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It 1~ well known that the asYJDIDet rical factor.2..di'"~ 

eJ;Per.1ments are bettel- suited to meet tlle needf:J or· 1ih~ 
. ' "· ('" - ~ 

es;pen.mente:rs as they ~e more tl.extble te acCOilOdate 

te.ctore with Va.r,in& nwnbera ot levels. Bu\ the · 

designs for such experiments are not. .e.;twQis GaQ' to 
. ' 

construct. Several methods o~ eonstruotiQI\8 and analrsia 
i 

~....:.......... . . 
ot such designs -are aow availabl.e 4ft ·uterature (Das 196o) 

lishen and Srivastava ('t9,9). P\tl'ther when the nuinbe:r of , 

factors increases it becomes neeessarr to use ~ab~ional 

repllcate of such experiments. Not much work has beea 

done to obtain suitable trao'b10llal. replicates of 

aSJ11mletrical tactor.l.al- designs. !he Jlurpose of the 

present investigation is to describe a metho4 for th~ 

construction of tractions of ~td.cal. factorial.; to 
diacuss the metho4 of their anal.,-s1a and al.so t4\t present 

a number ot lqout plans, split into blocks of su1t$ble 

sizes. 

!he present method 1s based on the technique ot 
~t 

CQnstructionu,ontounded 8111J11Strical factorial design givea 

bJ,-Das and 1\aO (196'1). there 1s actuall7 no work available 

ln. Uterature ~ so far as tracttone ot as~etnca:J. 

factors ot size aK are concerned. 

2. MJI_!JI_OJ) 

We have presented below the metbocl of conat ructa,cm 
ot fract:5.9nal. replicate· of the asymmetrical facton~ of 

• Jl . 
tlle type 3 x 2 , the size ot the fractia being al.wqt ot 
the form ~ • !he UUlllber ot treatments ret4tlecl in the: 

2 . ' 
fraotien 1s also of the f'ora ~. the method adopted. ls 

<lescribed below. 



Givco an as)'iaetncal factori&l. 'fA x 'fl t 
oorrespondina to each ot the • factors ea.cll· at 3 l.evels 

two pseudo tactora eaQh at two leveis .are taken. ·f:be 

combination ot these pseudo factor& as also the othe'!- f.\ 

factors are wr.ttten w.tth:la the levels 1 aJUl o, 'vie ba.Ve 

thus get. the synnnetrJ.cSl fa.ctoJS~~_., J1 • . 
. . 

Next the required traction of tMs ta.etonal. ~-
, 

... 

obt~d. 1>~ usins the ordinary meihid.· of" traction ot tlte 
n. 2, seri.es ot deaigus. AS usual c&Jte has laeen taken to 

keep the i(1entit7 group of" interaotiona tree tnll aJl'1 

~teraction With less than five ta.c:tor,, Rowen~ 1$ some 

casea when the fraction size is L desips w.ltll at the 
a:J ~ 111.. i.J-l.'ti1 fYO"-t> 

aoat one tntreractien '4-th- tour fac'beraJ.ha~e al.• been 

.,cons~ered, .uter the traction has been ob\ained the· 

first 2n facto:re are made into • pairs and then tha 

correspondba levels of the two factorl 1D each .su.ch »td.r, 

(1. e. the two levels ayabols against tlut two factors ~ 

the treatllent COlDbinationa) e.re add~ 1n each fd the t 

trea,ment canbina.tions in the traction. we shall now 

have. in the tracti.on • te.otors each a~ three levels 

nutelr o. 1 .. 2 while the remaintns n factors at level.a 

1 and o. 
.. 

&gunst the two tact ora An an1 ot the a})ove pab-
"'-w-the foll.dwins e~inationa alone can occur. 

