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\mﬂsm& l
Cadoral desian s

. f\n ewen1ﬂe11t o study the effecTof{oun

truck seat belts. all \evel combinations : 3t=8|
e Four factors, cach atvcls (Tablc 1). Strength 24000, 4 batten.
e Two responses : crimp tensile strength that must be fat Ieast 4000)1b and flash

that(cannot exceed 14 mm) Slash < &, { betten

° were conducted; each run was replicated three times as shown in

actors on the pull strength of

Table 2.
Table 1: Factors and Levels, Seat-Belt Experiment
Level / uae (-, )
Factor ( 4] 1
%Wzmm T4 pressure (psi) 1100 1400 1700
_ ; a &8“@ ‘M
i 5. die flat (mm) 10.0 10.2 10.4
= " — ‘. a3 ’J_V -
%aabm f ? |_C.  crimp length {(mm; | 8 23 ]
3D, anchor lot (#) P74 P75 P76

Design Matrix and Response Data, Seat-Belt

Experiment

Factor
Run 4 B C oo
1 0 0 i o |(51sd osggs 89 12 272
R 0 1 Eolos3se 617 s2A [2.83 12.7% 1307 Wy?mre
3 0 0 2 2 3070 3773 4257 12.37 1247 242 mﬁama'bbn,
4 i L 0 L 5547 665 6320 13.28 12.86 2.7 abaa‘,'
S0 I | 2| 4754 440l 5436 12.64 12.50 261 ,’f,)
B €] | {) Shi4 40040 4n26 12,75 12.72 204
7 0 z 0 1| sex4 szsl 8214 15,17 13,33 13.0%
8 0 2 ! o | sns 6271 5343 13.02 13.11 1257 YBSFOV\SQ
0 0 z 2 l ST44 4797 541G 12.37 [2.67 R 7 ﬁ;n[
wo b 8] 0 [ T2 HEAS GI5T7 13.2% 1365 13.58 ‘4%}/ gzs)
T 0 I > | 65 6325 4784 (2,62 14.07 1338 E/VM
12 | 0 2 0| el SEIY 3993 103 1204 I RE
131 | 0 2| 6854 6804 6907 14.63 14.98 1440 ho qul‘G\%
14 | I | o | a7 6303 6797 1300 1233 137
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Design Matrix and Response Data, Seat-Belt

Experiment (contd.)

Table 3: Design Matrix and Response Data, Seat-Belt Experiment: last 13 runs

bacror

Run A B C L Strength Flazh
151 1 I 5513 503 6365 L5313 15449 L350
16 L 2 [ G 73 &974 5712 |3.55 14.10 1441
L/ L Z L l BE42 s34 2057 l4.56 13.27 13.p4
g {1 2 2 2 4568 5684 5761 13.00 13.58 12,43
19 2 0 & 2 7143 6520 6220 [&.70 13.85 14.90
I 0 1 [ S50 T0ER 7136 1470 1597 1 %.h6
S 0 2 | 5933 7194 t6ha7 3.51 13.64 13.92
22 2 1 5 LY 7227 7170 013 15.34 1a.16 15.14
23 12 1 I 1 7014 7040 7200 397 14.09 14.52
21 2 | 2 2 5213 €260 6138 [4.35 13.5¢ 12,00
25 2 2 o I 7145 0263 6404 L5770 1642 15.85
26 | 2 2 | 2 AT 7263 6937 15.21 13.77 14.24

2 2z 2 L8 J0eD ’ 6930 35l 1342 12000
T 242z vpmefm NP Combzm'bons

> wh«t’sagwdchomz subset

v Reading: textbook, 6.1 db leVl-Z ‘WLMAt/mLS 7

Larger-The-Better and Smaller-The-Better
pmblemS@@omrmZ—dm

@M—E@ mm, Tanlgfx)
e In the seat-belt experiment, thehould be as high as poss|ble and th as

low as possible. ada‘asf- E(g@

o There is no fixed nominal value tor either strength or flash, Such type of problems

are referred to as larger-the-better and smaller-the-better problems, respectively.

» For such problems increasing or decreasing the mean 1s more difficult than reducing
N

the variation and should be done in the first step. (why?)

o or\-f—\aw ;Fa.zbrs Yhats
can easily mcrease/ decrea
the mean E(Jyx) rs
W Afficatt 4o

\
s Two-step procedure for smaller-the-better problems: \ &‘nd n thid <
|. lind factor settings thafminimize L{y). m"f combined mto

» Two-step procedure for larger-the-better problems:

I, Find factor settings thatlmaximize F(v).

2. Find other factor settings that\minimize Var(y).

2. Find other fuctor settings that prinimize h:nf‘y)

v Reading: textbook, 6.2 g)$> C, E (é’x C) = U-M(yx) (E(yx
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O guddtic effut i e "
mcwasing/ decress of —~—t—t

i uéltion?where' ree-l’évealoex eriméiits‘are useful

@) moase then decrease

decuase + mMLasQ

e When there is a curvilinear relation between the response and a
factor like temperature. It 1s nol possible to detect such a curvature elfect

with two levels.

. Al'actor may ha;n_‘:}%cc levels (e.g., three types of machines or
three suppliers). v v VV cannot prea(rt* X,

- * - -
e [tis common to study the effect of a lactor on the response at 1l5m

and two scttings around xp.

tnpoue !~ iwpove ?

