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MlLTlPL[ LINEAR REGR[SSIOS APPROACH TO 

ANALYSIS Of VARIANCL 


8.\SSAM YOl;\IS IBRAIII." " 

"Bsn~,,('T . 
TIlls piper de&ls ..... ,th anaIyill uf ,'lliall« (",NOVA) as I 

JojIKlaJ UiC of multIple lineII' regrC:5Slol'1 1IIIa!\'lIU approaeh "heI1 
cllqon~.' Illdepel'ldent \anables take ~aIUCS ··0" or '·1" ar~ uSt:d 
t\umeoe;tl C';lmple II used 10 show 1lut Ihe 1....-0 lI.pproachel led to 
identlcll results, but ~ rcgreul{'I!\ lIIIotl),"'J con\-ergenct to t~ 
results without allY additIOnal Rep ruch u Dunc:1III teM IS III .\ 'OVA 
technique 
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Itcgrl'Mio. and A1IoO\ A "odets ; 
"ll'le regres.swn and tbe analySIS of Vu11t1lOe mock/< Me HeMal .u 

t....o separn. and unldated topM:iI A....OVA ctI'I be uealed -&lo • 

5pea.il case 0( a muluple hnear rear "I model In Ibis ~! I 
prexal the relalKMUhlp bdVotttl !he two modeb .... lobo..... ho... the 
Al'OO\.'A tedullqUe l;:1li be developed u.ough rCil )II apprnedl 

COIINda- the two modeh. ...utlple I.- rqrnuon modd • 

r p, .p.Xn.p,X +- ~P. \ ... c III 

where c, - "(O.cr;' ) and FJc,c,; 0 for aliI ~) 
And one-wl)' analyllS ohlfUlllce model; ' 
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t. p+r +'. ,-I,} .,k; ,-1.1. It (2) 

....hae'. WO.o:JmdE(c,c.)_OfotaD,,"} 

Tl'lld'\lonarl\' tbe ,....'0 IUOdds &Ie prQmlcd u • ~hod for 
trnllJli: difTncr1l. praalc;aJ problems tlw rqrCUlOn modd ~ng • 
~.n of .rm','4 I' • rrOCCllurt (or PIIXbttmg .orne reipt'1\Se' U • 
funl,.110f\ of Of\e or mol"\' q\WlInBU\"e mdepmdcm vanablo lind the 
Il'\lh.lIlJ of \afI.UI<:t mOOcl fur arm'Tll!! It 51g111fiunce Itsn on 
muiliple pnpulauon means All\' malhcllllllCal modd ",hid! IS line&!' 
m the p.vAlMlerl ""h IU (2), em be conSidered n. a.pecltl case of 
(I) We eM u.e c,>n\cntu)n.J maIn\; notallon 10 dexflbc h<1w eath 
Ob!oCl'\,.IIO!I " "rre~~d IS. funcuon of the: p&rifrnctcn tOl the ' .... 0 

In the: anat),,~ of the sample data set presented In 1M ne-ct """"" 
:IeCbOI!. ....c coded the Ie\-d , ..riabIc to thill Ic\'d I ....'tIe lepre:IClltcd 
by the \aIue 1'- and ~eI j by 1M value'O~ ~uch ~ for 
ulcgoncal \'&n.Ihles arc called "dulMlv - 'Inable. JIIIce the IIctWII 
,"'ue' uxd have 1\0 ln1rmsit IIl9mn!!. the numcnuJ ,ahJ~.......bo.;h 
Irc cOOtd are ItpICr.eIllllL\'U for the' tllcgoneJ If -k~ repr~nu the 
numba' of ("climes of II pamculat vlnlblc. Ibc'n tbe nu.m.:.- of 
,anable.. ",h,eb mUll be gmealed, and dunvny coded In ful~ 
ft'Jll"tIeI'Il the ona.r.aI cal<egone5 ~lIroablr Ii k·\ 

tor 1M 1ej:ll!SSIOn model 
t .J.p.! 