0 0 
0 , 
., 0 
1· '1 

' -In \hestt vheJ). the corresponding 1~1• of the abovt 

e0Jibina.t1on are added, ae indicated above. We find thd 

the levela of the fa.otora ef ,.,.etJ7. at three 1nelw 
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become-a, o, a. Xt wU.l. be .seen tha.t level. 0 occurs 

twice., ·laet x
9 

siland tor the levels~l, ~ tor o end \ 

tor 2t then the lf.zie ar eont ra.s~ .Ia -.. Jb C<itn'esPOrtda .. 

to the contrast (1.,1}-(()-tO) of the orisJ.nal pseud• 

ta.oters. Thla contrast realy rep"sents the main ett~ 

.. I. or Bin the. fn.c'bion of 28 .Jth··lc!ent11J1 INUP 

~ = d' . I -···•"'t ... ,.. .... ._...... : 

!ho qUadJ'atic oontrast XQ .'.a lf:1 + ·Ia is c~talrtecl 

flQI the interaction ot the ·PSeudo factors 1f:L Ja nataelr 
<ca.o) .... (0 11~(1,0)+(l•1). !he rema:lrd.na contrast nsel7 

{O, 1)-('1 ,o) represents an ene:r <i.t as })otl'l the 

combinations (O,l) and (l,o) stands for the level. .tero. 

Hov any interaction ln the syJ~~netJ'ica1 desi&n 

oan be put lnte correspondence with an interaction ot the 

aS11fmetrLca1 deaisn. ne rul.e is,. if S.n tm1 ~ere.otion 

ot tlle s)'Jimetr.Lcal des1SD, there are two tao~o:ra l;>eloDSina 

to the aaJte gl'Ou:p then these two tact ora .an n;p1ac.e4 

b)' the quadra1:1c cOJSponent ot the correapeadu& tactOl' 

1n the asJ~UDet~oal dles1gB. Xf again any one ot the 

factors ill a paiJt' be present tn· the interaetJ.on then 

the tact~r is to be replaced bJ the linera compo~ 

C>t the oorr"espond!ng taoto:r .t,n the aayuunetl'J.cal d$sil0• 

Yollowit!B this nde the interactions in the itlentltr 

grOup of' the tl'Jl.Uletncal dedgn can be oenvertetl into 

1:\A othe:r' set of 1nt eracticma 'Which are the tnt eraot10na 

in the ~trical desip. 

Bgcltl.n,Cl• :so far ·we· ~ve 4ielcl:ibed the method which la 

a_pproprJ.ate tor set~ing a frQQtton. ait oftea tiJles 

blocld.ng or the tract"on is ~so necesearJ. We.'ba.ve 

the:retor~ described belGw the tAethod tor spUtinJS the 



fraction ,into. blocks saving as far as pos~ble au th. 

ruain effects and two factor t:nte.ractiOn cc;mrpt)nenta. 

FO?f the Pll~Qse ot ·oloekins we have tirst aa4a' 

Ls~ bloc~ the traction or th~ S)'mD\,t:rical defd.gn bp 

following the metho4 report; ed 'bJ J)as, Shulds an4 ~~rtha 

(1961). SUbs~qu.entlJ ~ t~e bl.eeks hav- been 

comtetl't~6 ·t9 -a blook. ot t}Ul as1mme1n."1c~~~1_ga b7 

followlng t}?.e raethod dese~bed earJ.ieJ. 
I 

~ ...... --.· . 
WlrSle sc:tttinslhese bloeks rtrst tlie· tey blo<* 

is obt aJ.o.ed• ,:tUtu tra t~s key bleck ~ther bltcltl 

ue gse~ted by increasing one or more colUIIJUI 1Jl the 

key block. by qntty and :r.-educing the S~;m& .aod 2• fhiS 

111ethod has the draw baek that otten times the Salle block 

may be repeated,. l:n order to remove tltis draw baok.the 

tollew.l.ns aet~4 .1s helpful. 

