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Abatract 

The molt common method& of variable aclcctioa (forward, backward, all pouiblo aublcta) were coaaldcrcd. 
Critidams and commoa mlaUICI of atcpwlao method& were picacatcd. Sugcatioaa were made for each method 
coaccralaa appropriate procedurca to foUow la rwuilaa computer progruna and the laformatioa that ahould be 
reported with tho rcaulta.· A1J. eumplc waa preacntod which abowed bow propcraclcctlon ahould be doac. When 
varlablca arc aoloctod (or I roaroulocl _mode� the atepwlao method can be belpl'ul If the laltlal choice of varlablca 
la ch01Ca u much u poalblo ualna theory, the deraulta of tho computer program uaod arc not uaod 
automatically, 111ore than one computer rua la doae ualna different variable aclectlon 111ethoda, and tho final 
111oclcl la ch01Cn throup III latelllpnt proc:caa, not automatlcally ualna the final 111odel pnoratod by tho 
co111puter proaram, When tho model la doacribod, all aubjectlw dedalona 1111de In the model aclcct1on proccaa 
abould be reported, . ' • • ' • • • I ' "4' • \ 

Aa earllcr wraloa of tbla paper waa preaontod at the annual moetifla of the American Educatioaal Rcaearch. 
Aaodatlon In Bolltoa, Mauacbuaotu, April, 191)(), aa part or prea1dent1al addreas .• 

,.
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Multiple regression is one or the most popular statistical techniques used In behavioral ldencc research. 

There arc three ways In which It is typically used: 

1) Testing a run mode� Interpreting the model and each or its components. 

2) Adding components to a model and Interpreting the value or the Increment. 

3) Using a stepwise method In which variables arc added or deleted Crom a model In sequence to come

up with a final "good" or "best" predictive model. 
. ; � 

This paper deals with the third or these meth� the stepwise ,method.. 
ii ' <  • ' <·:' 'Ii 

Dcfioioe 1be term •stepwise• 

In considering the stepwise method It Is ncccuary. lo contrast the stepwise method used IS a computer 
•• •''•i/\ ' ' ', · 

program with the stepwise method used IS a methodological procedure and to note the different ways In which 

the stepwise method can be used. 

Many computer programs arc called •stepwise• programs because they CID be used to build model& using 

a stepwise method with dcrault or uacr-apcdfied altcrnati� c;ootrolling ractora or the selection proc:cu lndudlag 

the criteria ror entering and removing variables. 
"�' '·t ., t,, i I, 

Stepwise computc�proaram• CID bo uacd Ill rour,wa)'I: ,, 
' ' �, ,,., ' .' ".; / ' j •ti�-f\';,i • ,. ' 

' ,�_,.,J, . "., ' ' ·.•. . ,,. ·t11� .• ' ' 
1) • The pr.oar�:�,I� a model a�t.�e'�ticallJ,� �!'11 th� .�r��t, values. ... 

,,�Tf,.�·t-,-10.:'.•• 1 , ,f'. -.v·' ·• t,,,1�•!t,.,.,, ,.,:;..,. ·. . .,, .... 
2) The proai;" :�1cct, a model .a�!9�.a�� �.�o ,�i �.�r-•pedflcd, �u°:' Ill placo or derault 

al '·:,ti.'. ... ·, i:i1n/!iii,(;/, ;, ,,, ,, i· v uca. 1,,. .. , .. , ,., ,:1:1>,isi; '(,i(llt:!fiO,u,,:.c.,};1;. ,, •. ,,, ,i11 
3) ·no rcseudier'� the output''of th;•;;��' io lielp"..;'ioloctlq a moclol, 

◄) The propam la uacd to make 1pcdflcd lncromcatal tCltl by addlaa oac or more variable, to other 

varlablca, 

Method& one and two arc, almoct .itho11t 'oxccptloa, tho moth� lllcd Ill jouraa1 artldca that claim to bo 

ualna the •,tcpwlac method", However, rew of them 1pcclty what 1tatlst1ul criteria are uacd for add1111 and 

rem<Wlna variable,. la m01t case, the default valuoa arc probably IIICd (method one), CrltJa of the stcpwlae 

method 111ually crltldi.e tho use or stepwlac propam1 Ill either of the two automatic: ways listed (mctboda one 

and two). 

Since method three uacs the prorcaloaat Jud,ment or the rcacarcher Ill the aelcctioa or the rlllll mode� tbla 

procedure will be auggcstcd u the appropriate use of the ltepwlac method la tbla paper. Method rour uacs the 

stepwise computer program, but It la aot a use or the stepwise method ao will not be conddcred here. 
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The stepwise method u a procedure can be used to clcacn'bc at least four different variable aelcctioa 

auatcgica. 

1) Forward method

The aelcctioa begins with DO variablca la the model and variablca arc added one at'� time If they 

meet the statistical criterion for catering variablca. 

2) Backward method

The aelcctioa begins with all variable& la the model and variablca arc removed one at a time If they 

meet the statistical aitcrioa for removing variablca. 

3) Forward atcpwiac method 

Tbla la a variation of the forward method la wbic:h at cac:h step, before any variable la added, 

variable& already la the model arc comldcrcd for removal If they meet the 
0

llatistical criterion for • • 

removing variablca. 

4) Backward stepwise method
•i. ' ' ' ' ',! 

Tbla la a variation of the backward method la wbic:h at eac:h atep, before any variable la rcmOYcd, 

variable& not la the model arc conaidercd for addition If they meet the atatlatical aitcrioa for catering 
,,, 

varlablca. 

Uaually la Journal artlclca the method uscd la Juat called •atcpwlac• with ao ladlcatioa of wblc:h of the four 

Dletboda or proccduroa la uscd. The method that la uscd la moat caaca la probably the fo,;,.,.,d atcpwlac method 

which la the default proccduro for moat atcpwlac computer propama. 

Cdtldaro• a( tbo uopwl,o roolbad 

Tho atcpwlac motbod bu boon froqucatly crit1dzod by motbodolopta (DaYidaoa, 1988; Huberty, 1989; 
.. 

Tbomp1011, 1989) and almoat all authors of textbook& oa multiple repcaloa (Lo., Derouen et al., 1983; 
• , c - #1'.l; .� P-1,./l\',J(.,t

CbatterJoo A Price, 1ffl; Cohen A Cohea, 1975; Draper A Smith, 1981; FreUAd A Mlllton, 1979; Ouut A 
,. ,js 'i'1 

Muoa, 1980; KJolabaum A Kupper, 1988; Morriaon, 1983; Myera, 1986; Neter et al., 1983; Pcdbuur, 1982; 
. V ,.'::CJ) J :/f,tr 1M ,IJ:l!:'•1:'''''!I' 

Wlttlllk, 1988; YOWl&er, 1979). Tbo c,ltlclama 110 both 1eaeral and 1pedf1c. Two examplca of aeneral crlt1cwm 

arc: 
, .'!. • I ·,'' '.<f",,','.'i ti•k,Ailfl"I\: 

Someone bu c:haraderized the uacr of atepwlac rcgreulon u a penon who c:hecb bia or 
. i ·,

· 

her bralll at the entrance of the computer center. (Wittlnk, 1988, p. 259) 
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Stepwise regression is probably .the most abused coll!put� .�aldtical tedmique e,er

devised. If you think you need atepwise regression to solve a particular problem you bavc, it 

is almost certain that you do not. Professional atatistic:iana rarely. use. automated atepwisc 
,, •,fs•'\<1"' •�; \� '�;, ;; '. i,:; ,' � ' ',Ii 

regression. (Watkinson, 1984, p. 196) 

Critics of the stepwise method susgeat the following eonsideratioaa for selecting a subset of predicton for 

a prediction model: 

1) Selection of variables for a regression model should not be an automatic or mecbanlcal proceu.

2) No one method will consistently select the "best" model.

3) There is no one "best" model according lo any common criterioa such as the muimum R2, 
( ;, ' .  (•., ' 

4) The atepwisc method should not be used to build models. for explanatory research. 
,': ., ' ' _i'.,;,v�1s:.1�<ilJ/1" �l� t�,-t:i\.('l ·'.Ji;'

5) The llepwisc method has limited usefulness when predicton are hlahly correlated, If a key set of 

variables V10rk In combination, or when suppression cmta.

6) The order In which variables enter the model should aot be used u an Indicator of tho value of tho

variable as a predictor. 

U a atcpwlao method is used to select a model In the automatic way that is molt commonly found In the 

literature, It is quite likoly that: 

1) Other models wlda the 111110 a�bor of predictors may �ry Mll bavo a larpr R2;
, ·?��.;.:r< , ·, ·: ·: �"'i&it.,d·���1..,� 1}·''.· ·'', , �·

2) Smaller models may very well predict an equlvaloat R2,
··••"\'I�"•'' J.' 

3) Variables not laduded la tho model may be Juat u aood or bettor predlcton than IOIIIO of tho varlabloe 
; 

"' ,, ',#. ··'"· • •  ' , ' ', 
' 

. la the model, 

4) The variables will probably not enter tho model la order of dlolr lmportana, In tho llnal model.

Mlsvaca of tho ucpwllQ method 

In spite of these criticisms 111d augoatlom, there arc ltlll many roacarch ltudlca reported In the roceat 
�,�,/(<,;' I 1' . q \ T 

•, 

lltcraturo In which thoao pldcllnes arc violated. Molt of thoao. lludlca bavo the followlnt dwactcrlstlca: 

1) Models aclcctod by the computer were called tho "beat" or "optimum" model for mulmlzlaa the

explained variance (R2) with tho minimum number of predictors (k), 

2) No description wu alven of tho proceu by which the model was aolected other than the term "tho

atcpwlse method was 111Cd", In mOlt cases an automatic forward atepwlao proc:oaa was probably used.
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3) Explanatory lnterprctatiou were made by defining "good" prcdicton u thOle ID tho modd and "poor" 
•:lj. •\t 

predictors u thOIC not ID the model

4) The IDtorprctatloa oi' th�,;� -IDdudcd uwing or tho,Ylriab� 1a· the modd ID terms of bnportucc • • 1 

based OQ order or entry.

5) No molltio� wu made of the lntcrrelatioaahip or the Ylriablca ID the dcac:riptioa o( tho pr�ur� used

or ID the Interpretation or the final model aelec:ted.

