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Modaﬁ Y~ A+B+C+D+(AB )+A«B"+ N £ —

VA Table for Stren th Location corsh rstadl
ordw \'devné 5

Degrees of Sum of Mean
Source Freedom Squares Squares F p-value
) 17310873 8558 (0000
2 938539 469270 2.32 0108
2 2727451 1363725 6.74 ( 0.002 )
2 570795 285397 1.41 0.233
2 4774741 2361 G0.000
2 W29R559] 1492796 7.38 L0 1
2 ER63K7 443294 2.19 0.122
2 427214 213607 .06 0.355
2 21134 10567 0.05 0.949
2 2246464 1111
2 26316 131508 0.65 0.326
2 205337 102768 051 0.603
245439 122770 061 01,549
residual @, 10922599 202270

Note« cannot write the ANOTA Tnio mufti-way layets
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Analysis of Strength Location, Seat-Belt Experiment

e In equation (2), the 26 degrees of freedom 1n the experiment were grouped
into 13 » corresponding ANOVA wuble gives Ltg
for these 13 eflccts. (P"”J"t 4 onto each :.-c(rm

Spa@ (. orthgemlr

o Baced on the p values in the ANOVA Table, clearly the factor A, Cand D

main effects are significant.

of elfects. T

o Also two aliased sets of effects are significant, AB = CD? and AC = BD*.

e These findings are consistent with those based on the main effects plot and
interaction plots. In particular, the signiflicance of AB and CD’ is supporled
by the A x 8 and C x D plots and the significance of AC and BD* by the

A xCand B x D plots. same woormalion
appeamed. trv
difeergik plots

AB=cD- hot sigitaant
AR sig.
cD not s;?.
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Figurc 3: Main Effects Plot of Strength Dispersion, Scat-Belt Experiment
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Interactlon Plots of btrength Dispersion
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Figure 4: Interaction Plots of Strength Dispersion, Seat-Belt Experiment
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Rectl 1 Z=X +.€' wnstanl variong "
“ou(B)= &Tx)ﬁ ‘s> Half-Normal Plots

e (0o T Bi's ane molep. Normal with, constarl vaniom.

e Since there 15‘ eplication for the dispersion analysis, ANOVA cannot be

used to test effect significance,

o Insicad, ajhalt-normal plot\can be drawn as follows. The 26 s can be

divided into 13 groups, cach having two df’s. T correspond

to the 13 rows in the ANOVA table of page 26. wall &
P eoch, 2dim .

e The two degrees of freedom in each group can be dLCOIHPOSLd furthcr into a
Lar cffect and a quadratic cffect with the contrast vectors L0,
Y 1d AA(1,—2,1) respeuwelv where the values in the vectors are associated

e Because the linear and quadratic effects are standardized and orthogonal to
cach other, these 26 effect estimates can be plotted on the halt-normal

-t

probability scale as in Figure 5. ~ 1
E~ A+B+C+D+ABr ABY —+E 5 | ° ”2 2 hagonal
N e P! :4

Ark Ay (A®), (B : =
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Half-Normal Plot
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Figure 5: Half-Normal Plot of Strength Dispersion Eﬁscts Seat-Belt Experiment
heck whathm Bas ™ MH\S caa(

Informal analysis of the plot sugg@l‘le fa:ﬁ( A%mear effecl‘?ngy be md«l,,{
significant. This can be confirmed by using|Lenth’s melh@ The tpgp value for
the A lincar cffect 1s 2.99, which has a p valuc of 0.003(1IER) and 0.050 (EER).
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Analysis Summary

A similar analysis can be performed to identify thiocation and
dispersion effects. See Section 6.5 of WH book.

-

o Wc can determine the optiyhal Tactor scttings that maximize the strength

location by examining theYnain effects plot and interaction plots in

nd to the significant ellects 1dentilied in the

alHernative : m-\-Fma.ﬂ.;th(za( moded .

Figures 1 and 2 that corres
ANOVA table.

e We can similarly determine the optimal factor settings that minimize the
strength dispersion, the flash location and flash dispersion, rex_&:twely

most sigwifraalt factor S‘f‘nu?% 14
¢ The most obvious findings: level 2 of factor A be chosen to maximize Hagl
e ——
strength while level 0 of factor A be chosen to minimize ﬂash% ,[a'"‘f_"‘ ‘
o There is an obvious conflict in meeting the two objectives. Trade-off % 1
|
strategics for handling multiple characteristics and conflicting objectives
need to be considered (See Section 6.7 of WH).

