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Reading - Field: Chapter 6

AIMS

•Measuring Relationships
–Scatterplots
–Covariance
–Pearson’s Correlation

•Nonparametric measures
–Spearman’s Rho
–Kendall’s Tau

•Interpreting Correlations
• Partial Correlations



What is a Correlation

• Correlation refers to departure of             
two variables from independence

• Quantifies extent to which two  
variables are related (co-dependent) 

• Measures concurrent changes in the
variables:  same / no response / opposite

• Specifically it refers to several types        
of relationship between variable values



What is a Correlation
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Measuring Correlation

• Assessed using multiple statistics: 

some parametric, some non-parametric

• Most common is the Pearson correlation 
coefficient, which is sensitive only to a 
linear relationship between two variables

• Other correlation coefficients are more 
sensitive to nonlinear relationships



Pearson Correlation - Assumptions

Pearson correlation makes five assumptions:

- (In addition to reliance on “random sampling”)

- Variables either interval or ratio measurements.

- Variables normally distributed – No Outliers.

- The two distributions have equal variances                                   
(also known as homoscedasticity). 

- Linear relationship between the two variables.



Measuring the Pearson Correlation

• Determine whether as one variable 
increases, the other one increases, 
decreases or stays the same.

• This is done by calculating the Covariance
– Determine how much each observation                  

(x,y pair) deviates from the mean

– If both variables deviate from their means                   
by similar amounts, they are correlated



The Mean & The Variance 

Data Series X:  1,2,3,4,5         Data Series Y:  2,4,6,8,10

Mean  X:                                      Mean Y:
3 6

Variance X:                                 Variance Y:
2.5 10

Variance = sum of squared deviations from mean                          

degrees of freedom  



Calculating the Co-variance

• The variance quantifies how single 
variable scores deviate from mean

• Based on the sum of squares

• Covariance is similar:
quantifies how scores of two variables 
differ from their respective means



Covariance – How to
• Calculate deviation between each score 

for first variable (x) and their mean.

• Calculate deviation between each score 
for second variable (y) and their mean.

• Multiply these two deviation values to 
calculate the cross product deviations.

• The covariance is the average                          
cross-product of the deviations:



Measuring Correlations

Deviations:  

Observed Value  
–

Group Mean

Positive / Negative

Sum(deviations) = 0



Covariance – How to
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What if units were milli-ads and milli-packets?
(Multiply observations and means by 1000)
(Covariance would be multiplied by 1000) 



Covariance – How to

• Depends upon the units of measurement.
–E.g. The Covariance of two variables 
measured in Miles is 4.25, but if same scores 
are converted to Km, the Covariance is 11.

• One solution: standardise it!
–Divide by S.D.s of both variables.

•The standardised version of Covariance is 
known as the Correlation coefficient.



Covariance – How to



Correlation:  Scaled Covariance

• Covariance of X and Y divided by SD in X and SD in Y

• Quantifies intensity of association between two variables



Covariance = Variance of Two Variables

The variance used to assess variability in one variable 

How to quantify variability shared by two variables?
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Work out this Example Yourselves

X variable
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Covariance: 5

Variance X: 2.5

Variance Y: 10 

Correlation: 1

r = +1
r 2 = 1
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Correlation coeff:

5

sqrt(2.5)* sqrt(10) 



Pearson Correlation Coefficient (r)

A measure of the sign and strength of a linear 
association between two variables. 

The Pearson correlation coefficient, r, indicates 
how far away the data points fall of a best fit 
line describing relationship between variables .



The correlation 
coefficient (r) indicates 
the strength and the 
direction of a linear 
relationship between            
two random variables 

-1 < r < 1

Interpretation of Pearson 
Correlation

The coefficient of 
determination (r 2)                 
indicates the % of the 
variance in one variable              
that is explained by                    
the other (bidirectional)

0 < r 2 < 1



Pearson Correlation Coefficient (r)

The stronger the association of the two 
variables, the closer the correlation coefficient, 
will be to +1 or -1 depending on whether the 
relationship is positive or negative, respectively.

A value of +1 or -1 means that all your data 
points fall along the line of best fit - no data 
points show any variation away from this line. 

The closer the value of r to 0 the greater the 
variation around the line of best fit and the 
weaker the fit of the linear relationship.



Pearson Correlation Coefficient (r)

There are 
guidelines to 

determine the 
“strength”       

of the 
correlation 
coefficient. 

NOTE: But 
significance 
of r depends 
on the sample 
size (d.f.). 



Pearson Correlation – Hints

Can you use any type of variable for 
Pearson's correlation coefficient?

No, the two variables have to be measured            
on either an interval or ratio scale. 
However, both variables do not need to be 
measured on the same scale, (e.g. one variable 
can be ratio and one can be interval). 

NOTE:
With ordinal data, you use the Spearman's 
Rank Order correlation or the Kendall's  Tau 
correlation instead  of Pearson correlation.



Pearson Correlation – Hints

Do the two variables have to be measured             
in the same units?

No, the two variables can be measured in 
entirely different units. 

The calculations for Pearson's correlation 
coefficient are designed so the units of 
measurement do not affect the calculation -
this allows comparisons of the correlation 
coefficient regardless of units of the variables



Pearson Correlation – Hints

Does the Pearson correlation take into 
consideration whether variables are                
classified  as a dependent or independent ? 

The Pearson 
correlation 
treats all 
variables 
equally 
(x and y axis).



Pearson Correlation – Summary
1. Describing association between two numerical 
variables by evaluating:
•direction: positive (x↑,y↑), negative (x↓,y↑)
•form: linear or not
•strength: scatter around underlying relationship

2. Define correlation as the linear association between             
two numerical variables. Note that a relationship that is 
nonlinear is simply called an association.

3. Correlation coefficient (-1 < r < 1) is unitless:
• not affected by changes in center or scale of either 
variable (such as unit conversions)
• correlation of X with Y is the same as of Y with X
• correlation coefficient is sensitive to outliers



Pearson Correlation – Summary
4. The Pearson correlation coefficient (r) has the 
following properties:

• the magnitude (absolute value) of r measures the 
strength of linear association between the two variables
• the sign of r indicates the direction of association
• r is always between -1 and +1, with: 

-1 indicating perfect negative linear association, 
+1 indicating perfect positive linear association, 
and 0 indicating no linear relationship. 

5. The coefficient of determination (r 2) quantifies 
the shared variability between variables x and y.

6. Recall that correlation does not imply causation.