Eummea 0[ misuw 

Specific eumplca or theae UICl/mu'uaea of atepwiae resr• found ID the educatioaal literature ID 1988 

ud 1989 ladudc: 
, !l '1, (1},, , . , ., \ 

1) We found tbo •moat c:ouiatent Ylriablca that are moat doaely usoclated" with the criterion.

2) Variable A � pkked u ti;;• ._;..in predictor.• 
,. '. '''. ;,� '-'· ', ' 

'' 1'11 

3) Wo wanted to fmd tbo •optimum equation.• 
";, '. '. -�· ' '! ' 

4) Tho ua1yala yielded u "optimum predictor oquatloo with u few predicton II poai'blc." 

5) "Thia allowa the moat c:oaalatont vulablca that arc moat �ly �tc:d � 1oanalDg to be Identified.•
.. .., 3.,,.;,.,,tsz:;.1 , ,, .• H:/ ... · ... -,. .1� • � ,,(,,.) �., ,� _ �1 . ,.-. • . .r 

6) ..-..0 UICI or (variable A and variable BJ II predictors roYCaled that (vuiablo A) predicted (variable Y).
' 'I � , , , ,.l .. . .'"•J-'w,' j ,;') '1 •·.•� t'J },, . ,/; ., , f, , : ,:, · } ' ., 'l 

(Variable BJ prOYOCI to laclc alplfkant predictivo utility." ID tbla artlc1o a tab1o roponed that the zero-

order �o�-bo�� 'v :c1 �bb'A J;i B �o ,49 �A� Variable B c11i'�'appear ill 

the llAa1 model. •• : •
,' '• - •ot 

Shguld ueu mclbod.t he YM47 
' '' ',,, ' ; ,' _,' ,, ' ,,;, . ' < ·'. . !, -� 

Altboup moat, If IIOl all atat1atlclau would lpOO that atopwlao mothoda abou1d IIOl bo uaod MIOD ID . 
; ,.. • {� ,·· 1,,. \ . .-,,,.; ,,)::• -. \·1"}«�.t"w-�1rr 

explanatory modol la doalrod, It la cocamoo to MO r1110arcb artldoa wboro 011plaaatory IDlorprotatloaa aro, made 
' , ' »,',. ,· ,: •. ,i ,:,, A'it:t,ii,/'"!'\ '.,W�· t;zy>'.�;(t 

lo a modol tbat la oa1lod a "prodlcdoa• model Bvea If a prodid1vo model la bollla aoloctod, dotormbalaa tbo value 
· , . ':;. w.·••!r:J� ''•0::; ,:l:";1;,.�")1r,t1' 

or oacb or tho prodlctora ill the prodlcdoa model roqulrea more t.1wa what tbo atopwlao method pr� Order" 
•i, 1•·1-· ._-,. «' .,.,; 1 !tth'Jfit-'(; wiii 17 ,•r1i��)Jt$:. 

of oalry lhould IIOl bo uaod for tbla pu,poao. Stopwlao motboda abould IIOl bo uaod lo dctormlao tho aumbor of , 
' '. ' . ,, . :<,, '. ;,,,:,,,;.a ti• .. 1f.1r,,tmi,1 � 

vulablea la tho flaal model. U multlcollllloarlty exllll la tbo data 1et, atopwlao mothoda arc oapcaally •�poct,l • ; 

In moat woa, oltbor tho multlcolllnoarlty abould bo removed by ro.mcwloa variabtoa;'�=;;t��1}!cf.it� !�
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•� ! f.J•�c \ ,':;.�"\;,, 

Since Crom the critics' point or view the stepwise methods are usually used in aa inappropriate manDCr, the 
f 

, , i":' •1 :; <; 
l � , , • 

_I 

question then ls whether the stepwise method should be a recommended technique ror statistical ualysla, and 
:,_- ,: •. • ' ,., , • •i:1 .( �,,, l:1\,, ,:_; , · , · ; 

iC so, how should It be used. 

The objective or this paper ls to consider the conditions under which variable selection procedures such u 
' '! 

• 

stepwise procedures can be used appropriately In educational research. ·• 
,,,

yaluc or usin1 stepwise methods 

The stepwise method ls appropriate for situations In which a prediction model la desired, not aa explanation 
' ' ' ., '� 

, 

! �. J; 

model. In these situations, it la best used for exploratory analysis where little theory la available to guide In the 
,, 

selection or variables for the prediction model (Wittink, 1988). 

Stepwise methods are very helpful iC used properly when a 1ubaet or predictor variables la needed to be 
,;/Lit.{' �i1 ::._-;. ,:(· }"; :''.-,:<I " ' 

selected. A major advantage or stepwise methods la that by eumlnlng tho output or each stop or the model 
1 

·
-,:�)-,J,:J <;J;_,....,;;: 1 .,, b;,.1_.·1 . .,: ·" ,: 

building proccu tho researcher can ace bow each ,variable ac:ta In different combinatiou which can be used to
_..,:,;' 1 e t i,�, ,, 

help the rc:scarcher to select tho variables for tho linal model 

Observing the change In the partial correlatlou (and/or regrcaloa eoeffidoall) u varlabtea arc added and 
• 

t; ·' - .  ,: . , :,; . ..,il�i 't--' ' < '. 

deleted glve1 a feel for the variables that la difficult to get In any other way. U both forward and backward 
, iJ.JJ f·•-_'JI, , ,

( 
.•' }•,, '' 

, ,
·

l < s',., � ,, ! r. _' · , /J' ; 
" 

1tepwlac methods arc used la coojuactloa with an all poulblo aubaoll program 1uch u BMDP9R, • great variety 
1 

.,,-
'L· fi,t.I. tp',I I •'i• ';' 1' t,,' • 

,·, ' ' { ,:.,(;•� , •·t:':•t>. 
1 

'i ;, .• 

of •aooct• modola can be examined. Aa earlier study by Thayer (1986) showed that tho backward stopwlao and 
j f. 

all poulblo aubaell methods frequently pvo different modela than.tho forward llepwiao method, la IOIIIO cuca 

with much higher R2 valuca with tho 111110 or allgbtly moro prodlc:tora,, 
i, .1 (;--.'),il';. '4 .,,\,Ntt '.); 111:.,,;,;;·, " ) 1 ,',,,� �t'""� - ,, ' 

\_;; _1,' ,� ,' 

Tho valuo of oach potential predictor CID bo examined by comparlaa tho r.ero-ordor corrolatlou with tho 
� \ 'i ·O, • , 1 '. l ,, \ , 

partial correlatloaa at each step la the stepwlao prOCOII. U tho partial corrolatlou romala bJ&h rolatlve to the 
... ,, ·, ' :  ,,:;", ,' "' ' 

r.cro-ordcr correlatloa, then the rcaeucber CID bo confident of tho 1tabWty of tho varlablo la many prodlctJoa 
'f ', ' � 1 I 't ;fl,¥{' 

• 

1ltuatloaa. IC tho partial correlatloaa change mukodly, then It will tako aomo ldlyala to determine tho dynamlca 

Involved, partlcululy noting which vulablca acem to bo causing tho cbugca. 

How aot co MAC ,ccowfao roclb® 

If 1tcpwlao methods arc used tho foUowlag procedurca should bo avoided: 

1) Stepwlao methods should not be used alone u the only procedure, capoc:lally If the reaearchcr la look.Ina

for the "belt• or •optimum" prediction model. Aa all poulblo 1ublell program 1uch u BMDP9R should 

be used In conjunction with stepwlao methods. It la also very dcalrable to use both the forward and 
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badward stepwise, methods to cuminc alternatwe model&. When ODe method I& used the temptation 
< 

> ' :, ,; ·'t"' ",·1, ,, "'., •'· ' . 1, •, .., ', • ' ' ' ' 
I& great to use the model that the computer aclccu u the final model. Tbc final model should be

aciccted u a rcault of muy coaaldcratloas, not only the atatiatical critcrloa � by the atcpwi&e

program.

2)Stepwise mctboda abould not be used automatic:ally llliag the default values. Tbc default valuca of P(or

p)-to-eoter 111d P(or p)-to-rcmow arc acldom. appropriate for good model aclcction. Whether the

default valuca are used or aot, they should be apcdficd In the reporting of the results.

3)The p values given for the Increment& at each atcp should not be taken at "face• value. Huberty (1989)

augcats that "the tall probabilitiea • ; . abould not be taken too acrioualy. And one should certainly not

refer aucb probabilities to conventional algnificance � to determine the 'algnif'ICIIICC' of Ill entered

or rcmowd rcaponac variable."

How 19 run stepwise pro,r•rn• 

U a atcpwi&o program I& uacd to prOYidc data to the reacarcbcr for model aclcctlon, the following augeatlona 

aro offered: 
" 

' , � ', ' ' , ; ,' < • .-

1)Reduce tho number of variablca to work with to a a1ic that will allow you to do 111 •a11 poulblo aublcta"
; ' ! ,. --�� '..., '·' ,., ' . . . ', , 

(BMDP9R) nm. If computer memory permit&, do a backward atcpwi&o run to find the beat rt (or

number that can be run by an all poulblc aubleta program). U there are too muy variablca to do a

backward rua, then do a forward l'Wl with a wry low P-to-eater, forcina In all thooretic:ally lmportut

¥lriablca to find tho "beat" rt (or ao),

2)Allow theoretically Important varlabloa (variable& that baw boon shown or aro hypotboalzecf to be

'cauaal" Yariabloa) to be entorod flnt by fordna tbom In iho model or allowing 'thom to be eu,lblo for

entrance If tboy aatlaly tho ltatlatlcal aiterloa for entorloa varlabloa.

