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t;" Dt,.,rt_ntQrEc~trlc:: •• Qlhl'.r.lty'or 'Hew :Qwla;ntl4 

Ar.l~l. 2351~ AUt'fall. 



l.. J'Q.$~~I. 

SJMetM, "Jd.MVntl.h •• JOt.~ftor ~trlct,._tO 'M'l ' .. 

tb. HVIlor-ntofptoeCMiurt* tot"t ,t:tw ~lrl.~lOft ,Qr..,1,lf31.,.I •• 

lbl •• rtlel ••• ts with t •• tlJC 1\Oft-M.\·td(ot ~MPlnt.) ~l.~ 'Yw. ~l', 

.... _14 \0 ·.~·_lld· ..... ·ObtIla .~1.1 ....... fl., Qt_ •• t.l~ .' 

p,t,r,..t.r ,.trlct'ou..'thol.t_~~' •• :,,~tl.l_tt_ 1 ... t. 
wltblt\ f.Mcoot_' .la.tlcl·\1 otl~t;l'.t'l._. (ca)pt~tlOQ,I'*~tl_~ 

If. on tbect.btrMnd. . .. ·liOdtl~t M'.tnt .... , •••.• ~1.J ,e&W; ·or ,
other trl par .. ",,, , •• trlct .•• s, tM,~ll·'" ._ ...... tAt.t~ lit _11. 

econolllcI ,lw.,.I. tQ-.,' ll.t~ lA~l~bD>lt"'Mlt" ... I •• t. 'M'. 

e)QWlne<l •• ~t. •• scrlptlOft.or.' .. " ~ toll.'.'. ~ .. l,., 
sbould .uC:flce\t;) ~. 'UdSt 

tl) Ho4fdtl.Y dlrr.tlnfunctl0\G11.f"nt. 0IW4 \M~ilJ11 

f'tWi.C\lQftallotUvl11 be: ~,-Mltt4* 10r...,l1: "*' '\faY,lab'. 

eel'ast1.e1'\y or .,.tlt-utl. (VESl .... 'CD~tl_t\¢tt"t 

fl· 1 ) ~tl •• ~l •• ,dltrttrlb l""dellftltlOJ*or..,lQatory 

varltbl,...For ~1 ••• 0h'1, t'O~"'I'.Y 1IM41ft.r.t 

GeflJ)ltlons of .~tf14prlc. ,.... :for ..... 1..Sb14Hd .

White (1,9I9JJ"qal.n. In ~,d~.\.1"'f41rr.r.nt 

d.tln.lltons ut Jnte .... trat •• , be 11'--

tl11) SoMtl •• d.ltferont tMort •• , btl .. iabou.ttbe ~tlOQt~tl_' 

., •• 11\8 t •• tcd" At t. ... f$d ~t tblw ~ .. rt ,g·_lrleiAt • .,t. 
ts &tvenoft •• tl", tbtt Ab$O!utt ~.Rel.tl,"' :l~bwot-.... 

(lV) .1..l ... r and lorI.1 ..... fo~1..t.lont '.,. .-t·, ... ~r_*, 
T •• tl ... btl ..... Cobl)·DouIl,.srunctl,og ''11th .w.ltlv4 _ 

.ltlp.l1cttlft ,error. t •• _...,le. 



Thl.,rtlclt1tl'lfl pC' .. ,...r .. v.l.ct~ltJetltIOftt."tIM 
t.tMlq"*"~SftY.r.l.~ctll.nt ·Md. ~"'lY. _ht.vl ... _lrol4v.xt.t., 

rot' .PMraJ .,.clr.h~.tlOft t •• tl_ r.f.r~ 1 •• 4;t to'.,.. .... :*11 (.1.,) 

and HI c, lnnnn (1t91).. Tht,at •• or~-•• t"t •• t.lrc t:h1 •• beft·,n,'i'ftdby 

Kadtll'\lWn. (1913) an4HcAleef' (lm).~tth 'U.lattet.tttcl.bidrc t ... ·uur. 
of MUCh of thtt.ttt,l.l cov'ttdbtre.a.tbclr. 8ft att..,t .1. belna"tto 

brlQl .,. ottb.Nslc nm.ltstoapart3cularlu41tmCe, ,.,. ,ppl1ed~,rk.ra 

who hay. Mltber tn. ~ralnlDi 'Mr lncllMtlon t.o _..., .. tw. •• t ()f:tbto,retlc.l 

.~trlc dtvelopMnts. It. 1. ~r •• """" tut,"'t •. I$velllalt1y 

tboroupcroundlna tnrqreilion & ... 1)'81 .•• 

It Is boptKI thatr •• r. Who II". unr-.l11ar wlthtbe te~lqwt. of 

tell,lnaMn-nesttd ~l. will r.allp bWNtfytMy ,are t.o.pplyt1U'~ 

artlflclal "lr.,slons* At the .... tl.-. tM .'.1" to. p·re.nt :surt.1cl~nt 

theory to Iyoid the trJP of .. r«t1y pl"enntlPl • cookbook' nc.lpe ... 

1be pIa of u~ ~ptr 1. a. tollow.. Stetlon%.!" ... S()Mlpneral 

prell.inar1 •• ; Sfctlo,n 3 .bow. bow tho Coxprlnclp18 CIll be utl11~edby 

cQnstructlnacertaln artificial rear.salons; Stct.lon 4 cou14.r_anotber 

approach - that of artiClel •. ' Metlne; Section Sa •• l. w1th .. t •• t of 11near 

and loa ... llnear .,.,s.ds; Section 6 ,lve. an ...,lrl":111 exu.plft' and. Section 7 1. 

a conclusion. 

ta) 'etJiUnq.~ '2l~ 

Testlna n •• ted hypotbttsts (for exaapl., 'Coutant returns to scale 1n a 

Cobb-Douala. production function) fora. a funduental part ot any e.1t1t1lentary 

eeonoHtrlcs eour.~ and ha. been atandardpractlce aaona applied worker. £o.'r 

decades. However. at least Wltl1 recently. Ute approach to non-ne.ted .odels 
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bas been dlfferent f with the .~hasl. on dlacrl.lnatlon ratt)er than te.tlna" 

Thus. the beat aodel 1s. chosen on 80.._ criterion ofperforaance (or • ..,1e 

explanatIon). such .. s R2, ii2• Ale. etc .. ,tQ,etberwlt.banad .h4e petru.al of 

slgns. 

