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Covariance

σ(X,Y ) = E [(X − E [X]) · (Y − E [Y ])]

= E [XY −X · E [Y ]− Y · E [X] + E [X] · E [Y ]]

= E [XY ]− E [X · E [Y ]]− E [Y · E [X]] + E [E [X] · E [Y ]]

= E [XY ]− E [Y ] · E [X]− E [X] · E [Y ] + E [X] · E [Y ]

= E [XY ]− E [X] · E [Y ]

Cov(x, y) =

n
i=1(xi − x̄)(yi − ȳ)

n− 1

If X and Y are independent: σ(X,Y ) = 0
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Visualisation of The Covariance

From stats.StackExchange.com
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https://stats.stackexchange.com/questions/18058/how-would-you-explain-covariance-to-someone-who-understands-only-the-mean
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Pearson’s Correlation Coefficient (r)
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r =

n
i=1(xi − x̄)(yi − ȳ)


n

i=1
(xi − x̄)2

 
n

i=1
(yi − ȳ)2



=
Cov(x, y)


Cov(x, x) · Cov(y, y)

−1  r  1
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Pearson’s Correlation Coefficient (r)
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Hypothesis testing of Pearson’s r

We suspect that there is a linear relationship between the number of hours spent on

study and the test scores. To find out if this is the case, we can draw a random sample

and conduct a hypothesis testing.
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Sample correlation coefficient: r


H0 : no linear relationship

H1 : some linear relationship
⇔


H0 : ρ = 0

H1 : ρ ∕= 0

What is the sampling distribution of r ?
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Sampling Distribution of Pearson’s r
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Hypothesis testing of Pearson’s r

To investigate whether there is a linear relationship between the number of hours spent

on study and the test scores, 20 students were randomly selected, and Pearson’s r was

calculated to be r = 0.69.

Test statistic: t = r


n− 2

1− r2
= 0.69×


20− 2

1− 0.692
= 4.04

Two-tailed p-value: P (|t|  4.04) = 2× P (t  4.04) = 0.000768
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