3)Set low P•to-cntor or blah p-to-enter value&, 1ucb II P ■ 0.00-ioo fYl p • ,tO.i.00 (Myen/1986;
' .>l'''' ,, "� t,. ',.'("' 

Wlttlak, 1988). Th1a will allow tho computer to enter moro Yariablca (If forward) or deloto more. .

variable& (If backward) tbon doalrod for a final mode� In order to conaldcr more varlablei t1wa you will

IIIO In tho aelodod model. Tbo major advantaae of thla la to� mo'rlciimbbiatlouol vu'l':bloa to

be couldercd when the roaearcber aelccta the final model. '· !' :•.,.:i ,;;.! l,!,i,•:!'lll' ,s!/1,iUJi;l!:i,�,}

4)Run both forward ud backward atepwi&o ud all poulblo aubtiets proceci� In :W'cler'' t6�der

alterutiw models and to eumlno the pcrformuce of tho variables bi different model&. • ' '
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�- The forward stepwise method &e,qucntly give& smaDC-:.�odcls than the�� ate� m�

and the researcher can observe changes occurring In the partial correlations (and/or rca,caloa 
, • ,·• •. l ,•� • • ,  , :.,.,. )I '": 

cocffidcnts) of variables which give a feel for the stability of the variable (Thayer, 1986). 

The backward stepwise method has an advantage O\'Cr the . forward stepwise method bcc:amc . , . -� ' 

combinationa of variables that work together but not alngly uc conaldcrcd. The forward stepwise 

method will miss them (Thayer, 1986). 

The all possible aubscta mcth� encourages CJWDlnatlon of 111orc than one model. by providing 

statistics for many models of varying sizes, many of which uo almost equivalent la atat1at1cal dcairabllity, 
' • 

• ' < ·'-·' ' • 

.5) Cross-validate altcrnatlve models suggested by the atcpwlac and all pouaolc subset& 1'11111. Thia can be 
" •" .• ·,.,. t 1 ; 1 

done either by gcncratlng an cquatlon &om half of the data and cross�validatlng It on .the other lwf, or 
·,
1
f,' R',- .tj. ""• ,,,'•Q•'•;·;t ;.,,,,, 

by aclcctlng another umplc for tho cross-validatlon. 

6) Select the final model Intelligently by ualog II many of the followiaa crltc?!'.�, �le:

Each variable la the model abould contribute a mcanlnaful amount to the total R 2ot tho moclol (the

Incremental R aquucd of that varla_blo � addition to tho othcra la tho model), . .. !'1th a larp N tho

"boat" model may be a smaller model than that augoated by conaldcrla, only tho p valuot of. tho 
,, ' •• ' ·' "'

-'
Ii ,,,,,,., , ). ,,_ ,, .. . •, ' 

varlablca.; 

. The variable• aolocted about� � m,ucb u poalblo be thoor�Y, m� varlablol. 

Tho variable& aolcctod abould u much u poalblo ba��. ��Iona (and ropNllon

cocffidonta) wblcb aro relatively atablo la tho varloua 1tcp1 or wkJa dlfforont modota. M varlabloa are 
' •l , 

, .�, ;·,',: ," " •
,1

, • • •  ,;:� .. , ;.t. v , i�1/y_ · , 

added or deleted la tho atepwlac pr_� It tho alp of tho partw, corrc� ud ropouloa eooftldont 

for a predictor chanaca, that varla�!!' may not perform woU la a �o,ta"!l'ldatlon akuatloa, U a partial 

correlation (ud ropoulon cocffldont) become& lupr aa tho_ model lacreuea la alze, tho varlablo 

ahould be atudied doaoly to aoo whether there la IIOIIIO 1upprouloa o, multlcolllnoarky la tho data that 

need, to bo conaldored In tho soloctlon of tho final model. 

Tho vulablca &elected ahould appear In muy "aood" modcla. Vulablca tbat only work la a few 

comblnallona would bo unlikely to work woU In a prediction model with new data. 

Tho model should bo one of the beat models conaldorcd In torma of crou-validatlon. 



How to report atcpwlse rcsuhs 
' ' •• , ' ( \ ' ,. '' ·  ' • , ,, f ' ' 

• ' ·� 
'· 

u stcpwlsc procedure& arc Uled properly, many decisions must be made coacerniog bow to run the stcpwlsc 

program and bow to select the Ylriablea for the ful� mc>clcl: It· 11 Important that th�"dedsiou ahould be. 

included In the � report. • 

The following procedure& used aboulcfbe report� 

1) F•to-entcr/rcm� �,/p-to-entcr/rcmOYC values•�"

2) Stepping method used: forward, forward atcpwlsc, backward, or backward stcpwlsc. 
¥ '' •• �. , ,, ' ... ; 

3) Default or aubatitutc vaJui:a uied. • • •' ' 

4) Wblcb altcrnatiw m�la were mined.

5) Reaulta or stepwise mcthoda compared to those or the all pow'blc aubleta mdbod.

6) How aubjectiYe Judpent (theory, etc.) wu ulCd In. aelccting variables for the model.

The following atatiatical reaulta abould be reported: • ••• 

1) For each �hie t.OU!dcrcd: 

Zero-order' conclatlou and partial conclatlona :with thci depend�nt varlabl� at each step. ' 

. 2) For each variable selected: 
• • • _', '.II;..,,. � ' 

Why I
t 

WII selected. 
," ·,,•, "� T',._.,. ,, ··,� , : � ... ., '· ~· •., . i, ,, · .� , .·., ', ,f , , � 

• The atabWty of lta rqriialoa coefficient, b or a, (or lta partial conelatlon) In different models. 

•• 3) 'Po,·oach variable�· .;;!oded: 1' '. ' • .,

Why It waa not aolocted. 
.,.,,' ,i V'\ • � 

Wbotbor tho varlablo waa • aood predictor la other comblaatlona of varlablca teated or a 1ood ·, 

predictor alone. 

lumma 

Whoa model aoloctlo11 la belaa clone, tho atepwlao method cu be belplul II tho Initial choice � mlablca la 

chOIOII .. much .. poalblo ualaa theory, tho defaulta ate not Uled automatically, moro than oao run la doae 

ua1q dltrore11t vulablo aolcctlo11 methoda, and the final modol la cboae11 tbtoup an �telligcnt�proceu, not 

automatically ua1q tho final model aeaerated by the computer program. 

&.um1k 
l : , . . , l ,,� � 

Appendlcea A·C report computer printouts and models of tbtcc variable .. selection computer runa: forward 
, ,,¥A1v·, ·,,.,,_ 1J 

1tepwlsc, backward stcpwlsc and all pow'ble 1ubacta, using the BMDP2R and BMDP9R computer programs on 
.. '. " '• ',1,.·\> ·•. ,\ ', 
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where appropriatei illustrate most or the points presented In this paper. 
" )•,•1•1 .. ,< . .<>,;�J ,�,( l,•i<J • ' "-, ,' ,,,,,,.,,,... ,,;'<!-H, "'� "I� 

To make Interpretation easier, the BMDP2R listing In Appendix A la a combined forward and �ckward nm 

but the variables catered and removed arc In the IIIDC order u they Mrc with ruaa done using the rorward 
�{;� • I : , �' J t I, '• ,' "' ''. ,. , . . ', ',' .' I 

stepwise and backward stepwise methods using F-to-catcr/rcmO\'C valuca or 2HJ/1.99. 
' ' ,«1 ._ .,,. ! '• ,, 

Table 1 reports a �ummary or the models selected by the. forward and backward stepwise methoda dcacn'bcd 
.· ., ,' . ,,,, , , .. , .,.,., ,·, " ' 

in more detail ia Appendix A. With the forward stepwise method, variable 2 wu the first variable entered. U 
i 1', l , ·, 

the derault F•to-eater value or 4.00 bad been used, variable 2 would not ha"" catered and the 0-prcdlctor model 
a "f,•, .• -,,, ' l.-•• ' •�-

would ha"" been selected .. 

Using F-to-cater /remO\'C values or 2HJ/1.99, the automatic; forward stepwise method aclec(ed a 2-prcdlctor 
')-• .. ,· •• ,_ � ::., ,..yA,..;u .,M-At i:. •,,,;, ·,A,..

1 !4,.,
:>.:·�,,-·<l �\•,....�,.l",,,. •A;., ·_·,. , 

model with an R2 or ,1495 which wu the 111De u the beat 2-prcdlctor model foWld using the all poalble aubacta 
,,v'*/�i,,•,,. 1 , l ,j ,,\a�iJc,.)\ .,,:·,;._,,>, ,,, ,t�''.., ,'\,,,, .,,;,,,' ' • 

method. Ir the rorward llepwisc method would ha"" been allowed to �uc ad� �.,�,I;• below 

2.00, the larger modcla selected became progrcal�ly WOl10 compared to thCMC identified u the "belt" of the 
,�' ,1.;. ..,,-,,�, ' '� ,,., .,,. ' ,, .  '', � . ,,., ' ,,·•,,, ·,Ji, 

IIJDe model abc by the all poulble aubacta method. 

The model selected by the backward stepwise method wu a 7•prcdlctor model whlda wu the 111110 model 
• '/h el'{ t .,,;.-.{If l,; "!.,"< 

chose� 0by th�.�,ffl'!�l!,•u��.,� � � mode� o,£, �t�• JI �allor :�eta.ha�.�� �C:"°a with the 

backward atcpwisc mel)iod, they would �•"" become propoaalwly poorer tball .. the "belt" model of the aame abc 
', ' • ', , .-<,,,,,,,t •••"'ij:, I', W •,"1•"-'•"-':J.1,,, ".'�,,' ,/ I ' 

aclectcd by tho all poalblo aubacta method. Forward atepwleo pw better amall modela wb1lc j>ec:kward atopwleo 
r ,F,., ,,!,,,', �,,,,, , • 

pw bettor larp modola.. 
' ' a\l-'l..»ff ;l'JJ<'\4$,,,•, ' 

Summary or Modcla Selected By Forward and Backward Slopwl,o Molhoda 

Prcdjctor1 llQI Method .. ,Y•ri•hlet lo the Model .C.. 
2 2 Forward • 2 4 •' ., • ,1495 
2 26 Backward 2 13 . 1, .C>903 

4 4 Forward .2 4 
6, 8 

�-'I 
,10 .2108 

4 24 Bacbard 2 13 15 .1783 

s s Forward 2 4 8 10 12 .2428 
' 23 Bacbard 2 6 12 13 15 .2289 

6 6 Forward 2 4 8 51 10 12 .2649 
6 22 Bacbard 2 ' 6 12 1315 .2966 

7 7 Forward 2 4 s 8 9 10 12 .2963 
7 21 Backward 2 s 6 9 12 13 15 .3472 

76 

data set A6 from Q..._, and Mason (19801 pp 355. 363). Tbese,prlatouta, lllllll!larytablea ~d comme~ Inserted 
•.• ,1 :.; .. 1,.;,:;J--_:~,_.~ .. F.,_-·.,,"··\·_,vi--'.,. ·.,.,·,·~-,,·,:1 ..... -.,,,; .. ,.:. .'•·:-i·•':.,l-1·:-i:;.,,-_ .. ,_, . .,,';1,··~--':•_.,1 .. :.··~-J •. -.,,-,_~..,-~•:·1:· ·.,.-.,,,, _,,, •. ,.·.f,;·<:-,;-: •:,1-~,~ .•. ,.: 
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Appcaclix B reporU the printout of the BMDP9R all possible aubsets nm on the A6 data. One -4-prcdictor 

model, four 5-prcdictor models, II 1caat ten �predictor models, and at least tcn7•prcdictor models bad c;, valuca. 

lower than the .recommended m�um'flluc (k+l where le ls the number of predictors in"thc'inoc1cl): Tbc 

model with the loweat <;, value WIS 1 7-prcdictor model. Although this model wia Identified as'thc "beat� model 

by BMDP9R, all of the modela with lower than minimum <;, valuca could be conaidcred to be "good enough" 

modela. The beat 2, 4, S, 6, and 7 predictor models along with all other modeli with 1cccpt1blc <;, Ydica �th 

thcac model al7.ca arc reported la Appendia:a A-C. 

