








Treatments

(1)
a

b

ab

C

ac

bc

abc

L, = rl  + c2 = AB L, = r3 + r4 = CD

o + o = o o + o = o

1+0=1 o + o = o

0+1=1 o + o = o  ’

1+1=2=0 o + o = o

o + o = o 1+0=1

1+0=1 1+0=1

1+0=1 1+0=1

1+1=2=0 1+0=1
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TIBblHltS

d

a d

b d

abd

c d

a c d

bed

abed

L, = r,-+ ‘2 = AB

o+o=o

It 0 = 1
1+0=1
1+1=2=0

o + o = o

1 + 0 =‘l

I + 0 = I

1+ I = 2 = 0

b = ‘3 + ‘4 = CD

0+1=1

0+1=1

0+1=1

0+1=1

1+1=2=0

1+1=2=0

1+  1 = 2 = 0

1+1=2=0

: (l),  ab, cd, abed = block 1

: a, b,  acd, bed = block 2

: c, abc, d, abd = block 3

: ac, bc, ad, bd = block 4

C

a b c

d

abd
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&fiU  generalized interaction ?10  (BCDE) (ABCD) = AE

ck 1

(1) = 30.6

bc = 31.5

b d = 32.4.
c d = 31.5

abc = 32.8

ace = 32.1

ade = 32.4

abcde = 31.8

2 5 0

bcde  = 32.9

3

b = 32.6

C = 31.9

d = 33.3

bed = 33.0

ae = 32.0

abce = 33.1

abde = 32.9

acde = 35.0

SS (Blocks) = SS (ABCD)  + SS  (BCDE) + SS  (AE) = 7.53X

ANOVA

WV. df ss M S F

Blocks (ABCD. BCDE, AE) 3 7.538 7.53u 4.88

Main  e f fects

‘A 1 3.251 3.251 6 . 3 2

B I U.32ll 0.320 O.62

C I I 311 I 361 2.64

D I 4.lhI J.Ohl 7 X9

E I U.UllS 0.005 0.01

Interact ion

AB I I531 I.531 2.97

A C I I.125 1.125 2.1x

A D I 0.32U fl.32ll II .62

BG I 1.2l11 I.20I 2.33

BD I I.711 1.711 3.32

BE I 0.1m 0.020 0.04

C D 1 USM 1).045 0.09

CE 1 osntl 0.001 tt.002

D E 1 U.UUl u.001 u.uo2  (

Error 1 4 7.208 0.515

total 3 1

,

bee  = 31.7

bde = 32.2
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A contrast = ab + ac + ad thbcd  - (1) - bc - bd - cd

AB contrast = abed .+ ab + (1) + cd - ac - ad - bc - bd

t=Cl~GS1~~1

A G BCD = 1 df. B s ACD = 1 df

C E ABD = 1 df. D E ABC = I df

252 ST  332



Contrast : ACEF BDEF ABCD

Main

effect

=

6 contrast

Two

factor interaction

z-z 7

contrast

A

B

C

D

E

F

= CEF

= ABCEF

= AEF

= ACDEF

= ACF

= ACE

AB = BCEF

AC = EF

AD = CDEF

AE = CF

AF = CE

BE = ABCF

BF = ABCE

AEF

ABF

= CDE

= BCE

ANOVA

s o v .

main effects

pooled error

= ABDEF

= DEF

= BCDEF

= BEF

= BDF

= BDE

= ADEF

= ABCDEF

= ABEF

= ABDF

= ABDE

= DF

= DE

= ABE

= BDE

= BCD

= ACD

= ABD

= ABC

= ABCDF

= ABCDF

= CD

= BD

= BC

= BCDE

= BCDF

= ACDE

= ACDF

= BCF

= CDF

*

1 df

1 df

1 df

1 df

1 df

1 df

1 df

1 df

1 df

1 df

1 df

1 df

df

1 df

1 df-

15 df-

df

6

2 (2 - fator, 3 - factor interaction)

