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A bstrackt

W e prgpae amadel ofthe phenomaan of persussian - W e arge that individual beliek
axohe in avnay that o.ewvdadgss the gpinias ad infrmatian ofindividual whan they
\ isten 10 " reltive 1o otherindividuaks - Sudh agants can be undarstoad 1o be acting a8
though they bellee they sten O a ripresatative ssmp e ofthe individuak with valleble
infomatian, even thaugh they may not. W earalyze dyremics and aavergance ofbelieE,
daracterizngwhen egarts“belieb aanverge overtime to the same beliek, and when they
insteed divarge . Canvargaritheliel can be daracterized ss thewaghited average ofegats ™
inrtial belieE, ad these wadits caan be inteypreted as amessure of\ it uenae!" W e then
eplae implicatias in an asset rading setting-H ere we demastrate that agats pro t
fion bang irt vential as well ss bang acourate- W han agais™ daae obvwham 1o Esten
10 is edogenass, we showv thatan individual’s it uence aan be parsistatt, even thaugh
the individual may be inecourate-
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1 Wrod uwtion

I'tis wellknoan thatinafully raticnalmadel, the beliek ofindividuak mustiollovmartingpkes
A nindividual who antid pattes a future draence in hereqpected beliek shauld incorparate this

into bellek iImmediately. | aethelksss, there seams 1o be a wide \ariety of settings Wwhere

individuak ™ belleE dange in exante predicteble mamers - Individuaks frecuantly gppear O

believe statanants sudh as: \ I Tl assodate with a cartain gap, | am ikely to agee mare

with theirbeliel *;\ 11 dhoose toattend sdhoolh |, | willl kely develp an 1 -sdool™sty/ke of

thoudht;ad,\as | age, | an likely b becone mae aasenatine ™.

Il are gererally, In awide range of setlings, the activity of persussian gppears 1o aRect
isterers™beliek in a pradcebE mamer, tonarcs the direction of the persueder- W hether
itis aspeder gving a kdure, an attomey arguing fora diait, ar a nenspgper editarial,
amman dosernatian sugessts that, an aerage, sudh asgumants are mare ikely to avinee
then todissuede. | n afully ratiaal madel, honever, axe soneaestatss tharpasitian, there
shauld be, on aerage, No sape Tar pasussian, provided that the Estener hes an unbiased
assessmentofthe acauracy of the persueders viens .4 tiempits atpersuesian are justas ikely
1o dime an qinian anay fran the persueder as tonards her

0 faourse, the et that a parsuedar can aRect a istaner’s gpinian, by presariting unex-
pectedly good evidance for his Vienpdrt, is notitselfavioktion of ratiaality. Even ifthe
istener hes an ubiased assessmentt of how strag the persueder’s eddaxe is likely o be,
iTthe persuedar hes a\ good draw " oFf aamMnding esdence, aewould eqpect his aagumeats
1O hae an irf uence. T hus, Toreample, it a persuederis better informed then expected,
the persueder may be ablke to antiapate his informatian wi ll mowe other's viens tonarcs his
onn- A d in setlings where itis in his interest for othars o have simibr gpinias { be it
forpolitical, sodal, ormarket reesas { he will have an incantive 1 engece in persussian -
W th Tull raticalty, such activity wauld anly be bere dalwhen ae’s infamatian is betier
then epacted . | aethekess, ifthe bdk of sudh activity wes teken as asigal of bw quality
infomatian, there cauld exdst a standard 1ully revealing signaling equ ibrium where every~
ane dhoosss 1o perstede, evan though sudh ectivity an averaoe hes no eRict;, ksstindividuaks
othawise inerthat ae’s silbe sigak infomatian ofavery pooraguality-

Sudh an eplbnatian, honever;, seams 1o Al shartofeqp Eining mudn parsussive activty/-
W hikitmaybetriettataesideofanargmait{ thatbwith the better cese then antid pated
{ waud bane t filan persussive activity, dften both sides gppear 1o be eRactive in thar
pearsussian.-T hatis, both sides seem o aRectin tharavarthe goinias of those with wham

1See Br examp B, Bray ard K reps(1987).



they interact. Fareampke, udar aampete ratiaalty, the moderate reeder of the beral
nengpgper shauld be justas kely 1o rIgect the iens he reeds as to adptthem _H e shaud
realize that, even ifhe is Not reeding the aasenative nengpaper;, itis likely o hae an
gopasing pasitian, thatthe, as a moderate, is likely to nd equally compeling- B ut o the
arary, doservation sugpests that sudh amoderate reederis in eqectatian lkely tobeacome
mare liberal ifshe reguiarly reecs the beral nengpaper, while asimilarmoderate reeder of
a aosenative nengpaperis mare ikely 1o adqpt his pgper’s aasenative viens? | ikenise,
itis hard 1O belee that activities sudh as gang 1o adllee, janing the miitary, warking
in aproessian, etc. - ., do notsystematically aRact the averace individual's beliek an many
issues in predicieble mamears - In ganeral, individualks “viens tpically sesm to evolhe tonarts
standard viens of graups with whidh they regularly interact

Simi larly, the nation thatpersussive activity makes a istenermare sympathetictoan ides,
indgpadantofits merts, seans o uderiie mativalias Taraasaship and pragpagadac | Tl
belleve my viens are conrectad saneae eke’s are vwag{ areven hammiul, why shaubn't
| aRod my gopaaTteery qopartunity o spesk, since this shauld in epedtatiaon sere 1o
avine the staner that they had ovenrated this gopasing vien”? In aaonisst, honever,
underling the impulbe 1 carsaris dearly the notian thattwvwhen individuals propaund these
viens, they willl be mae likely 1 anvinee istaners then 1o dissuece them - L ikenise, the
wse af propaganda seans besad an the notian thatt riepeattied expasures o aviewvare likely o
aRactbelieE in apredicebEe mamer. S udh avienvaertainly seams oouderie mudh marketing
activity- A long similar ines, a debate without egpal time for eedh side, ara aiminal trial
where the delase was notallioned 1o presatttha rese wauld gernerallly be aasidered uilair-
Y etifitwas uderstoad thattsudh ruless were impasad exogenasly, they shauld notaRect the
aserage autcone in asetting where beliek follovmartincgales _ 4 fierheaxring the proseautian,
the jury shauld heve abeliefabaut the merits of the defadants cse, whidh is nromare ikely
tbe strangthened then weakened by hearing the deferse 2 I1n practice, honever; sudh notias
seam aaunterBctal R val vienpdris ganerally  ditfor\ airtime;” * political sperding does
it uence Gampaign autcomes, and attomeys do svay jures With thalrargumants -

W hat alll these eamples have in aanman is the notian thatt riepeated epasure 1 an

2k isoFRous, rot suprigrg that beraban corwrvativesmay choos to real rew paperssimihr to
their politcallview { iFbr rov other reamnthanthey irkr ther repective rew paper w illb e more accurate -
How ever, thisd oesrot exp hirw hy rew spapersw ith opposite post brsamularsously move their respective
real ers opirorsinopposdite ( rectbre

SIn#ct, ifthe criterion®r corvitibnisthat the jury’spogerior asessnert ofouil Esinane>ocerously
determired bwer tailofthe d BrbubN(\beyoni a shal ow ofa d ob t*’), thenhearirg the d eErd art’scas
w illrai the probab ity oftorvition. T his Ty sfom retirgthat ary rew irbrmatonkal sto a mean
prervirg real ofthe asessnert ofouil, raigrgthe Ekelbhood ofa taillevert.



qinianis ikely to aRectindividuak"beleE - | Tl eln the besis Tormy goinian toyau, an
aerage, yau are mae likely 1o adjust your goinian tonards mine then anay from it A nd
interacting regulbarly with ahomagenass aond is ikely 1o led ae tomoe in the directian
of this aonds viens. BEvidace Tor such a sallenee hiss is pervesive in the psydologcal
teraturel 0 ne simpke eplnatian for persuesive eRects is that individuak gve too mud
wadgt o the viens that they hear relative 1o the aes they donthear_ A gaits may simply
not udesstard the Ul structure of thelreeviramat, and acasaguantly may belleve that
those 1 wham they Isten aamprise a mare represantative sampke of beliek then in fctis
the cee. Intuitively, agats may not realize the extant to vwhidh the aonds in whidh they
assodate and the assumptias macke by pears are not riepresantative ®

A s an inbcductian 1o the madel of persussian we wWill develp, aasider the olloning
extrtanely simpkamMrmament. Suyppcse the uncertain parameter thatindividuak are faming
Qoinias ebaut reltes 1o the prdosbi ity of heeds fram a partiauler type of aan. Individual
I may dhoose o gather informatian by aonducting saone rumber of triaks, Ny, and dosering
the frequancy ofheeds, > -

Suppae next that individuak 1 and j mest. T hey eedh have di®erant infomatian, >
and x5, and thus will in ganeral have di®erent qpinias - Individual j may try 1o\ persuede’”
individual i by revealing his information.- Ifindividual i \ Istas 6" indvidual j, then an
doviass updating uke ori touwseis
N; N

5= i+

= %]
N+ N; N+ N;

> O

W ewill analyze updating rulks of this form, ad in fact show that ifindividuak do sten
10 ripresatative samples fran the entire pgoulatian, sudh an updating rulewill kEed O the
aarect ulimate posteriarbeliek -

0 n the aother had, note that if1 ad 5 aunent infomatian degpads upan previas
interactias with othears, this updating ruke is notnecsssari ly B ayesian in the sarse that there
is No attempt to adjust Tor potential oer-sampling of cartain infamatian - Farirstance, ifi
ad j both previasly stened o individual k, then the updating ruke eboe wi ll eRectinvely
\ daubke aut’® this infomatian. In sudh a draumstanas, individual kK% beliek will hae
undLe irf uenae an the beliek ofindividuak | ad j -

*See, Br examp b, Tversky ard K ahreman(19 73) . Nis ett art Ross(1980) ard Fide ard Taybr (1984)
provii e a review ofthis iteratue . A ¢ b=l rebtel isthe rotionofon rmatorybiasw hereby in vil Le ks
inerpret the evil erne they ob s rve inaccord w ith their prior helies. See Br examp b Lord ,Rossari Lepper
(19°®)-Rabin(998) provi esh oth anoverview ,arl a d iIsussonofapp Eatbrsinecoram cortexdts.

SFor arearly{ is ussbrofthispossb ility inthe pscho bgy kerature, e Ross 6 reere ard House (1977) -




Itis in this sase that we attempt 1t madel the phenaomenon of persussian - W e assume
thatindividuak use a hauristic updating ruke sudh as () above, withaut praperly adjusting
Torthe Bt that the sampe ofindividualk whan they sten to may be noHepresantative of
the papulatian as awhole_T hus, repeated sanpling ofinfomatian fran the same indivicual
argrop ofindividuaks will resultin thatindividual argroup having it uence oerthe bellies
ofathers . In the aatext ofthe eampes desaibed ebove, lstening repeatedily to ke minded
acolleeguss arthe same aosenatinve authars @individualks Who reed those authars) will tend
O snay aes pinas tonards thatgap -

T hus, pearsussian bias in aur madel resulls from the &t that not all individuak aomn-
municaie with a represantative sample of the papulation, and that they do not edjust Tor
this in tharupdating ruke- W hile this is not ullly ratiaal, we cam itis \ nees=ratiaal " in
the sanse that this ypdating rulke lecs 1o aarect informatian aggrecatian underthe simpler
mackel of the warld that samplss are ipresatative. ll asoer; itseams o twellwith a~
arace béhaviaor. Fareample, when Istening 1o the gpinias of athers, mcst individuaks do
notgppearto put ss wadhtan the qpinias ofthose Who reed the same nenspeperas they
do{ though they shaul since athernise thaetconman compaantofthe infomatian will be
oerepresaied.-

A gan, ae justi cation Toraurmadel is thatindividuak believe they conmmunicate with
a randam sampk of the papulatian when they do not. A n altematine inermpretatiaon of
aur ypdating ruke is that individuak believe that anly a subset of the papulatian possesses
wselul infamatian worth stening 1o, and thatt the belieE ofFthe ramainderof the papulatian
axsist of usekess ndse- T hus, even thaudh individuak may realize that they do not Iisten
10 a rpresantative sampk of the etire pcpulatian, they may belleve that they Isten toa
represantatinve samplke of e\ ngit " pep k- Fareamplke, the econamist migitdismiss aut
ofhand the marketanalystwho begrs his agumatbwith dartistnotias, whi e the dartist
midtin twm dismiss the vieas ofanyane subsaibing 1o\ aarzy " acedamicnotias ofmarket
etdawy. Irneokras all individuak ™ assessmat o who does not passess uselul infamatian
is notampletely conrect, aurpersussian biss will ol | n this Gese, individuak know thatt
the individuak that they isten to do notconespad 10 a represaiative sampke, yet this is
Justi ed gven ttrarmadel oftre vworld.-

W etakesudh a\ persussianbias’ *as aprimitivein aurmadel, and eanireits implictias
Torthe dynemics ofbeliek in ganeral and an asset trading masketin partiauler- In Sectian 2
ofthe pgper, we develp atomal madel of this evirameatt, and shov thatifall individuak
isten o unbiasad samples ofindividuak fram the entire pcpulatian, then infomatian is aor-
rectly aggrecaied - | 1, honever; there are biasss in the patterrs ofcommunicatian, informatian



wi ll be aggregcated in avway Whidh ghves the informatian held by aartain gragps ofindividuaks
mare wadht then thatheld by others - In partiaulaer;, we daracterize the dynamics ofbelies
in the pcpulatian, and shov thatuderasimp ke caditian an the patiern ofcommunicatian,
beliek of all agats anvarge 1o the same beliek, gvan by awadted aerage ofinitial be-
ieB_T he wadhtassodated with any e, in tum, Gan reedi by be interpreted as that pes
\'irf vence;” " and will be seen 1o dgpad an both the rumber and the irf uence of the tpes
who isten 1o this gven type.

