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Designs Of Single-Factor Experiments

lntroduction : ieJi.e 1l:Y1
.il,!;t tl;o gl: * ! . i.r:alr .rur;l +te)-r .r1u+!t ,Vt .tt
c,.i,l.,1Er)l t-r u^.; y'! ot nl ailr;Jr c.,!u;lt ;.uii; Uit, c,,!{i:,t JJ,

f CjrJt Jy e;at J* ,fVt. " Cir- 6rr eJ.l3r , i;rlt A&U)I
eL"J L*A SrtJl ej..,l *-Lr ,sjji crrr.Jl gUr e"pUJr cJ*iJr C
e,t, Jg. irt Ji,J gUr tiVV 3t uA;,it- J ;l JrtJ .r-:rJ Cirilt rj5
d^ilt ; *g ay c;S ,;!t ;t2p)! 6ij.Jt r + J*"r ;i:e i71: ;[r Q bl L6]t

rJt, , l.!z l,,tl$ it)rJt AsiUJl CjtJl flJrr;.,tJ 6 ,ti:-!t r.ri t.:' ti,
p titi . karrt a.-v,s dy g..itJt o-u ,.W th.h rr-a; Jt r.n1 erj+;Jl

drul J}r.. {ii , o-,,y'r 6!tJt ;t i,Jlh\ JrL".i,.Jl Jiai Ot t, tF cFJ
o.ta ;t n;tr* , qy.d eotill .rtzts-)t .*Ur 1a5.ry gal at altlt o.tn j
c.,riy titi )t- tA r+J cuh Jtri,* .u, 4ti:. d' et*tr e-t, !r, *) ilt}t
ai , ,)t* rd..e+ gi.yrt" oW gE ,!t Jyl Aelylt i,,{r"aUJt 4
tiyu 4;s J, gE .lt lyo2lJ cry Oy q.+d rdl 6.rll ,rtaJt Cilt
ov Ct tb u qrl 4 tl,a-A dJt a.t i.Jr ou )b 1 ii.rJl ;e ! r-r,i.,

. 6sy* bts;
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nF:,l etl, f."-, & l, C.p A;i1*ilr oUt-fJ git"er)r ,$a;Jt .r*r,-1

i,.F;,r .tJlr k r'- ,y'' euealr .1r e;Jt &, i/e giJr eriJt e)i tpt
fatriu L,rJ !rl, .l.rt;ll Ut * J$, tn - tJ.;r - ga"..e.lt r.r*,-1

n..1.alJr 
,.ii ., rJr or y't i;g_,lt Virdt \iiz; ii2st JJ, u!* +t-.!l

ri. i,tf} A,it.6J.rt lrtrll iiSi,JaJ +tr+ p+t"n, VVt jtptt-|.
G gAt tait 1:.t €-t; f: , ;t n*- Jt np,. f-*2i-o.W t-i
.il . idt efP J,*s.tlJtir)t Ei €t ,16'tKJl 6)t..1 {ri9 ., j4"n -a:ili

t'iJl fa.d,t 4[, dt Jr, j rr !xr& , V 4-p ELil ;l 4.u)r .rXiJr
.tigl;reu)t.J/ tJ^)r Jr JJrr! j.r+3al.r€,.Jt ur5r?rll 6"tKJet Ja4

46? d/ lJe tiK, eaJt i"rul.JiJl c{-. J y 6,6Jr'!l |l".r:,l "'}i. $J

{rlly:dn€it'l,"t<iv*:, ,P*W gf...rJ *lFJl .-eJt*19 c,lrtl

6rtj' c.,:tj - |'f)l y;t oti C - |* €-Ft l!u,.Jl .,.c istjt
idnJl i]a,t a.p e,c guXp'ir ylr-air l.{a J.ar a,,l iS.Il i4 p."-6:,1

