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Inkpoduction .

Tha vge and interpratation of resulrs from sancoisal porpeloticn -
4palpois have aiwaya besap ¢ifFionlt, This palber artempts to resolvs
e of the problems inwslvad by sstabliahing the comecticn but;ma:n
vanmical correlation and multipls vegressicn oo cos hand, ard canomical
corpelation and aimultenecus squatico systems on the :rﬂmz-.- Tha hope
‘is that with the relatlonships batwean thege tachniques clearly articn-
lated, the researcher as wall a6 the user of vassarch findings will be
in a better pt;aitim to judge the posglbilivies and limitatiens of
eaponical corveletion analysis, and to ase wheoe altarnative tachniquesn
edght provide additional ioformaticn.

In what follows the multiple pegreseion ﬁgivalmu will be astab-
lished first, amd their implications spalled cut. Then the relaticnships
to simultapsous systams will be developed, end the cm.u%mnm dlseussed.
Finally, tvo empirics) exsmples each jllustrating &1fferent sspeats of
the use of the equivalencas will be pressntsd,

Cancodeal Correlation and ¥ulwiple Regresaion

Assufte we deal with two depemdent or eriterion warieblas, y]_ and ¥;,
.I.
and threa ind.o.pa'n.de.nt or- p:edicm variables, . X, and Xy Thess vapiables

are all standardized with mesn ¢ and varianes J.

Trhe dizeusslen that follews is directly generaliaa.blg to the case of p
predictors and ¢ ewdteria, p > q,
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43 is well lnoem, & pegression of oge Standardized, dependent va::-i.ahlu. Upch
aother, standardized, independent variahla ¥ields a regressicon cpeffisient
whigh iz aqual to the simpie cormelation betwesn the twe verfableg. If
oove than one, stendspdizad, independent varianls in introducad, the
respective regreszicn coafficients are #gual to the corresponding partia)
vorralation coefFicients, (Ree, for example, Johnston, 1964, p. 30).

Is eamopical” eorrelation we eorpelats g linear compeund of the cri-
terion wariables with a linean compednd of the predictirs {and, sycosa-
aivaly, we develsp additional linear compounds, orthogonal to the pre-
cading coes and compute cormesponding capondcal carrelations}. Thage
cinonical correlatione cap then ba seen as rograssiom coefficimts prow
vided the linear coppounds are appmpﬁataly standardized, He know that
the warisbles enterdng each compound ave stapdardigad. Accondingly, the
means of the cotpoumds will all ba zers: Any linear combipatiom of
varishles with mean zero will itealf have a mean of zarc, As for the
variance, we would need a standardization of the weights that will
mmsure 4 varlance of 1, This iz exacely the usuat stapderdization a' Ryiy a=l
imposed in canomical correlation (see, fur example, Yan de Geer, p. 157).°

hecordIngly, we can write the saponiecal eorpelaticn analysis ea the

following system of aguationa:

BIAFY * A5y = ¢ { Byyxy o bygay + bgyxy )+
&)

b + b +h +u
M1t 0, Tl ¢ 12T P PP Yy

2I‘l:- supermeript In a' depetes the iransposa of the vector a: R denotes
tha ¢orrelation matrdix,
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where the 53, ™A by 4y i, a7 0,3, and k = 1,2,3, atand for the welghts
or loadings of the variables en the respective compound, apd whaps g ams
the eatepizal corvelations, here 2qual to.the regressicn ssefficients
{becanse &f the stand.a.rﬂiz‘ati.on the Intercepits are of course zero}.

The u; are randem dsturbances with zewas means and constant variapces,

Their covawisnce iz zere. Define the following matrices and vectors as

1
' & o 0 b, b ¥
[2}.&.:”‘21’3;1 =B.1']’_'[_].‘,..'-’1. 21 :¥!=1,x'=x‘2
12 2 > . 12 P2z Py ¥2 .
v My
u = -

{In estimation, the eisment % for exampls, will be a colum vector of
cbasrvatione on the First indspendent vapiable}, We asn new write (1) as
(3 vA=xEC+u

&o that y can 3¢ expreszed as
) y=xneat st

provided A% axists. But the rows of A corraspond to the wigenvectors
Telating to sach guccsssive eipenvalue or sanonfcal mlatim.s Thus,

A will always he nemsingular and its inverde exists. If we woite

N FRO
(8) & =
12 422

3’!‘hase eigenvectora are not normalized to unft length -- the standardiza-
tion used iz the ome ensuring unit variance -- and thus the 4 matrix '
iz pot orthegamal, It sheuld be emphasized that the srandardizarion

te unir variance of the lipear combinatfidns seuld be replaced by, say,
a mermalization of the veotor lengths: ip such & case, however, tha
canenical analysis canmot be written as in (13,
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the equatien gysten defined by (4) becomes
- 11 12 11 12 11
¥, = fa ¢1b11 taTebdu + (a Gybyy t @ ebdx, + (a by, *
a2 by, Iy + 'y

21 s 21 21
{a ':I_b:l_'l. + a ¢2b121x1+ {a clb2 + a. czbiz}xz + (a “11‘"‘31 +

(8}

Fg

a ‘:21‘323"3 * e,

vhere g1 = allul + .;.:I‘z'.l2 > 8y * azlul + azzuz.
We ase that the foefficients of the predister or irdapendent veriables ape
compoged of summed products, each produst correspomding to 8 separats caponlosl
correlation, The products themselves consist of the respeotive vanisbleg!
weights en the camnonical vardiates and the corresponding cemomical reot.
Rewembaring that the ¥ amd % variables ave standardized, it is clear that
tha cueffi_-:iants of the pr‘edictoﬁ are the gtandsydized or "beta' coeffi-
¢leots cbtained in mulitiple regressicn.