Tn,re are two fundaMntal difierenc •• "tweente.tln& 'andtbe lat.ter 

tlpproacb. FIrst. when the belt »odel is souaht. ont'lOdel v111*lway. " 

choJlen. In tbe te.t;lnafT_\for~. a~l iI04.1-.J.,ybe (.net often .re)r.,.<:\t<l 

a.sbe1na lna<!ctqUJto. Second, a. *~lMOn (1983) point. ~t. no·n-ne,t4Kl 

to.la,ro testa 1n the usual .Inle. ao4 problbll! thl. of lw.».rtect, ".Jectlml 

of • null are .s.laned. NQ such prcbal>11.1tl.1 exlstln. tbe~1.ctl.1natlon 

appro.ch. 

tb) 

L.~ .. QS supp<u;. that the true dat. SftMrat.lqproce •• (DGP) of .. r~ 

variable y is known. It..ttlnd. to rea$O,n,tbat Insueb (unr •• ll,tlc),;a .. f. 

we should be able to predict th, perfofMnCe ofanyllQdel '.tall "blehS* 

postulat.edto describe the behaviour of y. In ordertofl)(ld ••• , let us 

aalAe the OOP .1. known to be 

y -"cPo + tlO' E(U~') .cr~. 

with the par_tel" flO and cr-~ known. A MOdel oftbe ro~ 

E(UZ,. tl'Z t . 1 

1. postulated. wberethepar.-terl -1 and,O"~ .ra not .knQwn ··Qdbavet.obe 

estluted. Wowlll take ;~ to ~· ••• $ure orlbt;i per,foruneeof tbe~l. 

It 1. nov qulto ••• ytosbov.on tbct basi. of tbe DGP, that 

(2.1·) 

where 

(2.2) 



\Ie no to Inpa •• lnc, t .. tE(;fJ 1..funclb,n ·o,ftl\e ,Plr.-t.t.,..O' . .,~. Qttl'* 

nGP. 

Thl •• bll1,tyto predict tho 'J)trfo.-.nc:CIt. qr.lIQdol ont .. -,sl- ott .. 

DGP ot the 4ependent v.rlabl. 1. thlk.,y c;onceptln t •• tlq $)~.:ue.t;e4 

lIOdels. andwaa flrstutl11ztdby CQ)( ll962l. tn.',Nne,l t 1-.~ •• 

follows: Anullhypotbeal_. HO' 1.p9st .. l •. tedtobetIwDGP.Anot.ber 

hypothesis. H1, 1 •• dvan* .lU\dlt. por£Ol"Uncolspredlct.a 01\ tbtbi.l$of 

tM null hYPQtheals.tt tbt IPta) .per:for-.nco ;~ t.cloHtoltuPtf<ll¢t04 

perforlW1CfI'.tbenth18 sorv •• a, confl .... tUmof ."o~ Ontl.othotl bQd.lf' 

tb. actual pertorunee 1. nowbere ne.r wbat had b1'enpredlctflld. th4tn t_, 'A1l11, 

hypothesis "0 will be reJ.cted. It 1. ctuclal tore.llz. tllatr.Joct.lq.HQ 

aakes absolutely no lapl1catlons .bout tbe.cl~cy Qfh1" 

1blsappr,oach DC coaparlna aot.ual r •• ult.w1th tllo .... cttKI un4 • .u~ ,. 

null isfu1U.ar to anyone wbohas done. eletaentary,tatlatlc.cour,e ln 

tb~ fora of %,2 tests for contlr.aencyt .. ble.~Tber. 1s bwover .cnlo1 .. l 

difference. In the contlnaency tabloexuaple.tbe null andalt.rnatlve.,.. 

Jo.lnt..lyexluluatl \J'e - one austbetrue. Thus. r.J~tlQn. oftM null 1.,11 •• 

acceptan~ ot the alternative. In thee ... of non-n •• ted~.l. I'towever 

there are. in princlp16, anlnflnltenuat>Gr of 81 ternatlve bypotheses. 

(c) 'eo.tln4 ~~r... 

~ere an excellent discussion by Ml4cl1nnon(1991) 1. closely ·followed. 

Let \tS consider a veryslJ1ple aodel Cory. viz. 

"0: Yt • iJo +1I1)(t + ut t 

wblch 1. belna te.ted by theaddltlon of • valrlable %t. Many w-.ontests 

are oftbi. fora; for ')(Upl.. tbeRESET toat. te.t. :for autocorrel.tlonand 

teats for oltlttQd varJabl ••• 
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If a regression 

lilt 

(1) the stand.rel error of " ... 0: 

'" where iJwzlx 1s the S$lopecoefflelentobt ... ln'" lIlten the r •• ld~l'fro .. won .X 
·fto 

are rC!grftssedon thereslduall froMz on x, ThuI,,- 'OWheMllff 11 '..nd '~ 

(purged of the effector x) are correlat.~d. It f()llow, ,~tln.u¢h e •••• 
~ 'M- •. .. .. ~ -' 

tfr). thet-statl$tlc of' .,. vl11 \)O,lsn1flclJ ~vbon tht.a.ple 1. latg" 
~ 

even If " • Ot thUG. a signIficant t(7) tfJ'llstls so.thl~ lswrol1lWltbHa, 

but doe. not tell us tbo .upenteci .• odel 18tr ... o. Any ~bo'lcedt;z; 'prQ"v14ft t;i 

it 1s correlated wlth the true variable 11 once t~ effect -or" 1$ ;ro.ved. 
if/I. 

wl11 slve rise to aslsnl£lcant.tC,). 