Table 2 eomparca the models aclccted by the all pow'blc subacta method with those of the ro.:W.,d atcpwiac 

and backward atcpwiac mctboda. The three mcthoda Dc\'Cr ga\'C the IIIDC models with 2, 4, S, 6, or 7 prcdictora. 

The models aclccted by the forward atcpwiac method wc�c ldcntif'tcd by the all possible· aubacta mcthoda u" . ', ' 

the beat 2-prcdictor mode� the 2nd beat -4-prcdictor mode� the 5th beat 5-prcdictor model and 110( la the top 

ten 6 or 7-prcdictor modela. The modela aclccted by the backward atcpwiac mcth� Mrc ldiatificd by the all 

poaiblc subsets metboda u the 4th beat ·2-prcdictor mode� not la the top ten 4 or S-prcclictor lll�C� the 2nd 

beat 6-prcdictor mode� and the beat 7-prcdictor model 
\ ' .,, ·,· 'l 

Variablca 4, 8 and 10 were three of the firat four variabl� entered la the forward atcpwiac method but they 

were alao three of the firlt fi\'C rcmCMd in tho btckward atcpwlac method. Udnithc order of entry altcrloa 
\ '':• '' �- ,, ,.'' ;., � •,• ·� 1' 1, 

for Importance would Indicate that ·4, 8 and 10 ..,,i,c IOmC of the beat variablca If you uacd the forward atepwiac 

method or aome of the worat variablca If you uacd tho backward atcpwiao method. • ' 

If tho forward atcpwiao method would bavo been uacd to aclcct the "beat" model and order of entry wu uacd "· '··" 

to lndlcato Importance (wblcb abould not bo doao), variable 2 would bo called tho 'mOlt Important• variable 'and :,,rn., 

variable 4 tho 'IIOld mOlt Important•. If bettor modela bad boon uaod, 1ucb u tbat0'abOW11 la Appendix C: � • 

eoatrlbutloa to R 2 WIS uacd u tho crltorloa for Importance, variable 2 would bavo boca the 'mOll lmportut•

la evory mode� but variable 4 clld Dot appear la uy of the modela. 

·Variable S wu the IOCOlld boll variable la two of tho four "beat' modela (with 5, 6, 'and 7 prcdictori) 'bi ,,t; '\l<i 

Appendix C and Table 3 but the lout Important variable la tho other two modela. Since tbeac modcla'iiegcic,d 

competitor, for tho "beat' model u cxplalaed later, It CID bcca ICCD that evea uabig'coatrlbutloii'to R2 1i"Ukely,i,jt.-, 

to mlalcad la ladicat1a1 tho Importance of varlablca, dnce It can be 10 heavily dependent oa what other variablca 

are la the model. 
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. The listing or the partial correlations (or each variable for each llep pea an Indication of the stability of 
• ' ·• ' ,, J "' , • .,t ' • , , • � / l', . , � , , ,-,, ., •. , , ·- .< , . ,' ·• 

the variables. Variable 2, the. •m� lniportant variable, Is w:ry stable, while other variat,lea_are sh� to vary 

somewhat. None or the .variables changes algns while In the model (indicated by as asterisk In the printout). 
• .�., ' • • • ""• ' -�. •• .•;, < ,' • ' 

< ' I• l • 

Table ,2 ,. , . 

.. , Models Selected By All POSSJole, Subsets, Forward Stepwise and Backward Stepwise Methods 
• , •,:• ·,• ', � • N , • 

:\ 
'", • • < • ' l ,. 

tccdisa12u Mclbll:d �11ciAhl 
2 All Possible Subsets 2, ,4 
2 Forward ... 

.. 
2 4 

2 Backward 2· 

4 All Possible Subsets 2 4 5 
Forward 2 4 8 

4 Backward 2, 
1· 

. 6 ' 

5 All Possible Subsets 2 5 
5 Forward 2 4 8 
5 Backward ,. 2 6 

6 All Possible Subsets 2 3 5 
6 Forward 2 4 8 
6 Backward 

'.'( j ,-
2 � 6 

7 All Possible Subsets .. 2 5 6 

7 Forward ,, .. . (• 2 4 5 8 
7 Ba�d �,,i .c:,,,5 6 

' )� 

'13 

9 
10 

,13 15 

9 .. n 12 13 
10 12 

.. ..,12.1315 

,' 12 13 15 
9 10 12 

12 13 15., 

9 '.121315 
9 10 12 
9,, 12,13 15, 

� 
.1495 

',1495 
-�

·.2108
,,, .1783 ' .. 

,.:1f'IJ9 

.2428 
.2289, 

.. ,3000 ,, 
,2649 
.2966 

.3472 
.2963 

All POSSJole 
B11nkia1 

' 1ll 
.4th 

, 

2nd 
Not _In top 10 

• ,c•' 

5th. 
.Not In top .10 

Not In top 10 
2nd 

.,
Not bi top 10 

;,1'472. ,.,: ,' : ' lat 

Dlareprdln1 theory In the acle�l<>9 <>f_ m_pdcla, _Ibero .we�o four !'lodcla with 5, 6, .. aacl . 7•prcdlctora that 

appear to be worthy o( aclcC!J.!)D .u .�N,�•, me>4�t�� '1atcdJn Tab� �. , Moro complete infOt'lllallon oa tho 

modela la prOYidod In Appen� <;:, .\; i;,,: .. • )•f :1. , , , , • .

Variable• 2, 5, 12, and 13 ,ppcar, !n .all o{ lbcao modcla, �blo 15 In four of tho modola, variable 9 In throe 

of tho model&, and varlabloa .3 and .6 In only two of tho modcla. la tho llat ol partial conolalloaa at each atop 

In AppcndiJC A It la cloar.tbat variable 6 la a better prodlctor In matt altua� and tboroforo would be oapoctod 

to do better In croaa valldatlon. Tho boat 5, 6, and 7 pr�dlclor model& arc tboa tbot0 with utorlab by tho R2• 

valuoa la Table 3, The choice between tbcao modela could be dono after crou-valldatlon and couldoratloa of 

other criteria not dlacuaacd la tbla paper, 
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Number of Prc;djgog 
s 

6 

6 

7 

• "beat" modela

Table 3 

�tea r� "Beat" M�I 

l' . ' 

YtdabJCil 1g the Model 
2 5 91213 

.2 3 s 12 13 1S 
2 S·6 ·'12 1315

2 ·i s 6 9 12 13 1S 
2 3 s 9 12 13 1S 
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. .296645" 

,347206• 
.346599 

,. o,l>\( 

·:,.l,,t.l.:l

.2.69818• 

.299565 

7 

,., 

~ f. 
,';:i ,t~JJ(Jf/:·-:Sf if i, .;'.)t 

'.' ;; /,::~~- 0 ,;) ·A,1~-· 
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•2- • ITEPIIIII IEGIEIIIOII 

;RAN INSTIUCTIOIII 

iut fll .. •e6•. 
f-t•free. 
varlllbl"•1S, 

1rna .,,..,.,,t•1, 
lrldependlnt•2 to 15, 
enter -0,01 ,SOO, 
r-0,00,499. 

I 
nt pert. 

Appendix A 

forwrd/lack111rd ltlp,he leeulta 

1ER 0, CAIEI HAD ••••••• • , •••• • so 

UAILE ITAIIDAM> CQEfflCHNT INALLEIT 
NANI! NEAN DIVIATIOII Of VAIIATIOII IICEWEH ltUIITOSII VALUE 

X(1) 0.3162 0.0482 0.152482 0.5209 •0.3210 0.2210 
X(2) 177.9060 6.7031 0.037671 0.0684 0.0559 163.1000 
X(3) 71.3524 '11.4614 11.146369 0.3066 ·0.7693 54.2800 
X(4) 40.9520 • 1.5161 0.038730 •0.2923 •0.3913 37.2000 
X(S) 21.1060 1.4372 0.051134 0.0975 0,1141 24,2000 
X(6) 90,6200 5.9709 0.06Sl90 0.2624 •1,0669 I0,5000 
X(7) 16,1300 6,1019 0,371293 0,0703 •0, 1614 J,5000 
X(I) 73.0IOO 12,9107 0,176666 0.4533 •0,5277 50,0000 
X(9) '74,6000 1,1140 0.108767 •0.2439 0.9651 41.0000 
X(10) 6.zaoo 4,JI01 0,697469 0,1519 0,4212 0,0000 
X(11) 193,3400 0 25,4547 0,131651 0,7104 0.7753 146.0000 
X(12) 114,9400 10,3990 0,090473 0,6146 1,4691 91,0000 
X(13) S,4800 0.3637 0,°'6360 •1, 1197 J,7250 4.0000 
X(14) 4,1740 0,5642 0,135163 0,1375 •0,2559 3.0000 
X(15) 1S,76IO 7,3521 O,SSS991 0,6392 •0.2236 2.0100 

cLATIOIII 

X(Z) X(J) X(4) XC5) X(6) X(7) X(I) X(9) )((10) 

