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Endogeneity in B rand C hoice M odels

A B ST R A C T

A pplicationsofrandom utility m odelsto scannerdata havebeen widely presentedin m arketing for

the last20years.O ne particularproblem ofthese applicationsisthatthey have ignoredpossible

correlationsbetween the independent variablesin the determ inisticcom ponent ofutility (price,

prom otion,etc.)andthestochasticcom ponentorerrorterm .M arketing-m ixvariables,such asprice,

not only a®ectbrandpurchasing probabilitiesbut are them selvesendogenously setby m arketing

m anagers.T hiswork testswhetherthese endogeneity problem sare im portantenough to warrant

consideration when estim ating random utility m odelswith scannerpaneldata. O urresultsshow

thatnotaccounting forendogeneity m ay resultin a substantialbiasin theparam eterestim ates.

1



1.Introduction

O verthepast20years, therehasbeen a signi¯cantincrease in theresearch literature on thetopic

ofm odeling thechoiceprocessofeconom icagentsorconsum ers.M otivatedby M cFadden's(1973)

work on the conditionalm ultinom iallogit m odel, there hasbeen particularinterest in what are

referredto asrandom utility m odelswherethedecision m akerfacesa choicesetforwhich theutility

ofeach alternative isa random variable. T hisutility isusually speci¯ed to have a determ inistic

com ponentwhich isa function ofobservablevariablesanda random com ponentforwhich a variety

ofparam etricassum ptionshavebeen m ade.In particular, random utility m odels, m ainly logitand

probitm odels, have been often appliedto householdpurchasing behaviorusing electronicscanner

data (e.g.G uadagni andL ittle1983).

O neparticularproblem in how m arketing researchershave appliedtheserandom utility m odels

to scannerdata isthatthey have ignoredthefactthattheexogenousdeterm inisticcom ponentsof

utility such asprice, prom otion, advertising, etc.arethem selvesendogenous.M arketing m anagers

setthesem arketing-m ixvariablesbasedon m arketinform ation which m ay be in partunobservable

to the researcherbut which neverthelessa®ectsconsum erchoice. T hiswould create a situation

where the m arketing-m ix variablescould be correlated with the residualsin the latent utilities.1

Failureto accountforthisendogeneity in thedeterm inisticcom ponentsofutility hasthepotential

tobiastheparam eterestim atesofthem arketing-m ixvariables.Ifthishappens, both m ajorusesof

thesem odels, fordiagnosticandoptim ization purposes, couldproducem isleading results, seriously

a®ecting theoutcom esofthem arketing decisions.2 T hisproblem ofendogeneity isnot, ofcourse,

a new topicin them arketing literature asB ass(1969)discussedtheproblem in thecontextofthe

sim ultaneity issuebetween advertising andsales.

T hejusti¯cation researchershavepresentedfornotaccountingfortheseendogeneityproblem sin

brandchoicem odelswithscannerdata hastodowiththefactthat, in a certainperiod,them arketing-

m ixvariablesarecom m on acrossallconsum ers.Iftheutilities'errorterm sare independentacross

individuals, itisunlikelythatthem arketing-m ixvariables(com m on acrossallindividuals)arehighly

correlatedwith theerrorterm s.H owever, in thispaper, wequestion thisindependenceassum ption

andshow thatthisassumption m ay notholdwhich m ay result in a correlation between the error

term sandthem arketing-m ixvariables.

W hy m ay the errortermsin the latent utilitiesnot be independent acrossindividuals? O ne

possibility isthatthere are idiosyncraticword-of-m outh orfashion e®ects.A lternatively, there are

alwaysm arketphenom ena thata®ectallhouseholdsandarenotobservableby theresearcher(and,

therefore, notincludedin thechoicem odel), butthatthem arketingm anagersusein theirdecisions.

T hesearereferredin whatfollowsascom m ondem and\shocks".O neexam pleofsuch a phenom enon
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issigni¯cant activity in a com peting productclass.A signi¯cantprice increase in co®ee due to a

freezein South A m erica m ayproducean increasein dem andfora substitutelikecolasandtherefore

a®ectboth thecola brandchoice (m orestockoutsdue to higherdem and)andthedecision-m aking

environm ent(higherpricesthan one m ightpredictforsom e brands).A secondexam ple couldbe

a localorregionalsuperm arketprom otionalwaroutside ofthe category being m odeledbutwhich

a®ectsbrandchoice in thatcategory.

T hem ajorpurposeofthiswork isthentotestwhethertheseendogeneityproblemsaresu± ciently

im portanttowarrantconsideration when estim atingrandom utility m odelswith scannerpaneldata.

In particular, wefocuson testing endogeneity ofthepricingdecision.W hiletesting forendogeneity,

we also obtain unbiased estim atesforthe random utility m odelunderthe assum ption that the

endogeneity (̄ rms'decision-m aking) m odelwe use isthe true one. Severaltheoreticaltestsfor

endogeneity inm odelsoflim iteddependentvariableshavebeenpresentedby, am ongothers,H eckm an

(1978), N ewey (1985, 1987), andR iversandV uong (1988).Im plem entationsofthesetestshavenot

been very frequent(one exam ple isH eckm an 1979)andwedo notknow ofany applicationsin the

contextofbrandchoice m odels(where an explanatory variable, like price, hasthe sam e value for

severalindividuals). O therrelated work isB erry, L evinsohn, andPakes(1995)who only look at

aggregate data, G oldberg (1995)who doesnot account forendogeneity, and B erry, C arnall, and

Spiller(1995).

T he testsare perform ed in two frequently purchasedproductcategories:yogurt and ketchup.

W e ¯nd that, subject to the assum ptionsofourm odel, the biasby ignoring endogeneity can be

substantialin thatthereareim portantchangesin them easuresofpricesensitivity andtheindividual

brandalternativeparam eters.T hisisin contrastwith thesm allim pacton theaveragee®ecton the

priceparam eterwhen oneallowsforheterogeneity (A llenby andR ossi 1991)orfortheno-purchase

option (G upta 1988).W ealsoshow thatthebasem odelresultsarerobusttodi®erentspeci¯cations

ofthe errorstructure, to heterogeneity in theconsum erpool, andto di®erentspeci¯cationsofthe

¯rm s'decision m aking.

T he paperisorganized asfollows. In section 2we present the resultsofa base m odelthat

sum m arizesthem ain m essageofthepaper.Thism odelhasa very sim pleerrorstructure, considers

endogeneityon theadditiveterm oftherandom utilitym odel, anddoesnotaccountforheterogeneity

(though it includesa loyalty variable). Section 3 presentsthe extension to m ore generalerror

structures, Section 4considersendogeneity on the slope, andSection 5accountsforheterogeneity

in the consum erpool.Section 6 relaxesthe pricing rule being used, andSection 7concludesand

discussesdirectionsforfutureresearch.
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2.A B ase M odel w ith Endogeneity

T hissection considersa base random utility m odelwith endogeneity. C onsum ersare assum edto

buy one product from a choice set S with J alternatives. A consum erderivesutility only from

buying one product in thatchoice set.3 T heconsum erbuysthe productforwhich theperceived

utility m inusthe price (which we callthe indirect utility)isthe greatest. In thissection, utility

hasa determ inisticcom ponentanda random com ponent.T hedeterm inisticcom ponenthasa ¯xed

term , a signaling e®ectterm (with thevariablesfeatureanddisplay;see, forexam ple, M ilgrom and

