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x*(N)

*IfZ1,Z5,...,Zny~N(0,1) areiid, then

zZ?wz(N)

* Obvious applica;cion: X, X5, ... ,XN’;N(,LL, ?)
X — Xy —

( 1 IJ) +---+( N H) ~y2(N)
o o




Non-independent summands

e Consider X{, X5, ..., Xy~N(u, 6%)

Compue(2) (1), (1)

. (Xi;X) ~N(0,1) but the variables are not indep.

. X-X\ (X,—X Xy_1—%
. Becauselfweknow( 10 ),( 20 ),...,( Nal ),we

can compute (XNG_ ) (Problem: how?)

* Degrees of Freedom (one view): the number of
independent variables in the sum

. (Xl_X)z + o+ (XN_X)Z ~x*(N — 1)

o )




Degrees of Freedom

* Degrees of Freedom: another view
(# of variables)-(# of constraints)

e Variables: (Xl_X) , (Xz _X) e (XN_X)
(o) (o) (0}

. Xi—X
e Constraint: Z{\’:l( ‘ )

o

* Problem: W~y?(k). What's E(W)?



Degrees of Freedom

(2 () ) = v -
(2t (52)) = »

* Makes sense: |X; — X| is smaller than |X; — |




Residuals

* The sum of the squared standardized residuals is
distributed with a y? distribution

e Standardized residuals when we estimate the mean
using the sample mean:

(X -X\  (X,-X Xy — X
= 5 y Iy = > y ey TN = -

° Iivzlr'z"’)(z(N - 1)




ANOVA and y*

e SST (Total Sum of Squares)
Yoo(Xii— X
Z(XU — X) ”( ;J ) ~y?(Npoints — 1)

. Constramt i (X X) =0
e RSS/SSE (Residual Sum of Sguares/Error Sum of Squares)

2 Xij(Xij—Xi)
Yii(Xi— X)) = L~ ~x?(Npoints — Ngroups)

o2
* Constraint: Zj (Xl-j — )?l-) = 0 for everyj

* SSG/SSR (Group Sum of Squares/Regression Sum of
Squares)

Y Ni(X; — X)? = Zij()?i — X)?



ANOVA and y*

e SST =SSE + SSG (exercise/book)

SST

~x?(Npoints — Ngroups)

o Soﬁf\«)( (Ngroups — 1)



F distribution and ANOVA

o If Wy~x?%(ky) and W,~x*4(k,), then

1/ K1
F = ~F(kq, k2
* This lets us get away with not actually knowing o
SSG SSE

F =

g?(Ngroups — 1) / o(Npoints — Ngroups)

F~F(Ngroups — 1, Npoints — Ngroups)



t Distribution

* If Z~N(0,1) and W~)(ZZ(k) and they’re indep.,

T = ~t(k
T (k)
(N-1)s2 (X;—X)\*
I = 3 (FER) (N - 1)

+ S0 that SR/ _ Xik ~t(N — 1)
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