It ig sometimes wseful to exhibit directly the depandence of each of
the crlterion vapriables upsm the derived linwar compounds of the predicter
variables, Then (5} can be written

oo
Y53 8 {h x +1|212+1>3133.‘J+e 2, (b :l-l-l'n Xy +b32x3]+a

{7y
21
Fa= 8 o (buxl + hgf‘z + By %)+ a? =2 {hu;\:l + bizxz + basz] t e,

.B&nma the ¢riterion variablss and the linear cmpnmds-a:'e stendardized
with mean zevo end unit variance, the coeffinients of 'I:ha cogpounds Tepre-
Sent :r.he partial correlaticn coafficients hetuesn the rvitardion warisble
¢ the left and sach compound on the pright.  Furtherworws, as each linear
compound is orthogenal to the preceding ope, these partizl corpelatioms
gre identical to the simple (Zaro-srder) correlatioms.

In thls way we sze clearly what happens whan wa decides to exclude coe
pair of variates from comsidaration, Ope comsequence is that the fumda-

Dental siplanatienm of the depepdent wariables y Is lewsvad. The amount
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is eazily cemputed for gach y-element, as ies thax i 32 minus the ssplained
va;ia.nne due 1o the included wariates. Sean in this 1ight, we couid Iat
Qur cuteff point be partly determimed by a special imterect in cne of

_the dependent varishles, B3y y, rather than the whols zet,

Implications: Comnutatfon of the Redundancy Statisties

It Is intms‘éing to compare thiz Formulation of the canonical eorrela-
tion mamiysis with the so~calied redundapeoy testing technique sugsested by
Stewart and Love (1968}, and Millep (19523, Tha Tedundancy technigue atys
at tasting the "goodness of i7" oF the camomical vapiatas by MﬁsSiﬂg
tha propovtion of variatfon in thae criginal variahles weproduced by the
darived ocomenical wapiates (in contrast to & tegt of the cabonfcal eorrela-
tions themsmlves, which iz 2 tast of the degres of explapation of the
linear cohinations of tha original critarion variables). Aceordingly,
the firat step in redvpdency analysis consists of artablishing the total
varizticn to be explained, the estimated fshaped™ ar "fnam“ wariation
between the twe gets of varizblas,

dne approach to this astimation starts with the correlaricns of the _
erlterion parisbles with the eamopical variates »f the predictor set (see
Cooley & Lohmes, 1571, p. 172}, Demcting thig cormlatin?n * and writing

h_.l‘_ = Ehu by ha:.} ’
wa bave for the first eniterion variable ¥y m@md the Fivst predictor vardate:

= _l.. 1
(8) rylh;r'_x LN ¥z 1¥:

for zample aobservations i = LieeaaB. BuT Frem (7) we see that

il

{3} r‘]"j_bix =a cl
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Simflariy, for the second criterion varighie ¥o ¥ get the correlation

(10} -t
Z‘FEI bil = A l’.!l -

Tha redundancy measure is then derived as

i &
1) R, =-3 : .
( } el m, j=1 jr_j blx

(tate,)? + Laﬂclfm ,

whare m, refers to the mmber of critepien variablez (in cur case mwo),
and wWhere the gubsepipt €1 indleates that the redundancy measure hepe
corzesponds to the first canemiear r:van'ma}.aﬂ:1‘..:»1_-1.'+ Thus, the redundancy
Deasure $imply consizty of the averspe squared corvelation }.:aatweem the .
eriterion wapiabiss and the predicter vardfate, .

In the same mammer we cmn derive o redindancy measure corresponding
to the segond cancmical variata. From (7) we zam directly that thiz

TERSUTS Dsoomes

2
a2) B, s (e, + 2%, .

Ther an overall redundancy measure iz defined as the sum of the separate

MAIRLTE o
{(13) = =R _tR

From (7} md {6} ir is immediately clear that this cverall redundancy
weamure i= aguivalent to the sverage R2 derived for the separats repregsicns

of each sriterion vanizble upen ail the predictors.