1 5-

ST  332 2 5 3



Al df

main effects

Z-factor interaction

error

4x.l

8

28

27 (pooled 2 - fator interaction &-4!d)-
63-

(1)

ab

: I

a c

bc

2 5 4 ST 332



A

B

C

AB

AC

BC

ABC

a b c abc

+ - - +

- + - +
- - + +
- - + +
- + - +

+ - - +

+ + + +

ss. = ( IZ c~T~)~/,Z  cf

SS (A) =
(a - b - c + abc)2 (-df)

4

ST 332 2 5 5



AB = CDE, BD = ACE

AC = BDE, BE = ACD
2 - factor, 3 - factor

AD = BCE, CD = ABE interaction

AE = BCD, CE = A B D = pooled error

BC = ABE, DE = ABC

Treatment combination
I

Treatment combination

a = 11.13

b zz 15.6

c = 1 2 . 7

d = 10.4

e = 9.2

abe  = 11.0

abd = 8.9

c d e zz 14.7

SS (A)

SS(B) =

ss (Cl

SS  @I

SS 03

SS (Total)

acd = 9.6

bed  = 14.1

abe  = 14.2

ace = 11.7

ade = 9.4

bee = 16.2

bde = 13.9

abcde  = 13.2

= (11.3 - 15.6 -...- 14.7 + 13.2)’ = (-17.5)2

2 4 1 6

= (-11.3 + 15.6 -...- 14.7 + 13.2)2 = WI2

2 4 1 6

= (-11.3 - 15.6 -...- 14.7 + 13.2)2 (l&3)2
2 4 =  - 1 6

(-11.3 - 15.6 -... + 14.7 t  13.2)2= = (-7.7)2
2 4 1 6

= (-11.3 - 15.6 -... + 14.7 + 13.2)2
2 4

= (ll.32 + 15.62  t . ..+  13.22) - (196.1)2/16

= 85.74 (15 df)
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Between blocks

Replication

Blocks within reps

A B C

Residual (Between bloqks)

Within blocks (Treatments)

A

B

C

AB

A C

BC

Residual (Within blocks)

2 5 8

df

(2r-  1)

I- 1

*

1

r- 1

(64

1

1

1

1

1

1

6r - 6

E (MS)

u2  + 4060cks  + ‘40

u2  + 4locks

ST 332



n’aOd1-d  2 l,Llk  23  bbdWlOb%Jab%-4  2 l.lflW~  hUl%u  rep.1 13 AB rep.2 1%  AC rep.3

%$  BC. Lb%  rep.4 ada”  ABC Li]U  defining contrast

is"fll5  t%lW5Y  rep.1 I%KJlUXUtiUd  xl + x2 = 0, x, + x2 = 1 (mod.2)

dl’i&  rep.2 %=%l~l~8~~~~  x, + xj = 0, x, + x3 = 1 (mod.2)

&lM%  rep.3 %?h’JlU%Jfi’Ud  x2 + x3 = 0, x2 + x3 = 1 (mod.2)

&I&  rep.4 ~&l%I-l&Jw’U~  x, + x2 + x3 = 0, x, + x; + x3 = 1 (mod.2)

&h%Lwufi~9lun~aoJ  &z

Block

rep 1 rep 2 rep 3 rep 4

1 2 3 4 5 6 7 8

w4 (010) (000) (001) @W ( 0 0 1 ) uw (001)

(001) (011) (OW (011) (011) (010) (011) (010)

(110) (100) (101) (100) (100) (101) (101) W)

(111) (101) (111) (110) (111) (110) (110) (111)

AB A C BC ABC

sov.

Between blocks

Replication

Blocks in rep.

AB

AC

BC

ABC

Within blocks

A

B

C

@B) ’

(AC) ’

ANOVA

df

(7)

3

(4)

1

1

1

1

(24)

1

1

1

1

1

E (MS)

c? + 16a,

c? + 16~9

$ + 16%

u2 + (3/4)8  u&

a2 + (3/W  i&

S T  3 3 2 2 5 9



s o v .

