ANUHWIBYDI Confounding (DNFWANIH)

Confounding AgiEmaaammavdasiidna lossandusazmamesauinina
J‘i"JN‘izﬁ‘Ll’sj\“] (High order interaction)
confounding WLNIT 2 LU @D WUUENYSEE WSYULLINNEIY (WU Manaasd
ad A [ ' € A v [P
WUL2x2x2=8 N99¥IT A3uvawas A AB,C udasuwawmasi 2 sediu Dl
. @ G ' [ [ a & ad & [ &
uNBIRNAdadL LR andNYSth  wiazudandiadlinsuve s AEms  feavduudaa
€ 1 auva o Vo i s -3 - . 1 a 190
aysth we lumedfiifaangeitd lienntin warudaeaweiidld ngiduly uwe
WaanuWaainile fe D il 2 ssiuduiu viarazdaslsznoudeminevaans
16 Mhemaaasnfidnwusdwenmwiu - fiuheeutuivg  enidigmmwinemess
(plot) 18 lsiemuluusiarufan Welsznouemninla avvsanédharaudanmwadnnan
Walh L’ﬁ’ﬂ‘ﬂﬂﬁﬂm‘i confounding
tiillgwldmainsoaiuudantue s uwadls  asdiasBudarninadintiu
waliiiufuniwazasufan  Jnasnedeuiniwaiigniowulaile  wwdan@dies
wiaiiu 2 ufen < ay 4 3Tma Andnmasdoudon el
s a oA LY RVERY as & A o A Ay ] a [
1. Wandndwaf liiiuiuuden  Aofiviwafitnesadbiouls Unfimadu
dnBwadimadiugy Sniwaf ¥ lumsudiwfontiiBand1 defining contrast
1%} Y =t - a « ad & [ v oA
2 MEnpgmsathemswBuudioy  fauidimavimuadiu 2 diu Tael¥indaamsne
nUaTaY uazdssdiduauwiiu ewngih ¢ = o
v_aa et A =] w Y G a o
3. feAtmsfifiingamanamflawiuli luuSondientuuungy

as T 28 A [ [y [ . =
fradn 1T ABC {w contrast IUWMIIaUSaaeaY 2 x 2 x 2 uWAMaSea

M3

answa 1) a b ab ¢ ac be abc
A -1 + 1 -1 +1 -1 +1 -1 +1
B -1 -1 + 1 +1 -1 -1 + 1 + 1
C -1 -1 -1 -1 +1 +1 +1  +1
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M3

51’]’31’111 (1) a b ab c ac be abc
AB +1 -1 -1 + 1 + 1 - - + 1
AC +1 -1 + 1 -1 -1 + - + 1
BC + 1 + 1 -1 -1 — 1 - + 1
ABC -1 + 1 + 1 — 1 + 1 - - + 1

fyndnumd [ Renanufm

ac
be

abc

W04
yvnszeumes AB.C dussdiudnge fa
THazdugens A Tdiuengas B, C fa
T4ssdiugevns B Sediuenuns A, C fa
14sétugeans A, B quéfudhoes C Ao
T4sedugeas ¢ sediuiae AB Ao
THsvdiugenas A, C svéiudnaas B @
1¥szaugenas B, C sudiueaes A fa
LHseeugenes A, B, C QB a; by ¢,

ag by <o
ay by ¢y
ag by ¢
a; by ¢
ag by ¢
ay by ¢

ay by ¢

AfaneiiEsninuesdnumidima  uwasdhimesivguniaviwandnuazaviwadin

FasthamsnBeuifiaurasdinina ABC a:liiims 2 ngu Aewiniegamnyay

way uan Leun

LRI

244

A

udenn 1 YADAN 2
- + WIFUNAN  MIMHNALINMAIEDY
2999 ABC
(1) a = (& CiTi)}z&BC/rzciz
ab b (2CT)apc = block 1l — block?2
ac C
3 i 1 } [+1 a =n
be abc Asimsnanuenhauladiuiviwa

404 ABC wardwlaiiudniwa

204U&00
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Eravrnmaveaaviansd iwd 3 91 loald ABC 1w defining contrast 3¢HVanae
6 UEDA (193 2 UHRA) LALHUNUNINUNAaaIAIH

Y

rep.1 rep.2 rep.3
udon 1 2 3 4 5 6
abc ab abc ab abc ab
a ac a ac a ac
b be b be b be
c (1) c () c (1)

AMUEWEY AEdiwT WATINTEIURDA 1, 3, 5 aUFIL 2,4,6 fiB ABC w9
medelnelFaninadienin defining contrast dmIumn o Fudunh Gndwaras ABC
gL Aaalaedaysth (completely confounded) WaIzlalansnTnUssINMENENG
989 ABC aIndle < foau dhudvinaiu «q fensiiudassiudninaraiden oy
thazmavdnaray AB ﬁa{( (abc + ¢ — a— b) + (ab + (1) — ac — be) )}miazu’ﬁaﬂﬁ
WERMINBLAN 2 SunaveEaasneay 2 5u  senulumautuen df lumsdieezia

- L ows g
YTleiath
S 4 ) - 4 -"1 o s
MIIATIZHUVTIAL MINANSHIUD  ABC  9NWINY
(UULLBaAENYT)
df. df.
replicates 2 : uﬁaﬂ . 5
Atms 7 ATms (6)
ANNAAIRLARAY 14 A 1
23 B 1
— C 1
AB 1
AC 1 .
BC ]
A
ANNAMAARDU 1z
23
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MIIMURUUVY 2 x 2 x 2 uanaivaualianinarowiluineh

(Partial confounding)

flal¥avEnaidien wu ABC Fiiulunndr udidaniaduidiuned iu an
1% ABC vl rep. 1, AC WUl rep. 2 uaww BC Wmiilu rep. 3 vdaaal¥ ABC Waviilu

rep. 1,2 , BC WaWulu rep. 37116 slaummiiadialulit

o ad 2s o e ¥
waenmaiaitmaluudonwwe 4 wiladlagl¥ ABC, AC. BC wnluuied

rep.1 rep.2 rep.3
1 2 3 4 5 6
abc ab abc ab abc ab
a ac ac be be ac
b be b a a b
c (N (1) c (1) c
ABC AC BC
PMIIATIEN
“Vd;lﬂ df.
Blocks - 5
Treatments N
A 1
B 1
C 1
AB 1
AC v relative information = 2/3
BC 1 wNzAAlEN 2 reps. 4 rep.
ABC 1 ‘ﬁﬂuﬂ confound aﬂlﬂ\l&j
. Error 11
23

o a4 0o é‘! 9/
MSADNONTNAINDIY confound

block

(=) S | g 1 F-Y - 1 s o
mslidniwanianansoashialé duannAedrbwadaniuaediugs  (high-order

interaction)

24 6
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NN13 confound “lum‘inﬂamuun 2K factorial