~at tll.e independent 1nteract1ont in the 14enUty. 

group are wf.\tten in a c~ Next the 1nteract10111 

contauad.e4. ar• also wri.tten in the same ool.'Win1 nea;t 

en 1nteracU~ with least J>Osslble· number ot factors Lt 

talWh fhfl 1:11P'be:rs of factor, common between the 

interaction (whtch 1a wli.tten at the head of an .ethe~ 

C91UlUn, a.nCl eacb ot the 1nteracU<Ilis preaenit 1n the 

p»~oua c:GJ.• that is fol'Dled ot ~he interactions .ill 

the Uent1~ group and also those llhtch are .contoun4acl 

are obtained. It 'bhe numbers of letters eommoa :I.e an 

even nwDl:u:Jr, ~he number is taken as ze»e otherwise the 

h\Ullber 1s, 1. flteae mnabers, 0 ~ 1 are written against 

eath ot the lnteraoticnut 1n the f'irst eelumn. It is 

neceasarJ that asainst each ot the interac:t:Lon in tbe 

ldenti:t7 srouP. 'the number should be zere. Jf tbla hall 

not happencl then tlle interaction taken to ~ead the secon4 



eolUBtn should be SUitably changed. 81mila:r1y an ethe~ 
;. 

interaction is taken to head the third col.WIIll and al'l otheJ-

eet ot nwabersis obtained te fill this coJ.umn as indicatecl 

earlier. Du.s col.umn shwld be dlfterent trOll the prev1ou.a 

oelUIUl sub3ect to the condition that the nwaber a«eJnst 

each of the interaction~ in the 1dentitJ gftlup should be 

zero. akewlse if there tu:"~ 2Q. blocks in the tractioq 

in all q colUilns are to be taken, t ak1ng care that each 

of' these col.UJIU'ls ahoul.d be :t.ndepeatent. 'fran tbese q 

coluama we have sot q independent 1nteract\lnls. and fro. 

these a total of 2q•l :lnteract,ons can be generated. 
r-~·P. ... , .... 

I ext tald.ng art)' ot these interactions we lnCJ"ease 

by unity the colUJms against these factors 1n the interaction 

in the ke7 block. L1kew1se we shall. be getting a b1ec~ 

tor each of the above 2q-l interaction. :rhese blocks ld.ll 

not conta1n an1 repeated blocks. 

MlpOp Olf Nf.ALY@i 

!he analysis of these d.esisns does not Gtter en7 
speCial pro1a1ela. As a matter of fact they are anaJ.rse4 

n 
1'1rst as a fraction of the 2 des1gn b)' foliel4tJa the usual 

teclmlque due to Yates. !his ana1Jci8 will glve ell the 

ll81n effect and interactions of the factors at twe l.evela 

together with the linear and quadratic components of the 

main effects and interactions of' the factors at three 

level.s. Salbsequently the aum of sqUares due to linear and 

q-uadJ'a'bia components can be added to get the· SUJI of 

squares due to ·factors at 3 levels with 2 d~t~ So fa.s- a.a 

the confounded 1nteract1ans are oon~emed they are 

COJI,Ple.telJ confounded and do not otter anJ difficuJ.tJ• 

~eao deldgns can also be anal)lsed 'Q; fna1.n& 



--- ~---------

tables. .u a mattu ot fact mse or the 4eei8rUJ wol8 .. 
ona1rsed b7 botb Use ~thode to demonnrute tbct the 

reiQl.t O'btalned., the tw me\hOCS 881'M• 

" 

tme beoa d6Jied.be4, the t.raotlon at.• 1q~e1_,a ot the 

tozm :!'. !he motbOd ot eftel,Jila of aua1l ft~Uoa hall 

also boer~ deaol'lbed. l'be method edoptect ... OaDslata of 

ta11S.Da tbe tre.ctslorus or the o~d.Cdl ~ wbb 

6 

a ftact.Sozla1 of a ad.'altle ~d.oo1 taotodal aad the 

ccavm the tncU.ta ot u. .,._..seal ~ to • 

UJ.IIItii8trloo1 iaeomple'e la.ctolla'l. De seOOft4 obSeotlve 
ot th8 tlleala ie to pftJVide a 1UIIlber ot p1aD 14d.dt """ 

tslld eppUcati.GD lD Ol'df.au7 dtuaU... In ell about 

30 platUJ bave lJeen ~~ed end PftHDted U tbe tball. 
Ill tbeae p1au Cde bas befm taken to eaw malO ettlld 
set two t-01' antero.C\lcm iD _. of the OGatttDa. 