.ri1 . otalr f+r srbj A-b ,y l t* 6 \ i*rdt ::rJqit J (s.i:ll

rd|, Jt .t)'i #.Pt'st ;(l:,r/-FJl tlcJl #i{ P-Ft C"l( tt
. L.#t Jt*' qi o.1,b J, {44 e'Uj .lr t ;lt(;lt 5b) )t4:P\ Fl

ly) 3 er[,Jl rrt-l +sy ljedt f.-ad ajLerY ,-"1, e-gr,
..r d=tJt rirJl lJ...551,,lr .-+r r . * *..A 'ubt*'s i..t, i itJ! rifl JlrJ l:- li

u[a or t, nrpl ;ft St . A* rrlrel e.d 1*Jll .]!JU Jr {,rrl
.rt#t .lr iog).a1 A/iF.*;l i-trtjt Ltry C 5#t .rU . t"l., y;"j nF
.1}( O .."n €,Ul oti l.ttJt r.;tJt idlty 6tt 4i;.r,4 t-..,|,:rt d r.Jt

,' i' !
eJl41 . 0.,11;ct d tJ'trJrt- I ;l,l A:<.1 crbl:i:,,)I, 3t+:ltrrt-a.., 49r.1p
cf1. stis ety e *ra tP d, utfl erut t'r p."-c;lt ,.Jltti, oti

. &,kit drEJl 6trr cvl-n Jt $y

, + t..J 6 J.nJl sr. Jt+:Jl dA ,)all.,rJt eJir+ ,Ja; Ol 3'j1 $-,,
ly aav/ c/t J.,sll ;t^,*.tt ,+".o^l l,i drj, !)oa q4 ir i-+w -\
- lV *l - crlrJ.&Jl of in .-e.r-1 t"f , i,;r.Jt .f +i}t tlult

&v.*
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erJt *yt ,e2,hl ct, 4, +J et-bSi\t) 
O.aUJt Ci...jt irr( U ecrr - I

uefuobb,y,fuVet jf{rfl Jt g-dtO:r.rr r.'r1 -r
*iiJ.ol, .{+Jl 4*t d,, Jfu t, J6r u,.t t ,.p: -USt &J,$,r ,-r!J!r

i,-a;lt ,-a.ut e". t' iJt.rlJ ua Jt JX.il p4"-clt .9:; rX 94 -t
. crtr! iru.,l ,j*Jt ;t*./L"t d, i*rjtll* pa.a:tr .;15, i.ll !4r -o

: iJq*Jt *.rta^ll al"*-lr g*t.e^ll aat 1 Y : i )

J JrU Jr, i$.Jl -,r1ryJt ..,,t' |/l g*U.a:lt p) _pwt ,!-.6it
rrtj &V ;V i-,1)) l^Jt.;el
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One-way grouping "ltu !t?41 ,J 6.#l fii
( R. C. B. D ) ;,i,KJt i:irrt cJt,tleilt

Two-wav grouping ,;alt+l .J g''a;lt 1"'l

(L.s.D) g+al g-Il
(C.o.D) uJtlr'.A,zl

Three-wav grouping crt tal il ;i e"a;'ll (t)
(G.L.s.D) 6r,"flt d+xl g/

HigherwaY grouping c',lUt+liilg.#f,t i g'r'1 111

( H.G. L. s) jlt g.,.r,rY g+1rlt gll
(L.C.D) 

..or-){tr,.aSilr\''(H.L.c.) 
J}rjr;p[J1,...(!

lncomplete Blockl iJ$t I il4$1r6i c.rEtlailt

Onc-way grouping Jrl3 oQrjl g, e"+:tl (i)
Lattice Designs E<r.iJl Ft,rrjt iLfs: djrs, (1,

rr,gjt.rt(*Jt
i!le.-lt c.rr5;lt

alil c,,(.{t
eb€,, c:t;*, 17s

BrBDijrlAt4<J!+icrrrtiaiJt t? (i)

"d)* ebtg\* crlf,tbi)l

PBIBD tij"
Yorrdcnl Cn"a.-e 1\.. -I-. 

^_-r_-f
Lattic€ Squares ASrl irlrr-!