HThere is a parallell measure of redundgney which relates each pradictor
variable to the firgt eriterion variate, but which will not necessarily
ba of the same magnitude. It is of an direct concern here.
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Implications: Unesvering Heterogeneity in the Data

T see what information is gensrated by the cemonical analyeia put
not dealt with in a sultiple regress on asorcach, we need to considen
the regression coefficients in (5). Copcentrating upon each regressiom
cosfficient as a sum of products, we can say fipst that each preduct
comprises the ameunt of covaristion between the two variables Mahannellasdh
through the respective variate. This is equivalent te an evaluatios of
the weights In the uswal Intespretation approsch,

When these products are all of the same =ign, the interpretatisn ia
elaow, Where ome preduct is considerably larger than the othars, cne
varlate chammels wost of the sovariation: when all products Are of simflap
magnitude, the covariatirm ig mﬁmduced Through all waiatas joiotly.
¥here the sum fz "large™ the presence of the two variasles adds ®o the
redmdaney and also to the canopical correlation —- although not necessanily
to the same degree ag we have spen. Where the sum is Ysmall', pelatively
little is added to the overall redimdaney Measure -~ but what happens
te the canonfral correlstion?

Clearly, if every product is small, their sum would be relatively small
a3 well. In thiy case the capsnieal correlation would presumably be small
as well (although of course othen pairwisze scrvelatlems might be high
encugh to make the eoypelation cignificant -- with Little cemredibution
from the two varisbles under CDnsideratio_‘n here). On the other hand, a
small sum sould appear alss when some product iz large and positive,
whepeas some cther preduct iz else large but negative., That sush # situa-
ticm can arize in canenfea) correlation analysic can be attested to Dy many
empirical results, In this case the canronical cormelations relating to the

differant products weuld not only test out significantily -- if they did not
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the results oould always be seen as randem -— but thaip irterpretation
would have to draw quite heavily upon the twe Yinmcemsistert variables.
Thege two varizbles sasm to be velated hoth positively md negatively
at the same time in thiz cese. Such a wesult can cnly appear when the
satiple cbsearvations are slvstered around twe srthogonal mies In the mmiti-
dimensicnal space investigated. That iz, there is hetercgensity In the
data -- for soma sub-geeup of the sample The relaticoship between the Two
variables ig positive, for another it is negative, The snelysis should
pracesd ouly after this sitwation is corrected, for sxample, by smibdividing
the sample icte the suh-groups indicated, or by a rotaticn of the signifi-

capt variates. ®

Canonicsl Correlaticn =nd Simeltaneous Equation Systems

But cancmical correlation can also be viewed az A sase of simaltanecus

equaticn systems. Tnis iz clear if we pewrite (3} as
(1LY wA - xBC - u = 0,

which iz a standard versica of the stzucivzal Sorm of a simltareous
eqiiatiom system {see, e.g., Boldbevger, 1364, Ch, 7). Then (%) clearly

iz to Le seen as the reduced Fform of the system:

.l -
() v = xECA +us.l .

From this viewpsint coe interesting oussticc to be raised iz to what

extant camenical eorrelaticn estimates of the pavacetsrs fn A, H, apd C

For a votaticnal solwtion to this preblem, see Johanssen and Sheth (1373

In the secind empirizal illustratica presented latar we zive an example
of a sample 3split soluticn.
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aTe cotparable .to thase denived using any oF the availanle sinmltanesus
tecim.iques. To angwer thiz, we =211 fipet hawe te deal with the i1danti-
ficarion prebiem: fan distipct estimates b4 dezived far the parsmeters
in (I4)? If we remember ther gha s¥stec in (1.} ezbodiss the equaticns

in {13 1 f& clear av ene glanes +hat this is Aot posgiblie. The sesmmd
equation incorporates ewactly the gase variables az the fi-=t onme, =o that
& Rost of linearcombinations (With at least eme mom-zewo elemant} of the
first equaticn will be abtervericnally Indistinguisheble frem *he secand
eguation.

fn Dtwstration of the predlem cazm be glver with refersmce to the
Tediuead form of the aystem. Clesrly, ordinary least sguaras cem be applied
to the reduced form as written in (3). Ta this way oix parsmeter estimates
oan be generated {one for each of the w-vaplshles in mach of “he two eqgua-
tions). Az can be seen frem (1), atrraver, '.:i;e number of piTaneter: Scouats
to four afz, and Two o' in additicn to the =ix b's. Accordingly , from the
reducad form estimates we cannet dapive fhe styucermral Zomm parameies esti-
Pates —— they are underidentified,

W= peed olearly six adeiiional . :dapendeat malaitc ishizs betwesn the
parapsters in cxder to demive the Zesirs? agtimemes. These idertifying
restriotions svo te e foon? in s Jew arziiray constreidts noutinely impesed
When computing -anonieal porrelaticas. Tirvet, a2 Tag montiousd carlier,
ooe usuplly fmpozes a "norzalizie:” eorsipoine.  If a4 and o, dengte the

first and secozd coluzn, respectively, of the A matpix, and b, , and h2 are

l!
eorrespondingly defined for the B matrix, thia constratnr secerates the

. . B
following four equalities {F denotes the correlation matTixi:

