


The Pearson Correlation Definition

The Pearson linear correlation coefficient, denoted as ρ or r, is defined as:

ρ =
Sxy√
Sxx Syy

=

n∑
i=1

(xi − µX)(yi − µY )√
n∑
i=1

(xi − µX)2
n∑
i=1

(yi − µY )2

(7)

which always takes values in the interval [−1, 1], that is, −1 ≤ ρ ≤ 1, and the

equalities hold only when the values of the two variables lie on a straight line, getting

apart from the equality when they separate from the linear trend.

It can be easily demonstrated that the following relation holds:

V ar[Y − aX − b] = V ar[Y ](1− ρ2). (8)

Due to this property, the correlation coefficient is used to measure the proportion of

the variance of Y gained when predicting it with a linear law of the form Y = aX+ b.

It is used to measure the convenience of adjusting or not, a straight line a the cloud

of data points. It is an alternative to the covariance, but has the advantage of being

dimensionless.



Graphical Illustration Of The Pearson Correlation



Multivariate normal

We consider a two-dimensional normal variable, with mean

µ = (µ1, µ2),

and covariance matrix

Covar =

(
σ2
1 rσ1σ2

rσ1σ2 σ2
2

)

where µ1 and µ2 are the marginal means of the two variables, σ1 and σ2 are their

standard deviations, and r is the correlation coefficient.



The Pearson Correlation Commands
# Pearson Correlation

model{

# Data

for (i in 1:n){x[i,1:2] ~ dmnorm(mu[],S1[,])}

# Priors

mu[1] ~ dnorm(0,.001)

mu[2] ~ dnorm(0,.001)

lambda[1] ~ dgamma(.001,.001)

lambda[2] ~ dgamma(.001,.001)

r ~ dunif(-1,1)

# Reparameterization

sigma[1] <- 1/sqrt(lambda[1])

sigma[2] <- 1/sqrt(lambda[2])

S[1,1] <- 1/lambda[1]

S[1,2] <- r*sigma[1]*sigma[2]

S[2,1] <- r*sigma[1]*sigma[2]

S[2,2] <- 1/lambda[2]

S1[1:2,1:2] <- inverse(S[1:2,1:2])

}



The Pearson Correlation Doodle Model



The Pearson Correlation Example Data
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The Pearson Correlation Commands,
Data and Initial Files



The Pearson Correlation Script and Coda Files



The Pearson Correlation Posterior Densities of
µ1, µ2, λ1, λ2 and r

mu[1] sample: 12000

mu[1]
-0.1 -0.05 0.0 0.05 0.1

mu[2] sample: 12000

mu[2]
-0.1 -0.05 0.0 0.05 0.1

lambda[1] sample: 12000

lambda[1]
0.0 5.0 10.0 15.0

lambda[2] sample: 12000

lambda[2]
0.0 5.0 10.0 15.0

r sample: 12000

r
-1.0 -0.5 0.0 0.5 1.0



The Pearson Correlation Posterior Densities of
µ1, µ2, λ1, λ2 and r
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