Vv Reading: textbook, 6.5
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An Alternative Analysis Method : Linear-Quadratic
Rt : previous analyses,
System

mamdé or gm//’knﬁuc Jactor
In the seat-belt experiment. the factors A, B a&?ﬂquamilative_ The two

degrees of freedom in a quantitative factor, say A, can be decomposed into the

linear and quadmtic mmponents,

Lcttin‘ and @ﬁepresent the observations at level 0, 1 and 2, then the /inear
effect is defined as Under, 4L Foctorial 3

ne = Ua Mo X = E(Jx)=Mx

Qe
dererd on tha design

‘(ﬂz-l-/lo) _-y/A > B= XFM
Q2+\1 )= 201 Mo : avma,z%mo
which can be re- expreqsed as the dlﬁeneme between tWwo consecutive linear A=
effects (v y1) (n ( l) (/A1~,{,{o) li . . o: s A=2

mmaswg/decc%m& cate cww\g,z.

and th¢ guadratic eﬁ'ecr as
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Y=XB+E i P
B=(ax )y Llnear and Quadratic Efiects
Of MOX T Bx)("‘f

Mathematically. the lincar and quadratic effects are represented by two mutually

orthogonal vectors: e ueed,
A & [stonder pdynomiad scal i~ rﬂg,tzz o
o 4 DA o ity X
2% zm A = (_1,0, Nde of -1 N
- < i * G4 1] 0 -2 (4)
¥ eM;\tgndw Ag = % I’_Z-T\J-é'* 210 |
A o (e 2
or the sake of brevity, they arc also referr L-&L[) as the [ and g cllccts.
2|

g.m
o The scaling constants /2 and /6 yield vectors with unit lcnglm“%ﬁﬁj

e The linear (or quadratic) effect is obtained by taking the inner product
between A; (or A,) and the vectory — (yg,yi,v2). For factor B,B; and B, arc
similarly defined.

p. 1-35

AB < <
l) 64’8 4
e Then the four degrees of frc dom 1 A % B mtemr.m)n z@g

decomposed nto iour mutually orthogonal terms:

AB Be (ABM-~ .

oo 0 Aqu%’-'f’ i 0 - 71 codm :
»n 0
R AR a 'l"(AB)u-!j} ”Méﬂ
| '\T g‘i'l | o ;', 743

-2 0 -2 o
‘I ;% 0-2 ) ) 2 o - l{ -”fl(.'s»],! 5)
w2t o (oo 1 (ABli)

L I R B o -2, _.
) (\B)quu )
B4 -

e It is casy to show that they arclorthogonal)to cach other. (e AB
TAe, A2’} zi(AB)u,(AB)at, (B isB | (BB)ee - (AE2)
AB)0, (ABY 443 sgon ~; AR bodon) —
e same gpal> (N;)?‘; 7/ %)“6 2-dim
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@‘{f‘)‘)'wmip\ear and Quadratic Effects (contd)
Kx)oe L= Boc X"

Using the nine level combinations of factors A and B, ygg. ...,y givenin

Table 5, the fzr@'sls (AB)it, (AB)iy. (AB) 41, (AB) 4, can be expressed as follows:
N -‘\PWchﬂfmfﬂ'Dv\dbe« 9 vx y Blo
(AB)y: 5{2 —Y20) i~ (e —vonl }.

B BelAeo < A
4 b 2 A-‘:'Z \: '!' 3 - 's\
(AB)1y: -}fﬁ{ (2 Yo — 2y ) — (o2 +yoo — 2vop) }, ~

I : 1 ¢ % IA‘Z . %,A=° ' 3 BL / %
(AB) gt 5 2y +yoe —2y12) — (y20 + Yoo — 2y10) ) ‘ * ,
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-~
LV
FAAV ]

. . . ) _ , o I 2> .
(AB)yq: %@)’;2 +¥20 — 2y ) & 2y12 + yio — 2yi1) Klyo2 +yoo — Zyoi) -

o G| Acen A Bz| A= -
An (AB)y interaction effect measures the difference heﬁ;!feen the conditional

lincar B effects at levels 0 and 2 of factor A,

e A significant (AB),; interaction effect means that there is curvature in the

conditional linear B eftect over the three levels of factor A.

o The other interaction effects (AB);, and (AB),, can be similarly interpreted.

o conv be smilonl w extended o k‘gkwm@v mleraclions,
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