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S? (sequential) ANOVA <=2 ¢.tests (LNp.2-23)& F-test (LNp.2- 25)3ﬂ—
LM, |= anova( y~I+A+B+A:B)), A: 3 levels, B: 4 levels 2 A:B 2x3=6 drop one
LNp8-18~19 = l 2 dﬁnfny var. | [s_jummy var.] 1dummy var| | £rom the
——»1) test wmodel 1 (y~7) against Q:model 2 (v~1+4) [df,,— dfyy =2] [l model
~—e2) test (imodel 2 (y~I+A4) against Q:model 4 (y~I+A+B) [df,,— dfy=3]

3) test @‘:model 4 (y~1+A+B) against Q:model 5§ (y~1+A+B+A4:B) [df ,— dfo=6]

o (RSS,, — RSSq)/(df., — dfa) ,cf
__Z_L__F - ~ Fdfw_dfﬂadfmodel 5 —
35“" model ’RSSmodel 5/ model O - full model

o invariant to the choice of dummy variables since they generate same w and Q
» ANOVA could have different results when the order of effect sequence is
~]+B+A+A:B):
changed, e.g., anovai(|y__11 B ﬁ A:B):
ELO() test (model 1 (y~/) against Q:model 3 (y~7+B) [df ,— dfo=3]
F: ) test ofmodel 3 (1 +B) against Q:model 4 (y~1+B+A4) [df,,— dfy =2]
X) test (¥model 4 (y~1+B+A) again‘st Q:model 5 (y~1+B+A+A:B) [df,,— df,=06]
» anova(y~I+A+B+A:B) and anova(y~1+B+A+A:B) will have identical results
when orthogonality exists between the three groups of effects: span{d“},
span{d/”}, span{d;"®}, because in the case, RSS, — RSSg would equal for
1) and B), 2) and a), 3) and X) —» furthermore, also identical to the drop-one
t-tests & F-tests

p. 227

. £
> consider the full model: <> submodels
y=50—|—5191(5131,.--,$m) +5292(x17'-'7xm) ++/8kgk($1,,xm)+€

For /<i<k, should the term Sg; be included in the final fitted model? ::]

_— se%uen:bial ( Type I ANOVA) main purpose of perfonmng
— :drop lgne ”%%Af';ov?)l 7 B Tt. & F-tests (sub-)model: a model
SRR e = >k | with a subset of all k
— i P=0 d~1+T |[submodels| terms, e.g.,
e T 2 {1, 95 92},
Y~1+E+T Y~1+9,+9a
L{{:ggp g;: géa gk}) e
w] [P] [e] Dol [R] el ] [r] D®] [rR] [] [eR] [ov] [Exl [ - R "'1:.' at 4"95 "'9
{ P=2 » hierarchical structurg
\ of all sub-models (see
v ‘ graph)
I@ Ype }¥) ipR [B[iYT| [YpR] {IER ]| | ipT | |iET| {YpT| |YER| | irT | |PER] |yET YR( p=3 - B — # Oftern’ls in a
/ sub-model
| = # of different sub-
vpe] [TYR] [iveR] J[iver] ([ieer] [iwET] [ivRe] [wET| QePERM [pT] [wET] [iEm] [Yor] [ER] [pET p = a models= 2k
. » connecting line:
P: 5 THER TpET T¥pr IYERT pET YpERT ﬁB — model nesting
" p= 6 | can be generated to
Sull model] * groups” of effects
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», vl T ]
LM. LNp.5-8~9— Orthogonality X% X (hat mgffggjg‘hm
« Q: consider the two models:  y=),Bi+E Y=XBi+XabatE XaBa (1-H)Xaa | mabrix)
SOmetEs  Yofpef pkBakibet
model 1: y= B+ B)x,+¢, model 2: y= 3,+fx; +fx,+&
In general, ,é 7> In the 2 models are not identical | fitted model = model 1,[What F
(of course, test H,: 5,=0 not identical neither) | true model = model 2 X Xaz0?

an exception: when x, and x, are orthogonal E(B) = pi + (XTI X)) ' XT X,
« Y=Xp+e=X,6,+ X, 5, + €, where S5, B,]" and X=[X, X, ] with the property

