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= STRIP-PLOT ARRANGEMENTS FOR FRACTIONS OF
TWO-LEVEL FACTORIAL DESIGNS

1. A Simple Example
2. A More Complex Example#
3. The General Procedure for Two-Level Designs

= The Analysis of the Laundry Experiment
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STRIP-PLOT DESIGN

i Laundry example

Ex: Investigated methods of reducing the
wrinkling of clothes being laundered

Factors: washing machine
dryer
Each factors has four level
W, : washer effects D, : dryer effects
[WD], : the washer by dryer interactions
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Laundry example :L ANOVA Table

WwWasher 1 Z)rye; 4 Washer 1 '.:)rye.; E
2 1 Takla 1 ANOWVA Table for 5 Strip-piat Dazign
. - —
= & Strata Source df EMS
4 4
Block 1 Block 2 BIDD*': BIDDHS 1 |:|'?I- 4I!i.‘ "Ir.l":'_._d- 15.'-';
Figwre 7. Sitrp-plot Configuration of the Lawndry Experiment. Hﬂ"ﬂ' w 3 .g-z . 4”-2 . [B"E:I -5 = W,E
del W+ Dy 4 WD) 4 ow regiduel 3 Fedd
= Model @y =t Wy Dt WDl 61 # pj=, ig + “ijk Column D 3 s dole (83) Y, | D
1':"h¢.|-¢ i 0 2. .il L i 'l..| J_ | i .{ Column rasidual -3 e 4-:r;
S s e Ay aed o SN D Unit W x D g Ay S woR
b~ iid N(0,7%), iy ~ i N0, o8, i 0 N0, g ~ 10 N ) Unit residual g L =) ket T
Treatment structure applied to rows and
columns represented 27 design In situations in which the strip-plot
Box & Jones(1992) configuration was not replicated
= Washer configurations can be represented by a 2° design n B Elflrtﬂ@ : no residual degrees of freedom available in the
in factors A and B row, column, or unit strata to estimate variation
= Dryer configurations can be represented by a 22design in
factorsa and b w ERUERE
= W could be split into the standard contrasts A, B,and AB 1.identifying significant effects would be to assume effect sparsity
= D could be split into the standard contrasts a, b, and ab and construct a separate normal plot for each stratum
= W x D could be split into Aa, Ab, Aab, Ba, Bb, Bab, ABa, 2. assume that specific (usually high-order) interactions in a
ABb, and ABab particular stratum were negligible and pool these to provide an

estimate of experimental error for that stratum
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How to construct Strip-Plot
Configurations of Fractional Factorials

The procedure consists of three steps:
(1) Identify a suitable row design
(2) Identify a suitable column design

(3) Select a latin-square fraction of the
product of the designs in (1) and (2)

~>
. 3=

STRIP-PLOT ARRANGEMENTS
FOR FRACTIONS OF TWO-LEVEL
FACTORIAL DESIGNS

i A Simple Example

= Three row factors (A, B, C) ; Three column factors (a, b, c)
using two 4x4 blocks investigated (2/ 4x4). i Design is required

= Consider the full 2° design as the product array of a2* row design
and a 2” column design

abe = — 1 abe = 21

i +1 —1 +1 —1 +1 —1 41 a

—1 —1 +1 41 LI —1 %1 41 b

A B L —1r 4+1 +1 —1|4+1L —1 —1 =41 «
—1 —1 -1 - - - - - - - -
ABC 41 —1 41 - - - - - - - -
= —1 —1 +1 %1 - - - - - - - -
41 <1 —1 - - - - - - - -
—1 —1 +#1 - - - - - - - -
ABC 41 1 =1 - - - - - - - -
= +1 —1 +F —1 - - - - - - - -
-1 +1 —+1 - - - - - - - -

Figure 2. Product-Arcay Represantation of a 25 Desigr.

i Analysis(I=ABCabc)

Row(column)effect: all main effect and interactions that only
involve row(column) factors EX: A,B,AC......

= Mixed effect: interactions that involve both row and column
factors EX:Aa,ABc.......

= Notice the following:

1. The contrasts used to block the row and column designs
ABC and abc, end up confounded with blocks.

2. All row effects end up in the row stratum, as do those

mixed effects that contain the string abc.

3. All column effects end up in the column stratum as do
those mixed effects that contain the string ABC.

4. All remaining mixed effects end up in the unit stratum

made by 9 §/



NTHU STAT 6681, 2007

Final Presentation

i A More Complex Example

= Six row factors A, B, C, D, E, F ; Five column factors a, b; ¢, d, e
in four 8 x 8 blocks. (4/ 8X8)
= This requires identifying a 2“73design in four blocks such that

each block is a product array of eight row-factor combinations and
eight column-factor combinations.