In Sectian 3, we incorparate aur madel of persussian iNto a madel of asset markets -
Standard madek of sssetmarkets ganerate trading volume thrauch riskssharingand kquidity
motives, generally induced by the presence of ndse tradars . |n actuality, honever, mudh
tradingvolume seams 1o be generated because agaits belleve that they Gan process the same,
publicinformatian betterthen othars .\ e madel this by assuming agats beleve tetanly a
subset of the papulatian passesses uselul informatian worth stening 1o, and that the beliel
of the ramainder of the pcpulation aosistofuseless ndse® T hattis, agats believe that they
are better then others in idantifing the uselul infomatian in the pgoulatian -

In aurassetmarketmackel, agaits Isten tothe infomatian ofothers, update tharbelies,
and then trace on ttarupdated belieE -\ e danastiate thatin this setting, thereis notanly
a rok for using infomatian acaurately, but albo a roke Tor irt uence. Intuitnely, ir' vential
agerTs may be eble o persuede athars of thei rbelies, and in the process aRsctprice dynamics
in amamarthatbae t them, even ifttarinformatian is notparticulerly acaurate-

0 e doviass questian thatt this sugessts is whether others will sten to sudh a paorly
infamed butirt uatial agaitin the future. T hatis, ifwe repeat sudh a game ad alllowv
agerts 1o dnoose wham 1o isten 1o besad an same messure of past perfamance, will they
doose o kep istaning to sudh an agai? | e tEake up this questian at the ed of Sectian
3.W eshonvthatirt uance can be selfparpetuating.- 1N partiaukar; itcan be in the intexrest
of agits 1 sten to agaits Who are irf uantial, even i they are inecourate. Furthermare,
irf uence an gererally ked © hidaerpro 5.\ e daradierize in settings in whidh it uence
cn be\ stabk; " in amanartobede ned.

A rumber of teratures are rekbvant o this peper. || ot dosely relted, sone of the
Tundamatal ekEmants of aur ganeral madel of persuesian have bean previasly analyzad,
thach underasigi cantly d@attartext, mativation ad inerpretation. In partiaular,
Faxh (956)adH aary (959)aasiderasetup similbarto aurabstractmadel in Sectian 2,

SHerne, w hik there are ro actualroie trad ersinthe mod el the it that each acert belevesthere are is
Sk ¢ Ert to gererate trad e



teanmire\ sodalirt uence!" T hus, aurT hearam 2 is ganeralization of the results oY arary !
A nd whexess nather Frandh ar H araxry recogniize the dnavadierization for the aonvergait
pantin beliek thatwe d in T hearam 3, this result follons fian a cambinatian of their
T heaems with the daracierizatias ofastaticary distribution ofall akovdainin Fadin
ad | etzell (984), gpplied 1O the spad € case of aur madel. W e dgpart fiom FHendh
and H arary in motivating the prdolam as ane of persussian, in aur abiity 1 daraderize
irf vence in accod with the ggphical structure of who Esters 1 wham, in devekping a
setting undervwhidh the medhenics ofbelies ol fran the bdaviorofnearratiaal agats,
ad in thinkingabautthe implicatias ofsuch assttingina nance marketwith maxdmizing
agts.

T he pgperwhose motivatian is pertgps mastsimilrto aur nence gpplicatian isH arris
and R aiv (993). | ike ws, they abo aasidar a setting where investars anploy d@srat
madkek interpretthe same publicinfamatian, and arew ling totracke becaLse they belleve
theyhaeasupariomadel® W e d®@rfiam this workin thatwe explid tly madel the raeture of
treders "d®ratmadek ofthe world, and aasecpently hovinformatian wi ll be d@srarttially
inerpreted .l aesped clly, auragas"have madek ofthe warld whidh yied an impartant
rok Tor ammunication and updating of belie_ A ganits in aur setting do udarstad that
allermative interpretatias ofpublicinformatian madke by othertradess is ohvalle_T his Toas
an the communication structure allons us o derive implicatias for the roke of\ irf uence™™
and o eploe naturally the passibi ity of treders altering theirmaodek - In contrast, H anis
and R aiv and other simi lbarpgpears are insteed primari ly aoncarmed with avery d@srantset
ofissues relating 1o the atss-sectianal and timeseries relatiaship betneen price and volume.-

A rumber of recent pgpars aasider the implicatias for nendal markets of bissss in
tradars” inkerance proessss. 0 ne partiaular maniestatian, aomman 1 D aniel, H ishlEEr
and Subramanyam (998), 6 ervais and 0 deen (997) ad B e (996), aasidars traders
who are overan daitin thar sssessmait of trarinfomatian - T hese pgpers are similar o
aurs in aasidering the aasaguencss of psydologcally motivated bisses for asset markets -
T hey di®rin that traders make mistakes directly ebaut the \ale of relevant informatian,
ad thare is No e Torammunicalion - In aatrast,, in aursetting, tradars udarstand thair

“Add kioraly, Des root (197 ) exam iresa mod elvirtLa By il enicalto that ofFrerah ari Harary. Neither
Des root, ror the Eerature that £bw sDe root (e Br examp B P ress (19 B) ari Berger (1981)) sem to
b e aw are ofthispreviousw ork. Asw ith Frerah ari Harary, rore ofthisw orkcorsl ersthe ecorom cortext
ofmaxan k irgh ehavior rer the app kationto  ranialmarketsw hthwe puse.

8See abo K ardellard Pear®sn(1992) ard Hirdy (1994) 6r mod e bw here trad ershave d Berert mod elsoF
theworl _Simikrl/,Bekrattiart Kuz (1996) ari (¢ armaie (1997) cordl er tral e ina sttirgw here agens
muet ob ey ratiora b eleBrather thanthe grorger retonofratoralexpectatiors e®ectively albw irgagens
to beleve arymod elrot cortrad ctab B by the d ata.-



onn infiomatian is Barfran anpkete, ad sesk aut the infomatian of others_ 0 ur traders
Gan be interpreted 1o be mistaken ebaut the represatativaness of the infomatian that they
dotan fran ottears. T his foas an the aasaquanas of aammunicatian and updating mare
raturally alllons s o eplae it vae ad the evolutian ofmistakes ovartime.- N mudh of
the rebid Ferature, mistakes dearly ast traders weaalth arutiiity, and hance are unlikely
10 be evolticarily parsistent?

0 re reaent ierature whidh does foaus an the evolution ofbelles gven repeated intevac-
tias betnean egaits is the brge erature an sodal kaming W akin this areaassumes that
agaTs dooe actias oer time, ad bese tdar ddde an infomation received fran other
agas_ T he ddce ofectian Gan be in ananstrateg c aatext, whaere an acgit’s actian does
notdi rectly aRectotheragats orinstance, agarits are aasumers Who dedade whidh product
10 buy), arin astralegc antext, whaere acats ply a gamewth otheragats - A garils may
dosere infamatian fram the whole paoulatian, arthere may be \ oAl interactia s, whare
ages anly dosene ttalr nadbas.- See, Tor eample, Elison (993) and Fudenberg ad
Elison (995)1or Il interactians in astrategc and nonstrategic aontext;, respectively, and
Balkhad (i ol (998) for a gereral nedbahod structure. A lthaudh there is a famal
simi ity betnean this pgper and the Ierature an sodal kaming, the questias asked are
outed@at. T hesodal laming iterature studies whether eganits adqptthe gotimal actian
(n anostrategc atex) oraverge o all esh eguilibrium (n astrategc atex- By
axisst, this pgper studies howv irf uential eedh agaitis in aRecting the longrun Eimitof
others"belieE, and howvirt vence mattars in a nendal market setting.-

2 The DyramrsofBelleBU rier Persason

21 ReprezrirgBeleB

In developing a fomal madel of persussian, ae diaulty ilnvolves dhoosing a aanveniait
represatatian for an aga s beleE . In greral, if there is same uknonn parameter p of
interest, an agati's beliek at ime t conespad © a prdoabi ity distribution F [ o this
paramneter

T he dxaulty with this most ganeral Tamulatian is to-od .- First, when modeliing the
ammunicatian betnean agaits, itis unrealistically amplicated for the agaits to cammu-

°® AnexceptionisDe Lorg, Shkifr, Summersard Wall man(1990),w hih presrisa mod ellw here trad ers
makirg a migake ¢ 0 make morey over time. Inthismod el, @me tral ersui eregimate the variane ofa
ridky as®t, ari there®re over-irves inthesw asets.B ut 9ne ridky asetshave hicher expectel returrs this
Eal sto higher expected wealh, eventhouth actualutility isbwer.

-



nicaie atire in nite-dmasiaal distribution functias- A ny natural conmunicatian must
inohe the reductian © a low dmasical vector- T he secod diz=aulty cones fran the
agpregation of belief -6 iven eganti' s oan belieB F Fand the infomattion fram egantj, F 5,
how shauld egant i1 aggecaie this infomatian when forming his new belieE F Fl? Benift
W\e assume egais are B ayesian, this updating is aamplicated and naHinearin general

W e introduce o d@rat framenarks that allov s 1o simplify the prdolem of repre-
santingand updatingbeleE _T he  istad moststradghtiomard gppraedh is to assume that
the uderlying parameter . and all asd Ebk informatian sourcss have a jJantnamal distri-
butian .U nderthis parametarizatian, itis ressaeble o think thatagaits communicate their
belieE using a Simpk suH-dent statistic of the iNnfomatian they have aocquired.- || asoer,
these sut-dantstatistics Gan be cambined viaasimplewadted aerage-T his namalinear
Tramenak is anvanient, and we shall purste itmare detail in Sectian 3 whenwe imbed aur
madel of persussian within astarndard nasy ratiaal eqpedtatias madel of sssstmarkets -

T henamaVinearframenars, whi Esimplg, is ofcourse avery spedal ese W ewoud ke
1o bui ld amadel of persussian that daes not rely an sudh strag distributicnal assumptias
in adernot o restrictits goplicabi ity T his is passibE ifinsteed of representing the belle
directly thraugh posterior distribution functias, we riepresat them indirectly through the
datavhidh generates those beliek -

In particular; suppose thatindividuak learm ebautthe unknonn parametery by cathering

\ evidacE" o\ eqpaerimantal " data- T hatis, eedh agantdoserves the autcomes fran N iden-

tical eqaimants . Eadh dosenation an take an K passible realizatias, with the ikellhood

of doserving any particuler autcome in the set depencs yoan the parameter |1 - Further=

mare, assume the jantdistributian of the epaerimental cutcomes @ven ) does notdegpad

an the ader that the autcomes are doservad - T hen the data fran the eqparimants can be
summarized by avectar

X
x2<; 0 x=1; (7))

i
where X rgresants the doservad frecuency oFeedh autaome- 6 iven this empirical distribu-
tian, agats then wse ttarpriars and B ayes ruke to determine tha rposteriar distribution for
the unknonn parameter -

T his fomulatian hes the adhantage that the empincal frecpency X acts as a sutaait
statistic Toran agats posteriar belieE, ad is mudh essier to ammunicate. It & directly
the situation ofsdatists sharing experimeanttal data (@rindividuak shaexing anecdotes ebaut,
Toreampk, the ety ofFsome hane aod ramedy)- I'tako hes the adhventage ofFa simple,
near aggecation k. Far eamplkg, if individuak | ad j have eedch doserved (directly



arindirectly) the results of Nt exparimants at time t, and these exparimants hae autaone
frequendies >§ and >&, theirinfomatian Gen be agregated vian® * = 2ntand

1 1
_1:§x§+ EX}: (€)

In what ollons, we develp a madel of conmunicatian ad irf uanee arsisEattwith these
™o altermative ripresatatias of beleE . T hat is, we madel the belieE held by an agait
by a nite-dmasiaal \vector, and suppase agats aggragaie bellek using a inear ypdating
ruke_\ hikjustfingthis ripresentatian by presuming jantnamalty is canvenientiarmary
econamic gpplicatias, the saaad gppraaedh besed an conmunicating data makes dear that
this represatatian is nota distributianal restrictian.-

22 TheBas |l odel

Casiderasettilgwth N \ pes’* ofagaits, N = 11 ;2;:::;N g- Fareadh tpe, ttereis a
atinuum ofindividuak unifamly distributed oer the interal [0 ;1 | W e will daoke an
agtm of ypei by i, , and the\ positiar” of this agatat ime tby >& 1 4 n agants
pcsitian Gan be thaudt o represanthis \ belleE " ata gven time and is gven by apadntin
<¢,wherep is sane axrstant.A nagatbegns attime) withbelief > and updates beliek
in amanner 1o be desaibed presatly_ W e will Bt igpresant the average beliek Toragants

oftgpei attimetie, -

= g an;
and x the vector ¢4 ;%6 ;222 ¥-W ewill foas an the average beliek ofead type, and in
fct often refer o the \ belieE aofF gpe 1'* a5 though there were any asinge agatof spe i
vﬂhbeleﬁxﬁInﬁ:l;ﬁerelelsoﬂtisSecﬁm(Enbestaledinasetﬁnginvﬁdﬁttﬂe
is aly asingk agait of eech pe- W e inbroduce a aattinuum because we shall develkp a
ampetitive asset marketmadel in Sectian 3 -

W ede rea Iseeningstructure by afuncian S whidh mgps fram types in N into subsets
OFN _T hesubsetS () afFN is interpreted ss the setoftpes wnidh e i Isiens W ewill
grerally sssume tati 2 S ), | e, that types Isten O theironn tpe, anagothas._ W e
wi ll presume thateedh periad, an agatofypei Istas o the beliek ofae agatt, randanly
drann fiam the set ofF agats whose tpes are in S ()X T he prdoebi ity that an agat of

W hentime isc kar,we w illofeni rop the spersript ..