I I 4 5 6 1 I 9 10 
I 1,000 
I 0,635 1,000 
4 0,654 0.666 1,000 
' 0.,16 0,647 0.SIZ 1,000 
6 0,416 0,119 0,154 o.szz 1,000 
., o.zu O,H4 o.zos O,I01' 0,Jff 1,000 
I •0, 112 •0,164 •O, 161 •O,JU •0,246 •0,006 1,000 
' •0, 117 •0,051 •O, 14' 0,141 •O,OOI 0,049 0,234 1,000

10 •0,11'6 •O,S'/6 •0,1'14 •0,1SI •0,454 •0,670 o.,ss 0,054 1,000 
11 0,111 0,450 0,161 0.354 0,141' 0,201' •0,064 •O, 165 •0,3SI 
12 •0,1'1 •0,111 •0,042 •0,141' •0,065 0,144 O.SZI 0,1" •0,101 
1J 0,116 •0,0SJ o.zoz 0,041 •O, 162 •O,IOI •0,300 •O,JZ1 O,JZ4 
14 •0,119 •0.161 •0,145 •0,129 •O,JZI •0,"6 0,001' 0,134 0,11J 
1S o.164 0.110 O,J29 0,414 0,1'17 0.143 •0,09J o.04'1 •0,619 
1 0.111 o.os, •0.094 •0,056 •O,OJZ 0.1JZ 0,163 0.141' •0, 151 

XC1S> X(I) 

15 
1S 1.000 

1 0,165 1.000 

WGEIT INALLHT LARGEST 
. VALUE ITD ICIIIE STD ICOIE 

0.4270 •1.9745 2.Z9a1 
193.5000 •2.2088 2.3264 
102.2600 •2.0990 2.0847 
43.8000 •2.3656 1.7956 
31.6000 •2.7171 2.4312 

101.2000 ,c,•1.6949 1,7719 
32.0000 •2.0699 2,6008 

104,0000 •1,7177 2,3949 
90.0000 •J.2713 1.1980 
20,0000 •1.4331 3.1323 

272,0000 •1,1591 3,0902 
147,0000 •2,3021 3,0830 

6,0000 •4,0698 1,4299 
5.5000 •2,0809 2,3503 

32,6300 •1.5993 2,5655 

)((11) xcm xcm X(14) 

11 12 13 ' 14 

1,000 
1,000 ,,' 0,101 

1 �ooo· \/,.,.;�•0.031 •0,473 
•O,J1S • •0.011 •0,022 1,000 
0,301 . 0,098 •O,IOS •0.405 
0,160 •0,076 •O, 149 •0.053 

i\ 

1 

obi• I had tlle 111.,._t ._..., _,..Iott- 111th act>, the� _,able. Vetlllbl• 7-11, _1J and Hall...;_, allltlar wt-· •. · 

'ING ALOOIIITNN. , • •  , • • • • • , • • • ,P 

«>ENT VAIIAILI, , • , , , , • , , , , , , , 1 X(1) 

tM ACCIPTAII.I f TO INTH • , , , • , , , , 0,010, 500,000 
U ACCIPTAILI f TO IIMCMI, • • , • • • • , 0,000, 499,000 
U1 ACCIPTAILI TOURANCI, , • , , • • , , • 0,01000 
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STEP NO. 2 

VAR IAILE ENTERED 

IIJLTIPLE I 
IIJLTIPLE l·SGUARE 
ADJUSTED R·SGUAIE 

STD. ERROR Of EST. 

ANALYSIS Of VARIANCE 

4 X(4) 

''. O.Sl67 
0.1495 
0.1133 

0.11:'54 

IUII Of ICIUAIEI 
REGRESSION 0.170l3600E•01 
-RESIDUAL 0.96174410£•01 

Of • NEAii ICIUAIE 
2 0.8516802£•02 

47 0.2061158E·02 

VARIAILEI IN ECIUATIOII FOR X(1) 

f RATIO 
4.13 

STD. ERROR STD REG f 

VAIIAILEI NOT IN ECIUATIOII 

VARIAILE 
(Y•INTEICEPT 

COEFFICIENT Of COEff COEff TOLERAIICE TO IEIIOVI! LEVEL. 
PARTIAL 

VAIIAILE COIi. TDLERAIICE 
, 

TO ENTEi 

X(2) , 2 
X(4) . 4 

0.20221 ) 
0.00357 ' ci.0013 0.496 0.57190 

·0.01272 ,0.0054 ·0.418 ,0.57190 
7.71 
5.53 

Thia _.l - the _.l Nlected by f_,,. atipllN 
... 1,_. an f•to-anter of .�:00· '; ,· , 

IT!P NO, 21 
······ ........ . 

VAIIAILE IIMCMO 7 IC(7) 

IIJLTIPL! I 
IIJUIPLE l•ICIUAIE 
AOJUITCO l·SCIUAII 

,Jt.,· k 
J..f/.' f, ,fN, "jt �;;1 .. /J 

ANAL YI II Of VAIIIANCI "'i � \,{ti�r, _. \:�1:: - <':.��.tt,,(.t:.;,41 .J;f; j!,v:; ·i�:f'.�1<>·1i1,,,,,·;- f':':�1'�l 
11#1 Of IWII ' , ,. ', o, ' 1

'. .. All IGUAII ' ,, ,, IIATIO 
IIGRIIIION O,J9S49630l•01 "' 7; 0,96499481•02 ' '., i, J, 19 ,: 
alllOIIAL O, 743'4JIOl-01 4Z li,,0,' 

17'704381,:0Z ,./ 1 

YmAILI 
(Y-IIIHICl,r 
m, 2 
IC(S) ' 
1((6) 6 
1((9) • 
K(U) 12 
X(IJ) 1J 
XCIS) " 

VAIIAILH 111 IOUATfON' FDR 'xco· 
l, ' ' ,-;1 

lfO, IIIOR lfO HG 
COUFICIINT Of COlff com TOLIIIAIICI 

0,97124 ) 
0,00423 0.0012 O.,U 0,'3011 

•0.01570 0,0061 •0,4'1 0,47030 
•O,OOJ18 0,0016 •O,J93 O,Jlffl 

0,1S119t•02 O,IJl8l•OJ o.us 0,77996 
•0, 167621•02 0,69881•0J •0,362 0,61420 

•0,04Jl1 0,0208 •O,HO 0,6J093 
O,OOZSJ 0,0012 O,Sl6 0,43940 

,, 
TO HNOVI 

11,711 
6,62 
J,17 
l,U 
,.n 
4.43 
4,11 

. 
• 1 , IC(]) :S 0.03034 0,4871:S 

1 • X(5) 5 •0.14554 0.58742 
0,04 
1.00 

, X(6) : 6 �0.01457 ,0,611557 0.01 
• X(7) 7 o. 11971 0.94419 0.67 
, X(8) • 0.20199 0.96277 1,96 
• 1((9) 9 0.19794 0.96429 , ... 

• 1((10) 10 •0.15485 .0.90860 , 1,13 
• 1((11) 11 , 0.02914 0.65395 . 0,04 
• X(12) 12 •0.02049 0.97184 '0,02 
• IC(13) 13 •0.19154 0.94707 •1,79 
• 1((14) 14 •0.06840 0.9Sl61 
, IC(15) 15 0,14"1 0,85272 

.•• 0,22 
0,96 

VAIIAILII IIOT Ill IOUATION 

uvn: 
PARTIAL ,

VAIIAILI COIi, TOLIIIAIICI TO 111TH 

1 : ICCJ) J •0,1111' o.om2 o.sz 
1 • 1((4) 4 •0,0'411 o.um 0,12 
1 • 1((7) 7 •0,11517 0, 180St 1,46 
1 , 1((1) I 0, 14141 0,61554 0,15 
1, 1((10) 10 0,14081 0,4ZH1 O,IJ 
1 • 1((11) 11 0,109'6 0,98912 0,90 
1 , 1((14) 14 •0,09643 0,79427 O,JI 

Thi• •• the --· that - Nlectad by liecberd ltipllM ..... an ••to-anter of 2.00. 
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LEVEL 

' 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

LIYIL 

1 
1 
1 
1 
1 
1 
1 

.................... 



, NO • 22 
. ............ 
AILI IINCMD 9 11(9)

·1PLE I 0.5447 
I PLI I• ICIUAAI 0.2966 

ISTID l•ICIUAAI 0.1915 

EIIOII 0, HT. 0.0432 

JIii Of VARIANCE 
IUN 0, IQUAIIEI DF MEAN ICIUAIIE 

IEGHSIIOII 0 .Jll'902SOl ·01 6 0.5651709£·02 
IHIOIIAL 0.80117760!·01 4J 0.1163204E·02 

VAIIIAILEI IN IQIIATIOII FOIi 11(1) 

VARIAILI 
NTERCEPT 

2 
s 
6 

12 
1J 
15 

ITD. HIOI 
CQEFFICIENT 0, CCEFF 

0.75675 > 
O.OOJ64 

•0.01199 
•O.OOJS2 

0.0012 
0,0059 
0,0016 

•0.1SIOll•OZ 
-o.osm 
0.00261 

0,71481•0J 
0.OZOI 
0,001J 

ITD HG 
CQEFF 

o.s06 
•O.JS7 
•0.436 
•O.J41 
•O,J94 
o.J98 

TOUIAIICE 

0,56993 
O.SJOSJ 
O.J94S1 
0,6881S 
0,66426 
0.4J996 

f RATIO 
'J,02 

• VAIIIAILII NOT IN ICIUATIOII 

, ><PARTIAL ,

TO IENOYE LEVEL, VAIIIAILI COH, TOLEIAIICI TO ENTEi 

1.92 1 , ll(J) J •0,1J16Z 0.07290 0.74 
4.14 1 • 11(4) 4 •0,08029 O.J712J 0,27 
4.59 1 , 11(7) 7 •0,11157 0,1IOIS 1.55 
4.19 1 , 11(1) I 0.19456 0.64908 1.65 
6.JO 1 , 11(9) 9 0,26112 0,77996 J.25 
4.26 1 , 11(10) 10 0,17102 0.4JOSS 1.27 

• 11(11) 11 0,06474 0.60J07 0.11 
, 11(14) 14 ·0.04708 0.11680 0.09 

Thia fa Ille 6 predictor aadll tllat _,lei hew i-n Mlactacl by liacbllrcl atlpflM 

NO, ZJ 
........... 

