
Chapter 7

Correlation tests

Data are pairs leftx1y1rightldotsleftxnynright
and we want to know if there

isalinear association between them

Measures of Association

CovleftYXrightEleftleftYEleftYrightrightleftXEleftXrightrightright
lovleftYYrightVarleftYright

Estimating syxfrac1n1sum_i1nleftyioverlineyrightleftxioverlinexright
syysy2equivs2

NoticeThe
problem w CoV is that it has



both scale var association at

the same time

1leqCorleftYXrightfracCovleftYXrightsqrtVarleftYrightVarleftXrightleq1
rhoequivrhoYX

If pphi then there is no linear

association between Y X

Estimating

ryxfracSyxSySxequivr
Focus on

testing:can test rhorho0
see bookH0varphiphiH1rhoneqvarnothing

also in dp
between sampls

bcH0pphi

Y1ldotsYn
Id Nleftmuysigmay2right

x1xn Nleftnxsigmax2right

from Chap 5



ryjsimleftn1rightsyjxn12
The math is hard H Can be shown

that under H0rhophi

rxsimnicefracleftn1rightsx2xn12

ufracRsqrtn2sqrt1R2simtn2



Chapter 7

SLR

Linear models Simple Linear

Regressionintercent
slopeerrors3Linear model

yibeta0beta1xivarepsiloni
varepsilonii I Nleft0sigma2right
i1ldotsnyisimNleftB0B1xisigmarrightor

How to dial in estimates of
beta0 beta1sigma2

Mi

Mi
MLE

fleftzldotsynbeta0beta1r2rightprod_i1nfrac1sqrt2pirrexpleftfrac12sigmarleftyibeta0beta1xiright2right

left2pirightn2leftsigma2rightn2uxpleftfrac12r2sum_i1nleftyibeta0beta1xiright2right
lleftbeta0beta1sigmaarightcfracn2loggamma2frac12sigmapartialsum_i1nleftyibeta0beta1xiright2ni



0LS ordinary least
squaresfind

MLEset

phifracpartiallpartialbeta0frac1partialrpartialsum_i1nleftyibeta0beta1xiright2
2sum_i1nleftyibeta0beta1xirightleft1rightphisum_iyinbeta0beta1Sigmaxibeta0frac1nxiyiB1frac1nSigmaxi

means on the
line

hatbeta0overlineybeta1overlinex
set

phifracpartiallpartialbeta1fracpartiallpartialbeta1sum_i1nleftbibeta0beta1xiright2
see book

D

hatB1fracSyxSx2ryxcdotfracSySx
Connett SLR
to corrcorrelation x rise run



exactly as in Ch3

4 hatmuihatbeta0hatbeta1xiphisetfracpartiallpartialsigma2
equiv fitted value

hatyihatsigma2frac1nsum_i1nleftyihatMiright2

residualmore
commontouse s2frac1n2sum_i1nleftyihatbeta0hatbeta1xiright2
I want to test hypotheses

aboutestimatedparameters

H0beta1phi
H1beta1neqphi

any other
value

of B ler B11

Chs sigma2simleftn2rights2xn12
The math way is more work but doubt



hatB1fracSyxSx2fracsum_ileftxioverlinexrightleftyioverlineyrightsum_ileftxioverlinexright2fracsum_ileftxioverlinexrightyisum_ileftxioverlinexright2

wi

B0B1X1
hatB1sum_i1nwiYiElefthatbeta1rightsum_i1nwiEleftYiright

varnothingB0SigmawiB1SigmawixiSigmawiinleftvarepsiloniright 10

phiB10

Elefthatbeta1rightbeta1
unbiased

02

Varlefthatbeta1rightsum_i1nwi2VarleftYirightr2Sigmavi2fracr2leftn1rightSx2VarlefthatB1righthatbeta1simNleftbeta1nicefracsigma2leftn1rightsx2right



use a t test by replacing
sigma2 4 s2

t1frachatbeta1beta1Sb1 4 sb1fracs2leftn1rightslambda2
T1simtn2
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Prediction for SLR

Suppose you
had a new X location where

you wth YleftXrightleftx1y1rightldotsleftxnynright
Could predict hatyleftXrighthatbeta0hatbeta1X

generisUnderstanding
uncertainty in SLR is like

a big CI calculation

CI

PIHow

do you understand YleftXright w math



Denote hatYleftxrighthatB0hatB1x w MLES

widetildeyleftxrighthatbeta0hatbetaxvarepsilonvarepsilonsim11Nleft0r2right
0

Consider EleftwidetildeyleftxrightrightElefthatbeta0rightElefthatbeta1rightxEleftvarepsilonright
unbiased beta0beta1xIEleftYleftxrightright

ElefthatYleftxrightrightElefthatYleftxrightrightEleftYleftxrightright
so unbiased prediction

NarlefthatyleftxrightrightVarlefthatbeta0rightVarlefthatbeta1rightx22xCovlefthatbeta0hatB1right
from sigmab02sigmab12sigmagammaleftfracoverlinexleftn1rightsx2right

ChBsfit2leftxrightsigmagammaleftfrac1nfracleftxoverlinexright2leftn1rightsxrright
replace

sigma2 with s2 use tn2

Now with full uncertainty including E



Var leftwidetildeyleftxrightrightNarlefthatyleftxrightrightValeftvarepsilonright
sigma

p

partial

red leftxrightsigma fi
partial

t leftxrightsigma2 Sfrt2

use S p
2

red leftxrights2left1frac1nfracleftxoverlinexright2leftn1rightSx2right