R oberts1986), anda loyalty term asa way ofaccounting forheterogeneity am ong consum ers(we

m odelheterogeneity directly in Section 5below).In thisbasem odel, theloyalty variableequalsone

ifthe consum erpurchasedthatproductthe lasttim e shepurchasedany product in thiscategory,

andissetto zero otherwise.4

G iven that allthatm attersin the decision ofwhich productto choose iswhich one yieldsthe

highestindirectutility, the form describedabove isunique upto a m onotonictransform ation.W e

can then writethe indirectutility function as

U ijt = X
0
ijt̄ + "aijt + "bjt (1)

whereiindexeshouseholds, jrepresentsthebrands, andtrepresentstheweek in which household

ipurchaseda productfrom the choiceset C (the setofconsum ersthatm ade a purchase in week

t isreferredto asIt;the productchosen by consum eri in week t isreferredto asjit).X ijt isa

vectorwith thefollowingvariables:dum myvariablesforthenumberofalternativesm inusone,price,

display, feature, andloyalty.¯ isthevectorofparam etersto beestim ated.U ijt isa latentvariable;

theresearcherobservestheproductbeing chosen, which wecalldit:T heerrorterm "aijt isassum ed

to beG umbeldistributedwith param eters(0, µ).5 T he errorterm "bjt isassum edto be norm ally

distributedwith m ean zero andvariance¾2"b.Furtherm ore, itisassum edthatalltheelem entsofthe

setf"aijt;"bjt8i;j;tgare independentfrom each other(in som eofthenextsectionsweallow form ore
generalerrorstructures).Thescaleofthe indirectutility issetby ¾2"b+

¼2
6µ2 =

¼2
6 .

T hem ain di®erencefrom theusualm odelsistheexistenceof"bjtwhich representsthecom m on

dem andshocksofthe typedescribed in the Introduction.6 If¾2"b = 0, thism odelreducesto the

usualm odels.Testing forcom m on dem andshocksistesting forthenullhypothesisthat¾2"b = 0.

In thissection we introduceendogeneity in prices.In ordertodo this, weassum ethatthe¯rm s

setpricesaccording to therule

Pjt= ®j0+ ®j1Pj;t¡1+ j́t (2)
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wherePjt isthepricesetforbrandj in periodt, and®j0and®j1 areparam eters(thepricing rule

isrelaxed in Section 6).T hisapproach can also be seen asusing laggedpricesasinstrum entsfor

currentprices.T hisisa \lim ited inform ation" approach because wedo notinclude in the analysis

any restrictionsofthe param etersacrossequations.T he m ain advantage ofthisapproach isthat

speci¯cationproblem sin thepricingequationdonotextendtotheparam etersoftheutilityequation

{ them ain objectiveoftheanalysis.7

T hispricing rule can be derived from prō t m axim ization ifthe costsare correlated through

tim e and the ¯rm sobserve only a certain part ofthe dem and shocks. A lternatively, it can be

sim plyseen asa rulejusti¯edbyboundedrationality on thepartofthe¯rm s'decision-m akers.N ote

that thispricing rule issu± ciently generalthat the current price m ay result from both retailers

and m anufacturersactivities(orjust retailers, orjust m anufacturers). T he error j́t consistsof

unobservables(to the researcher)which re°ect shockson costs(forexam ple, productivity, input

prices)andon dem and(partof"bjt).B ecause j́tconsistsin partofdem andshocks, itisvery likely

that j́t iscorrelated with "bjt. T hisisthe dim ension ofthe endogeneity problem that isstudied

in thissection.W e assum e that j́t isnorm ally distributed, with m ean zero, andvariance¾2,́ and

thatE [́ jt"bjt]= ½¾"b¾́ .Testing fortheendogeneity problem to besigni¯cantistesting forthenull

hypothesisthat½= 0.

Itisalso assum edin thissection that

E [́ jt́ j0t0]= 0ifj6= j0ort6= t0 (3)

E [́ jt"bj0t0]= 0ifj6= j0ort6= t0 (4)

andthatalltheelem entsofthesetf"aijt;́jt8i;j;tgare independentfrom each other.

A ssum ing j́tto be independentacrossjrequires, given existing gam e-theoreticm odelsofinter-

action am ong ¯rms, thatthe ¯rm sare only able to observe each oftheirown dem andshocksand

notthecom petitors'dem andshocks.Thisisrelaxedbelow.8

T hism odelcan beestim atedusing m axim um likelihood.T helikelihoodfunction can bewritten

as

L (̄ ;®0;®1;¾2"b;¾
2
´;½)=

TY

t=1

JY

h=1

f(́ ht;¾2´;®0;®1)g(dit8i2Itj́ jt8j) (5)

where ®0and®1 are vectorswith genericelem ents, respectively, ®j0 and®j1, f(́ ht;¾2´;®0;®1)is

the density function ofa norm alrandom variable with m ean zero andvariance ¾2,́ andg(dit8i2
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Itj j́t 8j)isthe probability ofobserving choicesdit 8i2 It in week tgiven j́t8j2 J.F inally,

g(dit 8i2 Itj j́t 8j);the conditionalprobability ofobserving the purchasesin week tgiven the

shocksin thepricing equation, can bewritten as

g(dit8i2Itj́ jt8j)=
Z Z

¢¢¢
Z Y

i2It

eµ(X
0
ijitt̄

+"bjitt)

P J
j=1e

µ(X 0
ijt̄ +"

b
jt)

JY

k=1

f("bktj́ kt;½;¾2"b;¾
2)́d"bkt (6)

wheref("bktj́ kt;½;¾2"b;¾
2
´)istheconditionaldensitydistribution ofthenorm allydistributedrandom

variable "bkton thenorm ally distributedrandom variable ḱt, both with zero m ean, with correlation

½, andvariances, respectively, ¾2"b and¾2´.

Ifendogeneity isim portant(i.e., ½6= 0)onem ightexpectpricestobepositively correlatedwith
theresidualsofthelatentutilities(i.e., with greaterdem and¯rmssethigherprices)which results

in ½> 0.Furtherm ore, becauseofthispositivecorrelation, weexpectthatthefailureto accountfor

endogeneity in thechoicem odelresultsin thepricee®ectbeing underestim ated.

T hism odelwasestim ated using scannerpaneldata from both the yogurt and the ketchup

m arkets.In the yogurtm arket, we restrictedourattention to C =fD annon,Yoplait,Private L abelg
(D annon and the Private L abelwere in 8oz. packages;Yoplait wasin a 6 oz. package);these

brandsaccountfor77% ofthe m arket.T here are 3,513 purchase occasionson C in the data be-

ing used. T he purchasesoccurduring 137 weeks. W e restrict ourattention to only the largest

store in orderto sim plify the analysis.9 In the ketchup m arket we restricted ourattention to

C =fD elM onte,H unts,H einzgforthe32oz.package, which accountsfor57% ofthem arket.10 T here

are1256 purchaseoccasionson C in thedata being used.T hepurchaseoccasionsoccurduring129

weeks. W e restrict ourattention to only one store ofthe three largest ones.11 T he resultsare

presentedin Table1.

T heseresultsclearlyshow theim portanceofconsideringtheendogeneity ofthepricingdecision.