Tudhathanaulfugaimadedtmaaas 20 uWemadua laalf 1 rep. wenifin
2 udan et df. 98908en = 1 uawdiadld defining contrast 15w Seundazdonl¥arina
FINTEOUG Ao ABC I defining contrast Twnatiffhums confound Wiy Teh damilan
fwygn 41 SBTmIAadOE 9 fatt

fuflumanaunueas 2% uievadea watutadiu 2 udaasa 141 Feadan
Aviswa 1 S defining contrast Bridwafividodn 21 Su SinadiuisTs (orthogonal)

Uﬁﬂﬂﬁﬁ%%ﬂﬁ (n E)EMJ'L%E!TYJ'W “principal block” _

fasuidli 141 d4vben (Gafiu daf wowwen = 3) avdloaden defining
contrast = 2 &1 % contrast 71 3 BurTh “generalized interaction” azqmﬁanmfmaé’mhﬁ@ 5

1 4 a ad o PLv ¥ oA G o & & A A ana

u 2% udemalFea (16 75me) wdal 1 38 4 vRan Aaluufaenilad 4 33ms
3941893 3 contrast WNAU df. T0IUTEA FaLdEN defining contrast 2 8% Fuyfidan AB
WaT CD &% contrast W 3 AFandh generalized interaction fa

(AB) (CD) = ABCD %ufia ABCD §n confound fUu&on#ne 38 generalized
interaction Aia 1l defining contrast ustazeanilFuuifieuiiu Snusfizilidanaly Snws
fimdadadniwafigniniulasSaludd 1 duyd

defining contrast @8 AB Uy BC

generalized ipteraction aa (AB) (BC) = AC

o v 2/ o Pl [ oA A& A [ A & L4
Mmoo Wida 24 uwlenaGualuufonawia 433ms [udinall 4 udendadiv 1 6 way
[on AB Wat CD (U defining contrast Wal¥ moduio 2 axienimaldudansi 15 dail

Treatments Liy=r+r,=AB L,=r3+1,=CD
(1) o+0=0 o+0=0
a 1+0=1 0+0=0
b 0+1=1 o+o=o0 "'
ab 1+1=2=0 o+0=0
c o+o0=0 1+0=1
ac 14+0=1 1+0=1
bc 1+0=1 1+0=1
abc 1+1=2=0 1+0=1
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Treatments L=rp+r=AB =r13+1=CD

d 0+0=0 0+1=1
ad 14+0=1 0+1=1
bd 1+0=1 0+1=1
abd l+1=2= 0+1=1
cd o+0=0 1+1=2=40
acd L +0=1 I +1=2=0
bed |+ 0= 1 1+1=2=0
abed I+1=2=0 1+1=2=0

WIAUNH combination 289 L. L,  8d4Uuuy fa

L =0.1L,=0 : (1), @b, cd, abed = block 1
Li=1LL, =0 :a, b, acd, bed = block 2
L,=0,L, =1 s C, abc, d, abd = block 3
Li=11L,=1 :ac, be, ad, bd = block 4
v ¥ & o & ' v o A
fanuasiaudanlunsay rep. 18 #aid
yiaafl 1 Unaat 2 vfaa? 3 URaAT 4
(1) a ‘ c ac
ab b abc : bc
cd acd d ad
. abcd bed abd bd
L, =0 Ly =1 L =0 L, =1

fhagde 25 uenadualuufonowa 20 uSaa 6o 1 rep. Awdadl¥ p defining
contrast leesavdudadaiifn generalized interaction PAINULATTIN

favae 20 uon Faniu ¢f. vsuSen = 2P — 1

WdonfandrEwaia 20 -1 Ul confound fiuufen Tudniud Jaef p Sud
dl defining contrast ﬁ"mﬁmﬁaﬁn 2 - b du generalized interaction
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fathe asde 20 uwevadualuuderwe s nsAs  Jediadld 8 udaeadu R
g waquSan =7 S9¥0l 7 contrast deweniflu sufiem = 23 = 2P; p = 3 defining
contrast ﬁmﬁa (2P - 1) - p = 7- 3 = 4 = generalized interaction Wwuidan  defining
contrast 31 3 A4 an ACF, BCDE, ABDF ’%\le’i generalized interaction an 4 du R

(ACF) (BCDE) = ABDEF
(ACF) (ABDF) = BCD
(BCDE) (ABDF) = ACEF
(ACF) (BCDE) (ABDF) =E

) 3 o % .
‘l%ﬂ“ﬁﬁ’ﬂ\mﬁﬂﬂ 11/1 L, Ly, Ly 1144 defining contrast

L1=T1+r3+r6 = ACF
Ly=r+r+r,+rs . = BCDE
Iy=r1r +1r+1+14 = ABDF

atlfEunENTDY L, Ly, Ly = 8 WUU @30 8 UGaA dall

Block 1 : L1=0, IL,=0, 1L,
Block 2 : L; = 0, L, =10, Ls
Block3 : Ly =0, L, =1, Lg
Block4 : L; =0, L, =1, L

¢
1
0

I
—_

Block 5 : Ly =1, 1L,=0, ;=0
Block 6 : Ly =1, L, =0, L3 =1
Block 7 : Ly =1, L,=1,1;=0
Block8 : Ly =1, L, =1, Ly=1

Mot azda 28 uwWavadualu 4 vdee lesnwmamirhEninasaneed 3,4, 5
uweiaas Laifittaehdny
k=5 25=35% M3 dalu 4 uden o ar 8 ATMS
fiop =22 udaa p = 2 = defining contrast
df. wasudan = 3, (2P —1) -1 =4 —1—2 =1 generalized interaction i defining
contrast ﬁa BCDE, ABCD
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$iati1 generdized interaction A& (BCDE) (ABCD) = AE

ck 1 2 3 4
(1) =306 a =324 b =326 e =307
bc = 315 abc =324 c = 319 bce = 31.7
bd = 324 abd =321 d = 333 bde = 32.2
cd =315 acd = 35.3 bed = 330 cde = 31.8
abc = 328 be =315 ae =320 ab = 32.0
ace =321 ce =327 abce = 331 ac = 33.1
ade = 324 de =334 abde = 329 ad = 32.2
abcde = 318 bede = 32.9 acde =350 abc = 323
SS (Blocks) = SS (ABCD) + SS (BCDE) + SS (AE) = 7.538
ANOVA
df 58 MS F
Blocks (ABCD. BCDE, AE) 3 7.538 7.538 4.88
Main effects
‘A { 3.251 3.251 6.32
B [ 0.320 0.320 0.62
C \ I 36] I 361 2.64
D | 4.001 4.061 789
E [ 0.005 0.005 0.(H
Interaction
AB | 1.531 1.531 2.97
AC I 1.128 1125 2.18
AD [ 0.320 0.320 11.62
BC I 1.201 1,201 2.33
BD I 1.711 1.711 3.32
BE I 0.020 0.020 0.04
CD : 0.045 1).045 0.09
CE | 0.0m 0.001 0.002
DE 1 0.0m 0.001 0.002,
Error 14 7.208 0.515
total 31
sT 332
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s A [
25 =32 9DMT W df = 31 uantlu