As we wIll see, the .ost convenient way of testltm .n(m"'1l~.t.d.JIQ(1el.1. 

to use the device of a~dlng av.rl$ble ·aM ~xa .. dnlna.lts .asoel.ted t 

statlstlc.f'rol\tbeabovo analysis, reJection of • .ode'l .Aol.y.nothln, 

about another aode1 B. even when th,eadded lIar.1able laOerlvedfrol\llCXlelB. 

This leads to a vital feature of t~stlng ·non-ne.\~.odol': SUPposethflt 

Inltla llyHo 1s llOdel A. fQllowln$tbe tefiit~ .octel Bbeco._ 'Uo-ndthe 

testlns process 1s repeat"'. It 1$ clear tbat four outc:o_.ar'pt:)JI.~bl.; 

(1) Botb aQdels are' reJec;ted as inadequate; 

(11) Model A 1s f;;u::ceptri t
, wbl1~ .Qdel Bis fttJecte4; 

(111) Hodel S Is tacc¢pted'. wbile Jl{)(felAlsreJ~cte4, 

(Iv) botll,.xiels are "af;ceptEKlt .. 

It, lsQnlywlthtbe bUilt QutcoJ\e tbat (UScrlI11J\atloncrlt,"J"1a.sbQ'Qld '~. l,l.~ 



t.o <:hQQ .• Q tbo"st, ,~el. 

It. cru~l'lqu,"tlon Inany sp801flc.tlqn t •• tl~tonte)¢t J.s:th. ~. of" 

theproc<tcture .. tbat 1s..theabl11tv of th. t."t tQ4etietlna4~qtlaQl .. ';~n 

the MQttel 'W~lcb i.belng te.le<$11 follQWln.& 1)'vlcl'Qn~l '*~lM1;>n(l9B'), 

let U$ $upposetNit tbeDGP 1.1 

and "0 .1$ ,lven by 

Ch~.rly, 8
0 

1. In.<\~q\l~tQ ••• thlll lJarlabl •• lnQl\\d.od ·lnW hayo~n 

incorrectly ~ltted. 

PavldsQn ~ HacKlnnQn U98S) have .bownthat if nO lat.,tedbyadd1ns 
r var!able1$ to glve 

th<,n th~ power of tho test or 'I • 0 to d.toctlnI.4~.clo.1nBO 1.d.lrOQtly 

related to a scalar hor tbe fora 

with a2 arl$lna £roll the rearosfllon of W~O onZ.. onc.t)leetl·ect of X bas 

been reQoved.Davldt:on ~Ma.c'lnnon draw tbreelnferenc.tUl IrQ. (Z. ~) ,: •• 

follows: 

1 Th~ factor n ... 1/ 2 .u1 t.lply1naW4o 1s for t,cbnlc.l re".o.nswblch need not 

concern us bore .. 
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(1) If cr~ 1s large. the power of tests wlll be low. re,ardless of the 

cbolc;~ of Z. Thl. reflect.s the ()Dvl0usfact that 1.£ 'I has a very 

substantial coapcment of no.lse, then 1 t w1.11 be dlfflcul t to 

urahall enouab ovidence to reject an incorrect "0' 

(11) The second r.ctor 8bW' U-po.)W"'O/n refleQts the dIfference between 

"0 .p,d the 'truth'. that 18.tl\e DGP. If t.lle ollJtt.ed tel'll. 

n ... 1/2 Woo' 1s haportant rel.atlveto XlJo' then th1s factor will be 

largo and the 1nadeq~acy 1n HO .bould b$ pIcked up. 

Ul1) n2 1$ the only fllctor Involv1ns the altern,tlve bypothesi'. If. 

Mvlng purled tbe effect Qf X. W'O and. Z are ftrQna1y correlated. 

tllen h will ".J-;I larse ;and a test or ,..a will ~ powerfulln 

dt'tectlng inadequacies in DO. thIs result l.p1108. trade-off 1n 

d~slsnlng • ~owerful test of HO. It Is, ot cQurse. ~l~ay. 

PQI,dble to Increase R? by sl.ply add1ns .oro var!able$ tQZ~M 

F ... test of '1 • atlas degrees of freedQ. r .. .nd •• where r i_tn, 
n\lll~r of vari.bles 1n Z Jnd 17# 4epencls en ... ple sl~,. Itts 

well..,known that tbe power of .nF-te"t 1s pxlJ,ll~ed ",b"n r 1 • 

• ,11 .. nd ill 1. 1arse. Thush addl~g varIables to Zlnor" •• ea 

power by Incre.sJ.ngn'2.. b\ttdecrea~es PQWftf by inct'culalng .r. 

It follows that In deal.nlna a PQwerr~l test. the colwan c:U,.et\tl,'-onof .Z 

should be as $ •• 11 as posalble. cQpenSufAte ",ltb the 14e .. .1 Qf be1na$sQlo$e 

to the trutn as posslble.One Qf the .Jor rEt.sons forteSiltlngijO a.s,ln_t • 

non""nested alternatIve as QPpos~ to t.l~lng.s .. y,th" RES£T telt. 1$tbat if 

tbealtenlatlVe .1ao lsbaseel vl\ econQ;IIlcth"Qry, there!$ a gOO<tCb~"9~ tb .. t. 

th~ tlllp,entl'ns "art.ble!s). Z, vl11 ~ hlably eorr~lated with any -omlttet;l 

varlebles IndO' 



3. The Cox Principle and Artificial Regresslonn2 

In the previoQs section we defined th~ Cox prInciple .~ a .ethod of 

va11dating a model (HOl by ~o.parlng the actual ~rfor.ance qt anothlrlT MOdel 

(HI} with the prediction. based on "0* of thlsperfor_ance. Sox (19621 

applied this principle to tbe losaritru. of the lik;ellhQod ,·~tl0 obtain.ed from 
... 