Vy i;V (ii)

.-ali i -^-"lr, ..rr- . irri c:.- ( Y,/

(C R D) 
"l'.KJlgir:,,,t f.",r:,| No Blocking irt tli uJ{, . f

Complete Blocks i,bt(Jl .)t tbi,l . I

Two-way grouping
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c/-Uo*tl
/

The Completely Randomized Design

,rtKu L

{)l ,t

r.u.,. ptlir;

,/k' b-S - U!.r.41 crlJ.> ,116u t..r"e tJ.a, 
f*-atJl l.{! a-f,t

Delinition: pa.-a;lt .;r, ( I : f )

( c, R. D. ) j.(,1 Jf,rJl 
""""4J1.'rlt a 1y.,.(lt1 @

;c y c,r)trulr 6rVt*L;i fr"ro i;r"rtr

a,.t*-\.J64 cJlJ.'rl oj. ;c-.ADlA!-oi sq e[i.rj..lta:l
-:J,.t>jt r*.p p C! a."rilr .,. p:I 2gi y6 e lrritr rio;* ui ,f-,
lJr. tLld 6.;4zu ! rte ;.. i,.l .lalj*j tr.r.r ir Joq t"t , ii )J ;iU., iLi#t
t* ty Jl 4*.ra:ll .:Jrzrl i,1r53 6.1.v s.sti,t Jl elr eli .r.,- p 1etf;
.i.rtrtJl ,-rJt2., ,1 f"""lt rj* g;Ui;.,r j<"{ h, . ijUi, ii,Jq crydr!
,rtJl y t'b ottJb , rr' 12 Jl hr,i:. linl .f rbJUL ,1i r,.ra ourl!

. ritb
AnJa cr)'lrtJ J, -,r.r2Jl &iJi arrraJr or.r:lr.p .r>{.dr g.r]f .r"rr

.:.ll j J .jrhjl tdr r.rr ./.1 Ult qr* j*nj 6rt .jrb ,:Jl 4 7**; dtp
. ,t"rr)t eV- j 6 t'.r*i .rJt i:,blrjr $.;)r J1.rq flJsr! ga

Advantages and Disadvantages: *Jp) pa"-a:lt Oga ( y : f )

: dult .bl,All 
J__l'"KJl .Irr.lt a..-.U 

j.rr iJjJt CAl.;il
. ii)ib)t .,p ti"Ja; l+t{.,t1 n:.t-;lt gJft }rt -\

;;.:El! - gi-r,ojr iLr.X i.lJl c,,t2J.r if ;(.r, *i.Oo-l e.-z -y
.rL-Jl t.b ;ztC ;lralt i.ill eiir d! grt t , - ij;)r (rra..ajt gliti
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F;ir.lf" j g)"ulr a.r)is1.r.. ga!4r. 61}L r^.a:Jl t.u-q.4 -r
. ,r.jtarl! i:iJ,.r;Jl slJ'rrl j/ +16:t.ur .rrlty tltb ta..

0tl0r. ii!a! c,X,rJr J c.,,9;Krlr rr.rci g;-rtJ Ji $yAt C C -t
t,b+l ir]€ t'i-at 4 -.*-l C

. c,Y,tlt o15(; c.llirt .l: €t *s;:4" ;nelt Jl*l,.;,! enJ,.b -o
;lrt+ & jli - kLtt, .)y4h, ,f i q;a c,'t.e.ill ,iry Olrii -1

. gl,i2)l JJ^;J!
: br &*l1 .1c:l J rl*! *a:lt r.u..,.ac rri

4v *)t J, ,o"artt er.rry't .;.;6 151 )r .r"-.ti r.rn p.u.;-t e.c) - I

.rrt+ll .f
-err,+Jt ot.r:rlt ;a citi)!*)r €.r aa trilr ,fr.*tl iUfr O) tU; -t
6)rill i,,.i,l c.u.lii eJlJ - c,r){,.tJt ;b ,f rr;U, c,rp;{p)1 1.g;1,

roe.-:Jr t.i^ ;'t t, f , f & .It c" ii t*r 6Jet 6 5t, J1(l g-*rfr if"il
. s;)r -43t 8ii 6)[ilti e[ 1 . c,>r.urr ;i; .;r.r ul