{15} ainy.},al = L a3Rory8, = Ey by by = 1, bR b, = L

¥In miltiple ragression, the custeo of writing tae depandent warizble with 2
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The two last relaticaships ceeded for identificatior ame tw be Zound

in the requirensnt that the sesopd pair of variates be erthogenal to the

First, This Ieads e

{153 RaiFT;raZ = G, Rbixthz =3

Since the constraints {15) as well as {16) ave quadrasie in tbe parametens
we stili have anrindetsyminacy,” This is reflectsd i{n the syrmetry of =
camonical soletion, making the fipet amd third suadrants equivalent, ag
are the gecond and fourth. Once the ehoiee of dipection of aves - and

thus of sign of the weights {choice of reots) =« has Baen made, the twelwe

paraeters are identified,

Implications: Stwuntural Coosiderations

This corvespondence hetween conemisal corpelation and =imilteneous
systems immediately suggests some new ways of thinking sbeout cemenioal
correlations. For sxample, the arbitracy azsumptions made hesessdve fop
identification could ccneeivably he =eplaced by some mors structural rela-
tichships. In coonomics, the fdemtifying pestrictioms deriwe Szt cften
frow thae theoretical swclusicon of gome verisbles fpoc a given equatien —
It might be that before & raacnizel analysi=z is appiied Some more thoughs
az to such a priort restrictions covld he mede even In —']3 CASEES WReTrs
very little theory is developed. Then the identifying assumptiens wouid
be brought cut pore clearly, perhaps =lso resuting in sasisr interpretable
results. Az cpe straightiorwerd exsmple, it oould he meotioned that iF

e were willing to assume a21 =1 in (1}, together with the conatraints

Tsince the original warizhles y and x, a= well as the devived canonical
variates are standardized, the correlatiens between them degenerates
inte simple sums of ecross-products divided by the mmber of nh=ervations,
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in (15}, a recyrsive medel weuid reselt with estiratme of the a2’z and
the b's easily avaiiable through srdiname least squaras.s Zuzh an
appreach beeomes slso feasible iF an Inisial canonicat cemmelatisr indie
cates thar Blay iz close to zamg.

Caz resulting adventage of zach ar a Priori =tructursl analysis weuld
he that altermative egtimation methods — tio==2tags laast sguapes, limited
information maxicum likeliheod tethods, far example —- mighe se applicable.
The inareased range of pessibilities in itself wrld be advantagecus.
Purthermore, althoughk the sampliag theory for these technicues is by oo
means oompletely worked out for small sampiles, the asympTaiis sharacteris-
ties of the estivates are well ¥nown in contrast to capenical sormelation,

whepe the significance of the weighvz vemains an unsolved oreblss.

Iaplicationg: Use of Canonical Corpelation Besclts

Approgoning casonicel aralyaiz z5 a specizl case of simalTanecus
eyttems alzs yields pew Inzfghts inta the use of +he pezults fram.:ha
mmilysis. Uz to new the acalysis has waicly focused upso the structural
form (3} wnick iz clearly tastasount to the sconooist's Socus Goon Ene
interrelaticnships of the theoorencr radelled. Here the usefilness of
stmenical results has heen impalres Dy the disficulzy afiinterpreta:ion.
A8 the pretent analysis anews, oo reasor for this dA{fieulty is che
relustance tn impose structural scntiderations early ik the asalysis.

As a result, as hoo rationalizations after the Tesults appean — with

often less theewetical raticnale thap woyld have bacn possibla a priori --

are frequently needaed to Mmake the results wseful for toliey decisions.

ch}t' these egtimates to be unhiazed, we alfe require E(ul u2:] = 0.
Thig is a staristisal assumpticn, however, not ae ident®=ication ceomstraiat.
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Bot as we have sean, the cenonieal anzlysizs 2leo em s a pediced
form of the system. Since +hls fact has aot becn elearly exnikited cre-
vicusly, some very useful informatisn has been Zgrored. Busically, the
reduced form is nseful when “ie srogram is one of prediscing tuc (futupe)
values of the endopenecus varianles. T such 2 case the vemsion amp Lored

i3 that of (3}, one 2ight ask why such am snilysis could nor be caredied
out wsing te Jultiniz regreszions, one for east of the v's, and then
simply use the astimemted regression peefficienis. The atswer ‘s <hat
thir iz pogsible if one is willing teo give up the extra information glvan
b tihe structural foym. In thiz case the informatiom i= IncovpoTated
in the structural fore coefficients which determine the poduced form
coefficients as depicted in (8). Tne knswledge of this relationshio
enables the decision makes to direct nompite the offecws of a charge
in ene stractural Forw papemets: that might b wichin his eootrol, fne
example wewld be where one stodcturel form parveceter measuraes oo effact
of an zivertissmect, the 2otuzl pavemeter yulue being cependert upew
whether Llack-and-Waite or coior ads were Deing usad., nnother zivantaps
of knowing the struciural form perameters and net only the re-uced form
is the addef understarding of tha umderlying processes It ylelds. Thus,
the pArametens will 2ot iy have stetistiesl properties but alse yields
substantive Insighas inta ihs shesoseaoe stedied. Toisz second benefit of
the strugtural Form iz of covvss s@sli chen hape is wery little theory to

buils dmte the staacturs.

b Firgt Empipical Examnlse: The Effeeds of Advertisicg

To ifilustrave the thaopetical develsoments the preceding pages, a
comroty enmpiricsl preblem of adveriising effect determinatien will Se pre-
sonted.  Wa have data on tTwo Meffect™ variables, brans owareness znd

bl made amA almas ahaecm el —m A BB 35 - mem e A i i m Eeee a1 -
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brand. The prebleo is the une of Teliting tha advertising cutlays to the
two effwats in erder to gvcertain the strengin of the relationship.g