11 nanear Fer ( raff ofthispaper, w e irgeal mod el agen ias erirgto ore agert ofeach type INS(>)
everyperiod - Inthisa kerrative ttirg, the resuksinthissctbng through unhargy - I t,corvergerne
withingowpsHhw sina muh smp br marver { by the bw oFlhrge rumbers{ sne alBagrisofa gven



tpei istas oan agaitoftpej inay periad is gvenby T g, were T 5> 0 ifj 2S @
adT 53 =0 aothewise. aturally,
Tig=1:
s

Inmastexamples, wewillassume uniform istening, sothakT 35 =1=#S @1orj 25 ()-0 ur
results do not dgpad an this, and we can albow for nanrunifom  rendamizatian o Gpture
that notion that same tpes may be mare likely 1o enaourtter eech other then other types -
T hematrixT summarizes the communication structure of the madel 2

BEanpk!l LetN =3, adS ()= 1;2;30; S@Q)= 12;30; S@G) = f;3g9- T hen with
unifom lstening,

0 1
44

T:%oz-giz ®
07

I ole thatS can akbo be dgpicted as a directed grgph oerN - T he directed grgph implied
by this Isteningstudure is dgpicied in gure 1, with an anovfiran 1 ©j indicating that
i2S@Dadhenci \inf uencs""j -

A fier Estening 1O the agat he hes bean randamly matdhed with, eech agait updates
his beliek acoodingly_. W e do notaddress incantives Toracaurate rieparting here{ ratherwe
presume throughautthaet rieparts are aanveyed acaurately, and eanbeveri ed_ |l ofe, honever,
that since agais are in nitssimal in this madel, strictly spesking there is no incantive or
agants o misrgpart theirbeliek 13

In ine with aur notian of persussian disassad in the introductian, an aganti,  updates
&6 ifthe agaits of S ) aamprise all egaits in the warld, and does not teke into acoount the
presence of egaits autsice of S ()- ote thatt this does notimply thatt these otheragats willl
not ulimately aRsct the bellek of an agat of e i ; indeed, iFagats of tpe i1 Isten
ageris of ype j but notthose of type k, but agats of ype j do isten 1o those of type K,

type row determirigcally smp kB fom the same typeseach period -We irgteal ad opt the assmptoninthe
text becau it capturesthe raturalretionthat il vl ek Eeento the sme runber ofother Nl vil ke
irepective oftype (irteal ofthos typesw ho st S(i) is hrger beirgab B to uniertake more samp irg),
an thisintungeat by amp K esthe aralgsinour asst pri irgmod elofSectioN3.

2 For the case offa Sirgk, atom 2L acert ofeach type, the Egerirg processmus Hbw our alerrative
Peci catioN(@si isuskd iNBotrote 11 above),w hereby acert i Etersto a BagerisinS(i) each period -T he
welhtsT 5 canthenbe irterpretel asre®ectirgd Berenesinthe weight the agert putsonthe opirbrsof
othersiNS(d) - T he resuksd evebped here iNthe cortiruum cae exterd to the atomistr ca<e.-

Bwe will ni inour aswt market mod elthat acgerishere t fom beirg irfuertiaL T herefre, evenif
reportsare rot veri ab B ard ageris rot inritesmal agertiswoull have me irertive to report their
belieBtruntill, irefr asacc urate reportsare more llely to Bal to bere cimlirfwere. Barerjge an
Somarathan(997) corsl er a processw hrh coull be irterpretel aspersesonw here the primary ftusis
onacens inertivesto revealltheir imNBrmatorw henit iscogs/todo -
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the belieE of the type kagats will indesd aRect type i, thraugh thare®Rectan j -

Sped clly, in this Sectian we assume that in periad t, an agat ypdates his beliek by
gvrngwadit | o the beliek ofthe agaithe Isteas to, adwadht! j | «ohis onn beliek.
For, =1=2 this conespaxs 1 the yodating ruk ineguatian 3. W ealbwvfor, 61=2 In
ader o eple the sarsitivity of aur results 1o the agants™beliel ebaut tha ronn predsian
reltive to others X

In Sectian 3 we will show that this rulke results In conrect B ayesian inferanass under a
particular (potatially missped ed) madel of the world. Far non, we will smply resart o
the o inuitive raticalzatias of the introduction: ather agants dont ully udarstand
the extat O whidh the viens they Isten to are not represantative, or agaits Ganetimes
inecaurately) assess same individuals as passessing worthiless informatian nobworth istening
1o_W ewill aboshowvthatifagats doin fact listen 1o ripresantative ssmp ks, then ulimate
beliek Wi ll conectly aggrecaie the avda Ebke infamatian .-

De nngT (DbettematrixT ()~ @ i.)+ .T) arupdating ruk implies that
aerace beliek Tor types doey the Talloning procsss:

=T (8L t=1;2;::0 ; 6

and togetherwith agatsTinrtial beliek, this implies that
#
A%
= T X t=132;::: ®
s1
Equation ¢) desaibes the evolution Tarthe average belief > ofeedh typei A tany pant
in time, honever, agats of a gven type will heve heterageneas beliek - T hese di@ranas
edstduetothe heteragra ty of tha rinitial belliess, topetherwith randamness ofthe Estening
procsss as aga s interact eadch periad.-
In gaeral, the dynamics ofbeliek may be quite amplicated -H onever; as we novshow,
thare will in ganeral exdst aggegaie statistics of the bellek vhidh remain staticaery oer
time. In partiaular; suppase W= @ ;1123w )is sudh that

W =W D

T hattis, suppae Wis a mweganvector of T with eiganvalle ! - T hen it follons that orall

Y For examp b, ifacerish elieve that orlly they are Lpd atirgover time, then, «= 35 woul be anappro-
priate ruk.

11



LW (O)=W_H e, Torallt,

" #
m9>{t=V\9YtT(S)>£=V\B£: ®
s1
I ofe abko tthat sinee the rons of T sum 1, T Gn be intapreted as a stodestic matnx
ce ninga nitell atkordan_i ny saticaery distribution ofthis |l arkov dain will satisfy
@)-T hus, we ean risstrictvw o be naoHegative and sum 1 _Sincea nitell akov dan
hes a statianary dstribution, we hae?®

Theorem 1 Forany Iseningstruciure, tere exdstwaidis v aonesponding  a seatianary
distribution of T such tatt te waidied averace of paoultion kelieE is staticnary over time._
T hatis, W& =w¢ forallt_

T his resultimplies immediately that ifindvidual belieE anverge, they mustaonverce o
WX _In the nextSedtion e eplore the aaditias thatare sut-dat for sudh aonvergance.

2 3 BelkfDyramrsw ith Strorgly Correctel Tyes

W e now tum 1o guestias regarding the anvergenee of beliek in the paoulatian- A s we
remarked eardier, thare are o distinct saurass of heterogaaty ofbelieB - T hereis the hete
aagdaty of inftial beleE, together with the heterageaty inttoducsd over time thrauch
the randan Istening procsss.- Intutively, thaudh, the communicatian proasss shauld bring
ageis” belie dosar together, ad the random  Estening proasss shauld diminish in impor=
tanae oer time. W e will show that this inturian is aonrect proadsd that agats are not
isolted but are nkaed 1O eech other thrauch the Istening structure, ad thatt they put
sut=datwadt | + an the beliek of athers -

T he olloning de nitias will be uselul:

Nsudhtat k 2S5k 2S& X1k 2501 3 2S ()-

D e nitian2 W ecallasusstaoftpes 12N sttangy aaneced if8i;j 2 Liis ined o] -

I5W hik w e us the theory o arkov chairshere ari el&w here inour aralygis w e remarkthat the d yram ©
processofhelieBinou mod eld oesrot v a ritell arkov chainde ral by the matrixT . We are pos-
mulkpbirgT () by the actualbele® rather thanpremulpbirgk by a d rbutbn Inieel , the process
Thwel bybeleBcarvot bedesribel asa ritell arkov chaim. To desribe it asall arkov processwoul
require anin rite-d imersora Isate varieb E represnirgthe d idrb ubnofpopubtbnb et

12



Reall thak T is astodestic matrix de ninga nitell akov dan. Itis immediate that
this dainis inedudblesinae N is stragly aonected, and gperiadic since the diagoal of T
is strictly pasitive. Itis well knonn theta nite, inedudble, gperiadicll arkor dain bes a

T hearam 8 8 inB ilingsky (986))-

T he nal aditan we need for anvargaee is that the amubiive wadht that ecaits
putan the qpinias ofathears is lrge enaudh, Whi e atthe same time they donotaompketely
igare thaeironn priarbelieE . T his is gptured by the Olloning:

P
A ssumption]l  1,.¢=1 ;adteeediss < | suchtatforallt,0 -  ¢- < 1.
W e then have the Tolloning convergaee resulc

T heoram 2 Suppose N is strandly comneced, andA ssumption! ol - T hen Torany inrial
keliek X , te keliek ofall agens aerge WX _T hatis, oralli andm,

a7 % = Jp oa=wi:
where wis e unigue steticnary distribution of T 16 17

T hus, proided the wadht | + that agats put an othars beliek does not &l 1o quid<ly,
in the Imitall agats will anverge 1o the belief equal 1 a wadhted average of the initial
papultian belieB, with the weid s gven by the staticnary distribution w2 T he individual
wadgts w; Gan be intexpreted a6 the i’ uence thatteedh tpe i exerts an the autcome ttwaugh
its mambersinitial beliek . Farthe Estening sttucture gven eboe in eampk! ad gure
1, these statiacnary weidts are gven by w= &;% ;5. I'tis not surprising that the initial
aerace beliefFafFpe 3 in this eampke hes the mostirt uae an the nal autcane, irsobr
as all tpes Isten O tpe 3, ke oy o of the three tpes Isten toeedh of gpes | ad
2 W hat, honeer; is stiiking is et tpe!l hes maewdaditan e ral autcome then tpe
2 _This is becase vhik type! is Istened O by te irf uaitial tpe3 @d tpel itelh),
tpe? is aly Isteed ©by te Essirf uattial spe!l @d by tpe? itself)_T his eanpke

16T he statemert recart irgthe beleBofin ivil Lal ¥, app l/ alnost everyw here.

17AmprooBom ktel Fom the text are inthe Apperi ix.

8 Irauitively, p ke irg more w eight onore’spriors ({ ecreadiry , ) sbw sd ow Nthe processoforvergene,
but d oegit aBect the ukimate poirt to w hich the processcorverges provil el that T evertually cetsin rite
weight _T hisresuk imp Eesthat everw herithe w eight , (§ put onthe rew perind tob rvatbnisproportioral
toi,beleBgillcorvergetow A _rmary sttirgs sthasthemod elofBectbn3, . = 1=2 ari thecori itbn
isohvioudy satis el -
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damastraiss thatinf uence in aur setling darives not anly fran bang Istened to by many
tpes, but abo fran bang kstaned 1 by irt vartial types, where irf uence is determined
axdagmnasly. @ e will Btlerfamalize this intuition in T heaam 3 ) T o further the notian
that both the numberand the irf uence of those Who istars to a type determine this §pes
oAn irf vence, aasiderthe olloning, mae complkexeampke.

BEanpk?2 letN =4, ad EtS () =1;2;30; S@)=12;3;40; S@G)=13;49; S@)=

1 ;4g with unifam stening- T he directed grgph implied by this listening structure is de-

piced in gae 2. || oe that tpes 3 ad 4 ae both stened 1 by 0 other types, so

we wauld expect them to be mare irf uantial- H onever;, tpe4 is istenaed to by 3 directly,

sowe wauld eqoect4 1 be mare irf uential then 3 - Firally, since4 Isteas ol ,1 shaud

be mare it uatial then 2 - In &t the It vance wads for this eamnpke are gven by
3.6-8

6 - -
W= G3:73373573)-

6 iven T heoram 2, itis straghtiomard 1o showv that ifagats do isten 1o riepresantative
sampkes ad S@ =N foralli, then the irf uaae wadgit of every tpe is equal. T hus,
belek aanvarge 1o asmpk aerage of the infomatian ad BEbE in the pqoulatian.- In &t
this resultan be generalized as shonn belov o induce any'\ synmetric * kstening structure.
T hus, it uence Gan be sean as enargng fram asymmetries in the listening structure.

Cooliexy! Suppose thateadh e of agent Isters 1 te same numter of tpes, and ako
tat eech e of agatis stenad 1 by te same number of tes- T hen under uniform
isening,

wW= N—;:::;N— : (¢))

T hus, ifthe Estaning structure is synmetric and ifeadh type stars with informattian of
\ eqLal qualty,' " the hauristic updating ruke sped  ed here lkeeck agats 1o aonectly agprecaie
infamatian in the Imit2®

T heaam 2 gves s aemamer todaracterize thewda dhits that determine the beliek that
allagmtswillanvaergetovhen N isstraglyaareded( | e, thestatioary distibutian of T -
W e nowshovthatin the spedal cese ofunifam listening, these waighits can be dnavacterized
in to additical maars, using tress derived fran the directed grgph represantatian of the
istening structLre.