Examples -r. 1t+lt ,,aal i,tU i ? : t )

olta)t SyarU; J.rrail, ii:Ul jt At), ,r, ruj*. grili, a-6, -i
i'FI'

UrtHr 4p, ;t riilt rs.r.. J, .t* Ei? ev)t 6Pit, i.'bt -,-.J

,*J'd ;", ;rp 6la)t 6.u Je ,;lee 4 ,i .4 1 'e;-' ;cV 'a'"'t;s -*
''FvJl

Layout of the Experiment i"J+'Jl &.!'J ( t : f )

cr>lrtrlt g;l ia-*J 4:,J.;Jl ,lI a*tilvlt slt ; irt9..4.ra; eil i g*y
.E-Ja;Jr irt-\ {f elli rr6i .f*. ,f t - .,5-t j a:i.rr.;Jl or-ll J,
U r.rr irl ,|i:J e Ljt+'& i r-Frl! or+jr , : J, dl Fi, ...rrl tt1lt j 4J6l

',r ;5i1i:.r Lw i.;rrr itup c;t,tz1!l o.u ,a.,t^i; f , N {J-{ d*l
;btr^[ J n 4r.tel /,A1(J tor* l!.;- a-1r* gr-:r.Ll 5rt) ra-€rr-J

u&7 rt 4#.J,a;ll iJUzrl ge rrT' lt,tslilp.s\f; g[i.ra t, j1)i
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* +* oi 3r .:r;lr r.u .,1r...;; r;(a1 . 
,){i t, ;(11 s;;i it tJ

.9i ; c4rlr ;rrk )t .r>laJr ;," ilrrr, Js.,.:h,'i,t, rig c.r*trlt g.q
: o .rq';4tJl o.u f t a;rll ;t.t-y't #1.... r.r.1p

Er,:rr+12+ +rr:rt=N

t,tt ;)t ob4 Jdnt J]*,Jl F.4Jl fl{rrrl, i,.r?., JaiLiJ jU.tJ

t.; 11 gp .rledt o-try (r -- 5 o 6t ) drrrh, o& l4i:bt !t Jl .]yrlJl
r-ry J-&. Or silr .7 . .,,!. a.ll tF O:" t$, il,tr, ..|5,;ll1 t,, t..1 t.1

L t5

tr

t,

t1

t.1

ts

t.l

t.

t,

tl

tt

tl t2

' JP 
yj'$Lt 

"i J<'! y *"'a"lt t'u .urr

.fl,,'../r eJI i 6{'ai'. $ \"+or lt '* -1

. lj*l! -.r..i2., tS,Dt GV\t? Jr* -l
lj(ry nr[ Y.b., ,JP ,tieyat -,

. JFJ' aas,a:ll -,.1..,r ,lr C^hler Jl +liJ-l .r;t..;lt s.rr)jJU$
,f W f, i s-i Ua cJyr6",lt r.r.! I dt A .3;€t i;, ii )tir i,.aa i*t
L,Li Ji, . \A-* c.Ft r""F, g g.i i/ (.-rj t<^. ku fr . si/ gi
. i;"+ r. ,+fr ;r Q^" J5.rar-r.lE l 'a4.e li* JarL, gX t a;-S 4.*

).+. !;1 r- r. P3 .F -e: .9WW -e ir,,-r.rJl rha,l c.t-j r.S
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gulr ar/r & kLr ,f".1 arrdll 6i^ j6ia{ i,rUA qKll i-L!,

.,Eo)t :.tr

€,^

Y.o

Y,t

qtLVt trx { YY, . 6t $v x tt',o 6J-, ;rrile\ i1l(.Jt i-u\ .ru {r.t
iill .;jll iltz j c4ill ..,t*z iit,6l ,r-i, Tl

