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Analysis of Simplified Seat-Belt Experlment (contd)

» The significant main effects are A and C. l /%:

° Among the interactions, A x B, A x C and A x B x C are significant.

o7 — Lwnulh—lw{ layod= o
'S’f

s We AVEK(]I'H'IL ultv in m’rerpremtmnx when only one component of r
interaction terms become sienificant. VVh'lt is meant by “A x B is
N TLLY: 9 .
ifican(”? /@m 2 Cohedk NpA-A) Space Spanadk

D . z
sode condusia] E\B is significan] but AB? is not. by AB, AB>.
G )ls A x B sigmificant because of the significance of AB alone ?

— For the original Seat-Belt Experiment, we have AB = CD’.

e Similarly. AC is significant. but not AC>. How to interpret the significance of
AxC? loken, leking , % coded m- a more
meanful way tham orfhﬁanaqw

wterpreting the significant interaction effects can be

o This difficulty in
avoided by using

Vv Reading: textbook, 6.3
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Why three-level fractional factorial ?
Run size economy : it is not economical 10 use a 3% design with 81 runs
unless the experiment is not costly.

It a 3* desien is used for the experiment, its 81 dearees of freedom would be

allocated as follows: Q&} 2'2}

Main Uea Interactions
Lffects  2-Factor | 3-T'actor  4-Factor

rB e D 16
((i) 2%/2) Y, ((@23/2—)*1)
Using|effect hicrarchy prin@, onc would arguc that 31’s and 4f1’s arc not
likely to be important. Out ot a total ot 80 df.correspond to such ettects !
O &K 4o N\'M?\'-ﬂr
A w\s‘\%w\%rmvdc.

4 &Wj p. 1-17

Defining a xperim\golt
o oy =

Returning to the original seat-belt experiment, it employs a one-third
fraction of the 3* design. This is denoted as a 3* ' design.

The design is constructed by choosing the column for factor £ (lot #) to be
equal to Column A + Column B + Column C(mod 3).

This relationship can be represented by the notation agch A‘Bf‘)l
ABC D=word:f6AJB,c, L cat|
D =ABC. 4 3
Sull ﬂ gl 3 g
B Ell
If x1,...,x2 are used to represent these four columns, then

x4, = X1 — X2 + x3{mod 3),or equivalently

0=3¥% = @ 1 x4 2y mod 3). (1)

¢ represented by

f, desk N Two Vb ’
| Jtheothen, 75 i’ﬁfﬁf”éfﬁuzl (o 3)
: 2 =2} )
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Aliasing Patterns of the Seat-Belt Experiment
e The aliasing patterns can be deduced rom the defining relation. For
example, b} addmg 2x1 to both sides of (1), we have A 2 BCD"S "
BCD™ -
2x| —‘ D O3 +@x4 =2 - x3 | 2x f’moa’ %) 16 2 c/)n/ *pa

A & BCD sgwmiz

saml 3 group;

e By following the same derivation, it i ’ show that the following
fects are alias gonall componeittis ane I=ABC
effects are ﬂldbeﬁw D
2 (e
(tecr )

A2 R 2 "L ey I=ABCD ( 2g.eD)

e This means that A and BCD? are aliased

— ' e
Oh prosnegd T T A

e N = e
@COW/W; &‘e :L? /g \ RC- azlnl Lot @

gy = 2k ELAL
alos sefs . g% 2240 o ~ .
Ao/ 523
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Notes it-can
Clear and Strongly Clear |Effects gm‘m

or A¥B, AxC, -- -

o [f three-factor interactions are assumed negligible, from the aliasing relations in (2),
A, B C, D ABZ AC?, AD, BC: BD and CD can be estimated.

naf, wm]:o
ThLSL mdm (feets or components of two-factor interactions are LdMLd ceause

they are not aliased with any other main effects or (wo-factor interaction
C D[ll[)k)[lt‘[ﬂ"s

$or meaaction .

A two-factor interaction, say A x B, is called clear if both of its components, A8 and
ABZ. are clear.