> T, v, T
X,"X,=0 = X, and X, are orthogonal ._._[9-]= T YA TV < [061)-(:) Xi \:_ ]
R Spa'It{x.}.lfsPan{x;} (R (XX)XTY = | (xmsa) XTY
0

X7 X, 0

= (x"x) = xTx) .
0 XX 0 (x5 x)

« Estimation: f,=(X,"X)) XY, f,=(X,"X,) 'X,"Y, and ﬁ]’ﬁZ independent
= note that /;’ ; will be the same regardless of whether X}, 1s in the model or not

(and vise versa). Under model Y= XiBirE > a = () XTY

Q: what if only two predictors, say some x; in X; and some x; in X, are orthogonal?
X

X1 X1 Xi1X2|
XX, XX,

X'x [

* Randomization: In an exp’t, suppose that true model is Y= XB+Zyt+& but Z
cannot be measured or may not even be suspected = E(ff ) =fHX'X) "X Zy =

Q: what’s the best way of controlling X to make X and Z as orthogonal as possible?

« Generalization. P-2:29
Y =8 + XiB + XaB2 +rot XBe+E
— i [_I
Wa=sPan{1ﬁ Wi =span{ X,}| | W2 = span{ X2} Wi = spanf X3
Suppose that Wo LW L Wa L1 Wik = X™x= [B_
RSSH"»" RSSH' h 2 1 t-or'bhogon.al a X Xa -
Rss.g - Rss g ULED o g
Ho:span{23 Ha:span{l, Wi} !

4 v
Hg:spantll, Wa} Ha:spanll Wi, Wa} —| @ = (xxdk7Y
Ho: 4= Boll+XaBa+XsBs+--- € (o rrh

T \rreleva)l
Ha: 4= Bol +I;(z§z+)(8g€+ cee Xl§_|+ &

] - - 2
12 - B2)P= | P @+ | P () L028) RSSko~RSSua =1l P (S)I”—

W ¥
— 2 2 2 I\ ~
= || P 2+ || P ()] o when
2 | 2 | Xiisin th a
[+ -+ “ pW'k(g)llz"' " P.rx'-(_%)ll r):nodLn 2 W,
not true if not orthogonal P (%)= X8 >_<-§- when Xa is
< Reading: Textbook, 1.4~1.6, 1.8 when X3 not inmodel) % the model
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(N1) Linear transformation of normal 1s still normal E'[‘”“)(AZW)‘] |

p. 2-30

Some Properties of (Multivariate) Normal Distribution

= £*[ (AzyAz)" )= CHA27'A)

.- =
~_%Y — F — —Q_\J Te1 Cov(z,) |

I(N4) Z~NuX), W, =AZ, &_ﬂwmhﬂe’duedhk T ATA;=Q.i%3

(N2) When 1st and 2nd moments are given, the normal distribution is specified. I

2% ; ¢., mean vector & variance- covariance matrix.

(N3) Z= {%} ~ normal, and Z;, Z, uncorrelated (i.e., cov(Z;,Z;) = 0)
By(N3)| = Z\,Z, independent  Cormalf [W'] [ ]Z Cov(W;, Wa) = EX( Wi W5

' = E*(AMZ2AT)=AE a2(ZZ’)A;

L2 canbe generalized to k.

(N4)

By(N3)| = W W are independent iffA12A2 0.—*1f 2=6'T, then

AZA=0 & AAT=Q

(N5) Z~N(u,2), W, =AZ Wy =ArZ, ..., W, = Ay Z, and cov(W;, W) = 0

(N6)

of W& N

useful for the independenc

r’ms“" forl <i< j<k, = WlTWl ,Wng, .. Wk W are mutually independent.
x - ?’
e

Z: an n x 1 random vector and Z ~ N(u, X), then between syms of sguares

>'=

(=*1e*)

— —
— if X is non-singular, (Z T N Z—p~ X% o TR(Z-4)~N(Q, 1)

tandardization
— if X is singular and has rank r (< 1), = The passible vectors :f = o;,y_o:w;;,

let £~ be a generalized inverse of £ (i.e., £X X = X), then an Y-dim

[t anigre}— Z-W'E (Z W~ Subspoce of IR
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