T he retbnofequalque ity d eperd sonthe sttirg. k woul be saitiSel , Br examp B, ifasinSectbn
2 1 agernisheginby ob ervirgd ata fom equivakrt experiments ari share fequeny irbrmatonreaart irg
oucomes. Inthe rerma Viirear famework it woul bhe saitisel ffiritalheleBequaly+ 23+ "4, ,Were 2are
iid .7 are idd ,ari aBvarib Esare pirt rormall
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In partiaular;, atiee is adirected ggph aanecting all mambers of N, whereevery typein
N saeforae hes aunigue pradsasssar, there are no o/ckss, and ane type (the rooP) hes no
pradeessars.- | ewillclla tree adnissibe tothe EsteningstructureS | ifireary typei sae
1o the type at the root of the tree, S () aontairs the predecsssor o in the tree. |In other
wacs, tress are admissibke it all brandes directed fran the root afom 1 te Estening
structure ! e de re g as the rumber ofadmissible tress Trwhidhi is the oot I ntuitively,
a g\es the number of\ rautes'" by whidh 1 irf uenass others gven stening structure S _ In
acood with the erature, we willl ieer to g as the rumber ofi-tess de ned by S, and ©©

the simpk Istaning structure ofeampk ! _T hareis ael -tree, ae 2-tree, and tho3-tress .

W e can nowstate the ollbning thearem whidh gves o additical interesting daracter-
izatias ofthe it vencewagts ww.

Theoram 3 L et N ke stragly anneced, under e Isteening structure S , with asscdaed
tree-coutg- Lett; =1 iFj 2 S @ ad ) oterwise. T hen uncer uniform sening, te
irf uenceweldis w, whidh are gven by e staticnary distribution or T, &an ke deracterizd
as OIbns: There exdst k> | such tetforalli,

X X
kvi= OGfi = G Fij: ad
3

T heoram 3 gves ™o rather striking additiaal daevacterizatias ofw, wWhich ollovvfiran
T heoram 2 ad the davaderization of a staticaery distribution of all arkov dain gven
by Fadin ad W aeitzell (984)-T he iststatss that vy is prpartical o the sum of the
rnumber of j-tress Tarall j wo Iseen D i - T his makes pradse the earier noion that the
it uence oFa e can be daracterized by the sum oFfamessure ofirt uance ofall types who
isten 1O this tpe- T he theaem abo states that this is equivalat 1o the number of types
whoi istens bmultipied by gi-I ote thatwe have pleced no restrictias an the relatiaship
betnean 155 and 45 ; thattis, there is no aaectian betnean whoi Iistars 1o and who stas
I .1 aethelss, these o eressias are equinvalat, and baoth are propartical towdue
1O the mamerin whidh tress are courited -

BEampk 3 Casider axe agan the kstening stucture S gven in eanpk ! - A s noted
ebowe, admissibk tress are shonnin gare 3 aad g = (;1;2)- T heaan 3 gwes s o
mamess 1 alubte weadts w. U nder the st methad, the sum of the tree caunt oer
those who isten toeadh tpeis: 4 Trspe3 ype3 is Istened o by all three pes), 3 Tor
tpel @pel is istead by pes! ad3)ad?2 Tortpe2 ©pe? is Estered by tpes
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1 and 2).I amalizing, we dotain w= ;1 ;3)- Emplyjing irsteed the ssaond methad, we
muliply g by the rumberoftypes i istas 1o, yielding @G 2 4), and namalizing axe agan
g\Ves WL

24 AL erzrallCharacterzation

Sofrwe hae anly asidared belef aanvergenae when N is stragly aaonected - W e nowv
arsider mae greral Istening structures, though we maintain A ssumption | thraughout
this sectiaon.-

Firstwewillde neawselul partition of types based an the reltiaship ofstragaornectE
edness_ In partiaular, aasider the reltiaship of strag acomectedness, de ned by iCj ifi is
inedtoj adj is Iinked ©I -T he reltiaship C is I€ exwe, synmetricad trasitive, and
therefoe de nes an equinalbee diess oer types whidh is uniguely riepresanied by a partitian
whidh we daoie 1. By this aastructian, itis immediate both et forany 12 I, Ris
sttagly aavected, ad furthermar e, that any stragly aanected collsctian of pes must
belbbgtosoneebmait 12 L.

Casideran ebmatt 1oFthe partition 1.1 et (Dbe thevector X restricied to the set
of agants belongng o 1, and (D) be the staticnary distribution conespading to partitian
ekbmait Ivwhen S is rsstriced © L. IfnoelBnaitof 1 isteas hawy tpe j 8 I, then e
evoltian ofbeliek within | Gan be aasidered in isolatian, and the results of the preceding
Sectian goply-T his mativates the olloning de niian and T hearam <

D e nitian3 A subsetoftypes lisisobEd ifforalli 2 1,S ()2 L

Theorem 4 Suppose 12 1is isold- Then e keleE of all agmts in 1 aneree ©
WO NOS

T hus, the isolated mambers of 1 Gan be treated indgpendantly- 0 n the other had, if
12 1is notisdlated, the belieE ofits mambers will be irf uenad by the belieE of tspes Nnot
in LT oidatify the setof types tatmidtirt uance L we de ne the dlloning-

D e niion4 Foray £EJ2 1, wesay that lis Iined b Jifthaereexdstsi 2 1tatis inked
j2J3.

For any ganeral stening structure with strag aarectias de ned by the partitian I,
ce neJ 1o be the collectiaon ofisolated membears of 1. W e then have the Tolloning darac-
tEization ord ad Torthe anvergance ofbeliek ofF all types.-
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Theoram 5 T he collection J  ofisolted memteers of 1 is nonempty, and eedh nonHsolaed
member of 1 is Inkad 1 at bsstone isolated memler- Furtermoie,

1 _ForallJ2J , te kelek ofall agents in J anerge © WP ().

2_1F12 I is inedaunige J2J , ten te kelek ofall agmt in 1anerge ©
WK -

3-Forall 12 In , te leleE ofeach e in 1anerge  apantin te inerior of te
axnex hull (Uncker the suspace topolgy) of te kelieE WP (), Torall I such tat
J2J ad 1 lined © J°

Ifi and i° are tA0 tpes in anaHsolaked set 12 1, itis passibke in ganeral Tor them 1©
anvae o daait nal beliek, as shonn in the olloning eamplke-

Bampk4 LetN =5,adS()=(:2;3%S@=(;2:4XxS@)=CXSE)=S0)=
@:;5). Then 1 = T ;2g;139;%;59g9- T he isolated mambears of 1 are J = F13g; 14 ;599 -
W ith unifam Estaning, T hearam 5 indicates that the beliek of ype 3 aonverge 1 >4, ad
the belek of types 4 ad 5 anvere © & + X )2 . Furthermare, Tor the nanvisolated
set 11 ;2g, belieE do not aanverge o the sane pant. Insteed, the aerage belieE of type
I aanverge 1o Q=34+ (=6)¢ + (=6)<, ad the aerage beliek of type 2 aanvarge ©
(=3)»&+ (=3)¢ + (=3)%.-

W e mmark thetin cee 3 of T heoram 5, individual belleE do not necessari ly aconverce,
thauch the @erage) belieE of eedh type do- T 0 see why, aasider the Gee in the previas
eampke. Eadh pariad, sane egaits of gpel willl Isten to agants oftype 3, othars willl sten
1o agaits of gpe 4, etc. T hus, there will edst a steedystate statioary distributian of the
belieE of the individual agats wthin pes 1 and 2 _ T his can be sobhved Torrumerically (in
fctitis rather compkx), and is illstrated in Figare 4 21

B efore ending Sectian 2, we shauld note thatwhi e we have provided convergance resulits,
we have notdaradcterized the rate ofconvergenee - Farsame isteningstructures, honever; the
rate of convergenee may be mare relvant than the convargaitbeliek - Casider foreampke

2T hat is ifthe corvex hullisp-i inersoral beleBcorverce to the irterior ofthe corvex hullinthisp
d mersoralpace. H isorly Irkel to a srgk member 32 J , thenbeleBeorverge to the poirt w here the
beleBoftypesind corverge, w hh isthe \interior'* ofthispoirt inthe s.b gpace topobgyde ral by this
ore poirs.

21 Note that thisrercorvergere ofirl ivil Le b eleBisanartifict ofthew ayw e have seci ef the Egerirg
process. Hragerisirdeal Ederal to ore agern ofeach type intheir Egerirgeach perind asi susel IN
Totrote 11 above,allageris belieBw oull corverge to the average -
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a stening structure where all §pes sae Torae (@e\ hamit ) are stragly canected ad
share many links, and the hamit istas anly tohimself, ad is Istened toby ae other type.-
0 ur anvergaee resuls yied the rather counterintutive autcome that the hermitwill, in
the Imit, conpktely determine everyaes belleB _H onever; ifthe other types conmunicate
enoudh, they aaud all eRectively anvarce 1o the same belieE kg before the hermithes any
sign caitirt uance. ITthe autcome is realized betnem the time it tekes Tor other types
aneate ad the time it Bkes Tor the hamit © it uae belek, beliek willl be ss if the
hermitis notaonected -

3 Persponan Asstll arkets

In this Sectian we incomparate aurmaookel of persussian into amadel of esssetmartets - T here
are'tho reesas e believe this tobe anatural ard interesting gpplicatian - First, mostmacek
of ssset markets grerate trading volume erther thiraugh alllocatiaal motives, sudn es risk
sharing and Equidity, or through infomatiaal motives, sudh as private informatian ebaut
aset paycs - 1N ectualty, honever; mudh trading vollme seams 1o be ganerated because
agess belleve that they an pracsss the same, publicinfamatian betierthen others - Inded,
macstspeaulative traders do notgppear 1o have any sauree of private infamatiaon regading
a5t paycBs - R ather; they sean 1O make trading dedsias based an media acoounts, tips
fran friads, adMae fran analysts and market\ epats,’ "\arias dataaunding ardarting,
etc_ T hese tradars thus saam 1o believe that thalr method of pracessing public infamatian
is better then that of the average trader. T hattis, they reed the \ ndhit " media acoounts, ar
o=t tips fran the\ ndt " setofpepe, arenplby the\ ngit " data auding tedniques, etc.
Sudh notias reedi ly aonrespad with aurmadel of persussian - |ndeed, in curmaodel, agats
believe that anly a subset of the papulation passesses tselull infamatian worth stening to,
and that the belieE of the ramainder of the paoulation axsist of usekess nase- T harekare,
ages beleve that they are better then others in identifing the uselul informatian in the
paoulatian.-

Seaaod, irnsolr as aur madel of persuesian exdaogposly daradtenizss it uence ss a
function of the Estening structure, it seams ke an dovias setting o eamine camman
ousstias relating 1o the roke ofirf uance in trading- W e analyze O what exdient i’ uartial
traders mowe pricss and Gan bae thon dang so- T his allons s o examire the trade-a®
betnem I uence and acauragy- W e examine both howv i’ vential tradars perfom rebatine
10 acaurate traders, | e. traders Who an acourately pradict the asset payoR), and whether
itis mare bere dal Tor other traders 1o Isten to those who are irf uatial ar o those wWho
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arcacurate. .\l e abo asidertownatextantit uenae can be selfperpetuating.- | Ntwitively,
when agants have di®aringecy ibrium beliek abautexpected paya®s.! agais™trads willan
aserace be inaeesing in the di®erence betnean tharbeliek and\ averace "papulatian beliek,
represanted in pricss .- [ Faganits abo ammunicate oer time, honever; then tharbelieE will
aneageoertime.B ased anthemadelinSectian 2, beliek wi ll convaroe tonards beliek that
putgreaterwaditan those egants with hiderirt uanae, and sopricss will an aerage moe
tonads the belieE ofir® uantial agaits - T hus, agaits an pro thy Isiening o thein? vatial
agets before tharviens are ullly incoporated into priass - B uttifthis leeds egants toadjust
thar Estening sets 1o inducde these irf uential agants, this Wil serve 1o inaesse further the
irf vence of those agats- T his pasitive Teadbadk ek 10\ stebE” listening structures in
whidh all egaits Isten 1o the same market\ g ”*

InSectian 31 we presait an asset market madel where agants both Bisten 1o eech other
ad trecke. In Sectian 3 2 we presatbdaviaal ruks, in ine with aurnotion of persussian,
that the agants use 1o uypdate belleE ad trede. In Sectian 3 3 we danastrate tat these
bdaioal ruks an be raticalzed ss ratical eectatias equilibium R EE) bdaviar
forfully raticnal individuak qperating under a\ sigit " missped  cation of the world - Such
a setting adds insigt into aur procsss of persussian- [N Sectian 3 4 we determine agaits™
paycBs, and shovthatitis bae dal o Isten toboth irt uertial and acaurate aganits - Firally,
inSectian 3 5 we make the Isteningstructure eaxdogenas W e eanine the trade-a®betinean
it vence and acauragy, and dotain aanditias underwhidh irf uance is selfperpetuating.-

31 The Asstll arketl odel

A ogats aan investin a riskiess and a nisky asset T he rate of retum an the riskess assetis
zexo. T he risky assetis in zeyo netsupply, and pays a®

X
V+3= w3+ 3 ad

h=1
The stampaatV , is awdadited sum ofinfomatian aming firan H \ souress" " sudh s
aompany rgports, maaosaananic annaunceamats, etc. T he informatian coming fram source
his 3 adis wadied by v, - T he 3, S are indgpendatt and pamal with meen zero and
\ariane % T harefre, V' is nomalwith meen( andariance |- % _W e nomalize