or /TIQIe npiKIII\' 
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"'~Ie t I) a ,edor or respomes in tM ~pef1menl 1M 

.r ""'In.; hu alreadv bem dC5Cn~ and the p... I ""ctor or 

parameters IppeannS in the modd, and ! IS iln error 'CClOr The 
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kuI: IqIW'\'f atut\IkS ft•. Ii .···. Ii. d IDe par,","en 
fl .. fl • ·-.fl. are obIMWd by Whlll8 tbe IIOmI&I equalIOIII 
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"'am ekJI obtervatioa is npreued u • funttion of the 
~unet:en: II.., the ' -cry mlportuK /tWIT( X (the IRolln){ of 

eXpeI'ol"".1I c:ondltJOftS). COIW$I' of lO'()et and onII:I . ApplYlllg lhe 
!cut Jqll<l'cs approacb to the QOe-vn.y A."OV" model. t~ normal 
equallOOI are !J- by 
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"1 r, "T1 T; ­
T, " . 
T.~ r • • 

(A .. I).{It · J) {'+I) x {kt !)... 

the Slgni~ ttJU are paf.:lll'l'led on the popuLtI>Oll ~mt 
IJ ,. P t r Ind In fOllllu.Lt!mg the Idl prt)Udu.re. the hnear 

• 
COD$lnIOI L t, • (} III appbcd Tbul . the r ~ lake" 0 11 the role of 

de-011'1QftJ (plus or IT\UIIU) of the trea'mmls or populauoll mel ns lhen 
be..:NneI eqUivalent to ttning thai T, I are all uro 

The tJlllTlIlIn& equations can be sol,ed 10 }'.dd 

..T )' p '- .. .. I f.) 

r• 7; . _ T . '--y,.- -y ~ (' )__ • • ~ ,.I " · ... 
To approach the IIypothtsis·tdlq plObkm 011 the UI\e"W'Y 

MOVA mocId from 1M muItJpk: regrusioa p~. wt: OOOIJIUIe 
the ~p_ IUIII of sql,WU (or the cstllllllon i" ,. f , ..•..t. The:5c! 

~ takt 011 the AllIe role as abe 00tf5ci.mII p,.il ''' '.P. m 
lhe multJP'e 1mear regremon mockII We 1\-oWd thetl compute Ihe 
regreslioa "'In of tquares 

R( P • . /J ,,··. P. ) :hlR 
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zP,g, ... jJ' g, .. .... jJ.~. 
:i,g, +i,g" .. +i,g, 

The R.t.. S of1M esllmaMg cquaoollJ iI»e 
¥ 1; 'f/ I 1.1 .... k 

Ii_ 

Rrf .r, . 

r; R(r; f.· ,r.) (If /) '" .\:WJ (k IJ 
I')

SSt ltD' I) S' 
The MtPUfiCUiC~ F I' (k, I) aod k( n-') d r 1 II needed t tl IDO~ for 

the Tnjumed trealinenlS and In order \0 do tNt \Ie mlm usc one of 
the n~tbods wch ~~ Tukey. Dunncu SchilT.., or [)UIIC&I'I n\~'hods. 

~Ieel &: Tome" 

Nl "UUCAL LX.AMFI-E: 
The follo~lII8 ~ample P"eTI tty ]'I.;elef &: WiWtfm.." 1) l~ u)oed 

The "'CDIM Food r~ wisbo to It" fuw d"ffrrenl ra..k&ge 
des.gM fu! I lii'\io brealf.w areal Ten JlarC$.. .... !lb "I'Pr"'\.lmattl~ 
equal ~leII 'ulumes . ..-ere k!eeted as the e'Cl'tflltlC'ftul U",I~ OIh1:r 
relc\lIm cuwLlIOns b~ pachge deJIgn. ilUd! IS rna. 1"lCIum and 
Iocwon of !.heir ipKC. IIld spcaal promobOnal eft'ons. ..'«e kept the 
MII"It' fOl' all SUlft5 In the v;pcnmenl SMa, In IUIlber of utel, ...ere 
~od for Ih~ study peood and the resulu "" rcrotded 10 htble (1) 
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Krenu",!! ApQfyarb; 
Sma the tndependmi ..&rablu Iw four d~ (faCIO hels) 

we uo;c three calt:tl0n~.1 (iodicator) \ .... 'lbld 111 the resre:sJH)1I modcl 
Let us <k;ioCl lhem IS follOlol"!'l 