,all IIIIOVIII 

PL( I 
PLI l•IQUAIII 
,110 l•ICIUAAI 

!IIOII Of HT, 

111 o, VAIIAIICI 

IIGaHIION 
IHIOIIAL 

S ll(S) 

0.4714 
0,2219 
0.1412 

0,0447 

1111 Of IGIIAIII 
0,160697JOl•01 
O,lffllllOl•01 

Of 

I 
44 

>'i/ • 

MAN IQUAII 
O,SZ1J94Sl•OI 
0, 19HJZSI-OZ 

VAIIAILH Ill IQUATION POii 11(1) 

ITD, IIIOII ITD 110 
�IIAIU COCFPICIINT 0, coc,, COi" TOLIIAIICI 
r11e1,r 0,61171 ) 

I 0,002S0 0.0011 0,341 0,7113' 
' •0,0042' 0,0017 •O,SZ6 0,4140J 

12 •0, 121761•02 0,716Sl•OJ •0,16J 0,7JJe7 
1J •0,047J7 0,0114 •O,JS7 0,67J07 
IS 0,00245 o.oo,s O,J7J 0,44171 

f RATIO 
1.61 

VAIIAILH IIOT Ill ICIUATIOII 

, . PARTIAL ,

TO IIIOII LIYIL, VAIIAILI COH, TOLIIAIICI TO INTII 

4.99 1 : IICS> J •0,19981 0.07141 1.19 
'·" 1 , 11(4) 4 •0,16J24 0.40909 1.11 
1.19 I , IICS> 5 •0,29'47 O.SJOSJ 4.14 
4,90 I , 11(7) 7 •0,16202 o. 11150 1.16 
J.SI 1 , 11(1) I 0,22115 0.66399 2.J6 

, 11(9) 9 0, 14120 0,17914 0.17 
, 11(10) 10 0,07498 0.46620 0.24 
• 11(11) II 0.05971 0.60J11 0.1s 
, 11(14) 14 •0.02641 0,11998 . o.os 

Thia ta the S predictor aadll that ..,,c1 hew i-n Mlactacl br ._...rd \tlpflM. 
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LEVEL 

LEVEL 

1 
1 
1 
1 
1 
1 
1 
1 



ITEP NO, 24 

YARIAILE IEIICMD 

MULTIPLE I 
IIJlTIPLE l•IQUAH 
ADJUSTED l•IQUAIIE 

12 11(12) 

0,4222 
0, 1713 
0,1052 

STD, ERROR OF HT. 

ANALYSIS OF VARIANCE 

0,0456 

1111 OF SCIUAREI 
IEGRHSION 0.20304410£•01 
RESIDUAL , : 0,93603600E•01 '. 

DF MEAN ICIUAIE 
4 0.5076102E·D2 

45 0.2080080E·02 

YARIAILEI IN EQUATION FOR 11(1) 

YARIAILE 
(Y-INTERCEPT 
11(2) 2 
11(6) 6 
11(13) 13 
11(15) 15 

, 
I 

ITD, EHOR 
• 'COEFFICIENT. ' OF COEff 

0.33a32 ) 
• 0.00250 
••O.OOJ61 
•0.03077 
0,00207 i" 

''(;j;, 

0.0011 
0.0017 
0.0194 
0,0013 

STD IEG 
COEFF 'TOI.HANCE 

0.341 
•0.447 
•0,232 
0.31S 

I 

o.n1J6 
0,43646 
0.15029 

, 0,45494 

f RATIO 
2.44 

YARIAILEI NOT IN EQUATION 

f PARTIAL ; ,
TO IEIIIM LEYIL, YARIAILI COIII, TOI.IIWICE TO INTEI 

4,71 
4.11 
2.s1 
2,41 

1 , 11(3) 
1 , 11(4) 
1 , 11(5) 
1 , 11(7) 

, 11(1) 
, 11(9) 
, 11(10) 
, 11(11) 
, 11(12) ,; •• ,,. 11(14) 

ii 

• 1 ; • , J •0, 13532 0.01226 0.12 
I al, '4 •0,21741 '0,43907 ,,,. 2.11 

S •0.21616 0,56571 ,, 2, 16 
r '. 7 •0,20628 0, 19016 , 1,9' 

I 0,09J03 0,11411 O,JI 
9 o. 14000 0.11999 0.11 

10 o.04373 o.4mt o.oa 
11 0.01111 0,62425 0.01 
12 •0,24111 0.73Jl7 2,19 
14 •0,01307 0,12206 0.01 

Thia ta the 4 pNdlctCN' _., tllet NOUld haw liNn Mlected by ...._,. at .. lM, 
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LEYIL 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

; (; 

l' 

tH!.o 
tA~ i; 

J»~ ' ~ l,(j,, 

(. 'I 1'; l: ,' ; 

' ~\ ~ .:;i,;•} 



,MTIAL QlllELATIOIII 

IIAILEI 2 1((2) 3 1((3) 4 )1(4) 5 )1(5) 6 1((6) 71((7) I 1((1) 9 )1(9) 10 1((10) 11 X(11> 

0.2223 0.0562 •0.0938 ·0.0559 •0.0311 0.1324 0.1631 0.1473 ·0.1515 0.1595 
0.2223• •0.1129 •0.3245 •0.2356 •0.1434 0.0871 0.2122 0.1971 •0.1036 '·0.0365 
0.3761• 0.0303 •0.3245• ·0.1455 •0.0146 0.1197 0.2020 0.1979 •0.1541 0.0291 
0.3975* 0.0704 ·0.3113• ·0.0974 0.0223 o. 1131 0.2020* 0,1632 •0, 1804 0.0192 
0.3121* ·0,0310 ·0.3397" ·0.0846 •0.0460 •0.0057 0,2211* 0.1616 •0.1804* •0.0300 
0,3513* •0.0544 •0.32W •0.1081 •0.0496 0.0388 0.2934• 0.1705 ·0.2240* 0.0111 
0.3754* ·0.0866 ·0.3271* ·0.2068 •0.0762 0.0221 0.2693* 0.1705* •0.2244* 0.0286 
0.4204* ·0.0064 ·0.2414* •0.2068* •0.0243 0.0651 0.2137" 0.2442* •0.2151* 0.0606 
0.4444* ·0.0245 ·O. 1903• ·0.2474* •0.0717 0.1104 0.1164* 0.2220* •0.1155* 0.0611 
0.4462* •0.2154 •0.1743* ·0.2124* •0.2324 0.0115 0.1711* 0.2241* 0.0083• 0.0822 
0.4536* •0.0807 •0.0300* ·0.3116* •0.2324• ·0.1459 o.11� 0.2243* 0.0866• 0.1410 
0.4489* -o.on1 0.0063• •0.3217" -o.2n1• •0.1459* 0.0859* 0.2320* 0.0755* 0.1419 
0.3634• •0.0794 0.0392* ·0.3500* ·0,2936• -o. 1461* 0.0745• 0.2516* o. 1154• 0.1419* 
0.3671* •0.0794• o.060r ·0.3304* -o.119r •0.1419* • 0.0719" 0.2497" 0.1013* o.1,5r 
0.3611• ·0.0715* 0.0549* ·0,3321• •0.1196* ·0,1440* o.om• 0.2537" 0.0942* 0.1219" 
0.3671* •0.0794* 0.0607" •0.3304* ·0.1197" •0.1419* 0.0719" o.249r 0.1013* o.145r 
0.3142* •0.0645• 0.0607 •0.3326* ·O. 1805• •0.1323* 0.0930* • 0.2442* 0.0867" 0.1354• 
0.3951* •0.0645 0.0392 •0.3731* •0.3213* •0.1417" 0.0862* 0.2417" o.1oer o.136r 
0.4111* •0,0542 0.0586 ·0,4059* •0.3506* •0.1521* 0,0862 0,2613* 0,1551* 0.1311* 
0.3992* -o.oan 0.0097 •0.3172* •0.3470* •0.1150* 0,1179 '0.2791* 0.1351 0.1093* 
0.4770* •0.0811 ·0.0050 •O.� •0.340J• -o. 1152* o.m5 0.2651* 0.1045 0.1093 
0.4680* •0,1122 •0,0544 •0.3691* •0,2906* •0.1152 0.1424 0.2611* 0.1408 0.1097 
0.4146* •0.1516 -o.oeos ·0.2965* •O.J105* •0.1116 0.1946 " ' 0.2611 0.1710 0.0647 
o.s191• •0.1991 ·0.1632 •0,2965 •0,3591* •0.1620 0.2211 ' 0,1412 0.0750 0.0597 
0.3099* -o.ms ·0,2175 •0.2162 •0.3097" •0.206J , .• 0.0930 0.1400 0.0457 0.0112 
0.3321* o.0Js2 •0.2502 •0.2051 •0.2167" 0,1024 ' 0.1099 • 0.1414 • •0,0946 0.0125 
0,2636* •0.1745 •O.J154 ·0.2652 •0,2167 0.0333 0.1657 0,1459 •0.0212 •0.0051 
0.2223* ·0, 1129 •O.J245 ·0.2356 •0, 1454 0,0871 0.2122 '·' 0,1971 •0.1036 0.0365 

laod laod L• laod 
Al.,.. ... u Al- Cln!lllot Ill 

Al- XC15) 

,unAL CORHLATIONI 

<IAILH 12 X(12) 1J 1((1J) 14 X(14) 15 1((15)

•0,0756 •0,1495 •0.0525 0,1650 
•0,0437 -o.2on •0.0110 0.0925 
•O,o.?05 •0,1915 •0,0684 0,14:U 
•0,1511 •0,1451 •0,0611 0.1,oa 
•0.2016 •0,0700 •O,OJ4J 0,0443 
•0.2016* •0,1411 •0,0312 0.0587 
•0,2087" •0,1071 •0,0517 o.ono 
•0,U63* •0, 1746 •0,0971 o. 1194 
•0.1136* •0, 1746• •0.1150 0,1444 
•O,JOZI• •0.1922• ,o.om 0.1444* 
•0,1513• •0,2726• ,o.on, 0.2626* 
•0,3280* •0,2123* •0.0841 0.1111• 
•O,SSZJ• •0,1970• •0,0481 O.l904* 
•O.S,99* •0,197J* •0,0467 0,3000* 
•0,3554• •0,1983* •0,046r 0,1910* 
•0,J599* •0.1975• •0.0467 O,JOOO* 
•0,3631• •O,SOOI* •0,0534 0,3119* 
•0.3511* •O.JIZZ* •0.0524 O.J059* 
�o.,szo• •O,'JJoe• •0,0625 0.1274* 
•0,1298* •0.J041* •0,080J 0,JOIO* 

·,;,_ •0.3156* •0.3131* •0,1021 0.3064" 
•0,3471• •0.3090* •0,0964 0.3020* -:L•0,Sl96* •O.S57'• •0,0471 0,3004• Jli •0.2412* •0,3166• •0.0264 o.mr 

1 •0.2412 •0,2291• •0.01J1 o.221s• 
•0, 1992 •0,2622* •0,0756 o.zm <i

' 

•O, '517 •0,2072* •0.0072 0.0291 •,:i:. 