PC)  ’

(ABC) ’

Residual

ANOVA
1

df E (MS)

1 o2  + (3/4)8  o&

1 cl2 + (3/4)4  o&

17 2
A

Group 1 Group 2

qnf3a  a b c abc total nprnna (1) ab ac bc total

1 1 6 8 2 8 34 4 10 12. 8 3 33

2 IO 4 3 7 24 5 11 16 10 5 42

3 9 3 0 5 17 6 4 7 7 2 20

total 3s 1s 5 20 75 total 25 35 25 10 9s

Treatment

combination : a b c abc (1) ab ac bc fWdiUGhJ

Cell total : 35 1 5 5 20 25 35 25 1 0

G

A

B

c

AB

A C

BC

ABC

+ + + + + + + +

+ ~ ~ + - + + -

- + - + - + - +

- + + - - + +

- + + + + - -

- + - + + - + -

+ - - + + - - +

+ + + + - - - -

170

64

-10

- 5 0

0

0

10

- 2 0

SS (A) = (60)2/24  = 150.00 SS (AB) = 0 SS (BC) = (lo)*/24  = 4.17

SS (B) = -(1O)2/24  = 4.17 SS (AC) = 0

ss (C)  = -(50)%4  = 104.17 SS (ABC) = (-20)‘/24  = 16.67

SS  (?M)  =  (342 +  242 +  + 20*)/4  - (170)‘/24  =  1 1 4 . 3 3

2 6 0 ST 332



SS (Total) = (16* + 8*  + + 7*) - (170)*/24  = 409.83

SS (Within subj.) = SS (Total) - SS (Between subj.)

= 409.83 - 114.33 = 295.50

SS (Residual) = SS (Within subj.’  - (Sum of main effects and 2 - factor interaction)

= 295.50 - 262.51 = 32.99

sov df ss M S

Between subjects (5) (114.33)

ABC (groups) 1 16.67

Subjects ,within groups 4 97.67

Within subjects (18) (295.50)

A 1 150.00

B 1 4.17

C 1 104.17

AB 1 0

AC I 0

B C 1 4.17

Residual 12 32.99

16.67

24.42

150.00

4.17

104.17

0

0

4.17

2.75 1

F

54.54

1.51

37.88

1 Sl

f.01 (1,12)  = Y.33 *

S T  3 3 2 263



Replication 1 Replication 2

Bolock  1 Block 2 Block 3 Block 4 Block 5 Block 6

(00) (01) (04 (00) (02) U)l)

(12) (10) (20) (11) (10) (1-a

(21) (24 (11) (22) (21) (20)

Component

confounded AB (or J) AB’  (or I)

ANOVA

sov.

ketween blocks

Replications

AB (from rep. 1)

AB2  (from rep.2)

Within blocks

A

B

AxB

AB (from rep 2)

AB2  (from rep 1)

Residual

A x rep

B x rep

df

(5)

1

2

2

12

2

2

4

2

2

4

2

2

u2  + (6) u;

u2 + (6) uj

u2 + (l/2)(2)  ?$J

.* + (l/2)(2)  $$
1

.2

&17w%lYnUZl~&&U~~  +l’F?&llztl~lIl Wmer, B.J., STATISTICAL PRINCIPLES in

EXPERIMENTAL DESIGN, MCGRAW-Hill Kogakusha, Ltd. 1971 i
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Component

Replication Block Confounded

1 1 WWo

2 WC),

3 (ABC),

2 .4 W@)o

5 WC*),

6 (ABC2),

3 7 WZCh,

8 W2Ch

9 W2C),

4 10 W2C2h,

11 (AB2C2),

12 (AB2C2)2

~S~~~UWpa~~~lUM~~~~~~~

Block 1

@m
(OW

(021)

(102)

(111)
(120)

(201)

ST 332

Biock  2

(001)

(010)

(022)

tw

(112)

w-1)

(202)

Block 3

W2)

(011)

(020)

(101)

W)

022)

VW

Defining relation (mod 3)

XI + x2  + x-j  = 0

x, + x2  + x3  =  1

x1 + x* + xj = 2

x1 + x2 + 2 x3 = 0

x, + x2 + 2x, = 1

x1 + x* + 2 x3 = 2

x*+2x2+x3=0

X] + 2-x2 + xg  = 1

x , + 2 x 2 + x 3 = 2

x,+2x2+2x3=0

x,42x-,+2x3=1

x, + 2 x2 + 2 xj = 2

Block 4 Block 5

tow
(011)
(022)

