 25985.44.

And
 

x
n

25985.44
13

1998.88
2( )Σ

= =

Square each x term (x2) and add all these squared values together x2∑( ), i.e.
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7.02 + 8.22 + 9.52 + ..... + 15.12 + 17.52 + 19.52 = 49.0 + 67.24 + 90.25 + ....... + 228.01 + 306.25 + 380.25  
= 2153.88

SS(x) = 2153.88 − 1998.88 = 155.0

iii. Calculate the sums of squares y, SS(y). For the SS(y) substitute the ‘y’ variable data into the same 
formula as above:

SS y y
y
n

( )
( )2

2

= Σ −
Σ

Therefore Σy = 1.2 + 1.7 + 2.1 + ……… + 5.1 + 6.1 + 7.1 = 47.3

(Σy)2 = (47.3)2 = 2237.29

y

n
2237.29

13
172.09923

2( )Σ
= =

Σ(y2) = 1.22 + 1.72 + 2.12 + ……… + 5.12 + 6.12 + 7.12

          = 1.44 + 2.89 + 4.41 + ………… + 26.01 + 37.21 + 50.41 = 208.35

SS(y) = 208.35 − 172.09923 = 36.25077.

iv. Calculate the sums of products SP(xy).

Multiply each x with its related y to produce a column of values (xy). Add these together = Σxy 
(Table 9.10).

Σ(xy) = (7.0 × 1.2) + (8.2 × 1.7) + (9.5 × 2.1) + ............ + (15.1 × 5.1) + (17.5 × 6.1) + (19.5 × 7.1)

           = 8.4 + 13.94 + 19.95 + ………….. + 77.01 + 106.75 + 138.46

          = 661.0

Using this and values from ii and iii calculate SP(xy) as follows:

SP xy xy
x y

n
( )

( )( )
= Σ −

Σ Σ

= − ×
SP xy( ) 661.0

161.2 47.3
13

= − × = − = − =SP xy( ) 661.0
161.2 47.3

13
661.0

7624.76
13

661.0 586.52 74.48

v. Now you can calculate r.

r
xy

x y

SP( )

[SS( )SS( )]
=

(Remember r is the correlation coefficient and should fall in the range ±1. The sign indicates whether 
this is a positive or negative association. r does not indicate the level of significance. For this a modified 
t-test is used.)

r
74.48

155.0 36.25077

74.48

5618.86935

74.48
74.95912

0.99361
( ) ( )

=
×

= = =

This indicates a strong positive correlation. But is it statistically significant?

(continued)
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4. To test the significance of the association

In this example, there are 13 pullets, so
ν = 13 – 2 = 11. At p = 0.05, for a two-tailed test, rcritical = 0.553 (Appendix d, Table D3).

5. The rule

Since rcalculated (0.994) is greater than rcritical (0.553) you may reject the null hypothesis. In fact at p = 
0.01, rcritical is 0.684. Therefore we can reject the null hypothesis at this higher level of significance.

6. What does this mean in real terms?

There is a strong (r = 0.99) and highly significant positive correlation (p < 0.01) between the amount 
of food supplement (g) given to the Maren pullets and the hardness of the eggshells that they 
produce.