P
both ™ .,V and¥%: ©! 12 T he ssoond compaert of the asset’s payaR) 2, is independant

22 Acen<helieBy ilgererally | Per imequilb rium asbrygasacgrisi o rot helieve p|5'cesare Till/ revea irg-
3T hisisy ithout bssofpreraky. We can rst rermalke %2 to 1 by chargirg  |'_, Vi - We canthen
reormalke :: 1 V4 to 1 by resalirgthe sharesofthe asst .
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ofthe 3, s and namal with meen( and \verianae ¥4 -

Intially, agats doserve infomatian fram eedh of the H sourass. A gaem of gpe i
doserves asigal
Sivh =3+ i 2

flon saure h.T hendse”;, 4 is indgpendattaatss saurass and aganits (@d indgpendantof
all othervarisbks in the model), and is namalwith meen( and varianee %2 2

T oegploe the eRects e areinterested in requires thatbwe allovormulipe copartuniies
1or both trade and communicatiaon- T o kep the madel as simple as passibE, we allowv Tor
0 rounds oftrede- P nor 1o eedh gopartunity for trade, conmunication caaurs - T hus, the
madel can be desaibed with four periads: atperiad 0, agants dosene the sigaks - B etnean
periak (| ad! thareis ae raud of aonmunicatian- A tperiad | agats trade- B etinean
periack !l ad?2 ttereareT jl rouds ofcommunication, where?2 - T - 1 _A tperiad 2
ags tracke agein. Finallly, atperiad 3 the assetpays a®and agants aasume’®

32 BehavioralR uks

In this Sectian we desaibe beéaviaal ruks, in ine with aur notian of parsussian, that the

agents use o update bellek and trade- In Sectian 3 3 we will desaibe amissped ed madel

of the world underwhidh the bdaviaral rulkess aan be ratiaalizad. A tpericd | agants use

tharsigab o fom an inftial estimate of the assets payoR. A sut-dantstatistic of sgait

in Ssigaks;, 4 ,is the wadited sum of these sigakbk withwadts v, W e assume et the

agetusss sanewadts v, insteed of the true waghts v, , and fams the sut-aentstatistic
X

Si, ~ VnSin: 3
h=1

T hewdadhts vy, dgoad an i, and are this tpespaed c- Since d@rat tpes wtee d®ait
wadts, they intarpret the same information d&ently, and trade an the basis of their

24We irtrod ke the private, agert-eci ¢ Sgrak inort er Br ageristo have d Berert iNBrmatbnan
there®bre a motive to commurtate_- k isimportart to rete that the private Sgralkare corgsert w ith our
gatemert that, inthismod el agernistrad e rot becaus ofprivate iNBrmationNbu becauw they irterpret
pw E inbrmationd Rerertly. Ineal , aBagerishave agakofthe sme quaky, ard udergari thisto
be the ca. Therefre, the agakdo rot inrodl we iNnari ofthemslesary motive to trai e- Rather,
d Berert typesd Per onhow they irterpret thee sgrak (ke equatbN(@3) bebw), ard w hih other types
inerpretatiorsthey kgento .

2SHea By, ore coul corsl er mary rourt softral e, w ith commurt atiornb etw eeneach rourt - Forturately,
the mainiriutibrsemerge fom thisamp br sttirg. Aswe w ille, w hat iscritcalisthe totalamourt oF
commurtatbnthat occurspror to the bs rourd oftrale. k is®r thisreamnthat we w illcord er the
e®ect ofvaryirgT -
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inerpretatias .\ eintadue tpesped cvnadss inadaroallbwviorsystematicd®rances
in belek aatss tpes ad, in partiacular, Tord®yaenass in acauracyI he more acourate tpes
use weghts thatt are doser to the e vadts - W eassunethatpﬂzl\ﬂih is indgpendantof
i adegal ol , ss orthe ttevnwagis._ W ealsoassuneitﬂtpﬂzlvihvjh is indepaendant
ofi ad j, ad daote itby % - Finally, we use %; todsnolepﬂzlvhvih - T he parameter ;
belbgs Oteset| jl;l Jadis dse ! ifpei’s wadis are doe o the e vadgts.
T herefare, Y; is amessure of ype i1 aoaurany2®

Caommunication and updating is as in Sectian 2 - A teadh conmunicatian raud, ecait
i Estas 1O ae agat, randonly drann fran the set of aganits whase types areinS @)-W e
assume thatagents communicate sut-dentstatistics of theirinformatian .\ e denote by sp
the statistic of egati, atcommunication raund t, and by st the aerage of st ovleregnts
ofgpei-\Wl e reertost ss the statistic of pe i at raund t- T he dynamics of st are gven
by the reaursive fomulba

0 1
é)i:ji vind ~ Vi ad s§=1—s!31+1 L x G1A -

i 2 ]
ho1 2 2 #S |)S®

T heinturaan forthis is the Tolloning - | niftally, agenti, fams hisstaistics;, -A veraging
oerall agmits ofF e 1 eiminates the idosynaaticndse, “ 5, 1 -A teadh subsequent roud,
agati, bars the aunat statistic of an agat dosen at randon fram his istening set
Since both sgaits™ statistics are basad an an equinvalant anaunt of infomatian (@hey hae
eadh heaxd from the same rumberofotheragaits), they putegual waigttan the thostatistics -
Finally, the idicsynaatic risk of the Istaning procsss is again eiminated by aeragng over
all agaits oftype i, so thatwe anly nesd to aasider the aerage statisticinS ()-

U singvectornotation and inrodudng e matrix T ¢ )de ned inSectian 2, we anwiite

26T he asamptiorsthat il " Vi, isineperdent ofian P N Vinvg, isirdeperiert ofiard jare Br
tractab ility. T he® assamptiorsimp ly ®me smmetry acrosstypes. 0 ur gralisto have typesassmmetrt
asposb E, ari d Berirg orly inther irftenne (measrel by their weichtsingow bhele® ard accuracy
(measrel by %i)- Symmetry acrosstypessmp K esthe compuationofagens payo®s iNT heorem 7. We
beleve that our resukswoul rot be quakativelyalered ifve albwel ﬁrﬂeesgxmmetryprosstypes.
hrralquegonisw hether there exas w eidhtsv, ard vy Sch that : 1 l:h =1, _,VinVen = %,

ard ElehV:h = %i-Wecanshow that schweichtsexast rfthere are at Bast asmary @urtesofirrmation
astypes an A P 1, A P !
X _Nizll/zj ( _Nizll/z_i)z
i i Qi 1 s
N N @+ »N 1)

1
_ P P
The r< cori kKibnervresthat there exad weightsviy, sch that ng . Van = lard :lei;th;h =4%.The
=corl cord kibnerwvresthat there alo exig weidhtsv, sch that :lethh = %3-The scor cortitbn

bourt sthe ( ipersonintypes accuac ksasa TntonoF:_. K Br irkane % = 1, altypesmugt ux the
sme w eidhts. T here®re, they must b e equally acc urate -
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the dynamics of st as
YO || Hy |

d=v ad st=T 15 stl=T > g

T he dynemics, of s} are this eactly & in Seclian 2 - D enole by wj; the @)t elementof
the matnix T 21 t;thein" v oftpej anpei ss ofraud t.T hus,

st=" whys @

T B
§ |

ad recll tat the results of Sectian 2 implyttatthevxdgmv%wnml ad that, when
tpes aestagly comected, W ! wiaest! 1.

W e assume that agenits submit simpke ineer deamand functias in eedch periad- T he
demad ofFeganitiy, s

1“Sl g 7
B_l inl_lpl ((5)
ad
RIS B o

forsoneaastats A, ,B1,A; ,By,adC; _T hedanad atperiad! dgpads an the agaits
periad 1 staﬁsﬁcslim , ad an the price_ T he danad at periad 2 dgpaxs an the acpits
pericd 2 staﬁsticsEm ,anthepeaeriad 2 price, and an the periad ! price_D emand can dgpad
antreperiad!l price, sinaethe price Gan aRact, togetherwith the periad 2 statistic, the periad
2 belieB2’ T he marketpricss atperiak | and 2 are doteined by aggrecating demands - In
partiaubr; ifwe ket N

Tr_

st= st

L
N s
represat the average papulation statistic at round t, then marketdesring prics are gvaen
by

pp=A;s' ad p =A;s" + C,pi: an

Theperiad! priceis nearin the aarage statisticat roud | - T he periad 2 price is neer
inteaeagestatisicatroudT , ad inthe periad ] price-P iggng pricss into damancs,
wean ndagaisTpasitias in the risky asset. T he pasitias ofagaiti, atperioks! and?2

24N e asame Brear d emari shecaus they are tractab b ari carnbe spportel aspart ofanRE E _How ever,
the key apect ofi emari sisthat they are inreagrg inthe ageri'shelieBan { ecreasgrginthe prce,an it
isthisqua litative Fature that d rivesthe resulls.
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ae - _ = -

NED T s is ad vED - & s e
respectively. T he pasitias are inearin the d®yanae betnween agait i, 'S statistic ad the
aarae statistic. T hus, individuak tradke basad an the di®srance betnean their beliek and
aerace paultian beliek -

WeassumetekC; < | adA; + C;A; > A -Usingeguatian 7) that g\ves the prias
atpaiak | ad 2, we an gwe a natural interpretatian o these inegualitiess. The st
inequality implies that an inaeese in the raund | aerage statistic, hading the raud T
aerage statistic aastant, hes a geater impactan the periad ! then an the periad 2 price.
T he secod ineguality implies that an inaeeese in both the round ! ad raund T average
statistics, hes a geater impact an the pariad 2 then an e periad | price. In Sectian 3 3
we shonvthat baoth inequalities are satis ed when demands are qotimal underamissped &d
madel ofthe warld -

33 A Ratorakatonofthe B ehaviorallR uks

In this Sectianwe presaitamissped  ed madel ofthe world undennhich fullly raticnal agaits™
adtias are gvan by the aboe behaviaal ruks. W e are egostic es 1O Whether agaits™
bahaviaras desaibed in curmadelis likely to arise due o inecourate updating (foreamplke,
due 1o the psydologcal impact of persussive activity), ar due 1o acaurate updating under
suchamissped catian oftrewvwarld _R ather;, we presatthis setting here todemastiate that
thebdaviarne examine culd beattributed toarehainely siditmissped cation agais have
ofFtrevward.

Suppce thatagers hae eqpaattial uti ity functias oer nalwealth, and the Tolloning
madel of the warld - First;, an egaitassumes that the assets payaRis gven by

Vi+3:X Vin% + 3: ()
h=1

I ote that this is idantical 1 the true maodel of equatian (1), sae Tor the ct that the
agatanpbys the tpegped cvads vy, irsteed ofthe tttewnadts v, -Seaod, the agait
assumes that the world is made ofF tno sets of types, \ smart"and \ dumb 2* T he smart types
are tre tpes thathe Istas 10, i - e tpes in S ()- T he agatbelieves that these smart
tpes acteactly ke he doss. In partiaubar;, he belleves that they assume that the asset’s
paya®is gven by equatian € 9), and thatctha r Esteningsetis S ()-D umb pes, an the other
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had, are taken o bdae ke \ ndse traders2* T hey are belleved 1o supply inekstically u
aduy, uits oftteassetatpaiak! ad?2 _T hevariebls u; adu, aeindgpedaitofeach
other ad of the othervariabls of the madel - T hey are nomal with meen (| ad standard
deviation#S @Y.y and#S (Y, , respectively2® 29

T he rstemarin egats"madel dnviasly raticalizess the use oftte typesped cwadgts
insteed of the true wadhits, Tarfoming the sut-dentstatistic atperiad ( - Inturtively, agants
may inecauraiely assess the reltive wagt that shauld be pleaad an dartist infomatian
\ersus industry infomattian versus acoounting informattian - T he second enor ratiaalizes the
canmunicatian and the agaits " mamer ofupdating tha rinformatian -R ecall thatcarral o
aur notian of persussian is thatt agats anly Isten 1 saome saurass ofinfamatian, and that
they do not acouraiely edjust for the bisses in tharsaurass - U ndar this assumptian, sudh
bdaiafollons ratiaally.A gats anly dhaose 1o Isten tosane tpes since they take othars
1o be ndse. Furthermare, agats wadh tharinfomatian equally with those that they sten
10, since they belleve these agats behave exactly ke themsehes 2

T he sacod enorin agaits"maodel ako ratiaalizes the demands- A gants Torm demancs
in accodwith astandard ndsy R BEE aomputed acoading to tha rmaodel oftrevworld - Inthis
equi ibrium, smart agants submitt demands that have the Torm of ecuattias (5) ad (6),
and the dumb agants beave ke ndse tradars. A gaits submit priceelstic danands, ad
are thus wi ling 1o trede, since they assume thatpricss are partly driven by the ndse traders -
In theoam 6 we showv that egants™damands are aasisiatwithR EE

T heorem 6 T hare edstaetdens A;,B1,A,,B,,ad(C;, sudh tategatias (5) ad

28 critk isn ofthe asmamptionthat ¢ unb typesh ehave Be rvie tral ers, isthat the ageri'smod elofthe
worll becomesvery d Perert fom the true mod el Irdeed , the agert isrot aw are that ¢ umb typesreceive
sgakasper equatoN(? ),art B belleBbycommurTatirgw ith other types. Ana kerrative assmpton
that ad d resesthiscrik isn, isthe v irg- T he ager b elevesthat @me ucesofirbrmationare pure
rie, ari gvesthem 0 weight - Il oreover, he asamesthat d unb typesgie positive weicht orily to thes
ucesofirbrmatiorn ari commurtate ordyw ith d umb types. (For irgarne, £riamertaidsm igt believe
that chartigshave accessto the same ssucesoFirBrmationthat they have, but smp ly choos to bas
their b elelBonthe \miskal irg "chartit utes) T he tw o asamptiorsare rot comp ktely equiva bri, Srne
the behavior o umb types ari thusther e®ect onprie, coull be prel £tel by ob ®rvirg the uctesofF
inbrmatiortow hch they give positive w eight _R ather tharpurse thiscomp kEatioryw e ad opt theassumption
that d umb typesbhehave ke roie tral ersBr amp Kk ity.