&'natural approach might seem to be the w=a of two separate regressions,
ome for gach of the twe effects, The resul*s of sych an aalyeig ig depiated
in Table 2. The main pesult seems to be a fairly strong amd sipnifizant
impact of TF and Newspapew gdvertizing on the twe effect reasures.
In alloceting advertising funds between Netwerk amd Zpet TV {and Newspaper)
advériising, however, the £firm faces a preblenm of chedce of chjertives:
Showld the emphasis be placed on awareness or oo attitude? In case both
effect measuvres are given some positive weight, the simplest solutien would
be to aliocate the expenditires so an to maximirs 3 linesr combination of
the two. If the welghts are explicitly dstermined a prieri, the procadure
to folled would be coe of regreszing the obtaiped linear ceopound of the
twa effects upon the media variable= and then use that reiaticmship for
allocatien. When no explicit weights ara assigned, ome might allew a
statistical technisue #n derive the llnear combimaticd and then carry =ut
the regression. This is of course exactly what the canonical correlation
technique will da.

The results from such 2 canonical acalyeis are depicted in Table 3.
Unly ome cancpical Toot Is significant {at the .05 level)}, and the criterion
welghts clearly indicate that this first pair of varistes reflsst the
ewareness effect. Partly becgmge of this asymmetry, znd partly because ocon-

gentration upon cne pair of variates leaves out a certain amount of explicable

®The data used here comes From Jehapssem {1973}, where the type and quality
of the fzta are ewtensively discussed. The brand used Is a pationat
brand in a frequently purchased product class, and we have 265 momthly
chservazions. The wvawizbles were measured in deviations Srom thair res-
pective deane, since for the showt rtime pericds inveldved coly fluctua-
tions around "nernal' levels were of inrepest. All models »in ware linear.
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variance, however insignificant, Sendgement wight feel a Bit uceasy about
using these eancnieal resulta witheut modification. Ome wight, faw
exatple, argue that the twe effect measires are neither independent (as
implied it the separste megressicans appraack), nor completely eguivalernt
{es a camenieal analysis basically assumes). Rather, using the hisvavchy
of efferts paradigm, aae could argue For ak effect foom awareness to
attitude. Them, rafvertizing wouid affect attitude mot anly directly, but
alsa indireetly by affecting awarenesz,

Such ywatoning leads to a recursive model, where awarensss ig rerressed
upen advertizing in one equation, and attitude fs regressed upon advertiging
apd awareness in & Second equatien. As we saw in the sarlier theapetical
developmant, such an approach can be visualized as constrainisg eme of the
erdterion weights E321} t& be equal to zero. Trom a mamagerent point of
view, the approach has the advantage of clearly specifying the relsticm-
ship between the two effectz. [t sould be the case , For example, that the
beat way tv incregse attitude in a favorable direstion would be to adver-
tise =0 as to increase awareness First.

The resultz of 3 recursiwe alaly .is are presented in Table 4, As cam
be geen, the introduction of awereness as cme explanatory variable in the
attityde equation soopletely wipes out any effect of the media vaniahlass,
The simpls correlation between swareness and Liking as depicted in Table 1
clearly gives the meazon for thig resuit. After awareness has beer allowed
fory wery livtle attitude variation Iz lefi to explain. Clearly, ese
explaration for this would ba that advertizing only affects awarenesz,
later indirect affects heing channeled through the hievarchy. If this
wiew iz adegted, the correct model would conzist of the awarsness relation

plus a simple pegression relation of attitude upon awareness, Ansther view
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would be that awareness apg iiking are determined similtanesnsly a3 a
result of advertising and réTnaps other factors., Or, move precisely,
for the menthly fata zrallshie kere, awarencss and 1i%king might for
a1l practical purpeses be acns’dered =il teneous ly determined, as
ausal 1oops with feedbacks wonld he coapleted within the oonth.

Az we saw ir the thearetical develomient, thig interpretation will lead
o either = cancnical cormelation aporoath or a zigultamecus aquations
appredch depending upon the constraints ome is willing to impose upon the
modal. The canenical a.ﬁalfﬁis, @3 we lnow, impeses these copstraints
regardless of prior infopmation. Thirg, that technlgue seems praferghle
in the pases where such information iz at a min i {or, 83.we saw above,
whare the explicit aim of the anaiysis iz the derivatien of one, and only
one, funetimnal relaticnahip between the s¥planatery variasbles and the
effest=],

When there 12 zeme pricy informarien about the structure of the model,
it will generally be desirabls to Incorporete this information Inte the
=pdel specification. In this partioulap case, Wwe might, For example,
augment the independent variables by ‘ntroducing a brand purchasing variabla
in the awareness relation, on the assunption that the mere purchases t:ﬁt .
have been generated for the beand in Past menths, the higher the aareness
ragapdless of advertising. Similariy, a repeat purchaze wariable conld be
intreduced in the attitule melation, to aczeunt for the favorable fesdback
from regular brand purciasers, By assumption, the coefficients of these
twe acditional exogenecus varisbles would he zero In the relativos whers
they da cor appear, thus igantifying the parsmeters_ of those relatiens.