._ ..,, however, be sane eaceptiou to "• au. 
dedpa !lave oleo been p.-ented epU.t Wo b2arck1t. 

l\10 dee& of. blookl via. iJ 8110 Jt baYe bMD PRGGDted 

u tbe 6ase or a11 the ~. \td.1e bloold.na al• 

cue halt been tokea to B«Ve all malA ettacte ora1 we 
tactol' IAter·a.cU-cma u fO'I" aa possible. a. t4aU 
ue al1 Ge1t mr.p1anatorr •4 ean be uaecs u .-. ODJr 
the JreJ blocltG baVG baeD pi'GC8Dte41 b'at 8 VOJ7 COJIVenltDfl 

method of obtaltdfta the othe• blooko baa '-' dasoli\tee 
lD ,. thaela. 
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A At a D lt, 4 Bt ct » B,A' C C'D ll 
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I 
' I .... ..,. ... __ ~:... 



jJ& ... ,1·2-A, 
. ( -!f< J' sJ) U\11eobof..._~ 

J • A A' B' C' D I fll .At 8 0 gt • • A I Sf Q D B r ...... 
---d.ca\ 

A A' I Jt C C' Jl B., 
to oo to 101 
o -, ·o o ' 1 1 ' 1 
:OO '0 ,, O'tt 
00 0, 01 1t0 

'' 00 01010 
to 10 ot 110 
10 01 ,, 0411 
0 t t 0 0 0 .1 0 0 
01 01 10 OOf 
oo '1 10 •ot 
,, 10 10 .oo• 
-11 01 00 100 
10 'f1 00 000 
01 ,~ o't otto 
, 1 , 1 , 1 1 , , 
oo 00 00 000 
COrltoaded uten.o.tlclll 

--'dod 
ABCDBr 
101tOt 
•oa1it 
o,.e.o•• 
Ott1i0 
t01C10 
,111,0 
t180t, 
ttOilt 
11100t 
01110t 
It tOOt 
ato100 
'aoooo 
1110,0 
12211t 
000000 
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A l.t BOt A•B B'of• A A'I'Dt 
A JPC a-. Jl )lfC Dt A ll QID1 
AfC 0'» 

Ia IJ. <i,t 's '1! C,.tAa l.t D• 
... '\ Oat .. \ Jt~»:L~J)· .,. ; . 

Allu ot the _.twltctlt ialera.cUans ill the atQIII ••l&tall 
da..__. 

.ta .. 0,:. 0 IJa f:a D I oAt CJ.l'• 'f ~ D II I 

At la~•At ».LYB•B_t "l'•Aa »ll» 
"JBJ..D •G.ll•'fBaCaD&I•"t .. \&Jl 
ila, J\ CJa • ... 0, D B;: 4Aa B2 W : 1J. ~J) ll. 
Jla Cl. Da.fa Ba, O,B:~ 1\ ~ 1'#~ BJI 
.ts, Jf.l «1, ll ~ "1 a1 D a = "a o,. v c l.l e2 a r 
'2.f:aD•'f~'i,5:\D•:.ta\0..&1' 
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··~ 

!1.$ Foa t·"l5" 

..1- ( l l ) ~ · . 3 • 1 1a blecka of size I 
rr'- - ' 

l • A At ~t C D :. ~ B J t C1 1: ~ A A' a C G' P 

• ia. 1 B C a' J) I #: B B' S1 J) '8 : A~ ~~ C 1,( 11 • A JJ B , 

It! bJI • 
SJiiaeb;lcal. Up~tt\d.cal 

& ,.-a a• c C' D· Jl, .. • ~ » .11 r ,. 0 0 0 , 0 o 1 a , 0 1 0 1 0' 
0 1 0 0 0 1 ., • 0 1 o· 1 1 1 0 
0 0 , 0 1 i t 0 1 0 t a 1 0 1 P..,.,;.._, ·• • • 