A1UIU main effect = (? ) = 5
U 2 factor interaction =( g ) = 10
AU 3 factor interaction = (g ) =10
AU 4 factor interaction = (i ) =5
31U 5 factor interaction = (g ) =1

’ 31
pooled error {14 df AN
3—fact(;r interaction =10
4-factor interaction 5-2 . = 3
(#n ABCD, BCDE a1zl
dlu defining contrast)
5-factor interaction = 1

14

JNUNANDIUVY Fractional Factorial

AounununaaadmILNunea i mIuAITMaIN 9 WumanaseaLLL
> uweva@es wayr k duedlugann lisansomavesssuuundaaday s
A¥aanidhumee o vioesn 14 s confound Brwensmesugeiiufon wetnezin
fma Atmsluudazudonttiinamnn fanililgrindmnm wasdldhemdums
Alimaesumnuiasiudiuld endisndoniifiswimila wie 14 vde 18 209
$1 avfuwunuenauuiidaldusununnaaiia mnslisaysdh dealallFmens
andniwad ) asuinou wimnaududiadardisunilan mansnastisiniwadon
ailamnelifisiodery

tnvimaneaasisseden Aimefa HesdaulBiimarimunidv 2 uiealas
@an defining contrast = 1 Wadedimaldufanduubosuih Sndanvimanenaudae
@enan 2 uforvin Llanlalild uwilfiouusiiensdan principal block WNEIATMS
(1) Seenadiu Control Hnseéiu 2 széiidie 18y Wild sedusmeanmiims f ag by
u 22 uanaBua Aolilduramasle < we
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o ' 4 0 a _ ad A a I va &
FIAUNHN MENGIBILUY 27 LWOTLEER = 16 9399 LLNAFIEWLSenaelE ABCD W
defining contrast aviald 2 udan da

uaeaf 1 ( (1), ab, ac, ad, be, bd, cd, abed)
uiaaf 2 - { ¢, abe, a, ade, b, bed, d, abd)

aug@@maauﬁaﬂugaﬂﬁ 1 vzl principal block

FiaRmsanmamnauinmadadlaedt contrast

A contrast = ab + ac + ad +abed = (1) —~ bc ~ bd = cd

AB contrast = abed + ab + (1) +cd —ac —ad —bc bd
SEMIRRETY

CD contrast = abed + ¢d + (1) + ab — ac — ad — bc — bd
FUNTOUM  AB contrast  FUSIMTIZYIMANAREIRABS 8 A3MININTNG 16 ATMS
398090 15 df WMAD 7 df. IR 7 contrast ATIFETETU EWMIU contrast FEWITH
wU@enfiuBend “aliases” W0UR AB way €D (fudin AW aliases §iao9an defining
contrast WUILM aliases B9 A 16an }((/(BCD) = BCD

v & A G, , A
AW contrast YW aliases UDIITUNARDIUAD

A ZBCD =1 d. B =z ACD =1 df
C = ABD = 1 df. D = ABC =1 df
AB = CD = 1df, AC = BD = 1df

AD = BC = 1 df
LAS0IVAE = 1T alias 14

fllflensEnnmanaaaseianen  fnesanylimuameinedniwafid  aias  fu
18 wnsiniwaniaglu atiss Wentu agdiadlamudalu 1 df Saufiu adsssaiian
A & Y e . -1 ] A 5 . A
Fafludadnfielumaraunmiuy fractional # usazilUselaghnnlasaamanuiia
2 flawalwy wazineaasfisnmsnmiuiniwadin asndninasinuduai
fienbasmnnaudendd  wuandhaths  Emmuaewinhaniwanintiuens 3 unaeas
ldfittadhdy avmansnlsvanmdrinatasdniwanandauiiu alias vosdniwadinin
204 3 uamas 1§

P a A 1 ] 1l 4 A a1 A
aislumaresaudriwashi o) asnldfines  Sdiflesnmensemantan
asunindiasmavedey  Sad¥ariwaninussiugenmsiudieissmeuemaeton
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fuSumanaaadh liNes 174 3wilSien 15anh quarter replicate 35mafa o
A 2 uWeraBuamilu 4 uden uBnBenimanesaanenudandien W 2 une-
nadun = 64 30MT 1/4 rep = 16 1om3 AL 11 4 UBan Fiadld defining contrast 2 S dua@ 1
% o & . 4 -] A v Y (g
(¥1vs ACEF e BDEF $19% generalized interaction fia (ACK) (BDE) = ABCD Wiadel$.4 udas
v A A & A A A G Adad ) -1
Wi dadeananudaanils suaddanufaeniitmasalui

- {(l), abcd, ef, abedef, cde, cdf, abe,. abf, acef, bdef, ac, bd, adf, ade, bcf, bce}‘
il alias 2098NEWaF o) LHF

Contrast : ACEF BDEF ABCD
A = CEF = ABDEF = BCD 1 df
Main B = ABCEF = DEF = ACD 1 df
effect C = AEF = BCDEF = ABD 1 d
= D = ACDEF = BEF = ABC 1 d
6 contrast E = ACF = BDF = ABCDF 1 d
F = ACE = BDE = ABCDF 1 df
AB = BCEF = ADEF = CD 1 df
AC = EF = ABCDEF = BD 1 df
AD = CDEF = ABEF = BC 1 df
Two AE =CF = ABDF = BCDE I df
factor interaction AE = CE = ABDE = BCDF 1 dof
=7 BE = ABCF = DF = ACDE 1df
contrast BF = ABCE = DE = ACDF df
AEF = CDE = ABE = BCF 1 df
ABF = BCE = BDE = CDF Ldf
ANOVA ’ }idf
sov. df
main effects 6
pooled error 9 (2 - fator, 3 - factor interaction)
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dree il 28 38ms = 256 ABms warfiesmanadeummedrinandn uarinina
Ty 2uemad  wesnmudmirhErBwahasesugar 2 uwamed iliedey v
nAeBIuUY 1/4 lswUFien 1aald ACEGH ust BDEFGH 14 defining contrast &1%
generalized interaction #19 ABCDF WWadeAtmalduganay e433ms 513 4 uSae Wi
Renvimaveaaaisiudondien madwnsine i deil

ﬁ').ﬂ df
main effects 8
Z-factor interaction 28
error 27 (pooled 2 - fator interaction %u\lﬁ)
T 63

dmSumanasadaclfifes /s vafiBmatovue  Indnmaudefumsia
ameiu svden s a1 whdenimaneesaiusudenden  detiumadiuom
Anwausiazdu (contrast) wfFnFwashs o Midlu alias Fuagdiruan 7 Snwawrhiiy
df va9uden Beehafifidauieli 1df 289 contrast Sin

d .
ﬂ]'i:ilﬂ‘i'l H mﬂumsnﬂa 841U Fractional Factorial

faldiendrathanuinih  Idissmanadauiivdiédgrasmanaaasazfitlywiln
mameszanprasrmsemanfauanmaneasaiissnbifimen anatanagd
v A Ay o v AV¥Y o oa v
Heuasdlafinaassfifoysrnmanasssssimaaiugddmiumantn  wnzay
[ e a v AW iae v A v A Vo a o a y
mmurndvdwalethafilafitivddy  wiommanacdiule  Woadlfihdniwamaiinn
nufwwdlfiduenlszanurasenunmanian