2°We astme that the gariarl d eviatiorofthe rois isproportioralto #S() Hr smp K ity. k imp Esthat
acerisshare the sme \agra lto-reie""ratio Br the ecorsmy, ari henie the coet c ertisA; , A, ,B1,B; ,ani
C,,ofthe REE are the sme acrosstypes. Inuitively, I S(D) is brge, type ib elevesthat there are mary
gnart types. He mut alo b eleve that the rei is hrge, inord er to compute the ssme eRect ofthe roie on
the prte asa type _jw ith a snal#S(J) -

2 k isworth reemphast irgthat acgeris Egerirg tsmaybe d etermirel by accessh ility anl trarmctbn
codsasw eBasanasessnert about quality. INa sttirgw here ©me agerisare iraccessb b, anagen shoul
erd eavor, over time, to p kce more w eicht onthos w ho Eeento ssutesthat are rot read ily accessb E, ani
Essonthos who Egento fmilar uces T he Hilre to correct by al Ut w eidhtsinthismarrer w hensme
acprisare iraccessd kb isarother way to inerpret our persrsonb Bs.
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(6) are ey ibrium demands in aR EE acomputed according 10 the agents macel.ll areower,
C; <!l adA, + C,A1> A

34 ACcerisPayo®s

For simplidty we assume that agats start with zeyo pasitias in both the risky ad the
riskless asset_ T he aasumptian ofFegaitiy, is

viG 0 ipdt G X +3ip)

T he rsttam is the gpital gein betnwem pariacs | and 2, whi e thesscod tam is the pital
AN betinaen periads 2 and 3 - Casumptian is the sum ofF spirtal gars -

In theoram 7 we determine the eqpectad acasumption of agait i, - W e teke eqoected
aosumptian as amessure of the aganit’s payaR) both in this Sectiacn and inSectian35 3 To
state the thearem we introduce same notatian - e denole by

the\ aeratE "It vance of pe J oer the pqoulation atcaommunicatian raud t.W e daote
byY i1 thevectorwhcse j th campaattis

12 -

B, W'}j iV\fli ’
whidh messures type J5 impact an pe 1S pasitian atperiad | - T hatis, 15 posiian is
determined by the amaunti is irf uenad by j relatine 1o the average anaunt the pcpulatian
is irf uencd by j - Similrly, wesimiberly daoie by Y 3, the vectorwnhose j th compaattis
12 -

E V\;{i iV\_;Ii- ;
whidh messures type J S impactan tpei's pastion aktperiad?2 _W edaotebyP ;1 thevedtor
whcse j th aampanantis A1wj: T he j th companenttof P ;. meesures type j 'S impactan the
pariad! pre.W edaotebyP; thevedtorwhose j th ampaattis

AzV\_;Ii— + C2A1V\;l;

2T hisiscordgert w ith our emphasisorthe b ehaviora lruksasprim itive .U ri er the rat bralirterpretatbn
ofthe b ehaviorallruks how ever,orecoull alo cordl er expectel uilityasa criterbrni W hik w e us expected
corgmptioryBr tractab ility,w e canshow that Br %2 art T are hrge, the expectel corgmptibrar expected
utility criteria corverce.-
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whidh messures e j'5 impact an the periad 2 price. Finally, we danolie by R the vedior
whose j th aompa|attis %5, 1 - thevedtorof ypes"acaurages W e then have the ollonng
resulc

T heoram 7 T he expected payo® of agenitl, IS

CinYUC, iPHYSLR i€ iv>: X Q)

T heageit’s payaRdeaompasss neatly iNntb thoterms, thatcepture thebere s oflistening
irf uatial tpes and the bae & of listening o acourate types respectively T he  1Isttem
aonespacs o the pital gain betneen periads | and 2 _T his gpital gain is bxgewhen tre
agt istas mare then the aerage agat it uantial types - |ndesd, suppcse thatagantiy,
st s O an irf uantial spej -W hen j is gotimistic, agati, willbuy atperiad! _Since j
is irf uential, he will\ pull * the price tonarcs his belieE_ T herefare, the periad 2 price willl
be hidhaerthen trepaiad! price, ad agaiti, will realize acpital gan- Famally, the j th
anpaattoftheecorY i Ispasitive @aitl, buys when j is gotimisticysines j hes mare
irf vence an typei then an the aarace tpe, and the j th caonmpaatofthenectrP; §P 1 is
paitive (e periad?2 priceis higherthen theperiad! price)sinaz j hes mareit uvancea te
periad 2 beliek then an the pariad ! beliek_ T he sacod tam in equatian @0 ) conespacs
1O the pital gain betineen periads 2 and 3 - T his epital gain is Exge vwhen the agant Iistas
1o acaurate types - Indesd, suppose that tpe § is acaurate- W hen j 'S belleE are qptimistic,
ifagati, bstas toagaitj, agaiti, willbuy atperiad 2 - Sinee j is acourate, the eV
will be hich, and agaiti, will realize a epital gain- Famally, the j T ampaaitof the
veotorY p is pasitive and the j th conpaattoftevectarR is Eaoe.

A ninteresting spedal ceee of thearam 7 is when there is an in nite number ofcammuni-
cation rounds @ = 1 ) ad all pes anvarge to the sane belief. Sinae all types aanverge
10 the same belief;, they alll heve a zaro pasitian in the risky assetatperiad 2, | e- the vector
Y p iseqaltol _T he paya®ofFacaiti, axsists anly of the cpital gain betinean periacs
1 ad 2, ie.ofthe bane tof istening © it uatial §pes.- Intitively, there is nobane tof
istening o acaurate types Tarthe Tolloning reesan - T he infomatiaon of the acourate tpes is
wselul foresteblishing a pasition atperiad 2 _H onever, atpariad 2 the acaurate tpes hae
ben \ irt uencd' " by the irf uantial tpes - Since the beliek of all agaits anvarge, istaning
10 an acurate pe is no d&rat then listening 1 any other tpe at that stece- In £t in
periad 2 all agaits had idatical partiolics (Whidh are equal 1O zero in the Gse of zero et
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supply seaunties), indgpandat of thdarinitial acauraoy, Estaning sets, orinitial beliek -

T hareis abae toflstening o acouraie tpes when thereisa  nite rumberofcommuni-
cation rauncs.\W itha nite numberof rounds, the acourate types are not\ Ul " irf uenad
by the irf uential types.- B eliek will not hae yet caonverged, and aaseguantly, those with
acurate mackek and those who isten o them will heve, in expectatian, mare acourate \all-
atias - Casaquaitly, when the truth is reveald, they will stard to gain fram tharperiad 2
paittan.\/ hetherthis bane toflistaning o aoourate tpes autnads thebae toflistaning
it vantial tpes degpads an the reltie size of the tho tems in equatian @0 )-

I ote thatthere cauld alko be abare tofistening to acauraie tpss eenwithanin nite
rumber of updating rauncs proadsd that all §pes are notstragly aaecied.- In this Gee
beliek ofall tpes do notanvarge 1 the sane pant, and caasequantly, those whose belieb
have caaverged thamare aoourate sssessmataan bane  tinseaod periad tradingwith those
who heve not.

35 E nocerouslLiderirg Struture

In this Sectian we make the Istening structure edogaos W e allowvagats todaenge their
Isteningset, and de e\ stebE " Esteningstructures where agaits donobwanttodhange that
set ! e nextexanine whetherapartiaulardess of kstening structures, called\ guru Estening
structures'” G L S), are steblke, ad then study the TUll set of stebe Estaning structures -
Finally, we derive the implicatians of aur results Tor the persistence of it vence and Tor the
trade-aRbetnem it uanae and acoureny-

D e nitian5 A sbk Iseningstruciuie S is sudh thatthe expacted paya® of an agantdoss
notinaesse wen te agenitdnenges his isening set. T he newsethes 1 inclce the agents
e

W e motivete this de nitian by the Bllbning evolLticary stary - Suppcse that the asset
martket madel is repeatad many imes - A N agat may guestian his assumptian abautwho
are the smart types, and acoductan eerimat.i e may adqgpta d®@ent kstening setad
aompute his aerage aasumption aftera lkrge number of repetitians - Fara lbrge numberof
repetitias, aerage aasumptian is dose 1o the aganit’s true paycR. [ Tihe Estening structure
is notstabke, sane egats will adpta d®erant istening set.

In theoran 8 we eamine whether ¢ L S are stebke. In these Istening structurss, there is

a\gau tpe’, say typei -4 genis ofthe garu tpe isten oy o ttartpe, i e-S @)= fig-
A gats of ather types sten o thairgpe and tregaru type, ie.SE=Fi;jgorj &i.
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Theoram 8 Thet L S whgru gpei issebke ifand ol if

" #
L §% 3T 1
i) i @1 iCA
5, Cigpre i ;GriCAD
" ##
13T §2T | o o 3T 1 _
+E4TT /2i+ I’_’%Il’i]/z_i 1 ZF_%aiX/z_i 1 Q '] /2) Q i 4_T)\2 + ZCZAl _>0' Ql)

Furtermore, tere edst asnalkstT < 1 with te prgoerty tet QL )hobs forallT > T -
A Bo, if @1 ) hobs fori, ten Q1) hobs forall j such tatl:; _ %i-

ForT =1 ,aw( L S is steble, indgpadatly of the acauracy of the guru - T he inturgan
isthatvwhenT =1 thareis nobae tofiseningacurate tpes-T haeisalyabae t
of istening irt vatial tpes, ad the guru is the oy it uerttial pe-

For niteT , equatian Q1) may armay notbe satis ed, dgpading an tpes™ acourades -
I'tis hardertosatisfy when'¥; is small and max %25 e, thatis, when the guu typeis not
\ary acauraie and the bestnan-guru §pe is vary aoaurate. Inturtvely, agats may dip the
ouru type ad Isten 1o the best nan-guru type.- Bouatian Q1) is albo harder to satisfy when
ming %3 is smalll, i . when the warst nanguiu type is vary inecauraie.- T o undarstad this
result;, sssume thatan agantofthe waristnan-guu type dad des 1o isten o the bestnan-guru
e, in addition o his pe ad the garu tpe-Since the cardinality of the agenits Estening
setinaesses, the waditan his typew ll deaesse. | Tihe agaits tpeis \vary inecaurate, the
agents payo®will inceese

W e next study the 1Ull sst of stebk Istening structures or xge T - 1N theoram 9 we
proice necsssaay aaditias for a Istening structure o be stebke. These aoditias are
grericin tpes™acauragss, | e- they hold forall %; exagptasstofmessurel -

T heoram 9 ( ererically in §fes™ aguraaes:

OForbhaehut nieT, oyt L S Esteningstruciures éan ke sebke.

gForT =1 ,ay6 LS is sebk, hutoter sebk structures are possibe- A ny stebke
isening structures hes e lbning prgerties: @) tere is aset 1such tatS QL 1 or
i21ladS@OQ=1I[figori2 1L, O lisstaogyaneced, ad © @, iP1)is
incepencentofi fori 2 L
2 nuitively, ifore’sow Ntype isret very acc Lrate, it paysto assc iate w ith other more acc urate typesas
w elasthe grutype inpart to red e the amourt oftime ert takirgto ore"sow Ntype.-
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Forlagebut nieT , allstebE Isteningstructures areb L S T oundarstand the intuitian
1o this result, we procsed in 10 steps - FHirst, we shawv et we an rank types acoading
1o the kene tof staning o them, whidh is a cambination of thar it uence and acaureoy.-
¢ enerially in types~acourades, the rankingis strict_ T hus we Gan withautt Ioss ofiganerali ty
Ebel the pes 1 ;2;:::;N  in adar of deaessing bae t. A n agaitofpe n Istas o his
e, sine he is aastrained o, ad o tpe !l -H e may abo Isten )\ intemediale ™ types,
betheen | ad n, since this reducss thewadit ofhis tpe-T harefore, Toreech n

SEQ="1;2;:::;rY[ iy ©orsone rP< n: Q2

T oaompkete the proofitiemairs toshovthat’=1 foralln.Suppose not;i e suppae that
same ype atherthen type?2 ako Iistas o type?2 W eshonvthatthis implies thatthebae t
of istening o ype 2 mustbe Ess than the bane tofistaning o typel , aatradicing aur
intial adaring- T he reeson Tor this is that for lxge T, the bae tofa type derives mastly
fran the tpeS i’ uence ratherthen its acauragy - T his it uanae ofa e Gan be messured
by the impactofFthe tpe’s belieb an the di®race betinean the periad 2 price ad the periad
1 price_Sinetpe? is listened toby mare tpes then tpel ,2 'S beliek have a lrgerimpact
an the pariad | price. Il aeower;, the beliek of both tpes have avery small impactan the
periad 2 price, since belleE anvarce o the beliek of tpel - T hus, the irf uance of pe
2 waul be smaller then the irf uence of ype N , acaaradidtian.- H ence asteblke structure
mustbeat L S forlage nieT .