(101)

(112)

(120)

(202)

(W

(010)

(021)

t1w

(111)

(122)

(201)

Block 6

(001)
(012)

(020)

WJ

(110)
(121)

t2w

2 6 3



Block 7 Block 8 Block 9 Block 10 Block 11 Block 12

(210) (211) Gw (210) (212) (211)

(222) (22W (221) (221) VW (224

Block 7

(000)

(011)

W2)

(102)

(110)

(121)

(201)

(212)

(220)

rep. 1 = ABC rep. 2 = ABC’

Block 8
- -

(001)

W)

(02fl)

(100)

(111)

(122)

(202)

(210)

(221)

Block 9 Block 10

(002)

(010)

(021)

(101)

(112)

(120)

(200)

(211)

(222)

(000)

(012)

(021)

(101)

(110)

(124

W)

(211)

(220)

rep. 3 = ABLC

Block 11 Block I2

(002) (001)

(011) (010)

(020) (022)

( 100) (102)

(112) (111)

(121) (120)

(201) (200)

(210) (212)

(222) (221)

rep. 4 = AB’C’

a”iFm

(1)

a

b

ah

c

X

b c

abc

rep. 1 rep. 2
-

12 19

1.5 20

24 16

2 3 17

17 25

16 19

.24 23

28 25

264 ST 3 3 2

rep. 3

10

16

17

27

21

I9

29

20



(1) = 18.8

ab = 16.5

a c = 17.8

bc = 17.3

d = 13.5

abd = 17.6

a c d = 18.5

bed = 17.6

a = 14.7

b = 15.1

c = 14.7

abc = 19.0

ad = 16.9

bd = 17.5

cd = 18.2

abed = 20.1

ST  332 2 6 5



0) 31.6 aeg 31.1

ad 28.7 c& 32.0

abce 33.1 beg 32.8

cdef 33.6 . adefg 35.3

acef 33.7 efg 32.4

bcde 34.2 abdeg 35.3

abdf 32.5 bcdfg 35.6

bf 27.8 abcfg 35.1

sjnnaoEl~n~WaMSin~~7~Mbrnu~~~~~iBniwR~1~~~Mbl~~~~~~~l~~
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CONFOUNDINQ  .

Plan t7.1

PLANS
2’  hctorld,  blocks of 4 units

Rep. I, ABC confounded

abc  ab

t E
c (1)

Plan 8.S 2’  hctorial,  blocks  of 8 unite
Rep. I, ABCD  cmfounded

(1)
; ab

rl E
abead
obd b d
aatai
bed&d

Ph  8.8 a” fMtorb&  bloclrs  of 16  units

Rm. I. ABCD. AB&F,  CD&F  coafounded

ST  332 2 6 7



PLANS

Plan 6.4 Balanced  group of .wts  for 2’ factorial, bloctre  of 4 unitn

Two-factor interactions  me  confounded in 1 repliertim  and  three-factor
interactions me  confounded  in 3 replications The columna  am tho blocks .

Rep. I, AB, ACD, BCD confounded Rep. II, AC, ABD, BCD

(1) ai a b (1) a.2 a E
abc c bc ac abeb  bcob
abdd 6d  ad ocdd  cdad
cd c&d  ocd  bed M abed abd bed

Rep. III, AD, ABC, BCD Rep. IV, BC, ABD, ACD

(1) ad a d (1)  & b E
abd  b bd a b abca a b
ad.2 cdac b c d d Ii bd
bc abed  abc  bed ad abd  abd  acd

Rep. V, BD, ABC, ACD Rep. VI, CD, ABC, ABD

(1) M b d (1) cd c d
abd  a ad ab acda  adac
MC cdbc bcdb  bdbc
ac abd  abc  ad ob abcdakabd

Plan 6.6 Balanced group of acts for 2’  factorial, blocka  of 3 units

Three-  and four-factor interactions are confounded in 1 replication.