(nong. 7 whose & 280, a2

e Note that each of the six two-factor interactions 1as only one component that 1s

W 13190116 compounent of another two- fan,titj

AR is clear but AR is aliased with CD2.

clear; the other component is aliased

interaction. For example, fo
Se(@

. a4
e A main effect or two-factor inferac 101;eufn?1pnncn[ is said to be|strongly clear)if it is

not aliased with any other main effects, two-factor or three-factor interaction

components. A two-factor interaction is said to be strongly clear it both of its
components are strongly clear.
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A 3°~=|Design eglx2=0
D=AR h+ T+ +2%g+ =0 Cg)
e 5factors, 27 runs. | £ =AR2C %4t2Wp+ 3+ +2X5 =0 (e§d
2x2=0

e The one-ninth fraction is defined by I = ABD? = AB*CE”_{roth which two
additional relations can be obtained {indzy, defmwa vel

I—(”XBD ){AB CE’ I— A*CD*E* > ACDE
o=(g2reg2)— |
and O= (egl + eg2 )*2

1= ABD“ ABCE?)? = B°C°’D*E=>BCDE".
( i zC,_,J ,C ——->TC

Therefore th o sibgroup)for this design consists of the
following delining relation: ABCE  ADS 8*XCoE
v / ] /y
1 ABD* AB*CE* AC*DE BCDE* (3)

s sob
l O“l\o“s > A= A’BD sz AEe=pCe= A%ng%mvxxs%ﬁ

v
«j.zmm:t AB’P ED’Aao’é Ac.p’e"
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Resolution and Minimum Aberration
W 0’6 facdpes tuolved. &

e Let A; be to denote the number of words Of i in the subgroup and
= (A3,A4,...) to denote the wordlength pattern.
e Basced on W, the definitions of resolution and minimum aberration arc the
Y ———————=—m

= —
, Sam w\auwuz
e The subgroup defined in (3) has four words, whose lengths are 3, 4. 4, and 4.
and hence W = (1,3,0). Another 32 design given by 1D = AB F = AR?

has the defining contrast subgroup,

same as given before in Section 5.2.

I — ABD® — AB’E? — ADE — BDE*, (exendIs2)

with the wordlength pattern W = (4,0.0). According to the aberration
criterion, the first design has less aberration than the second design.

e Morcover, it can be shown that the first design has minimum aberration.
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General 37 Design

A 3% design is a fractional factorial design within 37 runs.

Tt is a 3~ 7th fraction of the 3* design:é—s't Prun size .
BP OCsm an alias sot]

3P 1/> OCs i DCS

e How many factors can a 3* 7 design study?
¥ 06 OC'S(TRc\uAv;HoE)'- ‘(\_J Ai---An Ofoc;y KA

n factoes M(S”—i)/l where n =k — p. ;:.“ l | .- I

N

This design has 3” runs with the independent gencrators xy, xo, ..., x,. We

The fractional plan is detined by(p jndep

can obtain altogether (3" — 1)/2 orthogonal columns as different
combinations of ¥? | ax; with o; = 0. 1 or 2. where at least one ¢; should
not be zero and the first nonzero «; should be written as 1" to avoid

duplication.
e For n=3, the (3" 1)/2 = 13 columns were given in Table 6.5 ol WH book.

e A general algebraic treatment of 377 designs can be found in Kempthorne

(1952).
Vv Reading: textbook, 6.4
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Simple Analysis Methods: Plots and ANOVA
S o 351 F.

7,\% }
Lf.Iln [‘t\n 1t %n@: gam cllccts plot and interaction plots to sce what

cttects might be important.

¢ This step can be followed by a formal analysis like analysis of variance and

no veleotas, Gofr Hh
halt-normal plots: 200 dif. by efedts ” ::12\ ws (w'\s\'mt
The strength data will be considered first. The location main effect and )

interaction plots are given in Figures 1 and 2. The main effects plot suggests that
factor A is the most important followed by factors € and D). The interaction plots
in Figure 2 suggest that there may be interactions because the lines are not
parallel.
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Figure 1: Main Effects Plot of Strength Location, Seat-Belt Experiment

iT no paallel , nkenadlion (F44) could be Signticant"
gﬁﬁ Interagtmn ots of Strengtzl cfuocat (ﬂ:{ﬁ
or nO'\- ] 2 AxC
= .-\.\ \“. 8
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Figure 2: Interaction Plots of Strength Location, Scat-Belt Experiment
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