F irst, there are im portantcom m on shocksacrossindividualsasthe hypothesis¾"b = 0isrejected

forboth productcategories.N otethatthevalueofthechi-squarestatisticon thisrestriction is51.6

fortheyogurtm arketand33.0fortheketchupm arket12 (thecriticalvalue atthe5% signi¯cance

levelis3.84).Second, thereissigni¯cantendogeneity ofthepricevariableasthehypothesis½= 0is

rejectedforboth productcategories.N otethatthechi-squarestatisticis36.8fortheyogurtm arket

and5.0fortheketchupm arket(thecriticalvalueatthe5% signi¯cancelevelisalso3.84).T hird, the

param eterthatestim atestheim pactofpriceon choiceseem stobeclearlyunderestim ated(expected

direction ofthebias)ifendogeneity isnottaken into account.Fortheyogurtm arketthepricee®ect

isunderestim atedby 57%;fortheketchupm arket, itisunderestim atedby 11%.N otealso thatthe

6



Table1
R esultsfrom the B ase C ase
C om plete M odel ½= 0 ½= 0;¾"b = 0

YogurtM arket

D annon 5.67 3.48 3.32
(0.07) (0.08) (0.12)

Yoplait 5.75 3.52 3.34
(0.10) (0.08) (0.13)

Price -21.74 -14.22 -13.83
(0.20) (0.31) (0.45)

D isplay 0.33 0.51 0.54
(0.03) (0.04) (0.09)

Feature -0.015 -0.147 -0.069
(0.02) (0.02) (0.07)

L oyalty 1.63 1.75 1.79
(0.03) (0.04) (0.04)

¾́ 0.039 0.038 0.038
(0.001) (0.002) (0.002)

¾"b 0.61 0.40
(0.04) (0.09)

½ 0.78
(0.05)

L L -1086.2 -1104.6 -1130.4

K etchupM arket

D elM onte -2.89 -2.54 -2.46
(0.13) (0.16) (0.26)

H unts -2.69 -2.43 -2.40
(0.13) (0.15) (0.25)

Price -6.21 -5.61 -5.58
(0.21) (0.31) (0.56)

D isplay 1.22 1.16 1.14
(0.11) (0.10) (0.07)

Feature 0.80 0.76 0.83
(0.12) (0.10) (0.10)

L oyalty 1.24 1.25 1.25
(0.07) (0.07) (0.08)

¾́ 0.056 0.056 0.056
(0.001) (0.001) (0.001)

¾"b 0.56 0.50
(0.08) (0.09)

½ 0.30
(0.09)

L L 97.6 95.1 78.6

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T hestandarderrorsare in parentheses
(thiswillalsobethecaseforallthetablesbelow).
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correlation between "bjt and j́t, ½, ispositive asexpected(notethatit isquitelargefortheyogurt

m arket).T hecom m on dem andshocksare23% ofthetotaldem andshocksfortheyogurtm arket,

and19% fortheketchupm arket.F inally, notethatthereisa pattern in thechangeoftheestim ates

oftheparam etersofthelatentutility m odelwhen theendogeneity ofthepricingdecision isallowed

for:thebrand-speci¯cdum m iesincreasein absolutevalue, andthee®ectoftheotherm arketing-m ix

variablesandofloyalty decrease(form ostofthecoe± cients).

T hese resultspresent the m ain m essage of the paper:accounting forthe endogeneity of a

m arketing-m ix variable in a brand choice m odelcan result in a signi¯cantchange in the param -

eterestim ates, andtherefore, in theresulting optim alresource allocation.In the nextsectionswe

aregoing to show thattheseresultsarerobustto m oregeneralerrorstructures, to a slopespeci¯-

cation ofthe endogeneity, to heterogeneity in theconsum erpool, andto relaxationsofthepricing

rule.

3.M ore G eneral Error Structures

In thissection weconsiderthecaseofm oregeneralerrorstructures.In particular, weconsider

structureswheretheindependenceofirrelevantalternativesproperty doesnotholdandwherethere

m ightbenon-zero correlationsacrossjbetween theelem entsofthesetf"bjt;́jt8j;tg.

In orderto allow theindependenceofirrelevantalternativesproperty nottohold, weassum e"aijt
to be norm ally distributedinsteadofG umbel.A siswell-known, thiscreatesm ajorcom putational

problem swhen using m axim um likelihood estim ation (in thisparticularcase, we have multiple

integralsofthe fourth order). A sa result, we use the m ethod ofsim ulated m axim um likelihood

(SM L ).13 Forsom e sim ulators, SM L isequivalent to the m ethod ofsim ulated scores(see K eane

1993 and H ajivassiliou and M cFadden 1993, andG ourierouxand M onfort1993fora discussion of

thepropertiesoftheseestim ators).14

T hen

g(dit8i2Itj́ jt8j)=
Z Z

¢¢¢
Z Y

i2It
Prob(jit;i;t;"bjt8j;t)

JY

k=1

f("bktj́ kt;½;¾2"b;¾
2
´)d"

b
kt (7)

where

Prob(jit;i;t;"bjt8j;t) = ~©[(X
0
ijitt¡ X

0
i1t)̄ + "bjitt¡ "b1t;¢¢¢;(X

0
ijitt¡ X

0
i(j¡1)t)̄ +
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"bjitt¡ "b(j¡1)t;(X
0
ijitt¡ X

0
i(j+1)t)̄ +

"bjitt¡ "b(j+1)t;¢¢¢;(X
0
ijitt¡ X

0
iJt)̄ + "bjitt¡ "bJt] (8)

where ~©[:] isthecum ulativenorm aldistribution ofdim ension J ¡ 1ofa vectorwith m ean zero and
variance-covariance the variance-covariance ofthe vector("ai1t¡ "aijitt;¢¢¢;"ai(j¡1)t¡ "aijitt;"

a
i(j+1)t¡

"aijitt;¢¢¢;"aiJt¡ "aijitt).T hiscan beobtained, forexam ple, from thevariance-covarianceofthevector

("ai2t¡ "ai1t;"ai3t¡ "ai1t;¢¢¢;"aiJt¡ "ai1t).T he elem entsofthism atrix areparam etersofthe likelihood

function.In thisparticularcase, because J = 3, theparam etersare

V = V AR

2
4 "ai2t¡ "ai1t

"ai3t¡ "ai1t

3
5 =

2
4¾2"a2¡1 ½"a2¡1"a3¡1¾"a2¡1¾"a3¡1

¾2"a3¡1

3
5 (9)

wherenow the indirectutility isscaledby ¾2"a2¡1+2¾
2
"b = 1.

15

U singSM L in thism odelrequiressim ulation ofboth ~©[:](drawsof"aijt)andg(:)given ~©[:](draws

of"bjt).Thesim ulation of~©[:]wasperform edusingtheG H K sim ulator(G eweke-H ajivassiliou-K eane;

see, forexam ple, H ajivassiliou, M cFadden andR uud1992fora descriptionofthesim ulator).B ecause

itisan expectedvalueofa sm ooth function, wesim ulatedg(:)by taking them ean acrossdrawsof

"bjt.

In ordertochecktheaccuracyofthesim ulation ofg(:)alone, we¯rstsim ulatedg(:)forthem odel

ofthe previousSection (i.e., keeping "aijtwith a G umbeldistribution).Theresults, notpresented

here(butavailableupon requestfrom the authors), arevery sim ilarto theresultspresentedin the

previousSection.

