




















































































ST 02 Week 19

Analysis of Variance ANOVA I

OnewayANOVI
Given K independent random samples i e for jfCk
i i d random sample i from Nling 02 Test

Ho µ 12 Mk
Hi not allMj's are the same

Some definitions

1 The j the sample mean I.j Ej

2 Overall sample mean I is I ME

where n 5 Nj

31 Total variation II C ij x ̅ with df n I

41 Between groups variation B Nj Ej 7 df k I

5 Within groups variation residual sum of squares
W C ij E.JP df n k























































































6 Total variation total sum of squares ij

7 The ANOVA decomposition Total variation B W

8 Equivalent forms Total variation 5 I nx ̅

B É njx ̅ nx ̅

W Ein

9 Rj 1 S

Under Ho it can be shown that

Hit t.in

Reject Ho if f Fk t n k 2 Fd k t n k

One way ANOVA table

Source DF SS MS F
B K it ftp

P value
Factor K 1 B p
Error n k w w Cn kt
Total n t Btw























































































Without further assumptions we also have

1 estimator of 02 Q S TIE

21 2 100 confidence interval for Mj

I j t in k for jeck

A system view of one way ANOVA

ij Mt β Ei for if Nj and je CK

with Eij N 10 02 all independent
βj 0 is required for identifiability

M is the average effect and β the j th level
treatment effect

Ho β βz βK 0

Two way ANOVA

ij Mt Ji βj Eij for it r and je a

µ average treatment effect
βj treatment column levels
Ji different block row levels
Eij follow 1410,027 all independent
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Conditions for identifiability Ti β 0

Two directions

Ho β βz βÉo 21 82 22 0

Some definitions

1 i th block sample mean Ii I

21 j th treatment sample mean Ej É ij

31 overall sample mean I EE ij

41 total variation Total SS ETET Ei IF If re I

51 between blocks variation Brow EI Ei 5 If r I

61between treatments variation Bad rÉ Ej Is If c I

7 residual sum of squares ResidualSS Ej Ei x ̅ Is
If it it c 1

8 two wayANOVA decomposition TotalSS Brow Bcol ResidualSS























































































Equivalent forms Total SS FEET rcI
Brow c Ei re

Bad r x ̅ re
2

Residual SS Total SS Brow Bol

Case I Ho 81 82 Tr

OFBrow Cr 11

ResidualSS can i ca
Brow

ResidualSS

Under Ho F Fr t ar il ca t

reject Ho if f Fa r t ar it 11 11

Case I Ho β β P 0

F Bad cc it it 11 Bad
Residual SS Ccr Dec 1 Residual SS

Under Ho F Fo t Cr 1111 it

Reject Ho if f Fa c t ar ll ca is

Two way ANOVA table

Source DF SS MS F p value

Rowfactor r 1 Brow Brow or 1 4 11BrowRSS

C 1Columnfactor Bol
Residual cr isec.is residual

B
e

Ba Rss

Total re 1 Total SS






















































Remark on residuals

By model we have Iij Mt ti β Ej

While from data we have the decomposition

Eij Ii E I j Ej Ei Ej x ̅

A x ̅

x ̅ Ii x ̅

β I

Éij Iij Ei Ej I