6.t!ti, u[.a.t a &t(I;,tJ&Jlfi"*a:llilJur;d ( o :r )
: 4F 5-rrj j(J 5-rzl1

C.R.D. with one observation per experimental unit

c.r)laUir gt.t-S; te rtJ;iJt. j : '11

Equal number of replications

Symbolical representation of data i,t s.q )tj oUQt uf6rr 1 t I

r$1 11 yl\. t)y; t{-.!8, dr}.d d, () t.b Jt cF to.*lt Ot CA
JtJ t{a,. Jil 6.rd1 i'rlt&e cJar gJt &i.r#l .r J'rt .,. (r) rrr Jr ela^r Jt
a,UtJtl si $l-$ p:*,r'* gla;;..rlt o j,r .,"t 1 .!e: , O j.rq G;r.j 6JlLi,r

(I-n 4r+Jl jtt-t:,trrr y-t^rkl-I, 
eF- F -i,.J*rll i.bll

4t

(P) -P.Ct ow\
*L-.-r..llLlt

J J.PI

.f-ll
r.r.Jl )J'

1E lt
J J.PI

C'"Jl
jlt,

:.rnJl

I,Y

0

\,Y

6

o

Y

l.,6

6..

r.o

0,. I

plot rr*e., ie.E

cannals ;tii
JafJt .- t ti

L-d,l
ser?v (f

,,r.0 d<",1 .r.rj,'
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c,>t t^lt g,*;f rg1-, ilt' j a"r.?.Jtr.J! (ir.R.D. e,"r,lJr &J.. i,rr., {:./ul4 Jli.,: ( I*r)dr+

i : 1, 2, .... , t

j : r,2, .... , r

yq|1A7)i,din h! # j5J&U:! i,ti gll!Jr,
va3ltyl tr.t-i^,Ul if"h! ;r i{t:lt ;.ut* Oli , dti\ ,k Jrt

Y, p o;e1 1 IYr; t6l.raE. V e Lp 6r I ,it'rrrr g;i tl*,, bt*J
Yi = yir * Yiu * yi: + .... + yn .. Of afi

: 
d/- 

L.'\.-'z inUjl il.h! pi L* OU , JU! ,F &t
Yr.= lzr + Y22 + Yn +

* =Yt.lr
!r.-\zJr

Y..

.. * !2,

.. ,)r(j ;!,h, gi 'L.r:. t4

J^ ijdl ii.t .ll Ct .Jl !,y'l Oti d.lrJ

ilu. \rlt crtr.L:. e.+J Pt Ldyu
( ,

:j
tr

I
Y

Yi.: yrr * Irz *... + yi,):Y.

t, . ,i15.2 lr*.ll prtt -Ia,,;li ou 4rr

e>),LW
Falneak

li

<--:-r!at:.,Jt
Obscryalons

l'1

;rl,ut>v
Trcalnctt Zhh

Yi.

,)L\DU-?
Tnclscot llaa

Yi'

(,
,:

li

t1

It,
lt

9p
9zz

ln
,1

ti

!t
9ar

1it l;z tr

ttr/* /t2.. .. .9t1

V.
,:

Yi.

v(.

9r.

ir-
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9t.

v.

ruul
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Linear Model \d d\)t Uilt 1l)

lrar*:egi crUf. *t ,l\g;i , ;,.rr:!t '-ra' ilt oo"t,Jl il:tJtpr

a=-r aj 
"r 

or*lr a *trrit .-+ ;t, t<-a',dr c,t 6It c'u eitrit u e,a6, a;dl
't osala-26.lrti.r,lt i.iilti-r c.R.D ) m"'a'Jt l;* G: -u-8{
,iJl i,:dJ+Jl a.rzjr q,,.rzi ll al.tJrltr prrlt .L,,y'r iJr ifr;' ufr 'r>ti
Lpt a.t-a1 ;.r*:Ir cJrr..2-r{}"ll tEiI 4..i, 5rd,:}l o 