T he resultsforthe case in which "aijt isnorm ally distributed(stillassum ing j́t, and "bjt to be

identically distributed and independent acrossj)are presented in Table 2forthe yogurt andthe

ketchup m arkets. C olum ns4through 6 present the resultsthat are directly com parable (up to

a constant)to theresultsofthe logitcase, i.e., V isthe identity m atrixm ultipliedby a constant.

C olum ns1through3presentthegeneralcaseforV , wheretheindependenceofirrelevantalternatives

property isrelaxed, andtheelem entsin thediagonalofV do notneedto beallequal.

T heseresultscon¯rm theresultsobtainedin thebasecase andshow theirrobustnessto allow-

ing the independence ofirrelevant alternativesnotto hold.T hey show clearly the im portance of

considering the endogeneity ofthepricing decision:(i)there are im portantcom m on shocksacross

individuals(thehypothesis¾"b = 0isrejected), (ii)thereissigni¯cantendogeneity ofthepricevari-

able(thehypothesis½= 0isrejected), and(iii)theparam etersthatestim atetheim pactofpriceon

choiceareunderestim atedifendogeneity isnottaken into account.Fortheyogurtm arkettheprice

e®ectisunderestim atedby65%;fortheketchupm arket, itisunderestim atedby13% (in com parison

9



Table2
Sim ulation ofg(:)and ~© [.]

C om plete M odel ½= 0 ½= 0;¾"b = 0 ½"a2¡1"
a
3¡1

= 0 ½"a2¡1"
a
3¡1

= 0 ½"a2¡1"
a
3¡1

= 0
¾"a2¡1 = ¾"a3¡1 ¾"a2¡1 = ¾"a3¡1 ¾"a2¡1 = ¾"a3¡1

½= 0 ½= 0;¾"b = 0
Yogurt
M arket
D annon 2.69 1.60 1.49 3.90 2.05 1.87

(0.28) (0.11) (0.08) (0.23) (0.10) (0.06)
Yoplait 2.79 1.70 1.56 3.73 1.78 1.60

(0.29) (0.11) (0.09) (0.26) (0.11) (0.07)
Price -10.55 -6.81 -6.41 -14.24 -7.84 -7.27

(0.96) (0.38) (0.30) (0.78) (0.36) (0.21)
D isplay 0.20 0.23 0.24 0.23 0.31 0.33

(0.07) (0.08) (0.05) (0.07) (0.10) (0.06)
Feature 0.027 -0.033 -0.016 0.025 -0.065 -0.039

(0.04) (0.04) (0.03) (0.04) (0.05) (0.04)
L oyalty 0.80 0.83 0.85 0.83 1.00 1.01

(0.04) (0.04) (0.04) (0.05) (0.02) (0.02)
¾́ 0.039 0.038 0.038 0.040 0.038 0.038

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
¾"b 0.29 0.16 0.42 0.20

(0.04) (0.02) (0.04) (0.02)
½ 0.84 0.94

(0.05) (0.02)
½"a2¡1"

a
3¡1

0.68 0.71 0.67
(0.03) (0.03) (0.03)

¾"a3¡1 0.83 0.90 0.90 0.80 0.96 1.00
(0.04) (0.04) (0.04)

L L -1093.8 -1110.4 -1133.6 -1167.3 -1198.8 -1216.1

K etchup
M arket
D elM onte -1.29 -1.18 -1.10 -1.31 -1.17 -1.03

(0.13) (0.12) (0.11) (0.17) (0.16) (0.12)
H unts -1.29 -1.20 -1.16 -1.26 -1.15 -1.07

(0.12) (0.12) (0.10) (0.16) (0.15) (0.12)
Price -2.48 -2.25 -2.19 -3.24 -2.96 -2.79

(0.28) (0.27) (0.24) (0.34) (0.32) (0.26)
D isplay 0.52 0.53 0.50 0.69 0.70 0.66

(0.04) (0.04) (0.04) (0.06) (0.06) (0.04)
Feature 0.41 0.36 0.42 0.41 0.37 0.45

(0.08) (0.07) (0.05) (0.10) (0.09) (0.05)
L oyalty 0.59 0.59 0.60 0.66 0.67 0.68

(0.05) (0.05) (0.04) (0.05) (0.05) (0.05)
¾́ 0.056 0.056 0.056 0.056 0.056 0.056

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
¾"b 0.23 0.22 0.29 0.27

(0.03) (0.03) (0.04) (0.04)
½ 0.27 0.23

(0.12) (0.14)
½"a2¡1"a3¡1 0.57 0.53 0.45

(0.10) (0.10) (0.10)
¾"a3¡1 0.50 0.51 0.57 0.92 0.93 1.00

(0.05) (0.05) (0.05)
L L 111.9 109.4 94.9 88.5 86.4 71.8

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis10fortheG H K
and10for"bjt.
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to thecasewhereendogeneity andcom m on errorsarenotconsidered, i.e., colum n 1versuscolum n

3). A llowing fora m ore generalerrorstructure isalso clearly im portant. T he com m on dem and

shocksareon average36% ofthetotaldem andshocksin theyogurtm arketand19% in theketchup

m arket.

In orderto check the im pact ofthe numberofdrawson the previousresults, we derived the

resultsofthe three leftcolum nsofTable2with a greaternumberofdrawsforthe G H K (20)and

for"bjt(100).T heseresultsarepresentedin Table3.

A com parison ofthe resultsofTable 3 to the ¯rstthree colum nsofTable 2suggeststhatthe

biasintroducedby SM L isnotsubstantial.Furtherm ore, the SM L m ethod isunderestim ating the

likelihood function when we relax the com m on errorsand correlation restrictions, i.e., the SM L

m ethodisunderestim ating the im pactofendogeneity.

F inally,onecangeneralizetheerrorstructureevenfurtherbyallowing j́tand"jttobedistributed

di®erently andcorrelatedacrossthebrands.In particular, forthecasesweareanalyzing(i.e., J = 3)

wehavethefollowing param eters:

V´= V AR

2
6664

1́t

2́t

3́t

3
7775 =

2
6664

¾2
1́

½́ 12¾́ 1¾́ 2 ½́ 13¾́ 1¾́ 3

¾22́ ½́ 23¾́ 2¾́ 3

¾2
3́

3
7775 (10)

V"b = V AR

2
6664

"b1t
"b2t
"b3t

3
7775 =

2
6664

¾2"b1
½"b12¾"b1¾"b2 ½"b13¾"b1¾"b3

¾2"b2
½"b23¾"b2¾"b3

¾2"b3

3
7775 (11)

V"b́ = C O V

2
6664

"b1t
"b2t
"b3t

3
7775

2
6664

1́t

2́t

3́t

3
7775 =

2
6664

½"b1́ 1
¾"b1¾́ 1 ½"b1́ 2

¾"b1¾́ 2 ½"b1́ 3
¾"b1¾́ 3

½"b2́ 1
¾"b2¾́ 1 ½"b2́ 2

¾"b2¾́ 2 ½"b2́ 3
¾"b2¾́ 3

½"b3́ 1
¾"b3¾́ 1 ½"b3́ 2

¾"b3¾́ 2 ½"b3 3́
¾"b3¾́ 3

3
7775 (12)

N ow, because we are only able to m easure the di®erence between latentutilities(because the

choice probabilitiesdepend only on the di®erencesbetween latentutilities), these param etersare

underidenti¯ed(becausethey dē nethelatentutilitiesforallthebrands).W ethushaveto im pose

6 restrictionson the aboveparam eters.In orderto m akecom parisonswith thepreviousresultswe

chose to im pose the following restrictions:½"b13 = 0, ½"b23 = 0, ¾"b3 = ¾"b1, ½"b3́ 1
= 0, ½"b3 2́

= 0, and

½"b3́ 3
= ½"b1́ 3

.