Rap. I, ABC, ADE, BCDE confounded Rep. II, ABD, BCB, ACDE

(1) aft  a b (1) ab  a b
bc
abd?

abc
zd

ad bd d atxi

ad bed E ati
abc  c bc
bcdocdcllcd~

abs c M ac aba  6 be
aa bee  ade abcs b&s  a&  abda  E
de abdc  obcdc  b d s abcs  ou bw

‘bcde  a&  cd cds > bc&  cd6 abcda

2 6 8 S T  3 3 2



C O N F O U N D I N G

Plan 8.6 (Continrced)
IManced  group 01  zeta  for 2” lactorinl,  blocks of 6 units

Rep. III, ACE, ECD, ABDE Rep. IV, ACL), BDE, A BCE

(1)  ac  a c (1) ad a d
c aa

5,  : be ab
cu cd acd
obd  b :d ab

bee abe abcc  be bed nbc ahcd  b c
add cd ad aflc t- de ae
cde adc  ade  de rde  ncr de  c.?
bd abOn  obd bed be nhde obr  bdc
abde  bcdc  Me &-de abce  bcde  Ice abcde

Rep. V, ABE, CDB, ABCD

Plan  6.8 Balanced  group of  aete  for 2’  factorial, blocks of 8 unite
All three-  and four-factor intenlctions  are confounded in 2 replications.

Rep. I, ABC, CUE, ADF, BEF, ABDE, BCDF,  ACEF confounded

abca b (I) bc c o b
bd  cd abd  acd  abd 7 ad  brd
ae obrc cc bee  e obe  be arc
cdc bde  ada abde  acdc bcde  obcde  de
cf bf  al df al bd =W  f
=df abcdf  cdf kdf df abdf  bdf acdf
bef cef abcef acef  abef  ef =ef beef
abcdef  adef  bdef clef bcdef ocdef  cdef  obdef

Rep. II, ABD,  DEF,  BCF, ACE, ABEF, ACDF, BCDE

abd
cd
be
am
Qf
bcf
def
abcdef

Ic
(1) ad bd
abc  bed acd

de a& c abc
&de  bcde  abce  cc
abd/  hdj  abf  f
oaf acdl  cf abcf
bf abcf  b d e f  l&f

mf crf  acdef  bcdef

d
abed
nc
bre
bf
mf
abdef
cdt-f

ST 332 2 6 9



PLANB

Plan 8.6 (Cmlinued)
Balanced group  of aeta for 2’ factorial, blockn  of 8 unita

Rep. III, ABE, BDF,  MD,  CEF, AD&F,  BCDE,  ABCF

be
ad ii

(1) abc  ah b
iikbdcd d ad zbul

abe cc be bc4abc5ae
de abcde  La Ee ode  aads  cde  bda

crbf
iicdj it& df

4 obej  a&J  beJ  acef  aeJ  ef t-f
obcdej  def aief  adef b&f b d e f  obdef a&f

Rep. IV, ABF, CDF,  AD&,  BCE, ABCD, BDBF,  AC&F

a
L bed
bee be
ode  a&
&J abcf
cdf dJ
cf =J
abdef obdsJ

6
acd

zde
cf
ab41
abcef
deJ

(1)  c
l&cd a b d
aba dcs
cde  de
bf bJ
W  &J
-f  =f
bdef bcdef

abc
d

z%ie

&

Rep. V, ACF,  BCD, AD&,  BBF, ABDF,  CDBF,  ABC&

ab
bed ti

I
bw
abds

WJ abcj
bdf

zj ej
&deJ  or&J

bc (1)
obdlud

obcs
se bds
f bcJ
adf abdf
obcef  aeJ
b&f cdef

zd
abs
beds
bJ
aMJ
aec/
def

Rep. VI, ABC, BDB, ADF,  CEF, ACDB,  BCDF,  ABEF
Interohange  B and C lo  replication I

Rep. VII, ABP,  DEF, BCD, ACE, ABDE, ACDF,  BCEF
Interchange F and D in replication II

.Rep. VIII, ABE, BDF, CD&,  ACF,  AD&F,  ABCD, BCEF
Interchange A and & in replication III

Rep. IX, .4BD,  CDF,  AEF, BCB, ABCF, BDEF, ACDE
Interchrngc  P and D in replication IV

Rep. X, AEE’, BDB, ACD, BCF, ABDF,  CD&F,  ABC&
Inkrchmge  B  end C in replication V
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PLANS