% 0% g o o g gt ot st
T
® % %o~ ot baten, than Xo , how much
2% 2 howo mc
ANOTA -type |- more suitable By qualitative ™
Mwusing AN OVA?M/ |
bl factornd Jactors

e We consider 4 simplified version of the seal-belt experiment as af ;:)full
factorial cxperiment with factors(4, B, G projection
<

e Since a 3° design is a special case of a multi-way layout, the analysis of

variance method introduced in Section 3.5 can be applied to this experiment.
e We consider only the strength data for demonstration of the analysis.

e Using analysis of variance, we can compuie the sum of squares for main
effects A, B. C, interactions A x B, A x C, Bx Cand A x B x C and the

residual sum of squares. Details are given in Tablce 4.

e The break-up of the degrees of [reedom will be as (ollows:

— Each main effect has two degrees of freedom because each factor has three levels.

Each two-factor interaction has (3 — 1) % (3—1) :@e.grees ol freedom.

The A x B x C interaction has (3 — 1) x {3~ 1) x (3 1) :@iegrees of freedom.

The residual degrees of freedom is 54(= 27 = (3 — 1)), since there arc three replicates.
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NTHU STAT 5550, 2013 Lecture Notes

p. 1.7
F’Em%ysis of Simplified Seat-Belt Experiment
’ = Q‘[ ~ A +B+C+ AtB+ ArC + AxC+ABYC HE,
LQéM Tabl ANOVA Table, Simplificd-Seat-Belt Experim o VW%
Bl-at= 54 Sor ms\ﬁmz gy | (BSS0-BSSn) deo-dfn |
) Degrees of nf —/ T‘v’Ie
Source Freedo %@9 Square: Al I p-value
A (3-1) 34621746 17310873 0.000
B 38539 469270 0.108
C 4774741 0.000
AxB 824561 0.006
AxC 963045 4.79 0.002
BxC 112087 (.55 0.697
\ AxBxC 650865 3.22 0.005
residual 20227 Ps‘:]m%“'ﬁ
total M‘fzﬁwzéwbvn

Srsaprime i, for s bemg
prme power, S=4.,.8,9,
nin &0/018 6[41
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A epresents the contrasts among the response values whose x| and x~
a-lened. . > % 7 g ( !
At o
ool 2 2|12 | 0703
A B (mod 3 )
gl‘g_‘l‘ & ) 11;7@.‘3—0,]21}1{){13)
3334 57 2 (2 +2X) = 2% +4-Xa.= 2%+ Ko,
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Orthogonal Components System: Decomposition of

A x B x C Interaction

2
e AxBxC has@degrees of freedom. ABC /42316

e It can be further split up into four components denoted by A'Bld . AB®
/43 C and AB>C”, each havin@lf.
ABC

Lct the Icch% of A, B and C be denoted by x1, x2 and x3 respectively.

o ABC.ABC?, AB*C and AB2(C? represent the contrasts among the three
groups of {xy,x2,x3) satisfying each of the four systems of equations,

[ x) HxaHx3 — 0,1,2(mod3),
[x1 Hx Qs = 0.1,2(mod3),
X 20 t+xy = 0,1,2(mod3),
xp 0 2% 2x3 = 0.1, 2(mod3).

p. 1-10

Uniqueness of Representation

e To avoid ambiguity, the convention that the coefficient for the first nonzero

factor is | will be used.

e ABC” is used instead of A*B*C, even though the two are
2 o ey seppale the dodlyy

o For A’B°C, there are three groups satislying
mto 3 same groups

2x; 20 +x3 = 0,1,2(mod3),
cquivalently, 2 x (2x) +2x +x3) = 2 f}/( ). 1,2)(mod3),
equivalently, f1—x+2x = 0,2, 1{mod3),

which corresponds to ABC” by relabeling of the groups. Hence ABC? and
A’BC are equivalent.
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Representation of AB and AB”

Table 5: Factor A and B Combinations (x| denotes the levels of factor A and x»

denotes the levels of factor B) ®R
_B
A-—@@ ) “\% 2 A

\w

-@ B,y correspond 10 (4] el with T, D=0, 1, 2(mad3fesp.
e /. j.k correspond to (x),.x>) with x| + 24 = 0’*,\,1@ E%@gdBJ resp.
A B A B

p. 1-12

Connection with Graeco-Latin Square
A &

o In Table 5&(c, B, v} forms a Latin Square and(i, 7, k) forms another Latin
Square.

o (o, B.v) and (i, j.k) jointly form a Graeco-Latin Square. This implies that
SS for (o, P.7y) and SS for (i, j. k) arelurl?wgrmul.}é‘ c@s?m mm
b‘:aleu_‘gs ) 2 - mal .
¢ §Sap) GhlFa—7)"+(5p =70 + (=) 3
is the number of replicates,
o = (Voo +yi2 +¥21), ete, how many obsoryalions in foo.

o Similacly, SS,p; = 3n[(5i—7)> + (7 —7) " + (7 —7)°].

treats tha Cb/umn,(LNP.I-&)”ZAB
a0 a 3-leveld factor, SSAR s the

vowialion. o, g X can be explamad, by tha Sactor.,

jointly made by Jeff Wu (GT, USA) and S.-W. Cheng (NTHU, Taiwan)



NTHU STAT 5550, 2013 Lecture Notes

p. 1-13

Analysis using the Orthogonal components system

e For the simplified scat-belt experiment, yg, = 6024.407, yg = 6177.815 and
¥y = 6467.0, so that y. = 6223.074 and

SSap —  (3)(9)[(6024.407 — 6223.074)* + (6177.815 — 6223.074)?
+(6467.0 — 6223.074)%] = 2727451.

e Similarly, S5, = 570795,

o See ANOVA table on the next page. M?M”'J}/‘

Note: SSpp+ SSag 2 3208246 = SSpxp.

Nofe: hotoation,: X-> T ’n(’%adfbru
NM X —> o w,nfm:e-
Note: all orth defmed on Full

fad‘b% c‘esaw
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