ForT =1, the steble an guratias can be davacterized by a\ gau set” 1sudh that
ages isten anly o their onn type ad pes in this set. Seaad, the guru setis stragly
aected, and thus all spes anvarge tothesamebelief. T hird, all pes in thegarusethae
the same irf uance_ || otice thatt L S satisky the necessary aonditians, with 1 the singleton
thataritars theguu-H onever; ad inarsst o thecsevhereT is nittbutlge, brger
guru sets are passibe_ Sudh Isteningstructures invale ties, | e the bae toflisteningtoall
Bpesin bis thesame.-T ies are grericin §pes™acaurades, Since agauracy doess notmatter
whenT =1 ad all pes aanvaree 1o the same belief.

T heorems 8 and9 imply thatfor bR T |, it uenceis selfpapetuating.- | ndssd, theorem 8
implies thetforxgeT ,6 L S aresteble, regardiess ofthe guru's acourecy .l areower; theoram
9 implies thatfor xgebut NieT ,6 L S aethe oy stebk Istaningstucturss . FarT =1
other Istening structures can akko be steble, but the Necsssary caditias are indgpadaitof
tpes"acurades

ZFor cprerallvalesofT ,we are urab b to d etermire the llst ofab B Eerirg srutures. How ever,
udrg theorem 8w e canobtainme resuksonthe trad e-o® betweenirfwene arn accuracy- Fird, asT
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4 ConnbL=Eon

In this pgper we have analyzed a madel of sodal updating and caammunicatian meant ©
Gpture awide range of persussive proassss - |n partiaular, aur agats, aagiizant that they
pcssess imited infamatian, cammunicate with ae another and update theirbeliek acood-
ingly- A gats use plausibe ukss 1o update thar beliek, but do not gve enauch wagit o
the viens of agaits they do notaome into artactwith -

S udh an updating pracess admits several d@yantnatural inerpretatias .4 gatsmayed
up oemaditing those they are in aontactwi th in the manerpresaibed in aurmadel simply
because they do not aasider the passibi ity that the Viens of those they isten 1 may not
be represantatinve of all aa Ebk infamatian - BEven ifagats uderstarnd sudh viens are not
nacsssari ly represatative, agants migit not be eblke 1 udertake the aomplicated inference
and updating prdblem oftrying o infer fran their igparts whaom the egants that they Isten
1O are thamsebes Istening to. Insteed, upan hearing a simi lar pinian fram A0 sourGss,
an egatsimply aounts this as '\ piecss of uselull infomatian withaut trying to determine
whetherane ofthe sourass was i uencad @therdirectly arindirectly) by the other_ Firally,
we can abo g\we aur processs the intermpretatian @ we have in aur nence gpplicatian) that
ageits believe that anly sane fractian of otheraganits have uselul informatian, and thatnot
all agmits are aarectabautwvwho hes usefull modelk ohwho does not.

0 urvew is that sudh bissss are widespreed, ad € ected in mary procssss ad the
design of many institutias, ranging fran ddoating procsdures 1o caurt triak to marketing.-
In perhgps every activity Whaere agents are engeged in persussi\e ectivity, they sean to e
geatly sbaut the anauntofanitect they have with the taxgets oftharparsussian.- L tis vary
had 1o raticalize this withaut same notian thatt ripeated interactian, an aerage, aRacts
belieE in predictiebe mamars . Cgpturing this notian in as simple and natural a mamer s
passibiis the essanae ofaurmadel.-

A N intaresting cuestian is Whether sudn a persuesian biss in updating is due 1 a psy-
dologal tendacy Toroawmaditing ae's onn eearencs/dears/aoitedts/- -, arwhether
it be raticalizad fran amae foundatiaal behaviaal setting, perhgps as a baundadly
ratical respase o infomatian in an incompete seting?  Formany day-today tpics, an
ageit’s peer gaup may indssd aontain of alll individualks with useful infomatian, ar might
indesd be represantatinve of the universe of infomatian - Caseoparly, gppMng sudh an up-

becomessnalkr,the rumber ofgab B 6 LS d ecreaes. Secori , asthe rumber ofgab B¢ LS d ecreaes thos
w ith Bssaccurate grutypeshecome urgab B rg .
FThes two view s oftours, reel rot be mutua iy exc Leive .
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dating ruke might often be quite ratiaal.- 0 ne culd furtherimagne that itis kely o be
ary texding Tor an egat o try o discem in what settings thelr sourass of informattian are
represantatinve of alll uselul informatian and iIn whatk setlings autside epertise beyad tar
darcks wauld be valleblke, espadally if the questian at hand aoncams a new tic that the
ageit hes itttk idea howv 1o evabate- | aosely speekding, an agant fading processing asts
migt be bestserved by folloning asimple updating ruke, and perhgps, oartime danging
who she istas 1o besad an the autcome_ W e are aunranitly aasidaring sudh a foundatianal
besis Taraurmadel -

W hile riamaining sanenhat agostic aebaut the sourae of aur\ persuesian biss™’,; " we an-
alyze its aasaquencss, both in a ganaral setting ad 1N an assetmarket setling- 1N ganeral,
we analyze aonvergenae ofbeliel _ U nderthe aconditian of strang aamnectedness, belleE ofall
ags anvaree o awadgited aerage of inftial beliek, where the wadhts assodated with
eadh tpe of agait hae a number of rather strikiing features - T hese wagts, whidh are
reed ly interpreted ss it uenae, ol both fram draracierizing the statiaary distributian
ofall arkov matix that represants the Istening structure, and from tho d@atmamers
of\ cunting tress” " whidh derive fian the gephical nature of the staning structure. In-
witively, agaits are irf uatial if other it uential agats Iisten 1o them, where irf uace is
de ned endogenasly through the Istening structure. |n the assetmarket setting, weeple
the trade-a®betinean irnf uance and acouracy- 0 uranalysis indicates thatt Estening structures
that do not neasssaxi ly aggrecaie infomatian exdatly an be\ stebE ' Fareample, pro-
vidd thatsut-dant updating ooaurs befare mare infomatian an fundemantaks is kamed, it
can be in everya e’ interests O Iisten b ae market\ gy * due 1o the Bt that others are
istening to him, despite his bang ery inecaurate-

A Bwvwads an the testing ofF aurmadel are prdoebly in ader_ W e reedi ly adoniedoe
that a satistectory empirical st of the implicatias of aur madel is kely 1o be dizault
0 urmadel yields a number of predse implicatias Torbeliek ad irf uance_H onewer, these
predictians ollo fram the primitive of the Istening structure. |n most enpirical setlings,
infomatian an the isteningstructure seams likely tobe hard to come by, meking satistectory
enmpirical testing di=aulc

In aantrast, honever, we would arge that curmadel is very well suited fareermmeantal
testing- P radse Eistening structures shauld be essy to aesate in an eaimatal setting-0 ur
madkel yields pradse and unigue implicatias for the prgpagatian of belieE in gereval, ad
markettradingin partiaukar; ss afundtian ofthis steningstructure . Furthermaore, aurmackel
yvields unique and pradse predicias Torhavsimple diangss in the ksteningstructure{ sudh
& mmoving aradding a istening ink{ will impact the beliek of an entire pqoultian. It
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is warth noting thatt the quantitative nature of aur madel’s predictias go well beyad the
predictians of many behaviaral madek - Caseouatly, we belleve that testing same of these
implicatias epeaeimatally waul be auite interesting and would projice forastrag testof
aurframenark. B ut perhgps this is because we hae istaned 1o ae another too mudh, ad
have tharefare been unduly persuedad ebaut the merits of auridess -
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A pperdix{ P rook

P roof to T heoram 2z W e istshow that Gvarace) type belieb anverge towé . Itis
welHaonn that the matrix T taonvergs toa imit T when tgoss © 1, and thateadh
rovaofT! is equal tow Gee, Tareample, T heoram 8 8 inB iI&”g;IEyQ%G))-TosrnNm
tpe beliek anarge owX , wewillshovtatthematrix “ S, T (anvags o T
D e ne the random \ariebke o tobeegual ©1 with prdbabiity |, cad( othernise_A ssume
abo that o are indgpadattoertime.D e ne the Gandamn) matrix? by

Yt P 5
= [ i )+aT =T s1°s:

s=1

T hen
Yt
ECo= TCsX

s=1

P
By theB aelCantell bnma, if L, =1, then

X
Pr&e=! in ntelydea)=Pr( o=1)=1:
t1
Sinee the matix T tis baunded uniformly in t, the daminated aonvergance thearam implies
that P, .
IMECO=JmEQ ~7D=T!:

W e nextshon thatthe beliek of all agas anvarge towX _Il e xatimet; and de ne
o procsssss oreech agaity, , both startingatt; - T he istproesss is

A =Ci. o e L & =% i Q3
adtesscadis
Yo =Ci. o0+ . o5 0 Vi =X e
where j, (¢ daotes the eganttteti, Isters oattime t. Itis essy o dedk that
X =A Ye

ad ths the 0 proossss are a dacompasition of the agaits belieb. T he st procsss
desaibes the evoltian of beliek if at time . agats within a pe have d®&ent belek,
but @erae) tpe beliek are idattical and equal 1 - T he second process desaribes the
evoltion ofbelieE ifattime t; agats within a tpe hae the same belieE, whidh are el
10 the tive type beleb > . Gutsepent 1, agas within a type will hae d@rent
beliek becase they will andanly Isten ©d@Iattpes) T he stprocss ipresats the
\ inftal " heteraga ety 1 e- the within type heterageaty induced fran the heteragaaty at
t - T he saocod procsss represats the\ randam stening * heteragaaty, i e- the within type
heteragraty induced filan random  stening subsequat o t; -
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Farz =2;y;x, we danote by .35 the standard deviation of z;. aorcss agents of typei, i e
Z, MU Z, L
@3 A Ao dn
0 0
W e albo denote by ¥ the maximum of¥.}; aarcss types.- Wl e use¥.d, %y, and ¥ & meesures
of the inftial, randam staning, and ol within tpe heteragaaty at time t. Since the
processes 2f andyy  are indgpendaitaacss egaits of ype i, we have
ED =€+ 6
T hacke,
¢S - @5+ 63
W e istshavthatyt goss ol whentgoss o1 - Equatian @3)implies that
€3 -Ci. 0@+ (I =Ci2.«i.N):
T harefre, %X goes OO, if
Ci2.sC i.s)

sg+1

gsl,arits kpapitm gess o 1 _T he lkarittm is

Xt Xt
bl i2.sC i.sD- i2 sCid- €D s
ssg+1 ssg+1 s g+1
adgeto jl -
W enextshavthatby dosingt lbrge exaudh, weaan mde%}abitrai&small-D ere
S by

Tt -

Sy
Sincetheyﬁ are dotained by avex anbinatias ofy}nil, s§ Gannot inaesese oar time.
T hacke,

s - =spig ivwKj

Sinee all types aanvarge oW, s¥ and this %Y can be made abitrarily small for . e
enauch-T herefore, 4. goss tol wentgoss ol - k
P roof o Caroliary 1 - T he hypothesis implies #S @)= nfaralli and#S 11()=m farall
i.Thenbyan\addngu'"aastrant m=n.L etw= (=N ;:::;;1=N )_-Thenforallj,

sg.;pj/ﬁ i WX

X 1 X 1 X - Ilm_ 1
i i RS(dg
therdby shoning that wis the staticnary distribution of T - k

P roof to T heorem 3 - FHist, suppae that forall i Pjgiji:g

34



P
wis a staticary disttibutian, we nesd toshov et forall j,  ;wal 5 = w;j- Using the
seaad de nitian ofwy,
x 1 X gl gy

Wil §=¢ L7 gy
: cC ., #0© c :

P
wereweusethe stde r nt[mofvw andtheﬁctthat#S()— tij -
ThsltrenanslosrnNthat 3G = g jtii-

Faragwen Istening structure, aasiderthe setY 3 ofFall admissible tress with any ootk
suh tath =1 W e an goply the Ollbning procedure 1o this tree:

B i: Ifk=1i, baethe tree undanged - 0 thamise, delete the inkfram i Oits predaecessar;,
and add a Iink fram the root O - T his aeates an i-tree.

I ext, starting with any i-tree, aasidarthe Tolloning qoeration de ned orany j -

A o 1Fj =i, e the tee undianged - 0 themise, there exists aksud thati immediately
suaosatk kand j is in the subtiee with root k (tis ofF course passibe that j = K)_D elete the
inkfion ki,adaddalinkfion i 1] - oe that this yields a newtree with root k.

I'tis essy ©O\arify the Tlloning: ()ifA ;GO=y, tenB iD= x, ad Q)ifB i¢D=X,
ten A jO=y Torsame j such that+;3 =1 -

By aastrucian, #Y; = Pjgiji_A liematively, fron the aboe we can astructY ; by
starting fram eedh i-tree and gppMINgA j Toreedn j sudh thatt; =1 P rqoerﬁes@)%’d @
aboe guarantee that this aasttuctian is 1 1 and ao repectively i ence, #Yi=a jtijs
proJing the resul k

P roof to T heorem 4 : Follons immediately by noting thettif 1is isolated, then tpes in |
aly Isten o ae anotter;, ad tharefare, theoran 2 goplies directly 1o this subset of types -
k

P roof O T heoram 5 - Frstwe shov that at sst ae elanatof 1 is isolated - Suppose
mt. Forawy EJ2 Lvwesytat lises o Jiftaeedssi 2 L j 2 Jsuh that
J 2S ()-Casidarthe ggph anaxg members of 1 de ned by this Estening structure. Since
by assumptian, no elemantis isolated, it ollons that eech elenent of 1 Istas 1 at bsst
ae other ebnait. H onever; since 1 aaitains a nite number of elematts, this implies at
bsst ae ok in the Estening structure axsisting of mare then ane element. B ut then alll
tpes belogng o elbmats in this o/cke are stragly aanecied, ad thaeiore 1 is notthe
partition de ned by strag comectedness - H enae, the subosetJ  ofisolated mambers of B is
nanempty.

