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Properties Least Square estimator
e Model

=Xf+e, E(e)=0.Var(e)=c"1 -
e Least Square Estimator (LSE)
=X X' XF

¢ Mean of LSE (Unbiasedness: mean of estimate= truth)
EB)=(X'X)'X'EX)=(X'X)'X'E(XB+e)
=X Xt X" xp=§

e Variance of LSE
Vnr(ﬁ) Varl(X' X)) XY]=( X' X) ' X Var(D) X (X' X))
_(Arrir)—'lx (C-I' I);{(X Jf)_l =0 (‘/‘i Jf)_l (‘Yq.X)(ArFX)_l ( }

X)° i
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Vertical: ReS|duaI of the regression of y on all predictors except x.
Horizontal: Residual of the regression of X; on all other predictors.

The slope equal to £, in mul

Y X X 2 I
{ § = i, Foraas ":;-"'l‘
. S gl “TTTEEEL. Y=Xp+..+ X0 +..+X [, +e_
e = A Eal 5
Y|Xo 3 s = Y= X 04 X0, ve
| S g _ a
masbe %1 it YoXeftE Tl
GL'F'FBE’?AE: XG A 60 —40 20 O 20 40
Propertleseﬂx‘ Y__%ﬁ & from Purbfm on loa(PPgdp) "FI{- X] - xob("l‘ €
€x.ix, | & e X
X:AXe = xn

fiple regression.

e can see the effect of x after adjusted for the effect of other predictors
o The plot gives more information than the coefficient in multiple regression.

, f\/JF-lU h::mf: diffarant mannitiide

cinn and cinnificance comnare tn 2 in i~
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Data generation
o X1=rnorm(100); x2=rnorm(100); e=rnorm(100,0,0.1); y=3*x1+2*x2+e

Fit regression
o Fit1=Im(y~x1+x2); summary(Fit1)

Coefficients: \
Estimate Std. Error t walue Pri>|t|) / ﬂ < X:
[ Intercept) -0.007537 0.010466 -0.72 0.4%73
1l 3.0190z23 Q.010082 299 44 <ie—1/ #*EF il
Xa 1.996044 0.010182 19¢6.04 <oe-16 *¥* Im (YM Xl) I (xl ' |
o Fit2=Im(y~x2); summary(Fit2) \b
Coefficients: /\ L
Estimate Std. Error t wvalue Pri>|t|) e 2
[ Intercenpt) =0.1800 0.3163 -0.569 0.5% [ |
®a 2.4254 0.3051 7.950 3.24e-12 **% YIXf Xz_ 'X'
o Fit3a=Im(y~x1); Fit3b=Im(x2~x1); 6‘( i i
Fit3c=Im(Fit3a$residual~Fit3b$residual); summary(Fit3c) / ’ ( © A
Coefficients: m : xme
Estimate 5td. Error t value Pri>|t|} f &
(Intercept) -2.975e-17 1.037e-02Z -2Z.87e-15 1
Fit3bh&re=sidual 1.99a=400 1.013==02 197.1 £2@=1/ FEW %
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e Theory: Why the slope in the added-variable plot = /; ?
e To see why, study the residuals
e The hat matrix H=X(X'X)1X":

e=Y-T=(1-%) -%)..@,-1)f

—Y-XB

-1
=¥ XX T H . XO(,K) X,

K - ' =1 ym1y vy
= (XX X)X

=4t
e Whenfitting Y = X/ +e ,we have

-
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Properties (I-H,,)X,=0
eyx, = (I —Hy)Y
é.x*ﬂxa = —Hpy)X,
Adjust for X, Y =X, 8+ X, [, +e O
‘A::}(I_Hﬂrh)yz(l_Hﬂrh)Xlﬂl +£I_fé;XﬂﬂG +(I—Hpy)e
0 gl

A\
where e¢=(1-H,,)e seales (1t &.b_‘) 1 /s ) ey

Therefore f, is the regfession coefficient of ¢, against e/,

A

Y (i =y =) ~ A ;
= . Zeflxaefﬂxo _ Xl([_HDrh)Y

Y (i — )% =

Zé.i'ﬂxﬂ E XII(I_H(J!}:)XI

from chapter 2
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