T helog-likelihoodfunction isnow changedto

11



Table3
GreaterN umberofD raws
C om plete M odel ½= 0 ½= 0;¾"b = 0

YogurtM arket

D annon 2.65 1.66 1.46
(0.29) (0.13) (0.08)

Yoplait 2.77 1.76 1.52
(0.31) (0.15) (0.10)

Price -10.45 -7.06 -6.31
(1.00) (0.47) (0.31)

D isplay 0.14 0.17 0.23
(0.08) (0.08) (0.04)

Feature 0.004 -0.058 -0.018
(0.04) (0.04) (0.03)

L oyalty 0.79 0.83 0.83
(0.04) (0.04) (0.04)

¾́ 0.039 0.038 0.038
(0.002) (0.002) (0.002)

¾"b 0.29 0.19
(0.04) (0.02)

½ 0.79
(0.06)

½"a2¡1"a3¡1 0.69 0.71 0.68
(0.03) (0.03) (0.03)

¾"a3¡1 0.83 0.88 0.88
(0.04) (0.05) (0.04)

L L -1079.3 -1095.6 -1126.6

K etchup M arket
D elM onte -1.46 -1.34 -1.11

(0.16) (0.15) (0.11)
H unts -1.45 -1.35 -1.16

(0.15) (0.13) (0.10)
Price -2.62 -2.37 -2.20

(0.32) (0.30) (0.24)
D isplay 0.57 0.58 0.49

(0.06) (0.06) (0.04)
Feature 0.39 0.34 0.42

(0.09) (0.09) (0.05)
L oyalty 0.57 0.57 0.61

(0.05) (0.05) (0.04)
¾́ 0.056 0.056 0.056

(0.001) (0.001) (0.001)
¾"b 0.26 0.25

(0.03) (0.03)
½ 0.28

(0.14)
½"a2¡1"a3¡1 0.64 0.60 0.46

(0.09) (0.10) (0.10)
¾"a3¡1 0.45 0.44 0.57

(0.05) (0.05) (0.05)
L L 123.9 121.2 96.4

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis20fortheG H K
and100for"bjt. 12



L (̄ ;®0;®1;V"b;V´;V"b́ )=
TY

t=1
f(́ ht8h;V´;®0;®1)g(dit8i2Itj́ jt8j) (13)

where f(́ ht8h;V´;®0;®1)isthe density function ofa norm alrandom vectorwith m ean zero and

variance V ,́ andg(dit8i2 It j́ jt8j)isthe probability ofobserving choicesdit8i2 It in week t

given j́t8j2J.F inally, g(dit8i2Itj́ jt8j)can bewritten as

g(dit8i2Itj́ jt8j)=
Z Z

¢¢¢
Z Y

i2It
Prob(jit;i;t;"bjt8j;t)f("bkt8k j́ kt8k;V"b́ ;V"b;V )́

JY

k=1

d"bkt

(14)

wheref("bkt8k j́ kt8k;V"b́ ;V"b;V )́isthedensity ofthevector"bt given t́.

Testing forendogeneity istesting forV"b́ = 0. Testing forcom m on dem and shocksacross

consum ersistesting forV"b = 0.T heresultsarepresentedin Tables4and5.

T heseresultsbasically con¯rm theresultsobtained above:com m on errorsin thechoice m odel

and endogeneity in the m arketing-m ix variables(i.e., price) m attersubstantially. Furtherm ore,

theseresultsshow thattheconstraintsthatwererelaxed in thisgeneralization (allowing forricher

V ,́ V"b, and V"b́ )arerejected, i.e., it isim portantto allow forrich errorstructures.H owever, the

param etersofthechoice m odeldo notchange substantially.G iven thisfactand in the interestof

easiercom putability, werestrictattention in thefollowing sectionsto theconstrainedprobitm odel

(constraintson V ,́ V"b, andV"b́ ).16

4.Endogeneity in the Slope

A notherpotential and seriousproblem isendogeneity resulting from the param etersof the

m arketing-m ixvariables(endogeneity in theslope).Ifthe¯rmsrealizetheexistenceofan increased

consum ersensitivity to price, it m ay be a goodstrategy to cutpricesandthiswillultim ately be

observedin thedata.W erestrictourattention to endogeneity in theslope in orderto sim plify the

com putations.17 T helatentutility m odelisassum edto be

U ijt = X
0
¡P;ijt̄ ¡P + Pjt(̄ P+ "djt) + "aijt (15)

where X ¡P representsalltheexplanatory variablesX exceptforthevariableprice, ¡̄P represents

thevector¯ exceptfortheparam eterassociatedwith thevariablepricewhich isrepresentedby P̄.

T he pricing decision rule isrepresentedby equation (2). A llerrorterm sare independent except

13



Table4
G eneralizedM odel

C om pleteM odel Zero C orrelations Zero C om m on Errors

YogurtM arket

D annon 2.35 1.62 1.49
(0.25) (0.13) (0.09)

Yoplait 2.48 1.73 1.55
(0.26) (0.14) (0.10)

Price -9.46 -6.92 -6.40
(0.88) (0.47) (0.35)

D isplay 0.21 0.22 0.24
(0.09) (0.08) (0.05)

Feature 0.018 -0.030 -0.016
(0.05) (0.04) (0.03)

L oyalty 0.86 0.84 0.85
(0.05) (0.04) (0.04)

¾́ 1 0.053 0.053 0.053
(0.005) (0.006) (0.006)

½́ 12 0.0019 0.0078 0.0078
(0.23) (0.20) (0.20)

½́ 13 0.072 0.030 0.030
(0.14) (0.14) (0.14)

¾́ 2 0.024 0.024 0.024
(0.001) (0.001) (0.001)

½́ 23 0.056 0.040 0.040
(0.16) (0.16) (0.16)

¾́ 3 0.031 0.031 0.031
(0.003) (0.002) (0.002)

¾"b1 0.20 0.14
(0.04) (0.03)

½"b12 -0.20 0.18
(0.29) (0.15)

¾"b2 0.26 0.22
(0.05) (0.05)

½"b1́ 1 0.66
(0.17)

½"b1́ 2 0.030
(0.39)

½"b1́ 3 0.24
(0.28)

½"b2́ 1 -0.36
(0.16)

½"b2́ 2 0.62
(0.19)

½"b2́ 3 -0.015
(0.21)

½"a2¡1"a3¡1 0.70 0.71 0.67
(0.04) (0.03) (0.03)

¾"a3¡1 0.93 0.91 0.90
(0.06) (0.05) (0.05)

L L -1039.6 -1061.0 -1089.0

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis10fortheG H K
and10for"bjt.