0 0 0 t 1 1 0 0 0 0 ' a·o 0 e· 
1 ' 0 0 1 , i 0 0 2 0 2 1 0 e 

• 0 1 0 0 1 1 i 1· 1 ' 1 1 , 1 
t 0 0 1 0 1 0'1 0 , ; 1 0 , 0 

0 1 , 0 1 0 0 t 1 ' 1 1 0 , ~ 
0 t 0 , 1 0 1 t 0 i 1 f 1 i 0 

0 0 , 1 0 0 1 0 1 0 2 0 ,, 01 1 
1 1 1 0 0 0 001 a 1 0 0 0 1' 
1· ' 0 1 0 0 iOO ~ • 0 • 0 0 

' 0 ~ 1 1 0 1 1 ' ' a 1 t 1 t 
0 1 1 ' 0 1 0 1 1 , 2 1 0 1 • , 1 1 , 1 1 0 0 't I a a 0 0 't 
0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 

eonteun<led inteJ-act .. 
A B B• Ct A' :a B' O'~ A .t• 0 et Af 12 <ft,. A:J Ia CJ,y ':i Q2 

&\las of tha_cente\UUlecl inter~et~n. .in tha asrMets-ical. ••ap. 
~ 12 °1 = At Dt. a = Oa B = .. S, "' :r = Aa », 'It » I 

. = At 0a »- r ;: . A.a lit· :tt r- = a2 " a JS ., 
.t1 Ba 0., .: Af S., C7a D: Ja B ::_4f 11 It l q If t; D I 

: Af D r a l.t ct2 E r ;: .Ag Ja o, D ll V _ 
•a c2. ; 11 c, D = ~ 12 o.,_ :1 : J.t ., • A-f At » •· ;: 'a Ia a..a1 

' . ' 

::: At llt ct 11 ~ = i-t "a J> • • 



' 

f.l.M.Ifa a·lG · 

t ( :s't s 2) in \llocta ot size a,. 
l ... 4. A.• I B1 0 61 .]) D1 B -

Ker .. 1?1=9$il 
~ri.csl 

A •• llJ 8' 0 C' !l D' B 
1 o o 1. o 1 o 1 · ·o 
0 

0 

0 

1 
1 
1 
0 

0 

9 
·1 

0 

' 0 

0 

't· 
0 , 
0 

1 
1 

1 1 0 , ' 0 Q 
00 010,1 

0 t 101 '0 

1 0· 0 0 t 1 0 

Q 1 0 0 0 .o ·1 
0 0 1 1 1 0 0 
, 1 0 0 1 1 1 
101,0. 0 

0111 ,o, 
1 0 0 1 , 0 1 

1 0 1 1 , 0 0 0 0 
, 4 Q 0 1 0 • 1 1 
o t 1 o 1 o ·o o ·1, 
t 1 1 ' t 1 0 , , 
0 0 0 0 0 0 Q 0 0 

. Confounded .. tn:t;erac•s.on:a 
.I B1 C._A A' C »' t.l A• B e•, 
lJ q. J>.· .t•l':J B'D'.,.A"lPa ~'• · 
A~ n,l·fJ Ct D4.,A A~~ I> J•t 
A ~tc; tl':Pt-4. B. 10' a •• !B'O P~D' • 
.A•·ll S'C1J), tl'I> ))J ,A 13. B'C Cf'1l D' 
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~Gtd.ca1 

A B e ll a 
1 1 1 1 0 
o- a 1 .. 0 
1 0 ' 1 1 
0 1 , a 0 ... 

' ' 0 a 0 
a ' 0 0 t 

' 0 a , 0 
~ a 0 a 1 
0 1 a 1 0 
t 1 a 1 • 2 1 1 1 i 
1 a 1 e 0 
a 0 1 2 1 
1 1 1 0 ' a a a ' 1 
Q 0 0 0 0 
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!111, -~·~ ,.,. '7 