ABmammatnnrasea AT Rmniuwiumammanmdssadu 26 udenaides
§ Aadf v d_eada A
953514 contrast ANABwile

1
fona 1 Hidumameasnuy 12 rep. 189 2° wisvaSua uasl¥ ABC fiw defining
contrast ALAEIDMTIW 2 UAaalFsad

vanaf 1 2
a (1)
b ab
c ac
abc be |
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)

fuRamsmaluudaad 1 AURLMTNAaRY A8 a, b, c, abc ALMUIMANTHA

_@UEaNuIITMs
| a b c abc
A + - - +
B - + - +
c - - + +
AB - - + +
AC - + - +
BC - - +
ABC + + + +

WwwTmInMwImMENinaTa A WiSaWiU BC, B Wilauru AC way C milaufiy
AB dim ABC sl lfmmegniniufiuuden Fadiouagyfidd

A = BC (1 df)
B = AC (1 df)
C = AB (1 df)

} 1 ol ~ J ) 1 & ar 2
fueazitmai mdaneg 2 M Qﬁﬂ?ﬂﬁﬂ?ﬂﬂ?ﬂdﬁﬂ\ﬂ.ﬂmﬂiﬁﬁ

ss. = (ZeT)Hhzd

i
(@=b =+ abc)? (- df)

ss (A) ;

#0010 2
[ A ¥ 5 P A 2 1 | P
Ewmameaanuueieues 25 wlevadua FemensmTUSImMTTINaAaLEWE
gaannunaeaTEaefl o Tpduehs o) ansnuneimainil  aashililEnswadaniiu)
Llﬂzﬁ'ﬂ»"f ABCDE {lu defining contrast Qﬂ‘lﬁﬁﬂ%WﬁﬁL‘ﬂu alias 1% M99

main effect A = BCDE., D = ABCE
' B = ACDE, E = ABCD
C =  ABDE
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AB = CDE, BD = ACE
2 « factor, 3 - factor
AC = BDE, BE = ACD
AD = BCE, Ch = ABE interaction
AE = BCD, CE = ABD = pooled error
BC = ABE, DE = ABC
Treatment combination Treatment combination
a = 11.13 acd = 9.6
b = 15.6 bed = 14.1
c = 1 2 .7 abe = 14.2
d = 10.4 ace = 11.7
e = 9.2 ade = 9.4
abe = 11.0 bee = 16.2
abd = 8.9 bde = 13.9
cde = 14.7 abcde = 13.2
113 = 15.6 —.— 147 + 13.2) ~17.5)
24 16
2 2
-11.3 + 156 —.,— 147 + 13.2 8.1
SS(B) . ) - %
24
2 0 1)2
(-11.3 = 15.6 —..— 14.7 + 13.2) (10.3)
S8 (C) = = -16
24
2 2
-11.3 =156 —,.,, + 14.7 t 132 —1.7
55 D) . A
24
(113 — 156 —.. + 147 + 132)° 89
SS (B) = =
24 16
SS (Total) = (1132 + 1562, . +1322)  (196.1)%16

256

85.74 (15 df)
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ANOVA
SOv. DF. SS. MS. .F

Main effects

A 1 19.14 19.14 6.21

B 1 20.48 20.48 6.65

C 1 - 6.63 6.63 2.13

D 1 371 3.71 1.20

E | 1 4.95 4.95 1.61
pooled error 10 30.83 3.08

total 15 85.74

MSMUIUHALINTIGIADINIIBNIIUDY Yates

Tumareaauun 2 ulavaBea dannuwawads 2 5eiu Yates 1GEueitms
AwmkaLInMStaaasdninasa 9 GaiAsmadai
1. BuusunanaBimaimuelasFeaemnamey g
2 uWAwaS da A B : (1), a, b, ab
3una@as A A, B, C: (1), a, b, ab, c, ac, be, abe
4uWA@as @9 A B,C,D: (1), a, b, ab, ¢, ac, be, abe,
. d, ad, bd, abd, cd, acd, bed, abed
uazeautaaniiu 2 °rm 1AL ) 11U
2. mmaﬁamamaauuw (1) aauun laamasugaiuaassiu
mwammmﬂaauuw (2) (ﬂaumd I@\ﬂﬂﬁ%ﬂﬂﬂﬂummamu (WA - wm)
3. ieedNtil (3) INnedNTH (2) TR Lmﬂ'mmmmﬂuunmaauu
do 9 Wauesu k ABENT dmdy 2k LLWﬂﬂaL‘iﬂa
4 snmanlueadiiil k ABeTINEIR (G) shufivRediashdiaras contrast

(ECTI)
1 - 4
e 2% 41y 2 yaendNIBHIN
udhatheran 1HSuUBTMras 2unanaBea adlu 2 vdan Medimsly¥

A v A adfy o 3 o '
ATaanmaneINLaraLly  contrast  dwiudndt 1 Edypdnutiunuitmeee « @y
lu 23 uemaiGaa foll
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o 84
N1 AN

ag by ¢y = (000) ap by ¢y = (100)
ag by ¢; = (001) a; by ¢ = (101)
49 by < = (010) ap by ¢y = (110)
ag by ¢ = (011) a; by ¢ = (111)

@otan 1 a2 uevaGuadin 2 udae | ay 435ms laold ABC du  defining
contrast

FE5 AEVINATINTEY subscript 13D ANNEIRUT x, + x, + x, = 0 (mod.2) dWHATMS
Tuuferft 1 UL 1 +x, + % = 1 (mod2) goiLitmaluudent 2 wwiiuineTnee) subsipt

X

e NHANRuE luanmaidu 2 ngused

y&onn 1 yEonn 3
(000) (01}
(011) (010)
(101) (100)
(110) (111)

dmSumaTienesnaad 23 uWenaGualuudanauwia 4 313mT wazil « 21 et

ﬁu1 df E (MS)
Between blocks (2r-1)
Replication r—-1
Blockswithin reps r
ABC 1 02 + 40 * 192
Residual (Between blogks) r-1 o2, 40
Within blocks (Treatments) (61r)
A 1 0% + 4“7:12
B | 0 + 4r0§
C 1 o2 + 43
AB 1 a2 + 2y
AC ! o + 212,
BC 1 02 + 2ruﬁ.¥
Residual (Within blocks) 61— 6 o2
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Fa0t1n 2 uls 2} ulemoduadiy 2 uSan Taslu rept 1% AB rep2 1% AC rep3
:L‘!ﬁ BC. W< rep.4 ‘L% ABC L‘lﬁ.]% defining contrast
M5 WSy rep1 HenudiuS x, + x, = 0, x+ x, = 1 (mod.2)

dW5U rep.2 JHaNNANNUD %, + %3 = 0, X, + x5 = 1 (mod.2)

fMIU rep.3 1EANINENWUD x, + x32 0, X, + %3 = 1 (Mod.2)

g3 rep.4 THAAUENWUT x, + x,+ x,= 0, X, + X, + x4 = 1 (mod.2)
atlfunudanunaaas st

rep 1 rep 2 rep 3 rep 4
Block 1 2 3 4 5 6 7 8
(000) {010) (000) {001) (000) [(001) (000) (001)
(001) (011) {010) (011) (011) (010) (011) (010)
(110) (100) (101) {100) (100) (101) (101) (100)
(111) (101) (111) (110) (111) (110) (110) (111)

