NTHU STAT 5510, 2024 Lecture Notes

Incorrect Model and Analysis P

EUs are treated as in completely randomized design (homogeneous EUs)
Two-way layout model (treatment factors * LNp.45- 46

A and B with n replicates): % concep{'ual model :
different|
froméhe | v ="M+ + P+ (0f)ij + &, g~B°+.‘_A_ +8
iy ? &5 - - = — (I-1) parameters % L (3-1) parameters
,',,',j,';#_wherei:1,...,1;1:1,...,1;k:1,...,ﬁ. + AxB + &
4§~55 )(In the case,/ =2,/ =4,n=23.) (Z-1X3-1) parameters 3 cov?&_) ']

e ANOVA (table on LNp.4-57) shows that only df ing>
factor A is significant; neither B nor A X B 1s significant. =IIn-1J

e The model is wrong: A and B use different randomization schemes. The error
component should be separated into two parts—the whole plot error and the subplot
error. To test the significance of various effects, we need to compare their respective

mean squares with two different error components.

Suppose the experiment is really from CRD. Some possibl choices for Tar(€ijK):
(@) 24 £R, ¢ E™, 24 ES = cov($)= (6r+6x+63) 1
(b) 1 €R, ¢ E™, 24ES = cov($)=(6x+65)1
© 1 €R, 1™, 2465 = cov(4)= 651 »

e Incorrect ANOVA Table .

Table 25: Incorrect ANOVA Table, Wood Experiment

Degrees of Sumof  Mean

Source Freedom  Squares  Squares F p-value
A 1 782.04 | 782.04{9—1349  0.002 v
B 3 | 266.00 88.67HH—1.53 0.245
A X B 3 | 62.79 20.93 /= 0.36 0.783
Residual 16 = 927.88 57.99z
Total 23 2038.72 ?

let[Table 27| (&2

e Only A is significant. | in LNp. 64
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Lecture Notes
Correct Model for Split-plot Demgng2 sy
over - parameterized Rz (6) —— <~ H3= IR (24)
Model: 5‘? : —5—{w] )
Under sum) w a) W_ T - %l'; 0 (U451
; o o v ) vTs
codmgs mo vm' (}3' 322) o(gss t%? (:2) rlﬁ}%
5 RUE i =1 + Tk + 0 + g + B + (aB)y; + 8k4> vandom, (1)
Fixed eﬁed:s 3 T ¥ = —F  F |efectsor
errors
A B £Rep
wherei=1,....I, j=1,...,.J; k=1,....n. (Inthe case, /=2, /=4, n=3))
Terms related to the whole plot Terms related to the subplot
R _ ffect of kth replicat é ith main effect of B
Ex ..:Cék-é f.: ec?_ replicate Bi u l_”mal'ne ec.o_
%, 2 ith main effect for A (OLB)Eé 8 (i, j)th interaction A x B
e | (k,i)th whole plot error e g ~ (k, 1, j)th subplot error

e yi;;: observation for the kth replicate of the ith level of factor A and the jth
level of factor B. s conceptual model : 4{check N5 49)

N=nlJ W'Peﬂ’ed:'—,_. ———p—SPeffects cov (<)
it ak Y~Pot A+ B +AxB+ AES + ApE™+ AsES
Ny=nl, =
el E@— 00 6] 8 & &

Correct Model for Split-plot Design (Cont’d)
§* ER = ne(3) Tes

Treat T as a ‘random effect (because there are potentially many other
possible replications), and T ~ N (0, 62) = E population

can be viewed as random block effecks ——1SR_

e Treatment effects are fixed effects from a two-way layout, which include
— oy’s, related to whole plots, and < effects of whole plot Fuctor
ngw(.;é-) -B j’s and (08);;’s, related to subplots. < effects involw‘ng subplot Sactor
T’@ whole plot error: sﬂ ~ N(0, Gm) for testing a-effect __j

ns (24) %' = > €2= Gkt e,>€
L‘@ subplot error: 8; ~ N(0,03), for testing B- and af-effects. j Note €2>€3
_;.ea 6 2

e Subplot error is usually smaller than whole plot error (i.e., GS < GW)
because subplots are more homogeneous than whole plots.

- Why ? . pested (or split) structure

e Assume that T;’s, Sk T ’s, and Skz ; ’s are mutually mdependent
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W;=5paanu}

p. 4-60

ANOVA Decomposition  |Nete: All these SS5
are independent .

e Use the zero-sum constraints: —s SUM Codinss

By (L6) in INp 5SS

Olx = — (0l + - +a1-.)&32 10 =Y YiaB = 0 JBJ"(B""""‘BJ-I)'l

aBiI -(ae"'+ - de” ') _2’ Z B) — Qv fOI'L: 17 —— 717 w—-z.:Sln_nix:}'

dB]:,a:-(qui---

asa | to break up the total sum of squares as a three-way layout with factors A, B,

3-level] 411 Rep:
factor T-E

LNp4-53

/k”eWo

e Define the sum of squares for the whole plot error S
squares for the subplot error SSgy} as: IWcS .Ty's are the spaces | IGQ -ReprA c Ra

(keSw+s3) 25t

«—SS

W3=span{X3}

'+del'|.j)e-.a Zizl ((X'B).Li = 0, fOl‘l: | )

SS.D. = Pvg"’ A: 2 levels . B:4 levels, Rep: 3 levels
(2) M (3) (2) (3) (6) (6)

By &in SST SSRep + ﬁ% +SSE+ SSRepa +5Saxs + S +8S
p Repxa __$= Repr Rep XAXB*

e
T, Wi W'z T2 W3 t;— 4——

Whole and the sum of

by these effects | and R gexA.l.m}R.
=S85

.I. Rep

whole

xdim(T2 !

e ANOVA decomposition for the split plot model: %g‘s_x dim(Tz)

Ren><A> SS@ - SSRG[!XB +SSR€[2><A><B'

A
(LNp #-4B)

By (LS)
lﬂ L.Np 55

— 5 ~€ Xgim(T) ~ € Xin(T) o e;lomn' )
SST = SSRep +554 + SS + SSB +SSaxp+SS 3
—= Rep whole X sub- jo S »
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