I If ob~'iltIQO from factor I 
.\' . , 

!0 othtrwise 


IIC "blerYallOll from f.tlOI 2 

\ , • f :0 othcnoollC 


~ I If ob$en,,,\,vn ITooI factor)
.. , 
(0 ot~lse 


Tal'le (2) IPVCI the transf.mncd dI.a ofuble (I) 
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~1~modeIis 

1: _:n_IlX.. I4f.. 8X.. 
Table (3) IIld,cl1n the; liaJufieance of the; three .... ,ibIts 

\~JUS Il /1,.0 )-\,2,3 
we found I, .... n 11A5 SJ, 1,-3 \7 whocb are all SIjpllfiClim II 5~ 
Tbrrefore !he fined model II 

r r I!:t: -14:t:" -,\'X J , 

A'iO\A ,\pproar_ i 
TM: MOVA u.ble for the dau in lable (t) II""~ in u.bIc (4) 

Tablt(.t): A,OVA lahle (or Iht data ia la~ (I) 

S.O.V 0 ,.' S.S I'tI .S F 
Belween 

) '" .. I J 2'I)", " Error • 46 '67 
T~" 9 ",.,'­ flQfll at 5·-'. 

We Il\lfI\;lude!hal. lhe fKlOr !t.\e!lMaN are I\Ot equal. Of tlw fhe 
four dUftrent p"'hat ~sagn$ do not kid 10 tilt JIITIe melll S&Ics 
\'oIume Thnefore thea Ii I ,dibOll he1w--ec;n package designs and 
Rlci \"OIume I\ow. 10 tearclI about daignJ ....ilich are effean-e on 
Jaks \vlumc we UK Dur'lC:m'J multiple rang-e Ic'! U (0110'"" I 

Interchan~ Y by >Co. lhen 

fS'F6:'
S.zi -{;;- V~"'O.6758 .i-<l,1,2,3 
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The ~aluet or S S R accordaQa 10 the no....h. of IMma ~ 
oomparcd. numbtr of d (, for error 6 and It i· • .re Sned«ore &. 
Cochnn'~' 

SSR-146 .J ~I . 364...."'" 
LSR-SSR~S;; 

theffiOrt 
L S R-l 0)0) 3 11S4 . J 1179 

\ 'riJIbk, L.SoN 

" " ) 0)0) 

X; 0) } 1lS4 

X, 0) ) 1119 

01 00 

01 

~ 

Flom tlblc (~). ....e tODcludc that t!lert U I ll!(flIflcu« 
dtfferfl\Ct bd\~..tcn Y and txh of the thm= Indtpm6el'!t vatiil.blcs 

CO'CI.LSIO""S: 
The ANOVA and fegrnswD uwJ~lll ludJ to IdtnllCI. 
ftathl, Ind tbe AJ-;O\A approach till be \rtlled U I Special 
cue of IIJJhlplt lmeat regrtUlOn model "'-~tn the 
mdepcndmt \'lIilbles art aD C1ttgoncal 

~ 	 The ftgre:won uwJYllj g1~~s tht resulu UilCf and fl)ltl Ihlll 
the Al\O\,\ Since the roodd dtptnds on ttJtll''Ijj of lhe 
c;odflC)tllls of lhe VllUblcs, ....ncreas the muluple IqveSllon 
procedure IlICd Ifter the MOVA procedure sptoall} when 
the nuo hypodlt3ls is rqtcted 
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