AB AC BC ABC
ANOVA
SOV, df E (MS)
Between blocks )
Replication 3
Blocksin rep. (4)
AB !
AC !
BC !
ABC !
Within blocks (24)
A | o2 + 1602
B ! @ + 160}
c 1 o® + 1602
(AB) ' 1 o? + (3/4)8 ol
(AC)’ ! 0% + (3/4)8 037
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ANOVA

sov. df E (MS)
(BC) ' 0% + (3/4)8 7,
(ABC)’ ! o2 + (3(414 aZp,
Residual 17 02
@10t Maneaauuy 23 uwavadualuaeidaing
Group ! Group 2
ynna a b ¢ ac | toa Yyana | (1) a a bc | tota
1 6 8 2 8 34 4 0 12 8 3 33
2 w4 3 71 24 5 1 16 10 5 42
3 9 3 0 5 17 6 4 17 1 2 20
total 35 15 5 20 75 total 25 35 25 10 95
Treatment
combination : a b ¢ abc (I a a bc ﬂﬁuﬁ‘gu;ﬁﬂn
Cell total : 3 15 5 20 25 35 25 10
G + o+ o+ o+ o+ + 170
A I - 60
B -+ = 4+ = 4+ - o+ ~10
c - + + = = o+ 4 -50
AB - + + + 4+ - = 0
AC - + - + o+ - 4+ = 0
BC + - + 4+ = - 4 10
ABC + o+ + - = - - -20
SS (A) = (60)%24 = 15000 SS (AB) = 0 SS (BC) = (10)2/24 = 4.17
SS (B) = —(10)%24 = 417 SS (AC) = 0

ss (C) = ~(50)%24 = 104.17
SS (UAAA) = (347 + 247 + + 20%)/4 — (170)%24 = 114.33

260

SS (ABC) = (~20)7124 = 1667
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SS (Total) = (162 + 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 MS F
Between subjects 5 (114.33)
ABC (groups) 1 16.67 16.67
Subjects within groups 4 97.67 24.42
Within subjects (18) (295.50)
A l 150.00 150.00 54.54
B | 4.17 4.17 1.5
C 1 104.17 104.17 37.88
AB 1 0 0
AC | 0 0
BC [ 4.17 4.17 1.51
Residual 12 32.99 2.75 L

f01(1,12)=Y.33 '

=) w ! I o aa
25NN LLLY 2 x 3 uWanaua dalaluudonny 3 I5MI

Fumautisshunaneadivmaniiod o Ams  adlu 3 udende 191 wasdlasn  df
283 AB = 4 datiudearl¥ 2 1 udasdif 2 df uatld defining contrast WU 2 G0 FB

dmsumliang 1 (Nay J)
1% x, + x, = 0 (mod 3)ydwFLUFaA 1
1% x, + x, = 1 (mod 3)ydwdLudon 2
1% x, + x, = 2 (mod HEMIVUEBA 3
fhm”miwﬂ?mnf% 2 (Nax 1)
U x, + 2 x, = 0 (mod 3)ydWSuvdan 4
¥ x, + 2%, = 1 (mod 3@ MSUVERA 5
U x, + 2 x, = 2 (mod 3y MIvLADA 6
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LA WA UNAAT G191k

Replication 1 Replication 2
Bolock 1 Block 2 Block 3 Block 4 Block 5 Block 6
(00) (01) (02) (00) (02) {01)
(12) (10) (20) (11) (10) (12)
@) 22) (1) (22) 1) (20)
Component
confounded AB (or J) ABZ (or 1)
ANOVA
SOV, df E (MS)
Between blocks ()
Replications |
AB  (fromrep. 1) 2
AB2 (from rep.2) 2
Within blocks 12
A 2 a2+ (6 o
B 2 ol + (6) o%
AxB 4
AB (from rep 2) 2 02+ (1/2) ) 0,33]
AB? (from rep 1) 2 o2+ (12 0&5
1
Residual 4 a?
A Xrep 2
B x rep 2

ﬁm%umuamﬁumﬁmﬁu m‘iﬁﬂ]ﬂmﬂ Winer, BJ, STATISTICAL PRINCIPLES in

EXPERIMENTAL DESIGN, MCGRAW-Hill

262

Kogakusha, Ltd.

1971

/
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1 o
MY 3 x 3 x 3 uranoua

Aa s & A 4 @ g ‘ Yviya a i
azitmsvianae 27 Smafadiudnsaras AB.C IlEninaraawadin
govigafa ABC Waufiuufen 1iasnn ABC & df = 8 navudadu 3 uden ¢a 1 9

» Xb

@

Ao vReaar 93TMs df  gaswRanluusare - 2 WhiL 4 x 2 Lagmndissmanaiy
| = a 2/ 4 I Ya o~ a ¥ da 2/ A
dmmafemiu ABC the fldmsl¥ininwadenlunn q 0 AloalEde

Component
Replication Block Confounded Defining relation (mod 3)
1 1 (ABC)O Xy + Xy + X3 =0
2 (ABC)] X] + Xz + X3 =1
3 (ABC)2 X+ Xy + X3 = 2
2 T4 (ABCY), X+ X +2x3=0
5 (ABC?), X]+ X +2x3=1
6 (ABC?), X, + X 42Xy =2
3 7 (ABZC)(} Xl + 2 Xz + X3 = 0
8 (ABC), X+ 2%y +x3=1
9 (ABzC)z X, +2X,+X3=2
4 10 (AB2C2)(] X + 2 Xy + 2 Xy = 0
11 (ABC?), Xt 2x +2x =1
12 (ABZCZ)Z X|+2 X +2X3=2
FIALRUNUTINUNA ADIFIN
Block 1 Block 2 Block 3 Block 4 Block 5 Block 6
(000) (001) (002) (000) (002) (001)
(012) (010) 011) (011) (010) (012)
(021) (022) (020) (022) (021) (020)
(102) (100) (101 (101) (100) (102)
(111) (112) (110) (112) (111) (110)
(120) (121) (122) (120) (122) (121
(201) (202) (200) (202) (201) (200)
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Block 7 Block 8 Block 9 Block 10 Block 11 Block 12
(210) (211) (12) (210) (212) (211)
222) (220) (221) (221) (220) (222)

rep. 1 = ABC rep. 2 = ABC?