Row design:
treatment defining contrast subgroup I=ABCDEF
block defining contrast subgroup B1=ABC ; B2=CDE ; B1B2=ABDE
multiplying defining word B1=ABC=DEF ; B2=CDE=ABF ;
B1B2=CF=ABDF
Column design :
block effect : bl=abc ; b2=ade ; blb2=bcde

The product of these designs

abe = 1 abc= —1 abc= +1 abc= 41
pde = =1 ade = +1 ade = —1 ade = +1
bede = 21 bode = —1 bede = —1 boede = 41
ABCDEF — +1 .
AQC = DEF = —1 1 2 3 El
COE = ABF = —1
CF =ABDE = +1
ABCDEF = 41
AP = DEF — 1 5 LET T B
IV = ABF = -1
OF = ABDE = —1
ABCDEERF — 41
AR = [EF = %1 ] 10 11 rLE
CDE = ABF = —1
CF = ABDE = —1
ADCDEF = 41
ABC = DEF = 41 13 14 15 16
CDE = ABF = 41
O = ABDNE = %1

Figure 3. Product of a 2597 Aow Design amd a 2% Columre Desiagn
i Fouwr Blocks.

i Conclusion

= Latin-square fraction : taking blocks corresponding to one letter in
a 4 x 4 latin square

= The blocks numbered 1, 6, 12, and 15 are chose . These
correspond to a 2! design with defining relation

I = ABCabc = -CDEbcde = -ABDEade = ABCDEF= DEFabc
= -ABFbcde = -CFabe
Choosing blocks 1, 6, 11, and 16
I = ABCabc = CDEade = ABDEbcde = ABCDEF= DEFabc
= ABFade = CFbcde,

B Treatment structure Plot structure U =U1,U2
AxBxCxDxExFxaxbxcxdxe U/ VxW 4 2 2
2 2 22 2 2 22 2 22 4/ 8x8 v=vi,v2,Vv3
8 2 2 2
W=W1i,W2,WwW3
8 2 2 2
Design Key
A B C D E F a b c d e

V1 V2 V3 V1iv2 V2V3 U1Vl W1 W2 W3 Wiw2 U2viwi

Inverse Key
Vi V2 V3 Ul W1 W2 W3 U2
A B C AF a b ¢ Abe

I=ABD=BCE=abd=ACDE=ABDabd=BCEabd=ACDEabd
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i Plot structure

N, Clng,ng) = 1+t m(l +m+ g+ - 1)
=141 +nin + 03 + ngiais

d.f identity:

mngny =1+ (n) — 1) +my(ng — 1) + (03— 1) + ny(ns — 1)(ng - 1)
S0 St S2 S3 S4
Dim 1 3 28 28 196

S1 = U1,U2,U1iU2
S2 = V1,V2,V3,V1V2,ViV3, V2V3, Viv2v3
V1U1, V2U1,V3U1, V1V2U1, ViV3U1, V2V3U1, V1V2V3U1l
V1U2, V2U2,V3U2, V1V2U2, ViV3U2, V2V3U2, V1V2V3U2
V1U1U2,V2U1U2,V3U1U2,V1V2U1U2,V1V3U1U2,V2V3U1U2,V1V2V3U1U2
S3= Wi1,W2,W3,WiW2, W1W3, W2W3 , W1W2W3
W1U1, W2U1, W3U1, W1W2U1, W1W3U1 , W2W3U1 , W1W2W3U1
W1U2, W2U2, W3U2, W1W2U2 , W1W3U2 , W2W3U2 , W1W2W3U2
W1U1U2,W2U1U2,W3U1U2,W1W2U1U2,W1W3U1U2,W2W3U1U2, W1W2W3U1U2

U1 u2
Cy
i X

C;

viv2v3 W1iw2w3
G C’
1
3 3
C >< C:

¢y

sS4

i Treatment structure

Treatment structure

VO & W, (N=T)
Treatment effect DF Plot alias Stratum
BD=ABCE=Aabd=CDE=BDabd=ABCEabd=CDEabd=A 1 Vi S2
AD=CE=Babd=ABCDE=ADabd=CEabd=ABCDEabd=B 1 V2 S2
Total 256

Plan and the restrictions on randomization

Each block :
row factors randomization
column factors randomization
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ANOVA Table

Strata Source df
Block Blocks 3
Row R 7
Row residual 21
Column C 7
Column residual 21
Unit RxC 49
Unit residual 147

The General Procedure for Two-Level
Designs

b= 2" blocks

each block: r= 2™ row , c= 2" column

K : number of row factors ; k : number of column factors
Define: Q = K-(w+M) ; g = k-(w+m)

Then the procedure is as follows:

1. Select a row design that consists of a2~ design in b blocks.
2. Select a column design that consists of a2 design in b blocks.

