ANalysis Of VAriance (ANOVA)

Hotth =1 =..= 1y
H_ : not all means are equal

_ Vvariation between samples

F
°  variation within samples (pooled)

Ho oy = 1, = 14
H_ : not all means are equal

H,: = u, atthe ¢=.05 l.os.

H, : 1 = p, atthe @=.05l.os. =)
H0 “ My = U at the =.05 l.o.s. P(at least one type I error) >>a (:aExperiment-Wise)

a=P(type | error) for each test (:aComparison-Wise)



One-way layout -
Treatments: A;, A, ..., Ax @ 5‘“7“
Y;;: j™ observation of the i" treatment . .
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Treatment

‘Dot-bar’ Notation:  Y2. = j:1Y2j Y, = ]
k treatments i=1,2, ...,k
r replicates j=1,2, ..., r
Cell Means Model Treatment Effects Model
Yij = M, T & Yij:/u+ai+‘9ij
U constant A=Yy,

a;: constant for the i group & =Y. V..

id
& ~N(0,0;) & =Y. -Y.

Least Squares Estimates (LSE)

SSE =5 = 2;222155 - ZLZ;(% THT O‘i)



Yij —H= (e

Y_.. = (Y_ Y_ ) ij _Y_.)
ZZ[YU :Iz Z [(Yi. _Y_..)+(Yij _Y_i.):|2

= ZZ(YI -Y.)* + ZZZ(YT _Y_..)(Yij -Y.) +ZZ(Yij -
= ZZ(YT -Y.)? o+ ZZ(YU' _Y_i.)2

SS(Total) = SS(TRT) + SS(Error)
SSY = SST + SSE
Source df. SS MS E(MS)
k n; — — \2
(Between)  Treatment (T) k-1 Zi:lz j:l(Yi‘_Y“) SST/ (k-1) o’ rz Tlia%
k-1
(Within)  Error  (E) N-k Z_lz _1( i~V ) SSE / (N-K) o’
Total N-1 Zi:leizl(Yij _Y_)
Hotpy =, == 14
H_ : not all means are equal
m—i’; =F, ~ F_ . (central) under H,
~ R, (Non —central) under H, A= rz;af :

Power = P(F"°® > F&@ | H, )



Contrasts
k . . .
L=cyuy +Cor, +---+C p4, Zizlci =0 A linear combination of population means

A va Va Va k
L=cY,.+cC)Y, +---+CY,. Zi:lci =0 A linear combination of sample means

Vector/Matrix Notation:

Example: 4 contrasts

L =um—p, Ly =11, — 145
+ U
L, = 14— 145 I—4:#12 £ -
The above set of contrasts are not mutually independent
1

1 1 1
e.qg., |1—§L1 = (M—ﬂs)—a(ﬂl—ﬂz) = Sttt Hy = L,

A set of contrasts are linearly independent if they are orthogonal.

e Consider two vectors: A & B

a by
A=|a, B=|bh,
2 b,
AsB = A'B = ab +ab, +ab, = ||Al||Bcosé 0=90° —» cosd=0

C=cCyy +Copt, +++-+C 14 } k
e Two contrasts are orthogonal if 2_Cid; =0
{D:dlﬂl+d2y2+---+dkyk g ; a

e Whichof L, ..., L, above are orthogonal?



K
L= Zci/ui
i—1

Bonferroni’s Method L= cY.
e m planned contrasts

L Z :(=1 CiY_i'

° ts = ~ — ReeCt H |f ts >ta/
SE(L) \/MSEZ:‘:lCIZ/rI J 0 ﬁZ’N_k
~ k
. CI: Litm,zN_k\/MSEZizlcf/ri
o
Tukey(-Kramer) HSD Method L=Y, —Y_,-.

e Originally for all pairwise contrasts with equal sample sizes (r;=r)
max(¥,.) — min(Y, )

Based on Studentized Range Distribution Q =

JMSE /1
V.-V, o
o W= (]/\/E)\/MSE(:L/ r+1/ r) Reject Ho if W > qa(k’del’l’Ol’)
i i
e Cli L0, (kdfe,)(Y/V2)  MSE@/ 1 +1/T,)
Scheffé’s Method L= cY.

o all possible contrasts

e CI: I:i\/(k_]-)Fa,k—l,rxl—k \/MSEZ:(:lciz/ri

Example:

low med high
N 47 95 58
MEAN 50.62 51.93 55.91
SD 9.49 9.11 9.44

1) Compute a 95% CI for the average of (low & med) vs. high using Scheffe's
method.
2) Verify that the MSE is 86.4 using the summary data in the table.