Plan  8A-d 2’ factorial  in 8 udta  (N  mplh?ata)

Defining contra&x  ABE, CD&,  ABCD

Main effecta  have  2-factors  88 aliae.es. The  only estimable  2-factors  are dC I ED
and AD - BC.

ir
ab Meets  d . f .
cd Main 6

t-z:
a-factor  2

ads Total  7
bdc
abcd
-

Plan 8A.S 2& factorial in 16 units (x  replicate)

Defining contrast: ABCDE

Blocks of 4 unils

Estimable kfactors:  All except CD, CE, DE (confounded with blocks).
Blocks (1) (2) (3) (4) Effecta d.f.

Block 3
(I)  ac ae ad Main 5
ab bc be bd Zfactor  7
ads de cd
bale  abds  abed  :h

-
Total  16

CD, CE, DE confounded.

Block8  of 8 unifr

Eetimable  Zfactora:  All except D&

Combine blocks 1 and 2; and blocka  3
and  4. DE confounded.

ERectA d.f.
Illock 1
Main 5
2-ector 0

-
Total 15

Block*  4 18 unitr

Estfmnble  a-froton:  All.

Combine bloaka  l-4.

Ef fec ts d.f.
M a i n 5
%factor  10

-
Total 10

ST 332 2 7 1



FACTORIAL EXPERIMENTS IN FRACTIONAL Rl%‘LICATlON

Plan 6A.4 9 Iartorial  in 6 unitrr  (fi replieatc)

Defining contrasts: ACE, ADF, BCF,  BDE, ABCV, dBEF,  CVEF

Main effecta  have Pfactora  aa  aliasen. The only estimable  Zfactor ia  the  set AB  =
CD - EF.

-

(1)
4 lQl~!&¶ 11.1.
CZdF hfain 6
be? Z-Iactor  (Au  = CD - EF) I
W
obcd T o t a l 7
abef
c&f
-

Plan 6A.6 2’ factorial in 16 units (%  replicate)

Defining contra&t:  ABCE, ABDF, CDEF

Blocks of 4 unib

Estimable Zfactors: The alias  sets AC - BE, AD = BF, AB = BC,  AF - BD,
CD - EF, CF = DE.

Blocks (I) (2) (3)  (4) 1SrTPcts d.f.
Block 3

(1) acd ab 4 Main 6
abce  ae/ ce ade 2-ractor 6
abdf  brf d/  bed -
cdef  bde  abcdej  be/ Tota l  15

Al?,  ACF, BCF  confounded.

Blocks of 6 unils

Estimable  2-factors:  Same 88 in blocks
of 4 unita, plus the set AB  - CE - D F .

Combine blocks 1 and 2; and blockn  3
and 4. ACF conlounded.

ElTecta  d.f.
Block 1
Main 6
Zfactor 7
34actor 1

-
Total 16

Blocks OJ 16 mitr

Estimable Zfsctors: Ssme  as in blocks
of  8 unil.9.

Combine blocks l -4

Eflccts d.f.
Main 6
2.[actor 7
Sfactor 2

-
Tota l  15
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PLANS

Plan 6A.B 2’ Iactoiral in 32 unita  (fi replicate)

Defining contrast: ABCDEF

Blocks  o/ 4 unifd

Estimable 2-factors:  All except AE. BF, and CD (confounded with blocks).

Blocks (1) (2)  (3) (4) (5) * (6) (7)  (8)

(I) ob  ac  bc ae  a/  ad ;;
abeJ  t-J d e f!f bj be CL
acdc  ocdJ  nbdJ  ace/  cd obcd  ahcJ  abce
b&J  bcde  keJ  ubde  &de/ cdeJ  bdef  udej

AE, BF, CD, :I  EC,  ABD,  ACP, ADF confounded.

ElTccts 1i.f.
Block 7
hlain 6
l-factor 12
IIighcr  order 6

-
Total 31

Blocks of 8 unila Blocks of 18 unifs

Estimable Zfactors:  All except CD. Estimable Z-factors: All.