14



Table5
G eneralizedM odel

C om plete M odel Zero C orrelations Zero C om m on Errors

K etchupM arket

D annon -1.31 -1.14 -1.10
(0.17) (0.14) (0.11)

Yoplait -1.32 -1.16 -1.16
(0.16) (0.13) (0.11)

Price -2.50 -2.17 -2.19
(0.38) (0.30) (0.25)

D isplay 0.43 0.47 0.49
(0.07) (0.05) (0.04)

Feature 0.47 0.35 0.42
(0.11) (0.08) (0.05)

L oyalty 0.56 0.57 0.60
(0.04) (0.05) (0.05)

¾́ 1 0.029 0.029 0.029
(0.002) (0.001) (0.001)

½́ 12 0.038 0.019 0.019
(0.24) (0.24) (0.24)

½́ 13 -0.027 -0.062 -0.062
(0.13) (0.11) (0.11)

¾́ 2 0.081 0.081 0.081
(0.004) (0.005) (0.005)

½́ 23 0.025 0.016 0.016
(0.18) (0.19) (0.19)

¾́ 3 0.044 0.044 0.044
(0.002) (0.002) (0.002)

¾"b1 0.20 0.19
(0.03) (0.03)

½"b12 -0.24 -0.97
(0.17) (0.14)

¾"b2 0.30 0.21
(0.10) (0.08)

½"b1́ 1 0.64
(0.10)

½"b1́ 2 0.38
(0.17)

½"b1́ 3 0.54
(0.17)

½"b2́ 1 0.44
(0.21)

½"b2́ 2 0.51
(0.19)

½"b2́ 3 0.40
(0.22)

½"a2¡1"a3¡1 0.62 0.53 0.45
(0.10) (0.11) (0.11)

¾"a3¡1 0.47 0.49 0.57
(0.05) (0.05) (0.05)

L L 188.9 178.6 161.6

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis10fortheG H K
and10for"bjt. 15



forthepairs("djt,́ jt)8jforwhich there isa correlation ½d.G iven the interpretation above forthe

possibleendogeneity in theslope, weexpect½d to bepositive.

T helikelihoodfunction can then beconstructedsim ilarly to theonein theprevioussection (the

basecase)taking now into accountthe factthatthe integration in function g(.) isperform edover

thevariables"djt, and½ issubstitutedfor½d.

Testing forendogeneity istesting for½d= 0.T heresultsfortheyogurtandtheketchupm arkets

arepresentedin Table6.

T heseresultscon¯rm theresultsobtainedin thebasecaseandshow theirrobustnessto allowing

forendogeneity in the slope. T hey show clearly the im portance ofconsidering the endogeneity

ofthe pricing decision:(i)there are im portantcom m on shocksacrossindividuals(the hypothesis

¾"d = 0isrejected), (ii)there issigni¯cantendogeneity ofthepricevariable(thehypothesis½d = 0

isrejected), and(iii)theparam eterthatestim atesthe im pactofpriceon choiceseem stobeclearly

underestim ated ifendogeneity isnottaken into account(and asexpected, the underestim ation is

largerin thiscase).W hen accountingforendogeneity in theslope, thepricee®ectisunderestim ated

by 87% fortheyogurtm arket;fortheketchupm arket, itisunderestim atedby 22%.H owever, these

resultsarem erely exploratory anditwouldbe im portantto allow forboth typesofcom m on shocks

(additiveandin theslope)andallow thedata to indicatewhich type ism ore im portant.

5.H eterogeneity in the C onsumerPool

A notherim portant issue that hasbeen widely considered in the literature on brand choice is

theexistenceofunobservedheterogeneity in theconsum erpool(forexam ple, G onulandSrinivasan

1993). T hisheterogeneity wasnot considered in the previoussections. It ispossible that the

previousm odelsaccounting forendogeneity weresim ply picking upthisunobservedheterogeneity.

A sa result, we includeheterogeneity in theslopeandthen testwhetheraccounting forendogeneity

isstillim portant.

T helatentutility m odelisassum edto be

U ijt = X
0
¡P;ijt̄ ¡P + Pjt(̄ P+ "hi) + "aijt + "bjt (16)

where "hi representsthehouseholdspeci¯cshock in thepricee®ect, P̄ representsthe averageprice

e®ectacrosshouseholds, and P̄+"hi representsthepricee®ectforhouseholdi.T hepricingdecision

rule isagain representedby equation (2).T hedisturbance "hi isindependentofalltheothererrors

in them odelandisnorm ally distributedwith m ean zero andvariance¾2"h.
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Table6
Endogeneity in the Slope

C om plete M odel ½d = 0 ½d = 0;¾"d = 0

YogurtM arket

D annon 3.09 1.65 1.49
(0.34) (0.11) (0.08)

Yoplait 3.19 1.74 1.56
(0.36) (0.12) (0.09)

Price -11.99 -7.03 -6.41
(1.19) (0.41) (0.30)

D isplay 0.19 0.23 0.24
(0.07) (0.07) (0.05)

Feature 0.039 -0.026 -0.016
(0.04) (0.04) (0.03)

L oyalty 0.89 0.86 0.85
(0.04) (0.04) (0.04)

¾́ 0.039 0.038 0.038
(0.002) (0.002) (0.002)

¾"d 0.58 0.30
(0.09) (0.05)

½d 0.90
(0.03)

½"a2¡1"a3¡1 0.66 0.70 0.67
(0.04) (0.03) (0.03)

¾"a3¡1 0.93 0.92 0.90
(0.05) (0.05) (0.04)

L L -1091.1 -1112.9 -1133.6

K etchupM arket
D elM onte -1.41 -1.28 -1.10

(0.15) (0.14) (0.11)
H unts -1.41 -1.30 -1.16

(0.14) (0.13) (0.10)
Price -2.66 -2.39 -2.19

(0.32) (0.30) (0.24)
D isplay 0.59 0.60 0.50

(0.05) (0.05) (0.04)
Feature 0.42 0.37 0.42

(0.08) (0.07) (0.05)
L oyalty 0.61 0.62 0.60

(0.05) (0.05) (0.04)
¾́ 0.056 0.056 0.056

(0.001) (0.001) (0.001)
¾"d 0.23 0.22

(0.03) (0.03)
½d 0.29

(0.11)
½"a2¡1"a3¡1 0.59 0.55 0.45

(0.10) (0.10) (0.10)
¾"a3¡1 0.53 0.53 0.57

(0.05) (0.05) (0.05)
L L 112.5 109.7 94.9

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis10fortheG H K
and10for"djt.
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T helog-likelihoodfunction ischangedfrom theone in Section 3andisnow

L (̄ ;®0;®1;¾2"b;¾
2
´;½;¾

2
"h) =

Z Z
¢¢¢
Z TY

t=1

JY

h=1

f(́ ht;¾2´;®0;®1)g(dit8i2Itj́ jt8j)£

HY

i=1

Á("hi
¾"h
)

¾"h

HY

i=1
d"hi (17)

whereH isthenumberofhouseholdsin thesam ple, andÁ(:)isthedensity function ofthestandard-

izednorm aldistribution.

T he heterogeneity integralswere also sim ulatedby taking an average acrossdrawsof"hi.T he

resultsarepresentedin the Table7fortheyogurt(H = 562)andtheketchup(H = 252)m arkets.

T heresultsshow thateven accounting forheterogeneity, endogeneity issigni¯cantsincethenull

hypothesis½= 0isrejectedforboth categories.N otaccounting forendogeneity stillresultsin the

pricee®ectbeingunderestim ated.N otealso thatcolum ns1through 3ofTable2presenttheresults

ofthe m odelofTable 7 with the restriction ¾"h = 0. T hen, by com paring the L L value in the

thirdcolum n ofTable 2with the L L value in the thirdcolum n ofTable 7, one can conclude that

when both endogeneity andthe com m on shocksare not in the m odel, the e®ectsofheterogeneity

arestatistically signi¯cantfortheketchupm arket.H owever, when endogeneity isaccountedfor, the

heterogeneity e®ectsdisappear(com pare the L L value in the ¯rstcolum n ofTable 2with the L L

valuein the¯rstcolum n ofTable7).T hism ightindicatethatheterogeneity, when includedalonein

the m odel(i.e., withoutaccounting forendogeneity), m ay pick upsom e ofthe endogeneity e®ects.