HO and "1. ·lhus 1f Lo«(Xo) Is the ,.axla\1l& val\1e of the likelibood of a sallpl~ 
~ ... 

r::f y values when "0 Is po.tulated. and Ll (~1) 1$ analo$o\uJly de.flned for 1f1' 
... 

then !to' the 10sar1tbll of the llkell)lQoO rat~o 1. 8~v~n by 

.. ... ... 
l,O =- 101 Lo (aO' ""f log Ll ("1) .. (3.1 ) 

Cox proposed tbat HO be ev.luate6 by fln~ln& the $lan1flcance of • $tatl.tlc 

In the above. eO I\eans tl\(.t enpectatlonasSQMlng "0 to be the :OOP.. We have 

alr~ady notecJ. 1n (2.1) t~t Buell an e~pectation w111be a !\lnc:tion ortbfl 

para.eter~ of the lXiP- here "0' As these parueterfil 'Would in pr~ctlco nf!tv~" 
/!II 

be known. they are replaced by consistent e$thlates ~(). 

If To 1s ·01058 to zero'. then the likellhood rat.~'O Is elose t<> WAAt.lt 

would be c)(pect.ed to be if "0 were true. on the other ba.nd. (l ·1~r8e· 

pQsltlve Of' nes",tlve value of To would Indl~.tf;! dltScrepartcybotween ac~u"l 

and f.I!)(pect~ likellhood ratlo$ •• nd ben~& the vallditYQf HoShQQld ~ 

i i. "' 

2 The Jnathe.atlc~l tte~t .. entln tbls sectiQn 1s intended forrea4er$ who are 
faal1J.ilf '11 ttl rearO"'lcm th~()rv and are lnteref.ite4 1n tbe prosr'f#llqn from 
the prJnclple to the fl~l test. slven at the en4 'Qt tbe .~ct.1Qn~ 
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doubted. Cox ~l'o dertv~ ~ expre~$lqn for Y{~pl •. ~~~; v~rl~c~ Qf To. ~ 
showed ttli~t for large supl.,s, and \IDder Ho' 

[ 
1/2 

No • To' VeTo)] ~ NCO.l). 

P", .. aran (1974) was the first to applv CQx' S r~l\llts to eccmometrioQ ~c:l 

sho~ed that for linear non-nested bypotbes,s 

TO and Vo are given by 

and 

where 

and 

Uo .., N(O, cr~I) 

2 u1 ... N(O, "'11) 

(3.6) 

(3.7) 

It Is instructive to note that each of thQ quantltlf!$ InTO .anc1 Vo c~ be 

obtained by appropriate regresslon$, as fqllows: 

<'12 <'12 
(i) frO and Q'i are routinely obtained by revesQlns y on )Co ami y on Xl' 

ref.ipectlvely; 

(11) ;~O requires eval~atlon c>f (Pole)' (I-P1 )(PoX). This 1s tbe errc;>r 

"" SUM of sqlUlrefJ ""ben the pr~lctlQn Qf y froa HO (PQX .. YO) Is 

regressed on Xl; and 
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till) The e~pre".lQn Y'"PoP, tl"-PO'P1PQY roqulr<tdto .va:l~t.VO·(~Q) lfi;th~ 
error $WIl of squar(!t" obt",j""cl w~_p tho'pr~lQtlpn~ fr~.. tht 

r~8reSQton (11) flfe r~8f~S$ed on Xtr 
Thus, evaluatiQn of No requires four re~resllQn$: (Jl) "I on "Qj 

(b) y on Xtt (0) thQ pre41<;tlons (If Cal Qn Xl; aM (Qi) tho pr«=dlotlon. £ro_ 

(c) on XO' ApproprIate QutP~t$rro. tb~se resrefiudonlJ .l,sttben be· CQ.ibln.~d 

acoordln~ to (3.4). (3.7) IU)d (~.Sl. TIll ... la a very cw.btt r If 0 •• prQooduro. 

particularly 1f Many mQ~els are being tested. 

Fisher and McAleer (1981) repla<:ecl TO by an ol.fpre.{islQn wMob 1~ 

equivalent when Ho lstrue and the ~a.ple l.rge~ 
.... 2""·2 

If "0 Is true, tben at ht'5t for larat samp lfit. ' 0"1 N. Vio' !bus,w, Qan 

wr1t. 

""2 ""2 "'2 and (0'1 - 0' toller 10 will be small relatlve t9 1. Apply1ns alTayl.or~ ij 

expansiQn. 
"'2 ''''2 n( 4'1 ... 0'10 ) 

To ~ TLO • 2 ~Z • 
c.t1Q 

(~f8) 

wh~re TLO stands for a 'llnearl~eQ v~rsl()n' of TO. The v~rlance of TLo ls 

the $ame, in large samples. as that of To' Th~s. 

from (3 .• 5). 

(3.10) 

Two pOints e.~rge fr9al(3. to}. The tlrf~t 1$ that It 1$ OleJl,f frQ. the 

n\ll\~ratQr tb"t. Nt-O ill a,$$t!'f$1ns the $lgnl£,lcan~" Of;~ :rela.t1.ve tQ;~o .. 
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aJloth(:!r form of the Cpx prln~lplEt. 

The $ecQndf~ature Qf (3.IQ) 1.$ .Qr~ t.~plln'~~l. > ~~t.q, ~\1PW~" .. 

regre~slcm 1s Pf'rfQr • .,d of y onil sin,}, v.r~a\>l~ v. 

oft. 

