Correlation Theory

Still bi-variate statistics
X ~ random variable

Y ~ random variable
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Covered Topics

b .
® Pearson s Correlation

¢ Spearman’ s Rank Correlatiion
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Population Covariance (1)

Definition

O xy :E[(X_:UX)(Y_:UY)]

= | (=)= 1)/ (x, y)edxdy

a constant
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Population Covariance (2)

Sign of Covariance

Positive ==> if one RV 1s above or below
1ts mean, the other RV tends to be also
above or below 1ts mean

Negative ==> 1f one RV 1s above or below
its mean, the other RV tends to be below or
above 1ts mean
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Population Covariance (3)

Magnitude of Covarinace

unbounded

depends on the units of both RV s

Unit of covariance

= unit of X times unit of Y
¢.g., X 1s in Baht and Y 1s in Kilogram
O, 1s in Baht-Kilogram
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Population Correlation (1)

® Definition

Oxy
O xOy

Pxy =

® Sign of Correlation

—same as that of Covariance
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Population Correlation (2)

Magnitude of Correlation

always bounded between -1 and 1

-1<p,, <+1

Unit of Correlation

no unit

comparable between populations
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Population Correlation (3)

Interpretation of Correlation

P,. =+1 ==>1If a variable 1s above or below
1ts mean, the other will be above or below its
own mean with certainty

P, =1 ==>1f a variable 1s above or below its
mean, the other will be below or above its
own mean with certainty

P, =0==>1If a variable 1s deviated from its
mean, the other will be expected at 1ts mean
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Sample Covariance

Sy 18 N estimator for GXY

Required paired sample

n

Estimator Z( X _)_()( i _)_;)

=1

Sxy =
n—l
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Paired Sample of Size n

| X Y
1 X Y
2 X5 Y5
N XA Yn
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Sample Correlation (1)

I 1S an estimator of pXY

S xy

SXSY
Sign of sample Correlation

Definition p. =
XY

same as that of sample Covariance
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Sample Correlation (2)

Magnitude of Sample Correlation

same as population correlation

always bounded between -1 and 1

—-1<r,, <+1
Unit of sample Correlation

no unit

comparable between data sets
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Test for Zero Correlation

Hy:pyy =
H, :pn #0
Theorem
= ~1(1-2)
-7,
n—2

Perform a Two-sided test.
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Test for Non-zero Correlation (1)

HO:pXY:a, a =0

Hl : Pyy * d
Theorem 1 147
®w=—In :
2 l—r

uw=lln(?+pj
2 \l-p
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Test for Non-zero Correlation (2)

( 1 )
w~N|u,
. n—3)

z =27 e _ N0))

cal \/ 1
n—73

Perform a Two-sided test.
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Rank Correlation(1)

Two judges (A and B) are to rank n

different objects (contestants)
Question: Are the two judges correlated?

How can similarity or dissimilarity be

measured?
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Rank Correlation(2)

b
Spearman s Rank Correlation (sample)

6) D;
1 l

n(n” —1)

No definition for population rank
correlation

!

=
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Rank Correlation(3)

Rij = rank given to object 1 by judge j

D. = rank difference for object 1

1

T
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Rank Correlation(4)

Paired Sample of Size n

RA RB;
1 RA, RB,
2 RA, RB,

N RA RB.
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Rank Correlation(5)

Magnitude of Correlation

always bounded between -1 and 1

—-1<r;,, <+1

Unit of Correlation

no unit

comparable between populations
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Rank Correlation(6)

Interpretation of Sample Rank Correlation

r’'__=+1==>Ifboth fudges totally agree

3?{ the rankmgs of all the n objects

=> [f both judges totally
(flsagree on the rankings of all the n
obJ ects

< — 0 ==>1f the two judges are
uncorrelated
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Test for Zero Rank Correlation
HO P vy =0
H1 Py =0

Theorem e ')iY ~NOJI)

cal

n—l

Perform a Two-sided Z-test.
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Test for Non-zero Rank Correlation

No such a thing??
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