Combine blocks 1 and 2; blocks 3 HIMI  4; ISatinxibte  3.factors: A IIC  P DZF  is lost
blocks 5 and 0; and blocks 7 and 8. by coufoondiug. The ot hors  III’L~  in alias
CD, ABC, ABD confou~rdecl. pairs, e.g., :iBL) = CEE’.

Combine blocka  l-4;  a~1 blocks 5-8.
ABC confounded.

EffeCti? d.f. Effecls 1l.f.
Block 3 Mock 1
hfnin Ii hfain 0
a-fuctor 14 2-faclor 15
IIigber  order I) 3-fuelor !)

--
Total 31 Total  31

Nlwh  OJ SF?  unifs
>

Estimnblo  2-fact  01‘s:  A II.

ILtimable  3-farlow  Tlw~e  *rc  arranged in 10 alias paire.

Combine blocks l-3.

Effecta d.f.
hfain 6
Zfactor  16
3-factor 10

-
Total  31

S T  3 3 2 2 7 3



FACTORIAL ESPERI~~ENTS  IN FRACTIONAL III~:~~LICATION

Plan 611.7 2’ factorial in 8 unit.9 (jf(~  rcplicntc)

Defining contrasts: ABG,  ACE, ADF,  RCF,  li’DE,  CDG,  EFG, ABCD,  ABEF,
ACFG, ADEG,  BCEG,  BDFG,  CDEF, ABCDEFG

Main effects have P-factors 89  aliases. No 2-laclcm  we  estinmbla.

G-.
olxd
abeJ F:uecte  c1.f.
acln hlain 7
el
hl Total 7
b:fJCl
cdd

2 7 4 ST 332
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FACTORIAL EXI’ISRIRIENTS  IN FRACTIONAL RISl’LICATION

Plan 6A.11 2’ factorial in 32 units (X replicate)

Defining  contrasts: ABCUE,  ABCFG,  ZJEFG

Blocks  OJ  8 vnifs

IMimablc  Zfactors: A l l  exrrpt W =  E C ( confounded nit  h blr,cks).  IIo~ever,

DE = FG awl  DG =  EF we dim  pairs wlricb  cnrrnot  be wparated.

Blocky  ( 1 ) (2) (3) (4)

(1) bdg ob de Ixwts d.T.
b c brJ or  Jg Block 3
adJ 4 bdJ adg hlain 7

w7 0bJg  b r g ad a-fwtor 17
drj!? nrJg Cl/j bcde Ilighrr  or&v  4
IlfrrlJ flhlr  W” bf JLl
nbwg m/e nrdcJg ahrdg T o t a l 31
bcdejg  cdg abdcJg  akeJ

DF  =  E C ,  ADE,  AEF confourldPd.

2 7 6 S T  3 3 2



P L A N S

ST 332

Plan  &t.iB 2’ Iwtorial  in 04 units (s replicate)

Ikfirlillg  contrast: .4BCDmw

Blocks oj : unila

Estimeble  2-factors:  All except  AB, AC, BC,  EF, EQ,  and FG (confounded with
IhCkti).

M o c k s  (1) (2) (3) (4) (5) (W (7) (8)

2 7 7



FACTORIAL EXPERIMENTS IN FRACTIONAL REPLICATION

Plan 8A.18 2’  fwtoi-ial in 64  units (M  replicate)

De6ning co&&:  ABCDEFG

Block  of 8 unib
Estimable Zfactors:  AU.

Estimable 3-factors:  All except ABC,  AZJB,  AFG, BDF,  BBO, CZU, CEP  (con-
founded with  blocks).

Blocks (1) (2) (3) (44) (6) @I (7) (8)

ag al
bd be
cc cd
abcf ah
adef odrg
befg bd/g
cdfg 4
abcdeg abcdef

ad
;;  bg

cf
%d abce
d!J aefg
bdeg bdef
cdej cdcg
aheft  ab4fe

ElTWh d.f.
Hook 7.
Main 7
24actor  21

Bfactor  28
-

Total  G3
Blocks of 33 unib

Estimable 2-factors:  All.

1Ssthnahle  3-factors:  All except ABC
(collrourlded).

Combine blocks l-4; and blocks 5-8.

T o t a l  ti3

2 7 8 S T  3 3 2