The t sti\tlstlc of l' 1$ ,lv~n b)( 

If now we consider a regres~lon 

(3.11) 

where Po is given by (3.6), Comparing the denOMinators of (3.10) and (3.11) 

we see that if we define 

then NLO has the same denOMInator as a t-statlstlc. Also, as NLO has a 

standard normal distribution 1n large samples. 1t seeJlls very l1kely that NLo' 

or an approximation to It, say 1n fact be a t~statlstlc fro. an artIficial 

regression. 

"'2 "'2 In fact, expressing ~1 and v10 as 

some algebraIc m.anlpulatlon on the nlUle: ,"or of (3. 10) together with a 

further apf 'oxlmatlon which has no effe ... t ,,'hen the sample 1s large, ,yields a , . 



cI!i!I 

Vb_" we co •• ~~At". (3.13)wlt.h :(3.1'1') It. J •• pp'~t t.tNAo '. ;~t"l.n 
tbe ·.rtlflcl.l T'.,r.'.'l~* 

Is per:lor1d(J, •• v 1"ton by(:). 1~1* 1.stlna dc .,lln.tK1 1stm.. 

eqtlt'vab~,ntto t •• tllftl ,-Oin. (3*tl~ by,," .tabdanl t.,.t~.t. n..f.ctQl.l 

ctru,=ture or U)e varl.ble¥ shoUld btf ~ .• ~llelt.. "'oY'.XofXQ)ro,·I'XOY " . . ~ 

x .. '0' wJdeb 1. tI)t OtSpr~lctlonflt ,obt.lntdttOil '10" Tb~. v·, ',7:0' 
Applylq tho. 'I"'ft ar~ftt .Ial~ Wt'd) :tt..T1te 

. -
wber'c'ln .an,s the predlctJ,cft or yo~y tht'rt,rt.,~r. of HI" ,We '~' __ • 

auch t!tOre coft"ente:r.t, varIant. or' tn.CQ" prlnelpl,e.. tuo ,,-.r ••• l<.mSare 
"" t.,qQired t,. e~n.truct v .YOI" "l'knth4t.rlltlct.lr •• r •• "lon f3.11) ,,1.1dS 

a slapl. t,fts! or ., '-0.. An a4v&nta.ecttbtsproeed.ur.Qvt't'cU,r,e;t 

11!aif:ul.tlofi of HO· •• livln ·byt3~4J. (3;'l'aftdI3 .. $) lli tba\OQ,'ly 'thr" 

":lr"ssl&tft'8teneedtd: lolt_ltl ,01 tour ..JlOweftr.JllUCbltOre,.lpl.rleuttro. 

acuputa.t1onal $lOtnt of'll!" Is that tMt.lr."ttlftpr~lt_ autoaatlc..-l1y· 

fi,lcul.' •• the.r.lev_nt t-st.tltt,Je OMbl",. 1;""c~tlOM~t.ttOM 

lnvoJvl-dll1 f.1M~·ftI· ·NO to" ·lwlde4) 

W •• r. now In. POS'tt,OA t.o at out :8 s'_I". ,rllct,l;t;d 1ltl~ tor 

t •• t.lftI bttt-.ntvo noft"'M.tld b~tbf_'" l' 1. k~ •• U)O JA·te.t. 
If/I, 

{.l)lqr ••• , ,Oft XOlll cbt.,SIl.lq 'Ot 

• • 
(1118"'.'.'0 Oft I, obt.1nl_ Yen; 



.' till), Mar ••• :ton.; aM· 'Yen,. :Pttfontll,.'.:t-, .. tOtltht tMtflCl~tQr 
., 
'or 

It l"td1l ~ottr!c:l.tll;l~dp',rle.t. 'flO 1. ,r.Jttt,:t"~~O-:.l,r.,:ftOtt 

"eft:rMda:d l:blr,~roe~"\1f.r.,..l",.A. !_\I~ ,.rll.r~f'" r«iN'l'.: \lb' 

Ho abd ".art<:,powJlble" 

A wry .J~lt!e if· "'dltt.teQt._t .... bt J4-t..t ~ t_ ·~,t"tot' 
~1.:1.~~I.fl.c.tt_ 'e'Qi 'n<N. _ppr~l.ttd,.lat .. JA-tHtttM .. 
a~rit'. vlrlabl. VOl lfttorpor.t:t. :1'",o:,.tl,(8 ,trOll' :tt..,lt,rutlft; I. 
bypctkalal1 ... it ·bU· ·.bMnfA)UdM4 ".,f.ctnlill 1".1.. ',.,u.t.,qI! 

I'll 

Ht ~ 1M Ra~ttU,t.Oftt.o'btr"'..l.~ ..... i ..... t'..ct,l., '01 tQ,I~\' 

80, 

'fJIopo,.lblllty of obta,lnJrc * powerful,"l •• MW' ,*pp*r.t In t.r_o( 

tM •• rl,J,.rdhlcu •• ton~Flr.tj i' .• ttw.,..l :l •• ~ld ·bf·t.t •• 1rI&II 
iii< 

"'"triable Yot'" i. I .... ' c. ""l,l a.lt, ~_. ~, If.i• '"tlH,.,. 

alt.tnltlv •• ~let_ry. tM,.I. U.- :ptt,Iblllty ("r""pr~ll,lt.r?) 

Uatthea2 o.f(2 .. 31 w111 M larp. 

Fl •. l1y. It.-boulel be. DOled that lttH bypot .... r. iftOC,\-ll •• r. 

e~letly tbe PM prOC:edur. 1. v.lld.«~t thalMO-l1Ma ... rqtt'.'.au:wt 

be uMd .. 

4" tbe~r~l!:~el.l •• tl!!1_Oltl! 