47 Was stated earlier, these types of congtraints (gero-reptrictione]} ame .

the more usual ones in eecaczetries,
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The results of & twc stage least souares estication of the Two-eguation
sieitanesus spesificatisa appear in Talle 5, o thearh the presented stan-
dard errors kave only an asymototic v-ligity in this case =0 that few Fim
cenclusicns car be dram for 2 sample of size %8, it iz clear that the
results ds not differ ouck from the mecupsive vums. Thus, the major portion
of explanation aomes Frem the inerdepradence Datwzen the twe endogenequs
variabieg awarendss and atrizude, Since we koow From the peduced form
eztimation (Teble ¥) that advertising can precict awareness and attitude
rather well, it ig clear that the effsct oF advertising is indirect, going
pricarity threugh awareness to attitude, with some feadback Trom attitzide
o awarenss: (presumanly by artivude affecting a memory composect pelating
to awareness}.  This feedback clearly oceurs withic the momth.

in thkis case, if ooe were to give an ovarali judgueat == to which model
is mest apprepriate, ©t cap be argped That the ckvicus simultsneity hetwaen
awarsaess 2nd aititude L5 best depicted threugh the sanemical seluvion.

With omly oae zain of rar’aces geing sispificant -- ths gecond oo
exhibiting & very los chi-rovare walus -- and with “he Wweighis masy to
imteraret, far cosT plrcoses the comoical analysis seet= preferabls hers,
Furthegmore, = inficated eaxiisn, shouid the coiterdicon WELZNLE Seed Inappro-

L 1t
priate, sther weighis and & cousccuent maoler oo suEily e ecocmodated.

A Second Erpivical Iwacgle:  The Ietirhimants of o Slaga ZLgaatiog

In a seeond empirical ewauple some other £aatures of the Theoretical

development will be illogtpated. The data zme takea fmem the Coaley & Lohnes

Linother Factor which argees againgt cheosirg the simultanecus equaties solu-
tiem is the faet that the purchess and Tepedt Yapizblos Sail to enter their
mespeative equations signifisently, Thug, zince the intreduction of thesze
variahles serve to idsntify the system one -an apgue that, sivictly speaking,
the two equations fail tc be idenrifiss,



beok (1971, appencx 3} ané thas easiiy avaizsnie fem crazachasking our-
peses. They relate to algh sshesl stodencs’ sallegs plang, sudijecs
intersst, varicus test :care's, and senis-femoprasnic background 2l e
aim of the ana®yeie kens Iz 3imply vo asgermu’sn what Footows Autarnina
‘the student's college zlane and cuorienivm istapests,

Sippe weimr Id3ttiz & prdiosd stmoctucr o irposs was avaiiable, the
decizion was To ran A comemical correisilen enawsiz., The grizerien set
congisted of two interwst scores (Frysicel Sofunse and OFfice Work), e
Sseiabi)ity Inder, and a Colizge PLars vapizble, The pradictbr set inm-
eluded diffesent test stores, a sceifowcoomomic indaw, =nd generzl boske
groand wardsolas (for the enast specifisatiszo of <he wariatles, see Tanles
G and 7}, The results Frem The £lrst catenicel corvelation win ante 2epictad
in Table 7,

AT the .05 lewel, thsee camesicas meoti ame sipnfficant. Twvom the
weights ope ear infer thet the firs: pair +f varistes r=lste The e

intarest vapizhlec

Office Wexrk) +o Sex, Ioformaticn

text I, =04 perbops the

The sezemdé gair af -rarizteg
welawer Colleass Tlans and ¢ refn OFFic Work insevsst To Sex, Methematics,
Soplgeconerics Ll perhans Imfarceuiss tes:  oagain. The third pair of
wariates, Sinally, el e Taciondlily ol eke tir Tngnrast Tarizales oo
Sext, Lecitesonomins. Inor—arics SoLsr T oams 2T, Mesnpeical Abiiley, and
perkaps Reedins fhiliy.

Whea the rigos of the wilghts oo wodsumtad Sap, 2¢ 1 clesr that

several insemsiztent meiaticncinips obtaic in +these pazulis. Tpoc the

E’E‘cr mere Infermaticn of the dete, %he se-coalled Talent dato sot, “he
reader iz rafepred o tho Cooley Lo lohmes bosk. Tan vwaria-les umed in
the present zpelysic are 2lsted n Vable 5.
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first gair of wardates Favaisal Sciemce interest and Sex dre seen as
inversely welated {fecales are scomed high, males “ow on the sex variable},
thereas they dre cositively »elated acesrcing 4o the Third 2ancpical fupe-

tien. Similerly, Office Work Intarezt and Trfcmmzot

ame nega-
tively related in she fimst fwnetinon, positively melated iz the seecons

and third. A third examle of inconsistent resulss iz +ae relatisoship
between Office Work Intemest amd Scodstuscomic Statas, whisn is posizive
atecrding to the second funetion, but negative judging frem the thipd
function.