•0.0437 •0,2072 •0,0110 0,0925 

laod laod laod 
Larte L ..... L ..... 
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ltNWY TAILE 

SUP VARIAILE .,, 
NO, : , ENTERED •,A, IIEIIOVED 
1 :2 xm ,,,,, 
2 4 X(4) 
l 8 X(8) 
4 10 X(10) 
5 12 X<12) 
6 ·· 9 X(9) 
7 '5 X(5) 
8 13 X(13) 
9 15 X(15) 

10 ·6 X(6) 
11 7 X(7) 
12 11 X(U) 
13 l X(3) 
14 14 X(14) 
15 
16 
17 
18 ,,, ' 
19 
20 
21 
22 
23 
24 
25 
26 
27 

14 X(14) 
4 X(4) 

'd X(:S, 
8 X(8) 

10 X(10) 
"11 X(11> 
. ,1xm 

9 X(9) 
5 X(S) 

,, 12 X(12) 
15 X(15) 

; .  • 6 X(6) 
11 X(13) 

r. IIJU IPLE CNAIIGE F TO 
; '· ·n R ISO , ,IN IISO INTER 
;•· 0,2223 0.0494 0,0494 : 2,50 
·; O,J867 0.1495 O, 1001 :1� 5,53 
, 0.4292 0.1842 0,0347 ., 1 .96 

0.4591 0,2108 0,0265 1,51 
0.4928 0.2428 0.0321 1,86 
0.5146 0.2649. 0.0220 1.29 

.0.5441 0.2963 0.0314 1.88 
o.5637 o.:ma 0.0215 .,. , 1.29 
o.5762 o.mo 0,0142 o.es 
0.6067 0.3681 0,0361 2.ZJ 

•, 0.6177 0.3115 0,0135 0.83 
0,6277 0.1940 0.0125 • 0,76 

"", 0,6307 0,3978 O.OOJI 0.23 
o.6318 o.3991 0.0013 o.oa 
0,6307 0.3978·0,0013 

• "- 0.6289 0.3956·0,0022 
',, ,, 0.6269 0.3930•0.0025 
1 ,o.6233 o.saa5-0.0045 

0.6141 0,3771·0.0114 ',"� 
,, ,0.6079 0.3696-0.0075 ,, .. 

,, 0,5892 O.J4n•0,0224 �\ • 
0,5447 0,2966·0,0506 V>d 
0.4784 0.2289·0.0678 

, ; 0.4222 o. 1783-0.0506 
0,3647 o. 1JJ0·0.045J 

. 0.3004 0.0903-0.0427 
0.2223 0.0494•0,0408 

F TO , .. 1NQ,OF VAi, 
REIIOVE INCLU>ED 

o.oa 
0.13, 
0,15 
0,28 
o.n· 
0.41 
1.46 
3 25"' 
,:14"' 
2,89 (.., 
2.41 ::, 
2.27 i; 
2.11 
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1 
2 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
13 
12 
11 ' 
10 ,, 
9 
8 '{\t·' 
4 
l 
2 
1 

~;- ,-t­
,r,-: .. 



,, • • . ,,.,,,, Alt Po .. tble SU.eta OUtput 

11 • All POIIIILE IUISETI IEGIIEISIOII 

•AN INSTIIUCTIOIII 

,t fft .. 1861• 
f-t•frH, 
varlablff•1S. 

·na dapenclent•1, 
tndapandent•2 to 15. 

I0ENT VARIAILE. • • , , • •  
.R OF 11EST1 aEGIIEHIOIII IEPOIITED • 
:T1011 CIIITHIOII • 

.R OF CASES HAD. , • • , , • , , • 

CP 

1 X(I) 
5 

50 

..,;•,�J,t:;;,' �.;J� \�! � 

t,r·': ; ·"·H:;J' 'H:�r:, 
· ,,- ·,,�, 

' ,/ i:f 

J .t � 

' • %�, ,.. ., ,,,, • 
ACM IUIIET SELECTIO IY YOUII CRITHIOII, THE a•SGUAaED, ADJUSTED l·IGUAAED, IIAI.LOWS1 CP, AND THE VARIAILE NAMES ARE 
ED. THE HGIIHIIOII COEfflCIENTI AND T·ITATIITICS ARE PRINTED TO THE llGNT OF THE VARIAILE NAMES. ,IIAIIY OlHEII IUISETS NAY ALSO 
PORTED TNAT ARE NOT ACCCN'ANIED IY lEGIIHIIOII COEfflCIENTI AND T·ITATIITICI, 'IQME OF THESE IUISETI NAY IE QUITE GOOD 'ALTHCIIGH 
AH NOT NECHWILT IETTH TNAN ANY IUISET TNAT MAI NOT IEEN PRINTED.;, 

ADJUSTED 
.oAaED l•ICIUAIED 

149539 0.11»49 

02208 0.064004 

'92249 0.053621 

'90255 0.051543 

ADJUITIO 
�HD l•IQUAHO 

·zmo o. 15919J 

•1om o. 14062J 

AIIJUITID 
IUAllD l • IQUAIID 

169171 0, 18'910 

mass o.1'7953 

l47051 0, 1'1496 

l44140 0, 159026 

242145 0.156804 

IUIIETI WITH 2 VARIAILH 
............................ 

CP 

5.54 KCZ> K(4) 

1,29 KCZ> , ·""• KC$) 

a.11 iccz, 
"HO ,· 

KCI) 

1,99 KCZ> xcm 

IUIIETI WITH 4 VARIAILII 
••••••••••••••••••••••••••• 

CP 

,.,. xm ICC4) IC(S) KC9) 

S,97 XCZ> 11(4) K(I) KC10> 

IUHITI WITH S VARIAILII 
••••••••••••••••••••••••••• 

c, 

4.SJ VMIAILI COlmCIINT T•ITATIITIC 
I KCZI 0.0042'862 J.4J 
S KCI> •0,0169603 ..... 

9 KC9) 0.001"49J 1.94 
11 KC12) •0.OOIJ9123 •1,96 
11 xcm •0.0408527 •1,91 

m1ic1PT 0.29494J 

s.,a xm K(J) KC1Z> xcm KC15) 

S,16 MCI> KC4) KC5> K(9) xcm 

5,99 ICCZ) KCS) KCI> xcm xcm 

,.10 xm K(4) ICCI> XC10) JCC12) 
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lleCblaNt ltapwlM 2 P ..... fctor llodel 

,t� ;t H; 
a;: :;;1� '.:,.J -4 41-!J�,.•t,t Ii 

,_,,. lttp1IM 4 , ..... tctor,llodel.il t,4)!.HL,. " �" ' 
......... lttp1IM 4 , ..... tctor llodel • • • 
.. t L11ted •" ._t Ten 4 ,,...,lctor llodel1 .. • 

Forwrd ltapwlM 4 , ..... ,ctor llodel 

·=,:,). ,:; • ".; > 

:.., ;'\'.,~- \ 
; I. t:1JL, 

• • • 

21 '.·- .. ~ ·-; .'i.h~t 
; 
15 

({~r. ~ 
. \ ;,'. !,t 

l, ., 

,,); ;\,_,' 

-,~ 

', { ,-1, r-
1 :f lf !; 

~ 



:,;;;-. •: ,, ADJUSTED 
R•SGUARED. R•ICIUAAED 

D.299565 ' 0.201130 

0.296645 0.198502 

0.291666 0.192821 

0.290071 0.191011 

u·'
·'..tl\'.)Jt. .. 0 J, 

IUISETI IIITN , 6 VARIAILES ............................. 

C, 
-1\:i. 

<;,-
'"'.', 

4.80 VARIAILI CXIIIFICIENT T•ITATIITIC 
·a X(2) 0.00469512 J.44 
,J X(3> •0.00285065 •2.19 
, 5 )1(5) •0.0103034 •1.69 
12 )1(12) •0.00161170 •2.lJ 
1l xcm •0.0488981 -2.:sa 
ts 11c15> 0.00369285 a.JO 

INTERCEPT 0.404160 

4.97 11(2) 11(5) )1(6) )1(12) )((13) )((15) 

5.26 )((2) >C(3) X(I) )((12) .11(13> 11(15) 

.. 5.35 )((2) 
,,,.,, ' ,.',. 