COftttderqalntbe 1.'*0 IIMlrbypotbHd 

HO~ y.. .. 'Uo .; 

Hat y. 1,'1 "Us ; 

whore for tt.Rof .xpo.,\tlOft. wal ... ; "0 .and·Xl are l1M,tly 1.~t. 

An obvious ""y 'to t •• t tMMbypotbt .. , 1. to·art.ll:lclI1ly.,t.tbt$ wlthlr.: •. 

.c:~.lt. '~1 Hell,Yen .~ 



flc;Y • X,O ,+XI' 1 IJ\I " 

1'hfIn 1t1 .O 1..,110$ HO' and,O· 0, llPll.~ "t" 1~ •• t •• t. can_ .catt,lecl 

out by tt.n4ardF""t •• t..A ptobl\'*,,'~ ~r:.r.l.t •• to t,M~r6t.u¢b 

t •• ts..tr.tl-ber Xc 01"11 (orbotb.) baY~ 3\.'1",. .,~rQtcol'_ •• i thlm 

rrQa our •• rlter dl,cusllon.the d .. f'~'* ()t fr~ iln 'tbonu.er.torot t. ... 

P .... st.tl$t.lc.r. l.tao. ..spotrNr 1. ~lly dlabdaMd. 'FUrlhe.-.or' • ., It 

the col\lliln$! of Xo ,and ,Xl".bl",ly collinear. •• otten~~.~ 

Mult.lcollinearity would further reducepowtu"'. It 1,tber:troreqQlte ,11"1)1 

that ht.ts ba$.t on He would rejtct MltbetHo nor II" 

The _at Hc .bovell1ultrat •• Just oM Or an lntlnlt.n~ror ?lays 

tb~t two hypothese. could be artltlcl .• l1yn.eated lna COfIPQalte liOdel. 

Davidson andKa~lnnon U98I) considered two non-}.!,.., hypotl •••• 

"0: y. flXo' IJo) + Uo 
Ht : y •• txl' "1) .. 'U1 

and Gugested no.tlns the. In the .ad.o1 

(1\ .. 2) 

If Ct &' O. tlwD 80 Is eott.flrBd.. wbl1e .- 1 t.-plt •• S1"lnprlnclpletnen."o 

could be tested byte»tlns « t\! U. Unf'or.tunatel.y tNt .par_ter« 1n C4.21 1. 

un.!dentlfled. DavlfA:;on and KaeKlnnon ...... "sted that a al..,lo solut.1Qn would 

be to re~.t.~ee afXt.tt1) by it. p,red.1cted value \Jn4erHt " thua. the cOf'po.lte 

aodel beeow.u; 

". 

H~: y. u-Q.J(exo.PO) .. q(X1 "1) + U • (4.3) 

It, test of c; .. 0 ls known &. the J ... tost.. and 1. a routine t-t •• t.. Uslna the 

notation of tho last sectlon 

... 
H~: y. r-'Xa'-a' + Yt - + U • 

shevlna the siailarity a1\4 the d.lffe.renee butve:en t.he J- .nd. JA. ... t •• ta. 80th 
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tests us. an artIficial resr ••• 1Qn. obtalnef! by a~ntlna the null 

hYJ:otbes18 by -llnal!. variable. Both telts, are ·,one dearee Of rreedo.' 

test. and hence likely to be ftOro PQWerful than tho dlr.ctc~p>slte approach 

{4.t). The dlfferenee l1el In the aupent1na varIable. For the J-test, It 
,. 

1. Y 1" Thus. the J-teat only require.. two relr~slonn. An a.d.vantaseotthe 

JA-test I» that vhentbt hypotheses ar. lln •• randtba dlaturbancesnoraal 

tbe te.t ,1sfJS.l.Ql.. That 1 ••• venror_l1 ...,1 •• It. IproduC4tte.t. or 
correct size. Tb& J-t.lt. on the other band ,is not~ct,. AldIn sail! 

supl.. tends to reJect a true Hatoo t)ft.n. ThlsdlJadvant ... of tbeJ~t •• t 

Is counterbalanced by Honte Carloevldenc:. which s .. atathat. it 1. usually 

• apre :pcwerfulprocedure than tbe JA-t •• t. 

W, ,..ot. that at'hOtb«r t"t. known ..tbeP .... t •• t. ls a110 baHdQ-D the 

cOllposlte Wid~l (t 'U Deal'". eanber~ In Davld_n an4ltu:KclMOft 

{19811. Godfrey andP.nran U9831haveder.lvedprOCHUf'esfor correc:tlD8 

the 81=_ of the J-tellt. Howv,er. attbe *_nttlWr •• r.noalatplt!t 

procedure. wblcn ':oclnetlm slz. cMracterlstlca Or .u.. JA"",t •• t ·andthe 

power Qf tte .I-t.,t. a.alOnableadvlcelsto altlays ~alcul.t. botbJ-and 

JA .... te.t ... 

Anlnter •• tlna synthesis of theCoxaMartlflc'.l M.t.l .... approaches 

w.s.,lven by o..toof' (l983)..,tn thl#i artlc.leo..toor ~U.llH • v.rlantot 

tbtt Cox prlnclple tono,n~M.ted linear lIod.l.. Wbtraqo,)«:coQCentrattiion 

tbe l1kellboodrat!o, 0.$ too I" der1,v" •• t •• tba,," Oft ·u..ctu.,l·par ... t.r~. 

of' lnt.rut.·.. CoMld,erlnc(ln ournotattOJll tM two IlftftrhypotbeatS 

E(~)."~l 
2 2 

Ehl1) • "II .. 