Te regolve the incomsistensies the split sample approsch advecatsd
tariler cluarly has i=s problems here wien more than eme inconsistent
relaticnshis i= uncovered.l2 Tt iz zlear, however, that ia the present
cage the vapizble sex becomes a savural choice Sor a subdivisicn of the
total gample. Fom ome, sex iz dichotomows, resulting in an easy sepilcting
srocecuTe, Purthermove, and move mpovtant, sew turms out ic be an Impore
tant warizble in ali <he threc siznificant penenisal functong, Finally,
it would seen natipal <o hysothesize thaet the relationsnins between the
reamininz variables might be &iffever | depending upen the respendent'z sex,

This last argument corstitutes & type of 3 priori resconing that one mipht

or Dight ooT want to use i the inltial speeificaticn o the model amaiyzed.”

12
iz adepted.
13
significant functiors dess aet Limly that the relatlonships betwsen tha

It zhould he made clear that the fact that sex ecters strengiy In all thoee

3

This dirfieeity dose 20T anize when the poTatlon approach supgested eaplier

cther varlables ara sffected by sex. There iz no necossary relatiom hetween

cur lazt twe reagons fov Using sex as the aplit veolsbie,
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The resvlts Snom the seperats rale spd Tamele rans ame sresented in
Tanle 8. A= rcen be seen, the sesults are goite SiI:-:'I.l':l.'.:‘ Fom the tws
IEREE Conirary to ewpectaticns.  Tws -airs of weriages ave significent
ar the 55 level) in bath cases ard the defialng warisbles of the func-
ticns are very muck “te mgme. The Flrst funotics In both casas relates
College Flans and Shysicr” iclenue Iotemes® #o Inforre~Iog tazt T and
Matheratics, The second Svnoticn relates Colleme Blans =pd Physical Scienge
Iptemezt o Oragtivity, X=chanloe™ Aallity, fdstract Thinkiag, and Socie-
Begmedie Statis Sor the femals prowp, ood o Information est I, Peading
Ability, Creativity, fShstrezes Tninking, =nfé Sociceconemic S=atus for the
rale groun. The main Aifference betrsen the fuo gPoups sesms to he thas
the different test Wweights for the second predistor set have changed
signs ir & few sase=. A= 3 Mesudt of the split, Tive Office Work Interest
writerion varfable S2ils f: enter strongly in a1y function, @ indiqatica
that it £5 f2ivlw conmtens W rthlz the sex group {zlthougt different between
the zexes az Inflcates in ie parilen :es.u;':s}‘

although for ke Sewe'l. et the incomsistenclas he‘w.'r'e been elizinatad,
the azle 2ata shew an irconzis<eet w ationshiz Detween C¢licge Plams and
Inferserion test I, In the Sinmst furetiss <hein relatioaship in negative,

in the sesvad positive, Fostead of acobther gampie split, snother agproaco
was aféptec in deaiing with thi: Imcomzistency. On <he hasis of The Tesults
26 far 3 twosequation siruitznencs systec was developed fov sach of the
fermale axc oake £ata. The endogeoesus varissles weve in he%d sases Cellege
Plaos and Physisal Science Interes®, Groppisg the OFFice Work and +he Socia-
bi*ity varishles. The exspenenus variables wewe ohssan on the basis of the

weightz opn the poedictor sets 2nd consistod gf the variakles ooezented in
= T

Table 9. The twe eguaticns were nommalized oo the vespective ardizerion
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variable with the greatest welpght on the Sfuncticn cerresponding to the
equation, Although the choiee of esuatien peymalizaties Ix thus sozewhat
araiirary - if Is 3 2it misieading +o talk aboot a "“oplliage Flan equatioa™
a1d a "Paysical Seience Interest scuation'! —— the preceduze is ozly a
convenienze anc inposes av csseatial restristions, zince “he pormalizatics
can be szsily reversad. TF

The idez benisd this appreach was met oty that the inczensistency
might be remeved. o addition, and were Important, the structure of the
similtaresus syste= Wwas shEggssted by the rapeniecal oorrelzticn results,
and ccoprised thus a paturai meodel duildisg step. Im no way sheuls the
preposed simultanecus wedel e seen as tested hy these dats inat helped
build it. Rather it should be seen sioply as ope wgy of mxbiziting the
melaticnahips Ik the data more clzarly.

The results from the SWo stage least squares eszimation of the para-
reters of the simuitanecus speaificaticens gre presented in Table 9. Withouo
Zeing into werr much detall about tho Interpretation of the resalts, 1 Tow
remarks can 2till Be wade. The Incoasistenoy nas disappeered, with the
Inforeation tezt - vaniable H-ving o pesitive Impaet wion both endocgemesas
varighliez. Tor inconsistency seoms +o 3p reflected, howewer, by the fus
endogenequs variazles themseivss. Tasir partial -wiatisiship scoording

to the firsT eguatiss iz positive, 2ad accormding to the seaond

1450:& that undser ™hizs appiwach 3 mecursive syeitet aight posclt whenever
a sigpificant funetion exbikits only one stronghy weightad criterion
varighie, Similarly, where this happens for all significant functionsg,
a gt of separate regressions L suggestad, an intuitively appealin
resilt.



equation negative., the fips+ spcation ceeffisient for e andcgenecus
College Plans variable tas 2 relatiwely large stapdsisd error fov the WELLEE .

