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1. Correlation coefficienbetween two random vari-
ablesX andY is defined as

Cov(X,Y
p(X,Y) = %Y
v/ Var(X)Var(Y)
The sample correlation coefficient between

two samplesz; and y; is defined asr =
Szy/+/SzaSyy. Examplels there any linear re-

lationship between the mathematical achievement

test scoresaf;) and calculus gradeg;) for 10 col-
lege freshmen?
x||39,43,21, 64, 57,47, 28,75, 34, 52

y||65, 78,52, 82,92, 89, 73,98, 56, 75

x<-c(39,43,21,64,57,47,28,75,34,52)
y<-c(65,78,52,82,92,89,73,98,56,75)
> cor(x,y)

[1] 0.8397859

We are interested in testinly : p = 0vs. H; :

p # 0. In order to do this, we need to know the
distribution of the sample correlation coefficient
under the null assumption.

2. Suppose the joint probability density functigrof
X andY is thebivariate normalsuch thatX ~
N(px,0%), Y ~ N(py,0%) andp(X,Y) = p.
In this situation, it can be shown that

EY|X =x) = fo + frz,

where(3; = poy /ox. This is the regression model
we studied before. Note that= 0 if and only if
£1 = 0. Hence testing

Hy:p=0vs.Hy:p#0
is equivalent to
Hy:06,=0vs.Hy: (1 #0.
So the appropriate test statistic is

T= (b — B1)/S5 = P1/Ss ~tnz

under the null assumption. It can be shown that the

T . /=2
test statistic is equivalent @6 = i

Note. In bivariate normal datag = 0 if and only if

X andY are independent. So testing for indepen-
dence is equivalent to testing= 0 in this situa-
tion.

> summary(lIm(y"x))
Call: Im(formula =y ~ x)
Coefficients:
t value Pr(>|t|)
(Intercept) ... 4.794 0.00137
x 0.7656 0.1750  4.375 0.00236
. Multiple R-Squared: 0.7052

. Fisher z-transformation Given sample correlation

Tl

1 1
z:tanhflr:§ln( T

)NN(p,\/nlf?).

This is asymptotic results for large sample.

1—r

>fisher.z<-function(r){atanh(r)}

>cor.test(x,y,"two.sided","pearson"
,conf.level=0.95)

Pearson’s product-moment correlation data:

X and y t=4.375, df =8, p-value = 0.002365

95 percent confidence interval:
0.4459632 0.9611846
sample estimates:
cor
0.8397859

R-packagecor.test with pearson option is
based on the exact distribution of a test statistic us-
ing t,,_o distribution.