..'" ..... 
1l .• "'I -litO 
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~ ~ 

whore #110 lstbe .",peet_tlon or"l~~ft ·He.l. \nHt.1'bl. Is J~l~ltt. Cox· .. 
,~ 

prlnclpl •• pplled to the 'tJ par~t.r..He ~. u.ttbt 'a,llP'U'lcanc.or :, 

c.n be ."'''.I.td byte.tlre I ,. .~ In tbte~.t t ... 1 

HciY • 'XrPo .' .Xl~"'u • 
'Wher.- Xl con.lsts o.r tbo.. colUIIIM of 'XI lIblcb are l1nt.rl.y Ind,pendt"tor 

Xo. Thu. the .t"-t •• tof u.COI$O,lt •• el dl.~.JfCl •• rl1.... ~In.lto .~ 

Interpr.ted a.. variant or tbe Cq)(pr.lnclple. ·FutthenaQra.n.tt9Qr~.a 
.... ~, 

that th. J .. and JA .... t •• t statlst,le.can be writ-ten In t,M,''Iu·.''·'''o ;andb#1Jo 
wher. 1.' and b f are particular row vector..Thl.d'ltOutr.ttdt~t t ... 

'!II 

telts also canba viewed •• t •• ts.bout; tbe ))I.,..ttr.of ll\t ..... t. ".,al"O 
... 

and b' 1)O are ,calare. te,ts ontbelr'111l1rl",,~vll1 cl.arlybt ·o_de,f" 

of free4o.· t •• ta 1n contra.t. to tbeCQll1O'flt •• _l·approadl :whlcb m ••• 

.ny do,r., of freedOll .s i MI colUM'. 

5. Te.tl!'1LlMar and Lo,-LlnearReI!!,ss.on :Medel. 

aerare.dlscus •• leneral _tbod. 4. to Ber. ·QdKeAJ .. r (1989)., of 

e4lrrylns a1.lt such teat •• wewl1l return to tb •. attlflclll1ne.tlna pr~"ur •• 

Ue recall that to telt 

HO; y. f(Xot.O) +uo 
Ht : Y· ,(XI'''I)· u1 

DavIdson and MaclClnnon(1981) proposed the ~.lt. ll4del 

and 1\ test of ·Hal. equivalent to t •• tina c • Din Hc· 

We: nov ... wrlte (5.1) •• 

(5.1'-

(5.2) 
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* Q ~ 1\7n 4 ~ ,. 

Asy-f andy-s tr,re- U
o 

and u1- respeetlvely.thl$ £or.ulatlon 1. eql11valentto 

nest1ns the dlaturbimcea. If wenowdlvldo (5,2lbY 1~". WOQl>taln 

where 

Thus, testlng (l • 0 Is equlvalenttQ tOlltil'll1 "0 in ($. 3).A~ul 1_ 

unobservable, we ref,llace it by an ob,erv .. blepro~.Tbe:J-t. •• t ~. ,obt~lln~ 

by repl,clns U1 by 

"'" ... 
1,11 .. f - 8{X1"B11 (5.4) 

~ ~ . 
u01 • Yo 'I- sCXt,,si> • 

A ... 

",bere 1311$ obtaJned by re8r~s~lng Yo on g(}{l,Pl)· 

Oneil thl$alternatlveapproach to the construct,lQn;or J.. and JA-t~lJt. 
~ 

has been apprecll\ted. it11i very easy to~onstrUQt tl\.,fetest., for J,Jn,ar ·anA. 

log-linear aodel$. ConsIder 

llO: log y • ftX.Po) ... Uo 

H1: y II! g (X. PI) + "*1 • 

By £0110w11\8 theabQve ne.tl~prQce<iure, Weobtl.ln froll l5.3l tMt tne 

J-test of Ho Is ~ test 9f o.oln theart.lf~clld r~ares..;lQn 
... 

log y • !(Xo·l!o) , ...aut ... 'v • 

S1.11.rly.th~ JA-t~st is obtained fro. the artlflcli11 re&re$slon 

'. log y. flX9,#o) ... e~Ol + v • (5,1) 

"'" ConstM,Jctlon,.Qf., ~)l~ variable ~Ol, nef:f;i$ ~9" care., First, 10$ 'I 1$ p'$retlse.d 
"'" 4\! I!II 

o.nfeX.80) to glvetpredlQtlon$. 10$ y. Then ~)(p(loa y) .. YO ;1& .. eare~$'dpn 

'" a{X, ~1) . The v.rlableu01 1$ tb~Te~;1dualrfO.t.bl.re,r.JlSil(m" 



HO:" ,,-,(1(1,111)+ \$1 

Ht : lQIY- f(Xo-.lio)+uo • 

y .. a()~11Iil) ... SUO .. V • 

where Uo 1 •• n,pprQprl.t..,pr0xY for 110• 'For tboJ""'t"t 

~ A . ~ 

Uo 1IJ Uo .. 101 Y "" f(}CO."o). 

To con.truct uator tho JA-telt., •• u .... l two ,.top •• r.r~lred.Flr.t. .'/ 
~ 

1s regre$sed on glX!, '1) .thtr.,r ..... n4qf HO,flt1dlhl pr~lctl.Qn.YI! 

Second losty, 1s T'are.~tm f{)(O"POh ·and ,ii- lst.h. t •• ld.,-lvoQtorfro. 

tbi$ aecondregre.slon. I!Or •• n4 HcAlgrelt. Mont.", C.J;'lQ~v14.nc;owbt~b 

suggests; that tht.t •• t1na Pfot;eclure hq.betterp'rfQr.ano.t ..... Qther 

co_only used tests. 