Block 7 Block 8 Block 9 Block 10 Block 11 Block 12
(000) (001) (002) (000) (002) (001)
(011) 012) (010) (012) (011) (010)
(022) (020) (021) (021) (020) (022)
(102) (100) (101) (101) ( 100 (102)
(110) (111) (112) (110) (112) (111)
(121) (122) (120) (122) (121) (120)
(201) (202) (200) (202) (201) (200)
(212) (210) @11 (211) (210) (212)
(220) (221) (222) (220) (222) (221)

rep. 3 = AB*C rep. 4 = ABXC?
AuduTtraridsamAeEn LaadAnNNATNAa18d Winer
uuuinia
1. ihvuadiagannauvessiuuy 2° uderaBus dall
aﬁﬂﬁ rep. 1 rep. 2 rep. 3
(N 12 19 10
a 15 20 16
b 24 16 17
ab 23 17 27
c 17 25 21
ac 16 19 19
be 24 23 . 29
abc 28 25 20
ST 332



1. WNNBLINFISIHI1IBNIWAsA «) e dTmT189 Yates

2. Wlandidaluio (M) uadldiD Contrast '

_muﬁmmﬂmﬁmﬂuuaaﬂ AmSimasenY 2 uemedus dul 3 i

uaziivinazes AB Fvufiudninazesnfen wazaudasmau de lumss

AeTenemailalsiu _

_udemMadeNEmares 2 uvemaSea w4 ufen leammueliitniwaues ABC

uaY BC Winuiiudvinanasudon

. AAwNEnTayaia lay

n. ﬁuummwﬁwaﬂmnau‘lumﬂﬁmm aMARELAT WA TBIIAINGS A, B,
C, D.

9. Bvinaatlafigniaiuiudvinasataunuases (ufan)

ﬂ%Q&ILﬂ%E\‘I 1 ﬂuﬂ'&lm%ﬂd 2
(1) = 18.8 a= 14,.7
ab = 165 b =151
ac = 178 ¢ = 147
bc = 17.3 abc = 19.0

d = 135 ad = 169
abd = 176 bd = 175
acd = 185 cd = 18.2
bed = 17.6 abed = 20.1

. AUENIMTIMIDMITaINUreaauL 2° unaneSua laamvueli ABC Wiwu
HusniwarawSenlu 291 uay AB YnWuiLAnIwaTaSanludI?l 3 uaraEns
maue dt. lumanddensnenuudalsin

. U aliases  TD9BNTWAGTS qluﬂﬁmamuw 25 uwereBuaddld ACDE
Tl defining contrast.

andeemaieAsmaliiudontas 2* uevaBua FwRsiimaneaauiies 174 189
AEmatianae warl# ABCD Uay BDEF Ll defining contrast aduansBriwafiifiu
alias FUWNANENTI 6 Fu

C AINMANABDINLY 1/8 983TmMe 999 27 uwWavalBea Lavd  defining contrast
&8 ACD, BEF, CEG |#iaynéiafi |
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(1)
ad
abce
cdef
acef
bede
abadf
bf

31.6
28.7
331
33.6
33.7
34.2
32.5
27.8

a

aeg
cdg
beg
adefg
efg
abdeg
bcdfg
abcfg

311
32.0
32.8
35.3
32.4
35.3
35.6
35.1

o s L & L3 el o 1 1‘5 [ [ 3
wnadauanEwananrie 7 du lnssaydhaninanarimaalaiitsaey
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CONFOUNDING

PLANS
Plan 6.1 2} factorial, blocks of 4 units
Rep. |, ABC confounded

abe ab
¢ ac
b be

¢ (1)

Plan 8.8 2¢ factorial, blocks of 8 units
Rep. |, ABCD confounded

gRegrc e
&agasagg

Plan 4.3 9% factorial, blocks Of 16 units
Rep. |. ABCD. ABEF, CDEF confounded

a ¢ ab ac

b d od ad
acd- abe (1) be
bed obd abd M

ot as ace abe
de be ads ode
abce acde bee ]
abde bode bde aboede
cf af acf abf
d - bf adf odf
ohef ecdf bef f
abdf bedf bdf  abedf
aef cef abef  acef
bef def cdef adef
acdef abeef of beef

ST 332 267



Plan 6.4

Balanced group of sets for 2 factorial, blocks of 4 units

Two-factor interactions are confounded in 1 replication and three-factor

interactions are confounded in 3 replications The columns am tho blocks.

Rep. I, AB, ACD, BCD confounded

(1)
abe
abd
cd

aI.J a b
¢ be  ac
d bd ad
abed acd bed

Rep. 111, AD, ABC, BCD

@)
abd

ad a d
b bd ab
ac

Rep. V, BD, ABC, ACD

1

6d b d

abd a ad ab

bed
ac

c cd  be
abed obe aed

Plan 6.6

Balanced group of acts for 2% factorial, blocks of 3 units

Rep. Il, AC, ABD, BCD

Rep. 1V, BC, ABD, ACD

1)y b b
abc a ac

¢
ab

bcdd ed bd

ad abed abd

acd

Rep. VI, CD, ABC, ABD

Three- and four-factor interactions are confounded in 1 replication.
Rep. I, ABD, BCE, ACDE

Rap. I, ABC, ADE, BCDE confounded

)
o
abd
acd
abs
ace
de
‘bede

b a b
ac abc c
d b ad

bed  be abud
e €8 ae

bee ade  abee
abde abede b d s
acde cd eds

268

H e a
ad bd d
abe ¢ e
bed acd abed
cbe ¢ be
Wde oade abde
ce abce qce
acde  bede cde

b
abd
ac
cd
ae
de

bee
abede

ST 332
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Plan 8.6 (Continked)

CONFOUNDING

Balapced group of sets for 2% factorial, blocks of 8 units

Rep. Ill, ACE, ECD, ABDE Rep. IV, ACD, BDE, A BCE
( e 6 ¢ () ad a d
ae e ¢ ace ac cd ¢ acd
abe b be ab abd b bd ab
bce abe abee be bed nbc  ahed b
ad d cd ad wle ¢ de ae
cde ade qede de cde are acde ce
bd abod  obd  bed be ahde abe bdc
ebde bede bde  abede abce bede bee  gbede

Rep. V, ABE, CDE, ABCD
(1) ae a ]
ab be b abe
ace - re ac
bce abe abce be
ade d de ad
bde abd abde bd
cd acde acd cde
abed bede bcd  abede

Plan 6.8 Balanced group of sets for 2° factorial, blocks of 8 units

All three- and four-factor interactions are confounded in 2 replications.