jr q;r el'''r

+gr"4jl t{a-rF.Ulglr.Jt al&r itua&r

Yij=P+ci+eii
i = 1,2,...,t

j : 1,2,....r

:dd+r
(i : 1,2,...,1) i gr4dJt;r ii = t!,...,r) j ;.t*iJ,t i.,-e gr r';

irtxl ,ijdr! 
d, i{L:,! 6r.L* .!rri rzr 00 4}j

6i 4ra.U Nl $,y'1 a..4t.rn^r( o.uUlr g;7r )g':+"Uprlt jl,,,Aps p

(v.J ci J.tEil a"r..J ptJt Ja,,/t

i,:t-:+ - '., 
.rgi

iil.Ulr o.ra g.J} -r!rr.j I Jui",, I riij .5.uI,.:ll .i*t1rtijliit'til iVPl "t
&.Jz.rll idl bA t

?, : ,,. - ,.. : rr gil

i,:iz.-!-. .. 06,irdl ilrtJ ibt-ta.xr, rJtAt ,b Jet
jJ,t!,s&L.iitutr y j 5.rnt:lt o'u J'rrlr ;r,'Jl i'bnlt 1'ri'pe e,,

. i errL! i,rt rrJrl gJl u.rat ilr .la,'y Jr 5&tJ o+ i..i tltyut

Err=!:;-!r 'U9'i
.. JJ.,i. iaitrll it b! ;l eiull 6rd.:& CvJt gV;it tlriJljJi, i,0 s[i JP,

ez,t : \zz - lz .

$,J",r( lq1p ; )la*..p[e,! vii UL.,/*r;kLrl ra-'.tvt

t t-dt,fui, 6'" t^t ervii*A i e){'tJt g"7 i Jt';' Ut+' tio o,*i

dc t"teI':

i,, - NID 1qoi1

4:3
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r,.rYrhlll,.it 
.,rr d .

(Random Parameter )

. i,,,)Lh! e.- J,t.: lp aVp 01 U \+
( Fixed Parameter) .-rf .fti t-t:# l, t t

Litl.l,,ct "li-triB Lr.i r,r Or# Gt,.t.,....,r,)

J/ )+ lii (r.*. dl{, r, c,-rJt o:g.l t-\": I., : 0 cigtit *.A eVi*t*W)i Ljrr r, cjt5rir Wfr-L,* i.&-t. ** j rr.)t 6y or,rJr
;rraly ; .r)lntJt ,F ,i l.* oi ,y_Wt-J.sru Liq tr.iro) 11ii+,
y gf" fte, dti cr[JlJL, ,.(a rial (t, - NrD(0.o]) .. dt, e,U)
. g;zJt t.tn y 4t:* i+ )t \iat, 9* e ; r.e;Ir c,,Lt rr ut, ey.tJt
.-,Ul Crdli..rrr &tJt J*a/' OU c.,UJI arJt ;r ol,rrlrli; rrJ,<? t.J"r.,
irlr+iLJl ,i-lu d-r, , ( fired Modet cr Mode! I ) dj)t Ci]Jl Jt

Jl drl+ll Jt e,UyrAt 1r Jy.Jl {.i)t, -rt ;.,,'i}-Jl} ..lt+)r ,trti, 9Jirr ;iFr
A"z; e i:e r.Ual ,, .f U.ri 6p i:4b.rij , c.rletJt .rG.,;,. lltir ..,. ,,ta,j

J*t.:rF !61) 6)!J(J,5--l hU Al}l oJ. d J6 f *l,t^"1 ,-,,*.e Jf;r,l ,i,i

. crtlt ,f ),hl i,rr.:llJf3 & ( C,
gbkJt ri,.J! J.rt JtJlJJa, Jti rlpr glt A c.bVtJr;L irtfrsr t r

-!r-;iJf ili ir+ ! (Random Moded or.Model I ) , -rUl C-5,-{:Jtrl
,tf"+t Jc \.-ltly!_rc't, r srUr)r ;t)'+U. i4A'abjtidr,d,,b, ijtj:,n
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