The approach o~tllned.llQve c:an .be ••• 1·1y .aapted tQ an), alt,.tlQn\ In 

'Wblchth~ dependent varl'ble or onehYJ>Qthoal, '1 • ., ItOnotonlp f~etlQn of tb~ 

dependent varia))l., QC tbe otberbypotbe,l •• 

6.EIilpirlcal f;xaaple 

In .. stucly Qftbe con..u.ptlon function. Gut •• (l98')u.~ .Au.tr.ll~ 

data tor the year. 1947-48 to 1982-83tQ quantif)' ··fOMwell,..bQwncon.~t.lon 

tbeorl(ts.We use hI, result, for two of thea.· th"rl~ •• nqely .• tlle 

Xeyneslan Abt;ol\ltolncOM Hyp4)tbesls (AUn and 1)Ue.enberry·. Relative In¢o.e 

Hypothesis HUH). to 11lult-r.te the ttehnlq\1es wbich nave been 41sc\1f$sod. 

this ex~.ple. ll1essentlally reproducedfrQ. Dcran(19S9). 

G\llse's resre .. slQn results btlt.h atandar4 Ofrorf 1n parentllesell were as 

follow.: 
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AUI ... 
Ct • .005 + .S8Yt - 1.07It ; 

(.09) (.02) (.34) 

R2 .. 0.983; D.W •• 2.18 

w.here C .... 111 private consUJlptt.on expenditure. -. 

RIB 

Yt =- household dl$po,able lncOrae. 

It 111 (Pt .... Pt ... t)/Pt ... l 1s a .eaS~Te of Infl_tlon and Pt 1s a prlQQ 

deflator. 

... 
Ct • -.030 + .90V2t + .22Z1t - .931t ; 

(.OS) (.01) (.09) r.20) 

aZ -0.994; D. W ... 1.98 

wbere Ct and I t are as above. 

In specifying this relatlonsh:,.., GUlso qeflned the followins ad(J"ltlonal 

variables 

Yi • highest incQ.a prior to year t, 

Z1t • (Yt-Yi) When Yt > Yl' zero otherwiso. 

Z2t :c (Yt -Vi) when Yt < Yit zero othenlise; 

Y2t = Yt + 22t• 

The laportant thing to notlce about both m04els l' that they ~rrorm 

very well on the usual cMcks. R2,s are hIgh. Durbln-W~tSQn $tatlstics are 

close to 2, slope coefficients are highly $lgnlflcant. ttl th ·coA"rect' signS 

and the 1'1\arglnal propensl tle.s to -conSUJle are est~-te<l at O. 90 ~d o. S8. 

The twol\od\!!'ls ar. non-nested and We now apply the J, JA aM Ftest$ as 

follows: 

(1) Null HypOth~sl$ Is AIU 

flit 

J-tost; reGress C on Y2t 21 and 1 to obtain predlctlonf CR; 
,..., 

resre,. C on Y. I·and '1\; the relevantstatlr:Jtl0 lathe t 



... 
ratio of the coeffic1ent of Cit. 

... 
JA-tf'st: regress C on Y and I to obtain predlctions CAt 

... ... 
rearess CA on Y2t 21 and I to ,i>taln predlctlollSCAR; 

... 
resresa C gn Y. I and CAR; the t rattoo! the coeftlclent 

... 
of CAR 1. the relevant .tat18tlc~ 

F-test: reares. C on Y. I. Y2J 21 and exa.lne th" JoInt. 

sign1flcance of the coeffic1ents of Y2 an4 21, 

(ii) Null HypothesIs 1s RIH 

... 
J-tlest: resre", C on Y and I to obtain predlctlona CA • 

... 
regress C on YZ,21t I and Cit; telt theslgnlflellnce of 

... 
the coefflQlent of CA, 

... 
JA-test: regress C on YZ' Zland I to obt,.ln '1\; 

... ... 
regres. '1t on Y and I t~ obtaIn 'itA; 

... 
regres. C on Y2• j:l' I and CRAand exam In. the 

... 
sIgnifIcance Qf tb. coefficient of '1tA. 

F-test: regreas C oR Y2' Zit I an4 Y; ex.ine s1",lflcance of tho 

coefficient of' Y. 

The results of these testa are shown in r_ble 1. 

TABt;E 1 

Te.t 

"0 J JA F 

AlII 6.22" OA59 19.54" 

RIR -0.87 -0.87 0.16 



On the basil· of the J~ an4F-+to$t$.tho A\:t.ol~t. lnQQ~ll~tne"'l.~Qdtl ~a 

!n.d,qu.te. and $hoyld ~ reJoQt~. On the othf'r tl~t the t~$ts ge>nQt 

indicate inadequacy 1n the I\~lat!ve .1ncQae HyPQthe$la. On., f.lnll nQt~~ If 

the ~lternatlve hypothesls contains only one varl.bl~ wblc1l1snot alsQ tll 

the null hypotnealsthen tho J-. JA" and r-tolt, are ~llequiv~le.nt. Tbls 1~ 

the case when Rlli 1s tbe null. HeJ\ce J • JA ., 1!!O.81 and F -0.76 " ("1'0,87)2 

7. Concludlns Re.ark. 

An attoMpt ha, been .. de to present SQM of t~e _1n re8ult~ in te.tl~ 

non-nooted llOdels inn rairly non-tflcbnlcal \]3.)'. The e~fiientlal aoP~~~ la 

twofold. First. \tfhen non""nested .odels a1'$ ~ins <:o.p~'\fed. the tradlt19lU~l 

discriminatlon tecnnlques (oS. eo~parlng R2 -.)shcndd .tN:t acoompan\ed };ty 

appropriate hypothesIs t.ests. Second. and very slll.nlflcant frqM tbepQlnt of 

view of an a~plled researcher, such test. are c •• y to apply ~ can be 

c()nstruot~d wIth all st.l)d~rd resression p~c.ka2'8. 

The purpose of thIs .rtlcle 1$ n~t to oreat newsrQqnd. but to ~ke a 

s.all contributiQn Intranslating well-established eCQnoJlett"lO th~Qry into 

applied econo.lc practlc~. 
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