H owever, theseresultshave to be interpretedwith carebecause ofthe lim itednumberofdrawsin

theanalysis.

6.O ther Pricing D ecision Rules

In orderto check the robustnessofthe resultsto otherform ulationsofthe pricing decision

rule (i.e., instrum entsforprice), we allowed equation (2), the pricing equation, to include other

explanatory variables(i.e., instrum entsforprice).T hechoicem odelistheprobitonewhoseresults

areshown in Table2.

O nepricingrulethathasbeenusedin thepastin severalapplications,forexam ple, W iner(1986),

isto have laggedm arketshare andlaggedprice variablesin the pricing equation.Equation (2)is

then changedto

18



Table7
H eterogeneity

C om plete M odel ½= 0 ½= 0;¾"b = 0

Yogurt M arket
D annon 3.11 1.56 1.48

(0.30) (0.09) (0.07)
Yoplait 3.22 1.64 1.55

(0.32) (0.11) (0.09)
Price -11.98 -6.66 -6.38

(0.98) (0.36) (0.29)
D isplay 0.15 0.19 0.23

(0.06) (0.06) (0.05)
Feature 0.050 -0.031 -0.011

(0.03) (0.04) (0.04)
L oyalty 0.78 0.84 0.84

(0.04) (0.04) (0.04)
¾́ 0.041 0.038 0.038

(0.002) (0.002) (0.002)
¾"b 0.33 0.14

(0.05) (0.02)
½ 0.95

(0.02)
½"a2¡1"a3¡1 0.66 0.69 0.67

(0.04) (0.03) (0.03)
¾"a3¡1 0.81 0.90 0.90

(0.04) (0.05) (0.04)
¾"h 0.026 0.029 0.026

(0.24) (0.26) (0.28)
L L -1093.7 -1110.2 -1133.2

K etchup M arket
D elM onte -1.46 -1.31 -1.11

(0.17) (0.14) (0.10)
H unts -1.48 -1.34 -1.17

(0.16) (0.13) (0.10)
Price -2.99 -2.68 -2.19

(0.36) (0.31) (0.24)
D isplay 0.45 0.47 0.49

(0.05) (0.05) (0.04)
Feature 0.45 0.39 0.43

(0.07) (0.06) (0.05)
L oyalty 0.58 0.58 0.60

(0.04) (0.04) (0.04)
¾́ 0.056 0.056 0.056

(0.001) (0.001) (0.001)
¾"b 0.25 0.22

(0.03) (0.03)
½ 0.33

(0.16)
½"a2¡1"a3¡1 0.48 0.41 0.49

(0.14) (0.15) (0.09)
¾"a3¡1 0.49 0.48 0.56

(0.05) (0.05) (0.04)
¾"h 0.080 0.081 0.081

(0.06) (0.06) (0.06)
L L 112.0 109.5 98.6

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis10fortheG H K ,
10for"bjt, and10for"

h
i.
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Pjt= ®j0+ ®j1Pj;t¡1+ ®j2Sj;t¡1+ j́t (18)

where Sjt isthem arketshareforbrandj in periodt, and®j2 isa param eter.Therationalebehind

thism odelisthat m anagersadjust theirpricesbased on theirm arket perform ance in the prior

period.

T he results, presented in Table 8, show that the m ain conclusionsfrom the previoussections

arerobustto including laggedm arketshareasan explanatory variable:thecom m on shocksacross

consum ersare statistically signi¯cant and there isendogeneity in the price variable. The price

param eterin Table 8isalso very close to the one in Table 2(which presentsthe resultswith the

sim pli¯edpricing rule).

A notherim portantalternativeto considerwasto take laggedpricesoutofthepricing rule and

useonly othervariablesasinstrum entsforcurrentprices.W ehadavailablesom ecostvariablesfor

both m arketsthatcould serve asinstrum ents.Foryogurt, the cost variableswere pricesofm ilk

(usedto m akeyogurt)in di®erentregionsofthecountry.Forketchupthecostvariableswereprices

ofdi®erenttypesoftom atoes.18 T hecostvariableshadstatistically signi¯cantexplanatory power

on currentprices.T heresults, availableupon requestfrom the authors, strengthened, asexpected,

the m ain m essage ofthe resultspresentedabove:not accounting forendogeneity m ay result in a

substantialunderestim ation ofthe price coe± cient. T he strengthening ofthe resultsisexpected

becauselaggedpricesarepossibly stillcorrelatedwith thecurrentutility equation residuals.

7.C onclusion

O urresultsshow theim portanceofaccountingforendogeneity in brandchoicem odelsestim ated

using scannerpaneldata from two productcategories.V ariableswhich areunobservedto them ar-

ketingresearchersseem tobeusedby m arketing m anagersto setthelevelsofthedecision variables

andto a®ectconsum erbrandchoice.T heresultsin thispapershow thatnotaccounting forendo-

geneity m ay resultin underestim ation ofthem arketresponse to price.W e also showedthatthese

resultsarerobustto m orecomplexerrorstructures, to a formulation incorporating endogeneity of

theslope, to heterogeneity in theconsum erpool, andtorelaxationsin thepricing rule.

T hereareseverallim itationsto thisstudy.F irst, wetestedforendogeneity in only two product

categorieswith a lim itednumberofalternatives.Testsforendogeneity in otherproductcategories

allowingfora greaternumberofalternativesarestillneeded.Second,them odelsofthe¯rm s'decision

m aking are relatively ad-hoc. In future work, one m ay want to start with a theory about ¯rm s'

behaviorand interactionsand then derive the ¯rm s'decision m aking with m ore clearrestrictions
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Table8
L aggedM arketShare in Pricing R ule

C om plete M odel ½= 0 ½= 0;¾"b = 0

YogurtM arket

D annon 2.61 1.60 1.49
(0.25) (0.11) (0.08)

Yoplait 2.70 1.70 1.56
(0.27) (0.11) (0.10)

Price -10.27 -6.81 -6.41
(0.89) (0.39) (0.31)

D isplay 0.22 0.23 0.24
(0.08) (0.08) (0.05)

Feature 0.019 -0.033 -0.016
(0.04) (0.04) (0.03)

L oyalty 0.80 0.83 0.85
(0.04) (0.04) (0.04)

¾́ 0.038 0.037 0.037
(0.002) (0.002) (0.002)

¾"b 0.28 0.16
(0.04) (0.02)

½ 0.82
(0.05)

½"a2¡1"a3¡1 0.68 0.71 0.67
(0.04) (0.03) (0.03)

¾"a3¡1 0.83 0.90 0.90
(0.04) (0.05) (0.05)

L L -1085.4 -1103.1 -1126.3

K etchup M arket

D elM onte -1.32 -1.18 -1.10
(0.14) (0.13) (0.11)

H unts -1.31 -1.20 -1.16
(0.13) (0.12) (0.10)

Price -2.53 -2.25 -2.19
(0.29) (0.28) (0.24)