... .. 1
2 

"( 3 ~ a ) 1n 'b]4cks ot d.~e 2 · 
2 - - --

l : A. &1 8 B' D D' a A' ll C C' l>' lJ; A 8 4 OCJ Dl.l 

leJ ;pj.J$ 

s,&.etrical Aquetr.tc~ 

4 At B ! 1 o o• D D' E A I e I) ll ., 0 0 1 0 e 1 1 1 't 1 0 I '1 
0 0 1 1 0 1 1 1 1 e 2 1 a , 
0 1 0 0 0 1 0 t 1 t 0 1 1~-. . 
0 0 g, 1 1 1 1 0 0 0 1 2 1 0 .. ' 

' G 1 9 0 1 0 0 0 1 1 1 .. ,r-o · , 
1 1 0 i Q 1- 1 0 0 2 1 1 1 0 

1 0 0 0 1 1 0 1 1 1 0 a ., 
' 0 1 , 1 0 0 1 0 0 1 2 Q 1 0 

0 0 '1 0 1 0 0 , , 0 1 i 't. ' ,. 0 1 0 1 1 0 1 1 1 1 1 1 J. , 
1 0 1 0 0 0 0 1 1 1 1 0 1 ' 1 1 0 0 't 0 0 0 0 a 0 1 0 0 
0 .. , 0 1 1 0 0 0 1 , a 0 0 

1 1 1 1 1 0 1 0 0 a 2 1 ' 1l 
1 1 1 1 ' 1 1 1 1 a 2 2 a 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

001'l:f'ounded in-teractions 
A .A' B•o, A'BC C' ,A A•a D, 
All B•O• ,B•»,& B Q'D•A'B B'O Qt » 
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... 
. r1111 . •e· '?·ctS -!J (3 x a ) iQ bloclra ot aae 2 ,._ · 

% : A A' I I' G' ~ : A & 1 B J' C D : A I G J)1 B 

: C cl D D' ::'Al".Bt C c• a: .a.t B' J)D' 11;: ABO' i B 

i!l~d 
_.etacal AsJD8trtcal. 

A .&.• B I' 0 C.' D 1>' B & ~ c D •• 
1 0 0 i 0 ,. 0 1 0 , 1 1.~ G 

0 0 , 0 0 0 1 1 0 0 1 o a o .. ~,.- .. 

0 1 0 1 0 1 0 1 i ' ' 
1 1 .,. 

0 0 0 ' 1 , 0 0 1 0 1 2 0 1 
1 0. 1, 1 0 1 , 0 0 1 a , 1 (), 

1 1 0 0 0 0 0 0 1 a 0 0 0 1 
1 0 a 0 1 0 0 'f, 1 1 G 1 ·1 1 
0 1 1 1 0 1 1 0 1 1" 2 f 1' 1 
0 0 1 1 1 , 1 1 1 0 2 2 2 1 
0 , 0 0 1 0 0 i 0 1 0 ., 1 0 
1 t ' 0 0 e 1· 1 1 2 f 0 2 1 
1 0 1 0 1 0 t 0 ·1 ~ 1 1 1 1 

'1 1 0 1 1·, 1 0 0 0 B 1 2 0 -0 1 1 0 1 0 1 0 0 1 1 1 1 0 
1 1 f 1 1 1 1 ' 0 a 2 2 2 0· 
0 0 0 0 0 0 0 0 0 0 0 a 0 0 

Con.tounclet interaction. 
/ 

A A'B'Ct A B ~. D1 , a: B B' 1), ':! ;a, "1* .,_ a.,< ': »a' 
C:L a2 v1-t 

.W.a.a at the eonteu)tded intewact1ons ln tl:te ,...,_,tncal 
4es1crt. 

':211~ = l'J.C2~ • ~»,. ~ "l.BaDJ,JC =- AgBa~»a • ~t,_l 
:: "J.. ~ D2B :: A.3. JJaOalliB 

~~D.t : 1:1~: BJ.~Jla: A1t11.:a: Aa_~C;/Js. .= ~8aCiJ11 
: AtYtl : ~"l.Dal -

•aotl\ = 'a0a = Aa_»a = .a,~& = Ba0J.l1:1. = A.t!1 ~Y 
: A:a.llaf:.t»,_ll • 4tXS1 c2»2B -

' 