3. Consider the product of the designs in steps 1 and 2 and select a
latin-square fraction of this product.

How to construct a latin-
square fraction

= Suppose that both the row and the column designs are
complete 27 designs in b =2" blocks.

= Let {ElnEanlansnElsnEzsnElzsn ~~~~~ ’ E12....W} be the set
of b - 1 row effects that are confounded with blocks in which

E; = E.E, is the generalized interaction between E, and ;.

Similarly let {e,,e,, e, , €5 .. e, .+ bethe
set of column effects that are confounded with blocks. Then
selecting the blocks corresponding to

I=FEe =FE,e, =..... =F,

results in a proper fraction that is also a latin-square fraction.

! —
_" —_—
— —_—

The Analysis of the Laundry
Experiment
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i Laundry Experiment

= Six factors representing washing conditions (e.g., wash
temperature) ; Four factors representing drying conditions were
identified

Two levels for each of these 10 factors were selected

= The six washer factors will be designated as A, B, C, D, E and
F ; the four dryer factors as a. b, ¢, and d.

= A 253 design in two blocks was required for washers(rows)
I=ABC=BDF=ABDE=ACDF=CDE=AEF=BCEF
string AD was used to define blocks

= A 2*!design in two blocks was required for dryers(columns)
I=abcd ; string ab=cd was used to define blocks

:L Laundry Experiment

Table 4. Confounding Fatterns for the Row and Colurmn Designs

How design
I'm ABC = BOF = ABDE = ACDF = CDE = AEF = BCEF
A= BC = ABDF = BDE = COF — ACDE — EF — ABCEF
8= AL = OF = ADE = ABCDF = BCDE = ABEF = CEF
C = AB = BCDF = ABCDE = ADF = DE = ACEF = BEF
0= ABCD = 8F = ABF = AGF = CE = ADEF = BOOEF
E = ABCE = BDOEF = ABD = ACDEF = G = AF = BCF

F = ABCF = BD = ABDEF = ACD = CDEF = AE
blacks = AD = BCD = ABF = BE = OF = ACE
= DEF = ABCDEF
Column design
l=abegd b=acd do=abc ac=bd
a=bod cwabd ad = be blocks = ab = oo

BCE

Tl T Fosiir Sunms o i Lounaey Eaconmenr

Frzahiar samn Ly setings
e A u u u L : Maciioe Fl b . o
Et
4 1l i i 1 3 1 -1 -1 -1
4 - 1 - - +1 1 w1 =l I |
1 1 b1 +1 - -1 -1 #1 W
¥ =1 - +1 ' . -1 d w1 =1 al +7
[-LIE
| tl Ll 4 I w1 1
4 =1 . -1 +1 - 1 o *1 1 1 s
u . 1 1 st -1 b 1 +1 #l
i

t1 t+1 £ 1l 1 1 | il

Tabls 5 RAesults for fhe Launarry Experimant

Clr e
Masher = T = a
- - - Block 1 ) h T _
1 319 2.75 FIo2 = 563
4 E Ny | 3.33 .78 252
= - Rrary 3.36 3,47 3.0
3 3.83 .48 425 394
Bilock 2
3 2.28 1.88 281 3T
) 2495 3.25 Z10 2.85
1 Z2.40 1.83 351 2.38
2 45 .68 3.24

Table 8. Confoundimg and Estimales for the Laundry Experiment

Row siralum

A=8C=EF - g8 B = AC = DF — 40 C = AB = DE — 05
D= 8F = CE — —.18 E =CD=AF — 05 F=8BD=AE — —12
Column strafim

a - —.42 b — 07 c— 04
ad — 12 ac = bad — 07 ad = be — —04

Uit stratum

Aa = —0b — 10 Ab = —Da— 19 Ac = —Dd — — 19
Ad = —Dg — — 532 Ba = —Eb — 00 Bb = -Ea— —.13
Be = —Fd — 05 Bd = ~Ec — -1 Ca = =Fb -+ 0B
Ch = =Fa — =04 Cc = ~Fd — .03 Cd = —FC ~= =20
Strings containing =3 — factor imteractions — 02, .05, 11, —.06, —.01, —07
Row Stratum C-alumn Siratum LRIt STrstLm

'

3
b
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