D isplay 0.52 0.53 0.50
(0.04) (0.04) (0.04)

Feature 0.41 0.36 0.42
(0.08) (0.07) (0.05)

L oyalty 0.58 0.59 0.60
(0.05) (0.05) (0.04)

¾́ 0.055 0.055 0.055
(0.001) (0.001) (0.001)

¾"b 0.24 0.22
(0.03) (0.03)

½ 0.32
(0.12)

½"a2¡1"a3¡1 0.58 0.53 0.49
(0.10) (0.10) (0.09)

¾"a3¡1 0.50 0.51 0.56
(0.05) (0.05) (0.05)

L L 115.2 111.5 99.8

L L isthevalueofthelog likelihoodm inusthe¯xedterm s.T henumberofdrawsis10fortheG H K ,
and10for"bjt. 21



between the supply and the dem and side ofthe m odel. T hird, we only analyzed endogeneity in

the price variable.Severalotherexplanatory variablesare also probably a®ectedby endogeneity,

forexam ple, displaysandfeatures.Fourth, severalaspectsofthe execution ofourtestscouldbe

im provedupon with greatercom putercapabilities:greaternumberofsim ulations, allowingforboth

additiveandslopeendogeneity atthesam etim e, allowingform oregeneralheterogeneitystructures,

including in them odelbothverygeneralerrorstructures, endogeneity in theslope, andheterogeneity.

F ifth, onecouldcheck therobustnessoftheresultsto otherestim ation m ethods, in particular, to

estim ation m ethodsthatrely on lessdistribution assum ptions.F inally, recentdevelopm entsin the

literature on brandchoice such asthe when/what/how m uch decision (G upta 1988, C hiang 1991,

C hintagunta 1993)couldalso be includedin them odel.19

N evertheless, webelievethatourresultsm ayberobustto alltheseextensionsofthebasem odel:

endogeneity in the m arketing-m ix variablesm ay be im portant and can create a substantialbias

in the param eterestim atesin severalm arkets. R esearchersin the brand choice area should now

question very seriously the existence ofendogeneity in theirm odels, and ifnot accounting forit,

they shouldatleasttestforitsexistence.20
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Notes

1A secondsourceofendogeneity inscannerdata applications, notconsideredhere, isduetothewaythepricevariable
hasbeenconstructedtoincludecouponredemption.C ouponredemption isalsolikelytobestronglycorrelatedwith the
errorterm (inparticular,withtheheterogeneitydisturbanceinanyformulationaccountingforconsum erheterogeneity).

2Itisstillpossiblethatthesem odelscan beusedforprediction purposesifthem anagerskeepm aking decisionsin
thesam eway asin thedata usedforestim ation.

3In those weekstheconsum erhasutility equalto m inusin¯nity ifshedoesnotbuy any product, andtheutility

doesnotim proveifshebuysm orethan oneproduct.W ehavealsoperform edrunsofthem odelwith theno-purchase
option:Theresultsaresim ilarto theonespresentedher, andourm ain m essage issubstantially strengthened.

4W ehavealsoperform edrunsofthem odelwith theloyalty variablespeci¯edasan exponentialsm oothing ofpast

purchases, asin G uadagni andL ittle1983.Theresultsarevery sim ilarto theonespresentedhere.

5T hisisforeasiercomputability.In thefollowing sectionsweconsider"aijtto benorm ally distributed.

6T heformulation forthecom m on dem andshocksisa random e®ectsonebecauseofthesm allnumberofpurchases
perweek.A n alternative isa ¯xede®ectsformulation.

7N ote thatthe instrum entsbeing used have to be independentofthe residualsin the utility equation. B ecause
offorwardbuying andstock piling, one m ightarguethatlaggedpricescouldbecorrelatedwith the utility equation
residuals.H owever, theseforwardbuying andstockpiling e®ectshavebeen foundtobeofverylim itedsize(seeG upta

1988).A notherpotential, andm oreseriousproblem , isthatthe com m on shock in the utility equation, "bjt;m ay be
correlatedthrough tim e, andthen laggedpriceswouldbecorrelatedwith thecurrentperiodcom m on shock.B ut, if

thisisthecase, theresultsobtainedherewouldbeconservative, andwouldonlyunderestim atetheendogeneity e®ects.
A m ain advantageofusing laggedpricesasinstrum entsisthatthey arereadily availableto theresearcher.Section 6
reportsresultsfrom theuseofotherinstrum entsforprice.

8Fortheprō tm axim ization interpretation ofthepricingrule, theassumption that j́t isindependentacrosstm ay

also notbeem pirically satis̄ ed.Thisassumption iskeptthroughoutthepaper.R elaxing itwouldcreatethetypeof
estim ation problem sfacedin Section 5, thelog-likelihoodfunction wouldnotbeadditively separableacrossperiods.

9T here were originally 10storesin thisdata set. Including m ore storesin the analysiswould only increase the

choice set into productswhere there wasa sm alldegreeofsubstitutability forthe consum ersbeing considered.The
analysisreported in thispaperwaslim itedto onestoreforboth theyogurtandtheketchupm arkets.Theresultsfor

m orethan onestorearein every way sim ilartotheresultspresentedhereandavailableuponrequestfrom theauthors.

10W edidnotincludem orebrandsin theanalysisforcomputationalreasons.

11T herewere9storesin thisdata set.

12T hevalueofthem axim um log-likelihoodcan bepositive in thesecasesbecausethedensity of j́t, includedin the

log-likelihoodfunction, can begreaterthan one(i.e., thelogofthedensity can begreaterthan zero), andcompensate
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forthelog oftheprobability ofchoiceofeach brand(which islessthan zero).

13T hism ethod allowsalso forestim ation with any numberofbrands. N otice also that the standard m ethod of
sim ulatedm om entsdoesnotwork in thiscasebecausethenumberofalternativesin thatm ethodistoolarge-J raised
to the powerofthe numberofconsum ersthatpurchased a product in that week (see H ajivassiliou and M cFadden

1993).

14FortheG H K sim ulator, m entionedbelow, theseestim atorsareconsistentandasym ptotically norm alifK =
p
N !

1 asN ! 1 , whereK isthenumberofsim ulationsandN isthenumberofobservations.

15N ote thatthisisthestandardscaling in Probitm odels, which isdi®erentfrom the scaling used in the previous
Section.

16A notherpotentially im portantgeneralization ofthe errorstructures, notstudied here, isto allow the com m on
shocks"bjt to be autocorrelated through tim e. W ith the currentcomputationalcapabilitiesand thislikelihood ap-

proach, thisstructureishoweverrelatively complicatedtoestim atebecauseonehasboth cross-section andtim e-series
correlation oftheresiduals{ asin Section 5below.

17A lternatively, we could have considered both endogeneity in the slope and additive endogeneity, the one we

consideredin thepreviousSections.

18A llcostvariableswereobtainedfrom the U nitedStatesD epartm entofA griculture.

19O therresultsobtainedbytheauthorsin a m odelwith theno-purchaseoption alsoshow thattheresultspresented

abovem ay even underestim atetheendogeneity problem s.

20O ne easily applicabletestisthetestoftheexistenceofcom m on shocksin theutility equation, which m ightbea
strong cuefortheexistenceofendogeneity problem s.Thetestisa lagrangemultiplierteston therestriction thatthe

varianceofthecom m on shocksiszero.D etailsareavailable in N ewey andM cFadden (1994).
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