. )((4) )1(5) )((9) )1(12) )((13) 

0.211310 }�189004 , '>:,'S.45 11(2) 
' ·, �. ' '.  � • ',' ,, 

11(5) 11(1) ·,· ; , •�9> ;: ' 11(_�2) :'.•cm
0.217008 0.117520 5.53 11(2) )((5) )1(9) )((12) '11(13) 

0.285008 0.185242 \, 5.65 11 (2) IC(]) )1(5) 11(9) 11(12) 

0.212175 0.112242 ,. s.eo 11c2, 11(5) )1(9) 11 (12> 11cm 

0.212021 0.111846 

0.281706 0,181479 

ADJutTID 
a• IQUARID a• IQUARID 

0,J47206 O,ZJ8407 
�.¼<,'¼�� 

, l·-· 1;,,,; ;l,t,,I>:,,; 

0.J46S99 0,U7699 

, _5.12 11 (2) 11(5) '11(7) 11(9) •• 11(12) 

,, 5;14" 11(2) 11(5) 11(6) 11 (9) 11(12) 

IUIIITI IIITN 7 VARIAILII 

CP 

4,02 VMIAILI 

- .. ,,, • *•: :m
-: ,· 11 (6) 

'11(9) 
1211cm 
1J 11(1J) 
,, )1(1S) 

INT1ac1,r 

4,06 VAIIAILI 
a11m 
J m, 
511m 
')1(9) 

11 )1(12) 
,s xcm 
1S 11(15) 

IN1HCl'1 

CCIPPICIINT 
0,00422721 
'•0,0156974 
•0,00317676 
0,00151294 

•0,00167624 
•0,04Sl1Z0 
0,0025J197 

0,571242 

CCIPPICIINT 
0,OOS1J44Z 

•0,0081951 
•0,0141461 
0,00146501 

•0,00111720 
•0,0409863 
0,OOJ4'44J 

0,267485 

T•ITATIITIC ir,.; 
J,4J 

•1,57 
•1,97 
1.eo 

•1.40 
•1,11 
a.as

MTATltTIC 
J,71 

•1,M 
•l,U 
1,74 

•l,49 
•1,99 
1.19 
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')1(15) 

11 (15) 

11(14) 

11 (13) 

11(13) 

� at.,t .. 5 Pndtctor llodal 
lot Llated In ._t Ten 5 ....,.lctor llodala 

• r! '� :,;,,, { '.•;; 

lacbard lt .. lM 6 ...... ,cter llodal 
"•' 

·•j t ,/ ,."> : ' 
;-,,•>:i),f1 � d'':i' 

• ;;.) l(l', 

forwrd lt .. lM 6 Pndlctor lllldal 
lot Ll■ted In IN� Ten 6 Pndlctor lllldal■ 

� '.t <' ' 
' 'J)}

) 
' �l '" l 

f-rd lt .. lM 7 Predictor lllodel 
lot Ll■ted In INt Ten 7 Predictor lllldal• 

·,,I 

·············-············· 

t- I }1,,,r_' ·',:'/!!'I'}•~ \::, 
~::,}-t't '~ -•'?' 

....... 
', 1 ~' 

lil\.1.-..-: 

,,,i'i '·' 
''):W,· 



llodll 1 •• All Poealble IIAIMt1 ... t 7 Predictor llodll & leckwerd ltePflH 7 Predictor llodll 

,TICI FOlt 11EIT 1 MSET 

IS' Cl' 
,o 1111.TIPI.I COIHLATICII 
'LE COIHLATICII 
rED IICIUMED 1111.T, COIi, 
JAL MEAN IICIUMI 
IRD IIROlt Of Ill. 
r1snc 

ITOlt DIGIIHI OF FIEEDOII 

4.02 
0.54721 
0,58924 
O.ZJl41 

0.001770 
0.042077 

J.19 
7 

42
0.0084 

I NATOI DEGIEEI Of FIEEDOII 
FICANCE (TAIL PICI.) 

!NAT THE AICM! F•STATIITIC ANO ASSOCIATED SIGNIFICANCE TEii> TO IE LIIEIAL WIIENEIIEI A IU8SET Of VARIAILEI 
,ECTED IY TNI Cl' Olt ADJUSTED l•IQUARED CRITERIA . 

................................... 

!AILI IEGIHIICII ITANOARD ITANO, T• 2TAIL' TOI.• 
COIITII• 
IUTICII 

NAME ClllfflCIENT IIIOlt cm,. ITAT, SIG, EWCE TO l•IG 

IEICEPT 0.571242 0.275920 11,9" 2.10 0,042 
(2) 0.00422721 0.0012J16J O.SII J.4J 0.001 o.530117 o.1as10 
(5) •0.0156974 0.0060N80 -0.468 ·2,57 0,014 0.410301 0.10297 2nd 11.,_t Caltrlbutlon to ■·• 
(6) •O,OOJ17676 0.00161419 -o.m '•1,97 0.056 O.Sll951 0.06020 
(9) 0,00151294 o.oooasaaza 0.255 1,IO 0.011 0,719956 0,05056 
(12) -0.00167624 0.000698809 •O.J62 •2,40 0.021 0.684202 0.0894J 
(13) •0.0431120 0,0208095 •O.JJO •2,11 0,041 0,6J09J5 0.06890 
(15) 0.00253197 0.0012J3J9 0.316 2,05 0.046 0,459403 0,06550 

ONTIIIUTICII TO l•IGUARED FOi IACN VARIAILI II TNI NWNT 1Y WIIICN l•ICIIIAIED ll0UU) H REDUCED If THAT VARIAILI WEIi 
ED FIOM THI HGIIIHICII ICIUATICII, 

llodll 2 •• All Poatlblo Witeta l••t 6 Predictor llodll 

me, FOi 11CIT I IIUIIIT 

fD 1111.TIPLI COIIILAflOII 
,LI COIIILATIOII 
,11D IQUARIO IU.T, COIi, 
UAL ICAII IQUARI 
• AID IIIOI Of HT, 
1IIITIC 
<ATOI DIOHH Of flllOOII 

0,199S6 
O,S47SJ 
O,I011J 

0,001855 
0,04J07S 

S,07 
6 

4S 
0,0131 

II NATOI OIOIIH Of fHIOOII 
1 PICANCI (TAIL NOi,) 

HAILI IICIIIIHIOII ITAIIOAIO 
IIMI COlfflCIINT IIIOR 

�, .. ca" 0,404160 0,141218 
•<Z> o.00469Sn 0.00156419 
•CJ> •0,00215065 0.001J0277 
M(5) •0.010JOJ4 0.00608455 
•<tZ) •0.00161170 0.000721680 
M(1J) •0.0418911 o.ozossn 
M(15) O.OOJ692115 0.00160697 

COIITII • 
ITAIIO, T• ITAIL TOI.• IUTIOII 

COIF, ITAT. 110, IIANCI TO l•IO 

UIS 1.65 0,111 
0.6SS S.44 0.001 0.452141 O, 19JOO 

•0.671 •Z,19 0.054 0.169656 0.07799 
•0.307 •1,69 0.098 0.495200 0.04671 
•O.J6S •I.SJ o.ozs 0.672JJJ 0.08845 
•0.569 •1,31 0.022 o.,m56 o.09216 
0.56J 2,JO 0.026 0.271283 0.08602 
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Model 3 •• lackward ltepwlH 6 ,redlctor Model 

SQUARED IIJI.TIPLE COHELATION 
IIJl.llPLE CORIELATION 
ADJUSTED SQUMED IIJl. l, CORI. 
IH IDUAL MEAII IQUAIIE 
ST AIIOARD HIOR OP EST, 
F•STATISTIC 

D.29664 
0.54465 
0.19850 

0.001863 
0.043165 

3.02 
6 

43 
0.0148 

IIIKRATOR DEGREES OF FIEEDOM 
DENCNINATOR DEGREES OF FIEEDCM 
SIGNIFICANCE (TAIL PROB.) 

VARIAILE 
NO • .  NAME 

INTERCEPT 
2 X(2) 
5 X(5) 
6 X(6) 

12 XC12) 
13 xcm
.15 X(15) 

IEGRHSION 
COEFFICIENT 

0.756732 
0,00364014 
•0,0119911 

•0,00352246 
•0,001511083 
•0,0522187 

. . 0.00261129 

' ,  .·' 
SQUARED IIILTIPLE CORHLATION 
IIILTIPU CORRELATION 
MIJIJITED SQUARED IIJI. T, CORR, 
IHIOUAL !CAIi SQUARE 
IT AIIOARO IIIOR 0, 1ST, • 
P•ITATIITIC 

CONTI!• 
ITAIIDAID ITAIID, T• 2TAIL TOL• IUTION 

ERROR COEF, ITAT, IIG, EWCE TO l•IQ 

0,264225 15,695 • 2,86 0.006 . 
0.00121855 0.506 2.99 0,005 0.569933 0, 14597 
0,00589071 •0,357 . •Z,04 0,048 0.530530 0,06ffl 
0.00164422 •0,436 • •2, 14 0.038 0,394513 0,07507 

0.000714826 •0,341 •2,21 0,032 0,688146 0,08000 
0.020805:S •0,394 •Z,51 0,016 0.664260 0, 10304 

0.00126449 . o.:s98 .. 2.01 ... o.045 0,439962 o._06976 

0,26988 
0,51950 
0,18691 

�� <:�: .:/�,J{l/) f'JWt 

0,001890 
0.043476 

J.25 
5 

44 
o.01sa 

IU4HATOR OEGREH OP FIHDCM 
OEIICNINATOR OEGHH OF FIHDON 
IIGNIFICANCI (TAIL NOi,) 

',�4,<1� " ( ,  i ? \, i � ., ,, , .-;,, -•�, COIITII• 
VARI AILI HGRHIION ITANOAID .. ITANO, T• ZTAIL.. TOL• IUTION 

NO, NANI COIPFICIINT 111011 • COIF, ITAT, IIG, ''. IWCI TO l•M 
•, 

INTIICEPT , 0,294943 0,253049 ,.m 1, 17 0,250 
Z X(2) 0,00425862 0,0012410I 0,592 J,43 0,001 O,H7S6e 0, 19558 
s xm 1 . •O.G169'0J O,OOH9221 •0,506 •Z,11 0,006 0,5J7929 0, 11748 
9 X(9) 0,00166493 0. 000859501 0,180 .:. ,1,94 . 0,059 0,793121 0,06226 

12 k(IZ) •0,00139223 0. 000709751 •O,JOO :.•1,96 0.056 0,708111 0.06J85 
1J X( 1J) •0,040ISZ7 0,0205961 •O,JOI •1,91 0,054 0,687627 0,06529 
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., 
Ind 11 ..... t c.ntrlllutltn to 1•11 

. . . 
L-t CGntrlbutlan to 1·111 

: ', } 

~r4· 
•:;,_·_::,,;;.; ,,•~ 'f ~. _,. 

,, \·:/•" ,i',;·· ,1 ,:~ ('\,'.•/•~-, _ _...,, ~ ,, ... ,;. ~. ". ' ,-'1 

All ,o .. lblo W.ot• ... t S Predictor Model 
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