13
o ZETC.

however, waking it iasignificantly 4iferenn £
The other mescits ave as one ool expest from the Initisl sanonfcal
gorrelations. Mot of Tha wariatlze anter STrongAr late the relatioashis,

and when ecuches In terts of si

Tacerud aguations ather then canonissl

w

tha Inferoretstion of the pelaricns s senziderehly more straight-

ansiysis,

forward, as ome Iz amle ta devalsly 2 Sucs Fiseer ancerstanding of when The
qean of =0 sstimatesd welsht ar coefficlant is hige velative o irs variance.
Frem the results of the similvanecus syseem ope asuld ZeThaps g2 evan
further, TIa the male data, for example, elininating the _ess significant
varisblss from the melaticmenips, one weyuid ead vy with a recarsive system,
“he Flrst equetion woald velars Physical Solencs Interest o Infoemation
test I oand Matbesmetlcs, and the sacend savetias wousd reTALN 42 presently,

except for The ellminggisa of the Informaticn zest I veriable. Even witieus

[H]

that refizament, Aewever, it iz falvly elear thar the toos depicted in Yable
rerssent a4 veaswautly dAccuraTe pioture of the decevpimsents of college

ecduesticon plars as mecordad iz the available cata.

Conzlusicn ,
It is elezr +that theoe ars other possiols fage®s of the equivalence
Letween samoniza) correlstior, maliicle TRITGESIon, =nd sitnitanecus systems

which #ill b= wngovered as further resesrer Iz dome. Caly some of the pove

obvicus isplicatises heve besn develiogsd hews, huot they sheull b snffioiap+

150F the coefricient tad been sigsificant, the interpretztisn wetld have been

That Collage Plans ers pesitivoly afPected by Physical Sclence Intesests,
but thaf those who plan to go te Callepe nave do sarticelan intepest ia
Ihysical Szlence. This iz slearly the sase for the Sorale data.
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to show the poss.:‘.bilities imvolwed. Owerall, the gresiest value of tha
establizhed eguivalence 1Ies perbaps in the nridging of *he ZAp DETUEET
mAtivapiate statisties and analveiz o the soe hand, ~nd mzoaometric

methods on the othen. 45 sush, this pader shordd serve =a as {0 bring
together s very useful se~c o stetigtical techeicaas for the benefir

of the asplied researchsp,
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TASLE £

The Sacarste Regmeseior Tums

LEP, War. B MACARIYER  HETWIRE TV SPIT TV WZIWSPAPERS

AWATTNESS WET .34 P R . D40 Mol st
ERGEY {.o08d .c18} {.332)

ATTITUDE LBl 311 SGLEE .b2a .Q51%
{2.30) £.0a7) (.915} (-3

lLTnstanEa...“\iizEd coefficients , with standard eprops iz saveathesis.
Sfgpificanee at the .05 Jlewel indicated 3y a &tar.
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TAILE H

1
The Reeursive Model

OEP. TAR. B MAGAATNES HETWORK, 1+ §20T TV FEWSFAPERS AWARENFSS
AWARENLES .67 L8290 +Q17% JHO® ML)
(3.03) {.008) {.019) {.032)
ATTITUDE L85 - 3BT -0l =008 o004 «TELR
C.gaz} {.053} (0077 {0113 £.071)

lUnstandardized roefficiants, with stapdard epreve in pararthesis,

Signifiesnce at the' .05 level indicated by a star.
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lThese data appear
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TAELE &

The TALENT Datal

Eredfetor Ses
SoE LSOO ey

Schocl 3ize (4 esate

1.
2,
&,
i,

Age (pearest year)

under 25

25 - g8

100 - 394

Y30 or nore

goriez=-Lased &n mumher of senicrs }

Sex {i=male; 2=famale)

Halght (ih)

Ol. T4 o lass
02, 75 . pe
3. 20 - oy
e, 16§ - 113
DE, 120 - 134
5. L35 - iug
0%, 150 - 184
DA, 165 - 179
5. 120 - 1ay
10, 195 - 209
1., 20 - 274
3. 275 op mope

Information Test, Fart T (R-140}

Information Test, Part II {R-182)

English Test {%-735) -

Reading Comprebension Test (B<254)

Creativity Test (R=2B0)

Meckanical Reasoning Test {R-2705)

Abstract Reasoniang Test {R-293)

Mithenmatics Tast {R-344 )

Socicecononic Status Index (P-B0L1}

in Cooley £ Lohmes {1971, Appendiz B}.
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Yariable No, Criteriac Set
TEEEELE Na. ZoalETaoe cet
5 Flan Toel'ege Fuil-time? (57X aaly .
1. Definitely will gg
2. A'mpmt sime te ge
3. Likely to go
4. Mot likely ts go
7. Definitaly will not ED
14 Sosiabizity Imventory [R-501%
15 Physical Zcience Interest Inveatory [P-701}

s Office Hark Interest Inwentomy (P-713)
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