Rep. 1, ABC,

CDE, ADF, BEF, ABDE, BCI)F, ACEF confounded

abe
bd

ae
cde

o

adf
bef
abedef

a b {1 b ac ¢ ob

cd gbed acd abd d ad brd

abce ce bee e abe  be  are

bde ade  abde acde bede abede de

by af abf acf bef abef f

abedf cdf  bedf df obdf odf  acdf

cef abcef acef abef ef aef bexf
adef bdef def bedef acdef cdef abdef

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

abd

cd

be

ace

af

bef
def
abodef

b e (n ad bd d ab
ac be abe bed acd abed ¢
abde de ade ¢ abe ae bde
‘ede  abede bede  abce e bee acde
df  abdf bdf obf ¢ bf adf

abedf codf acdf of abef  aef  bedf
aef bef abef bdef adef abdef of
beef acef cef acdef bedef cdef  abeef

2609
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7

Plan 8.6 (Continued)

PLANS

Balanced group of sets for 2' factorial, blocks Of 8 units
Rep. I1l, ABE, BDF, ACD, CEF, ADEF, BCDE, ABCF

be a ac dj  athe ah b ¢
acd bd bed abd cd d ad abed
abe ce ¢ ace be bee  abee ae

de abede abds bede ade oacde cde  bde
of bf B abef f o  af abf
bdf  acdf adf cdf abdf abedf bedf df
cef abef aboef bef acef aof of beef
abedef def  cdef adef bedef b d e f  abdef acdef
Rep. IV, ABF, CDF, ADE, BCE, ABCD, BDEF, ACEF
e a b n ¢ abe  be ab
bd bed acd abed abd d ad cd
bee be ae abs abce ce ace ¢

ade acde bede cde  de abde bde  abede
abf abef o bef bf af I acf
edf df  abdf adf acdf bodf abedf bdf
¢ cef abeef acef aef bef  abef  beef
abcdef abdef def  bdef bedef acdef cdef adef

Rep. V, ACF, BCD, ADE, BBF, ABDF, CDEF, ABCE

ab
bed
ce
ade
acf
df
bef

a
cd
bee
abde
abcj
buf
¢

bc a & ac ¢ abe
abd acd abed d ad bd
ae obcs ace  be abe o

cde bds de abede bede  acde
S bef of abf b af
acdf abdf adf bedf abedf cdf
abeef aef abef cef  acef beef

abedef acdef bdef cdef bedef adef def  abdef

Rep. VI, ABC, BDB, ADF, CEF, ACDE, BCDF, ABEF
Interchange B and € in replication |

Rep. VI, ABF, DEF, BCD, ACE, ABDE, ACDF, BCEF
Interchange F and D in replication 11

Rep. vi11, ABE, BDF, CDE, ACF, ADEF, ABCD, BCEF
Interchange A and E in replication Il

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

Rep. X, AEE’, BDB, ACD, BCF, ABDF, CDEF, ABCE
Interchange E end C in replication V
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Plan 6A.9

Main effects have 2-factors a8 aliases. The ONnly estimable 2-factors are AC = BD

and AD = BC.

Plan 84.8

PLANS

o futoriq.l in 8 unita (3{ replicate)

Defining contrasts: ABE, CDE, ABCD

¢}

ab Effects d . f.
cd Main 6
ace 2-factor 2
bee

ads Total 7
bde

abed

2% factorial in 16 units (34 replicate)

ABCDE
Blocks of 4 units

Defining  contrast:

Estimable 2-factors: All except CD, CE, DE (confounded with blocks).

Blocks

Blocks of 8 unils
Estimable 2-factors: All except DE.
Combine blocks 1 and 2; and blocks §

I @ @G @ Effects d.f,
Block 3

(1) a @ od Main 5
ab bc be bd 2-factor 7
acde de cd ce _
bede abde abed abes Total 16

CD, CE, DE confounded.

and 4. DE confounded.

ST 332

Effects
Block
Main

2-factor

Total

Blocks of 18 units
Estimable 2-factors: All.
Combine blocks |-4.

d.f. Effects d.f.
! Main 5
5 2-factor 10
9 -
— Total 15
15
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FACTORIAL EXPERIMENTS IN FRACTIONAL REPLICATION

Plan 6A.4 2 factorial in 6 unitg (14 replicate)
Defining contrasts: ACE, ADF, BCF, BDE, ABCV, ¢ BEF, CVEF

Main effects have 2-factors ag aliases. The only estimable 2-factor is the set AB =
CD = EF.

(1)

acf Effects d.f.
ade Main b
bee 2-factor (A} = CD = EF) |
bdf
obed T ot al 1
abef
cdef
Plan 6A.6 2¢ factorial in 16 units (34 replicate)

Defining contrasta: ABCE, ABDF, CDEF
Blocks of 4 units

Estimable 2-factors: The alias sets AC = BE, AD = BF, AB = B(, AF = BD,
CD = EF, CF = DE.

Blocks (1) 2 (3 @ iffects df.
Block 3

(1) acdab acf Main 6

abce aef ce ade 2-factor 6

abdf bef df  bed -

cdef bde abedef bef Total 15

AB, ACF, BCF confounded.

Blocks of & unis Blocks of 16 wnits

Estimable 2-factors: Same as in blocks Estimable 2-factors: Same as in blocks
of 4 units, plus the st AB = CE = DF. of 8 unil9.

Combine blocks 1 and 2; and blocks 3  Combine blocks |-4
and 4. ACF confounded.

Effects d.f. Effcets d.f.
Block 1 Main 6
Main 6 2-[actor 7
2-factor 7 3-factor 2
3-factor 1 —
— Total 15
Total 16
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PLANS
98 factorial in 32 units (¥4 replicate)
Defining contrast: ABCDEF
Blocks of 4 unils
Estimable 2-factors: All except AE. BF, and CD (confounded with blocks).
Blocks {I) (» @) & G ® (@O (&)

Plan 4.6

{t) ab a bc a o ad W
abef ¢f de df W be ce of
acde acdf obdf wcef cd abcd abef  abce
bedf bede beef abde abedef cdef bdef adef

AE, BF, CD, A B, ABD, ACP, ADF confounded.

Eficets d.f.
Block 7
Main 6
2-factor 12
Higher order 6

Total 31

Blocks of 18 units
Estimable Z-factors: All,

Fstimable 3-factors: A B( = DEF is |ost
by. confounding. The ot hers are in alias
pairs, e.g., ABD = CEF.

Combine blocks 1-4; and blocks 5-8.

Blocks of 8 unils
Estimable 2-factors: All except CD.

Combine blocks 1 and 2; blocks 3 and 4;
blocks 5 and ¢; and blocks 7 and 8.
CD, ABC, ABD confounded.

ABC confounded.
Effects df. Effects d.f.
Block 3 Block !
Main 6 hfain 6
2-factor 14 2-factor 15
Higher order 8 3-fuctor 9
Tota 31 Total 31

Rlocks of 82 units
Estimable 2-factors: A Il
Latimalle 3-factors: Thuse are arranged in 10 alias paira,
Combine blocks I-3.

