Some details to tidy up
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Charlotte Wickham
2019-01-23 ‘




N"-X{ (/Jﬁ-&.L : Na TfLVOf
@cf \O&G_) wi\\ L&O\& \a&

—

T 1212 Oie How 255 tdax
l/\)z/\\‘%g)’



For the linear regression model

Y = X0 +¢

where E (¢) = 0,1, Var(e) = o?1,, and the matrix X, is fixed

with rank p.

The least squares estimates are
B=XTX)Xx"Yy
Furthermore, the least squares estimates are BLUE, and
E(B) =8,  Var (B) = 2(XTX)

We have not used any Normality assumptions to show these

properties.




= Verify:

E(6%) =E (n}_p ;e,?) = o7

= Add Normal assumption to get inference on regression

coefficents.




Strategy: Write e as a linear combination of uncorrelated

variables, ¢;.



Claim:

lel[* = ¢ (1 = H)e
T
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Your turn at home: =77

1. Show (I — H)e = e. Hint: substitute e = Y — X§, expand and
use properties of H.

2. Show ||e]|? = eTe = €’ (I — H)e. Hint: substitute in
e = (I — H)e from above and use properties of (/ — H).




- ™
Show E (eT(I — H)e) = o?trace(/ — H)
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trace(/ — H)=n—p

Hint:
trace(A + B) = trace(A) + trace(B)

trace(AB) = trace(BA)

trace(/ — H) = Arrm@m\}\ — Arace QJ\B by
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See handout.

13




Exercises
_ . ST552 Winter 2016
. January 20, 2016

N T
In a study of cheddar cheese from the LaTrobe Valley of Victeria, Australia, samples of cheese
were analyzed for their chemical composition and were subjected to taste tests. Overall taste

scores were obtained by combining the scores from several tasters.
cheddar is a'data frame with 30 obsewa.txons on the foIlowmg 4 va.rxa.bies

H

taste, a subjectlve taste score I 3 .
Acetic, concentration of acetic acid (log sca.le) ' '
H2S, concentration of hydrogen sulfice (log sca.le)

Lactxc, concentration of lactia-atid 4t oo

The following model: v ,
Full Model: taste; = fo + By Acetic; + foH2S; + BsLactic; + &
was fit in R and the output is shown below.

data(cheddar, package = "faraway")
fit <- lm(taste ~ . , data = cheddar) .

summary(fit) . -

## *
## Call:

## Im(formula = taste ~ .., data = cheddar) . '
#3 P S e s

## Residuals: .

## Min 1} Medidn - g Max

#4 ~17.390 ~6.612 ~1.009 4.908 26.249 : .

% oy e -

## Coefficients: : o )

4 Estimate Std. Error t valme Pr(>|{tl)

## (Intercept) -28.8768 19.7384 -1.463 0.15540

## Acetic 0.3277 4.4588 | 0.073 0.941¢8

## H2S 3.9118 T2484  3.133 0.00425 »x N
## Lactic 19.6705 8.6291 2.280 0.03108 =

b N )
## Signif. codes: O '=xx' 0,001 '»%' 0.01 ‘%' Q. 05_'/_',_0.1-—" T

##

## Residual standard error:§10.18Jon-2§ degrees of freadom -

## Multipie R-squared: 0. 6518, A justed R—squared 0.6116 ¢

## F-statistic: 16.22 on 3 and 26 DF, p-value: 3,81e-06

1. Write down the form of the 8 vector and the § vector.

g=/¢ é‘ = [sg
& 033
b 3y

bs . 7




s ~2 n
2. What are the values of &, n, 62, S0, €?, o7

n=30 . 6 = (N'\\M\Ou&/\\
A2 2,
& =-QO-\’S§
AN o 2 A
2. e 2 26 (\.o.\'gs € =e
Y A A ~ A
go 6 - & ft-):M‘)\
380 076 0.00 ~0.07
1 _ | -076 [0 ] {-0.02] —0.13
(XTX)™ = (0.09 % W-o.os]
~0.07 —0.13 —-0.05 0.73

3. Verify the reported value for SE(f,).

!

, - 5 X)),
Sét@\w A 6§/£ >?$*N+ e

& 2e50
= \ow’ngOf\o\

4. What is the value of Cov(fy, B2)7

2
= |lO\% XK —0.0%



Inference on the regression
coefficients
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Normality assumption

v

W\.,J,&\/ofu-_t» Aot anall Adnsion VL
Assume € ~ N(0,0°I)

Important reminders

2. %’ N(o/ 61)
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Inference on ind

With the addition of the Normal assumption, it can be shown that

0 @mtn__
SE(5)) g

leads to the usual construction of tests and confidence intervals for

single parameters.
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