)

Effects d.f.
Main 6
2-factor 16

3-factor 10

Total 31
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FACTORIAL EXPERIMENTS IN FRACTIONAL REPLICATION

Plan 6117 2' factoria in 8 unit.9 (3{g replicate)

Defining contrasts: ABG, ACE, ADF, BCF, BDE, CDG, EFG, ABCD, ABEF,
ACFG, ADEG, BCEG, BDFG, CDEF, ABCDEFG

Main effects have P-factors as diasss.  NO 2-factors are estimable.

a .

abed

abef Fffects d.f.
acfp hlain 7
adeg

bc(g Total 7
bdfyg

cdef

Plan 8A 8 27 factorial in 16 units (Y¢ replicate)
Defining contrasts: ABCD, ABER, ACRG, ALFG, BCFG, BDEG, CDEF
Biorks of 4 units

Eatimable 2-factors: Only the aliag sits Af = Bf = OO ANF = BE = D6, A6 =
CE = DF; BG = DIf = (F.

Blocks (1) 2) @)y M) IifTeets d.f.
Rlock 3

(1) ahg acf ade Main 7

efg edg  bdf  bee 2-{actor 4

abed abef aceg  adfy Higher order 1

abedefg  cdef  bdeg  befg ) -

Total - 16

AB = CD = EF,
AC = 1D = EG,
AD = B( = FG confounded.
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Plan 84.9 27 factorial in 16 units (14 replicate)
Defining contrasts: ABCD, ABEF, ACEG, ADFG, BCFG, BDEG, CDEF
Blocks of 8 units

Estimable 2-factors: Same as in blocks of 4 units, plue the alias sete AB = CD =
EF, AC = B} = K@, A D = B = F(.

Bloeks (1)

(1)

ahed
abef
aceg
adfg
befg
bdeg

cdef

(2)

aby

acf

ade

bee .
bdf

cdy

efg
abedefp

ABQG confounded.
Blocks of 18 units

Fstimable 2-factors: Same as in blocks of 8 units.

Effects d.f.

Block 1
Main 7
2-factor 7

Total 15

Combine bloeks 1 and 2 of the plan for blocks of 8 units.

Iiffects o.f.
Main 7
2-fuctor 7
Higher order 1
Total 15
Plan 64.10 27 factorial in 32 units (34 replicate)

Defining contrasts: ABCDE, ABCKG, DEFG
Mlacks of § units

lstimable 2-factors: AR, AC, BC, and DF = EG are last by confounding. Al
other 2-factors are estimable, except that DE = FE and DG = K, so that members
of these alias pairs cannot be scparated.

i

Blocks (1) (2) (3) ) (5) @ @ ®
(1) de ah edp ac bdy  be adg
defg  fg edf cef  bdf bef adf aef
abodf  abedg  ceg abde beg acle  aeg befy
abcey abcef abdefg abfy acdefg acfg bedefg  bede
4B, AC, BC, DF = EG, ADG, BDG, CD@ confounded.

Effects d.f.
Block 7
Main T
2-factor 14
Higher order 3.
Total 31 '
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FACTORIAL EXPERIMENTS IN FRACTIONAL REPLICATION

Plan 64.11 2 factorid in 32 units (¥4 replicate)
Defining contrastss ABCDE, ABCFG, DEFG

Blocks of 8 units

Estimable 2-factors: All except DF = EC (confounded nit h biocks). However,
DE = FG and {JF = EF are alias pairs which cannot be separated.

Blocks (1) (2} €Y 4

n bdg ab de
be bef  ac Jg
adf  cof  bidf adg
arg abfgbrg aef
defg  arfg  edf bede
abedf  alle  ceg befo

Effects
Block
Main
2-factor

Higher  order

abeeg  acde  acdefg  abedg Total
bedefg cdg  abdefg  abeef

DF = EC, ADE, AEF confounded.

RBlocks af 168 unils
Estimable 2-factors: Al exeept that DE
= FQG, DG = EF anl DF = G are alias
pairs.,

Combine blocks 1 and 2; and bilocks 3
and 4. ALEF confounded,

Fffeets d.f.
Block 1
Main 7
2-factor iR
Higher order 5
‘s Total 31

d.f
3
17

31

Blocks of 32 units

Estimable 2-faclors: Same as in blocks

of 16 units,

Combine blovks 1-4,

IifTerts
Main
2-faetor

Hhigher order ‘

Total
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Plan 6A.12

Estimable 2-factors: All exeept AB, AC, BC, EF, EG, and FG (confounded with

blocks).

ST 332

P L A N S

Defining contrast: ABCDEFG

Blocks &f 4 unils

2 fgetoria] in G4 units (14 replicate)

Mocks (1) {2 3) 1€)] G ® 1 (8
[ wh ue be ae be ce abce
abed ol bd and bede  acde alde de
defy abelefg  acdefp  bedefy  adfy lfg cdfy abedfy
abiceflg  cefy befy acly befy acfy abfg fg

(] (10} an (12) a3y (4 {15 Q8
af bLf rf atnf ef abef  acef  beef
Ledf wedf ubdf df abedef  edef  bdef  udef
adeyy freleg cdeg ubedeg  dy ubdy  uedy  bedg
Leeg weey abey oy abeg cy Lg wy "

AB, AC, BC, EF, EG, FG, ADE, ADF, ADG, BDE, BDF,

BOG, CDE, CDF, CDG confounded. .

Lffects d.f.
Block 15
Main 7
2-factor 15

Higher order 26

Total 63
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FACTORIAL EXPERIMENTS IN FRACTIONAL REPLICATION

Plan 84.18

97 factorial in 64 units (14 replicate)
Defining contrast: ABCDEFG
Blocks of 8 unils

Estimable 2-factors: AU.

Estimable 3-factord: All except ABC, ADE, aArG, BDF, BEG, CDG, CEF (con-

founded with blocks).

Blocks (1) (2) (3) 4) (6) (6) (7 (8}
(1) e ac ab ag af ae ad
abdy de df dyg bd be bf bg
abef fg eg ef cc cd o cf
acdf abdf abde acde abcf abeg  abed  abee
aceg abeg abfyg  aefg adef odrg adfg aefg
bede acdg bedg  bedf  befg  bdfg  bdeg  bdef
befg  acef  beef  beeg  cdfg  cefp cdej  cdeg
defg bedefg ocdefg abdefy  abedeg abedef abeefy  abedfy

Effecta df.
Bloek 7
Main 7
2-factor 2
3-{actor 28

Total G3

Blocks of 16 units
Estimable 2-factors: All.

Estimable 3-factora: All except ABC,

ADE, AFG (confounded).

Combine blocka 1 and 2; blocks 3 and 4;

blocks 5 and 6; and blocks 7 and 8,
d.f.

Iiffects
Block
Main
2-factor

lligher order

Total

3
7
21
3z

63

Fstimable 2-factors: All
Lstimable 3-factors: All.

Estimable 2-factora: All.
Iistimable 3-factors: All except ABC

Blocks of 33 units

(conlounded).

Blocks of 6. units

Combine blocks 1-8,
Eflects
Main

2-factor
3-factor

Total

d.f.
7

21

ah

63

Effects
RBloek
Main
2-fnctor
3-factor

Total

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

d.f.
1
7

21

34

63

ST 332