Pantl ofthe theoram Ollons immediately from theoram 4 _ T oshowvpant2, we aasider
atpei 2 1 ad noe thatfiom pant3, i's belieb averge o wWIX (). Toshovthat
all agats in i anvarge o WX (), we prooseed as in theorem 2 - To show pdnt 3, we
daote by X)) the panttowhidh beliek ofF typei 2 1anvaoe, L () the setofall types O
whidh gpei is inked, Ki)Y2N the sstofall types beloging to stragly aconnected isolated
sets owhidh typei is inked, ad C HE )Y2R P the aanvexhull ofary setofpants S 2RP
A busing notatian, we denote by > J) the image uder X of aset of ypes J- Firist note that
all tpes anvae 1o a pdntin the interior of the aawvex hulll of the aanvargant parits of
those towvnhan they isten, since the vector of aonvergantbelieB Xis gvenby T xX= x.
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W e nowvcEm thatforany i, C HE(I@) = C H&C ON-C HE(MMOMN C HC OY
is immediate, sine by de ritian, K Ll @)- )} o suppase C HEIE))) & C HEC O))-
T hen it must ol thatt there exdsts sane pe j 2L () et anvergss 1o a pant X that
is an extrame pdnt ofF CHG&C @) ad is notin CHG(I))- Thetypej 2L ()wvhidh
anagss o this pdnt j camnotbelong to an isolated set, since heis notin 10)-T herekae,
he must sten to other types - B utsince alll pes aanvaree o apadntin the interior of the
anvex hull ofthe convargantpdnts ofthose tovwham they isten, these tpes thatj istas o
mustall anverge toxas well, arae ofthan mustaonvarge toapantautsiceC H&C ()))-
B oth of these passibi kties yield a antrediction.- |n partiaular;, Torthe Btter ceeg, i is inked
O ay tpe that j Istas O, ad thaekae, aty suh type must canvarge o a pantirsice
C H&C )))- Far the Tamer;, ay tpe that j Istas 1 that convergss 1o X as well must
in tum be nked 1O another new type that albo aonvergss 1o this pant, since nane of these
Bpes can belog to an isolated setof ypes, by the reesaing aboe- A nd these tpes must
in twm be nked to other sudh tpes.- B ut thare are a nite number of types, imphing a
antradicion- H axe CH&I) = CH&C ), ad sine i aanvargss to a pantin the
ineriorofC H&C @), we are doe. k

P roofto T heoram 6 =T heequi ibrium computed according b agati, 'S matklis as Tollons -
T heperad! priceis

Ay V5Bl 5
Pr=A1 Vii 1#36) s
ad the periad 2 price is u q
p=A; Vi iBz—#SuZG) + Copu: @6)

T he damands ofegeniti, are gven by equatias (5) ad (6)- T he damands ofany other
smartagaitare gven by the same equatians, butfarthaetagant’s statistics ratherthen agant
in 5- Toshovthat pricss and damands aostitute a ratiaal expectatias equi ibrium, we
need 1o show thatt deamands are gotimal gvan pricss and thatt pricss clear te market_ W e
~ st shav marketdearing- | e next show that demancs are gotimal gven pricss, provded
thatthreaastats A1 ;B 1;A; ;B; ,adC,; satisf/asystan ofinoHineerequatias-\W e rally
showthat this systam hes asolutian.-

I aretCElaring

A cooding tothe madel ofegat;, , thestatisticofasmartagaitatraud tisequal oV
pbs idsynaatic nase, whidh is namal with variance ¥ =2t _ Indeed, the inftial statistic is
eqal OV pbs idsynaaticnase, whidh is nomalwithvariane¥? _ll aeoser; thestatistic
atraud tis dotained by aeragngthvoraund t j | statistics -

T o shavw marketckaring at periad | , we note that the agprecate danand of the smart
amsis

B1
T his is because the aerace statistic of the anartegaits is V5, ad the mass aFsmartegants
is#S @)-T hedanad ofthe dumb agas is ju; - T he market thus clears ifthe price p is
g\an by equatian @5)-1l arketedearing at periad 2 olloas similbardy_

1
V__
1 IA_lpl
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Demands are 0 pimalt iven P rics

Wedaotebyy ady the istad sscod paiad pasitias of agaiti, in the risky
aeset A gty S aasumptian is

i@ ip)t it 3ipX
A tperiad 2, egaiti, dhooses his danandy, tomaximize
iE:00Ga: Uit 3 i P D= iopGial €: (D inDi ;3 ¢ ar D+ L)X

T he gotimal demard is

. BE.@Dip
Y= @ an G B €D

T he subsaipt2 () in an eectation arvaiane mears that these are cadiiaal an in-
fomatian aa bk atpariad 2 ( )- T his infimatian aasists of the roud | statistic of
agetiy, , teraud( statistics of the agats thataganti, hes Istened 1o, both directly ad
indirectly, and the paericd ! and 2 pricss.W e danote by S G, ) the setthatincludes agatiy,

and the agaits he hes istaned 1o, both directly ad indirectly, by raund t.- T he cadinality
of S '@, )is 2t.W edaote by ;- the predsian of the raund () statistic ofasmartagat, i e.
¢ =1=% _Finally, we danote by ¢,, and ¢, the predsias of8 1u=#S @andB , u,=#S (),
respectively, i e ¢y, =1=@ 1%y ) ad ¢, =1=@%u) -W ehae

INVan @) @ =1+2T¢+ i+ ép -

ad T_’p

2 TG )Sho . i L oy L
E, D=0 0 Sp+ L@ iCp) ei))
é 2 o & A1 a Ay
Using equatian @8), ad nating et o ; 1Sj, 72" = S;, » itis essy O dek tat te
demad (6) adnddes with the qoimal danand 27 if

3
at+yl
By =—4———; c))
2 7o ; ¢
2T.’+ .
AZZ—(J& Opz; 60)
ad -
C; =%A—1: (i)

A tperiad! agaiti, dhooses his danandy; tomaximize
t M T
if1epGahi @ ip1)+yz(Ez(/i)m)i§6§é 5t D)

where the subsaript! mears that the expectation is aaditiaal an infomatian aa Bbke at
raud! ad an e price p; - Tosimplfy this equation, we  istsubstitutey, fran equatian
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27.W ecet
(FLDITD.

28 + 10

W enextsubstitutep adE; () fram ecuatias @5)ad @8) respectively. U singequatias
@)Dad @l )ad setting .

iEieopGai@ i)Y —F—F<= )

A1,
- _ 2' ¢ o 1 -
& a L+l
2
we get
Ho M T T APST(in)Sjno G iy
it i A, ViiB +C i +- =12 = §Vi+B
ifiepGalr A, Vii Z#S() PLiP *5 oT Vit Biys o D)

W e nally ssparate the sigak in S G, ) that the agent knons atperiad |, ad the sigak
inST G, )5 1G, ) thatthe agatwill dotain betneen pariads 1 and 2 - Setting

P P, B
- _ STGsG@) h=1Vih Joh _
— 2 -
we et H M W ll ll
iEiepGayy A, ViiB,—— +tCipip
A Ap s ! 1,

MR SG)Sho L, v

> - » G2

T he expectation in equatian @G2) hes tobe computed wrL_ Vi, u ,and ™
W ewill use e Tomua

E @pGial + B 3E00)=a——op(ial i ;a5 (+ aCF ¥ b)) 62
J+aCEj

whare Xis an£l namal vectorwith meen () and\ariance-waiancematix € , | ten£n
idantity matrix, i arumber, b an n£! vectr;, and C an n£n symmetric matyix_-W eset
n=2,

X =CiiE10DiBr

#S()
. _ ~N L i
> = IQ/ilElQ/I))ZTil"'BZ#SG):
- b =yiA;;
AP S ! :
_ <G i
b = #iElqi) ﬁ;
81 T
C= 8 ! ;

38



ad 1 AP < 1, 1
_ SL(& H
b =yi@QE1@D+ Czplipl)+§ %ihﬁ/i) ZTiD"

0 mitling the t&ms thattdo notdegped any; and thus do notaRisct the gotimizatian wir L.
v1, e G wWiTte equatian G2)as

AP !
100GaE GELED* Copy i+ Ak~ GE @) §yiaTx @0

where tre astaits k ad kg ae
= -
1 1 -
2TilCl+E _ ]_

J— =3 -
- — 1 1 2Til”

épy

ad - 3 - = 7 -
1 1 — 1 1 1 -1
14+ 14 141 4 1 3
i var() i i i1éps 1, VAR
k=a —= 1 1 ;
ad

i1 Van@Ud=1+ 24 + ¢ép, -

T he agentdhocsss his danand y; tomaxdmize @G4)-T he gotimal damad is

neP o ll
AELEDF Copr o+ Ay —S@2he G E @D
= : 5
T oidatify the demand @5)with the demard (5), we have toaamputeE ; (1)-W ehae
P
2¢; i) Si iny 1
E1 =" By G6)
i 2 i1 Al

U singequatias @), @1, and @6), itis essy 0 dedk that the damand ¢ 5) ainddes with
the damand @5)if

A -
3, =—H8 -, @7
ki
ad
T, 4, Mo, o T
p=2E e B o G G
& éa éa &
TosowvtatC;, < 1 adA; < Ay + C; A1 weue enuatias @), GL), @G8), ad the ct

tatlkg < 1.
T he System hes a SobLtian

Eqatias 9), Q0 ), G ), @7, ad @8), arstitLite asystan of5 naHinearequatias in
te5 uknonsA;,B1,A;,By,adC; .Theunkhons A1, A; ,adC, can be determined
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fran B 1 adB; wsingequatias @8), G0 ), ad @l ), respectively-TodetermineB ;| adB ;,
we study the system ofequatian @9) and ecuatian

2T¢'+¢p2l@
Bl:ZCy Q3 _2(';,; 69)
wrkliss

whidhis dotained by substitutingA, intoeguation @7).-U singthede niias of,, , ¢y, , ad
&, Weanwite equation Q9)as

Ho T 1
al+ 1+2Tg+ —Bi;ﬂq + —BZZ% %4

=0:
2T(,’

By i

ThelH S isinaessinginB; ,ges 1O §j1 wenB, gs®©l,adges Ol wenB,; g=s
1 . T haeore, eguatian 9)hes aunigue solutianB ; G 1)-8; G 1)is deaessingingB 1,
is ofader! =8 § whenB ; is small, ad goes to astrictly pasitive EImitwhenB ; goss 01 -
Casidernavwenatian G9)wherewe repleaeB ;) by B ) @ 1)-Itis essy todedkthatttheR H S
is ofader! =B § whenB ; is small, ad goss to astrictly pasitive EImitwhen B ; goss 01 -
T hexefare, eguatian @9) hes asobltianB 1 - k
P roof o T heoram 7:-U singeguatias ( ) ad (8), we anwite agaitiy, S aasumptian
&6

1 1
B—l(slin i SDAs" + €A1 1AL E(sﬁn iSO +32iAS iCASY @)
T akiing eectatias wr i the idosynaatic nase, we get
1 1
E(Sl. isH@Q;s"+ C:AL i AL D E@I is') +3iA;Ss §CAs)

U singeguatian (4)ad thede nitias ofyi1, Vi - P1-ad p , weget

3 _ ¢ 3 -

ViV '@ iV RV @+ iapV
Tadngepecatias wrtV ad 3, ad denoting by cov/( ) the variance-coariance matnix
ofV ,wegst

Yaor@ D@ ipd+* W R i v P
T o dotain the theoram, we nole that the elamats ofboth y;1 ad yi sum ol , thatall
dagmal ebnents of vV )are egual !, ad thatall non-diagoal elenants are equal
%.T herefae, Vg, av@ D= € i D ad g aovl D= i - K
Proofto T heoram 8 - W e rstassume a gnaral Estaning structure, and aompute ecgit
in 'S egpected payc®PwWhen he adpts a isteningsetS @) irsteed of S ()-W e nextshowv that
et L S withgaru type!l is stebk, ifand anly ifaaditian QL) holds.

Bxpacied P aya®
T he agats aasumptian is gven by equatian @) )- H oneer; the eqpectatias ofslin
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ads; wrt theidaosynaatic ndse are no lnger equal o s} and s] - To aampute the
epedation of st , wenote that s is the aerage of s, amléi%ofrsoneagmtlﬁov\ith

k2 S @)-T haekar, the eedtatian is

1 11 X
§§i+ > =
#SG)IQS(3

| otice thatwhen S (=S @), this is ecal O] - Similarly, the eqoectation of s is

T
1 X My 1
Sl UL R —d+ SL o sl il
T i T Til
2 #S Oypy 2 2 2

Toampute the epectatias WitV ad3, we proosd s intheoram 7.W e daote by 41
ﬂE\,ect(rvhJaejmaand’ertis
1
1 %1 X V\& 'V\;‘g\
- = l ~ -
!l 2#8—()‘Qs(i) <J 3
W esimilarly daoke by y;, the vectorvwhcse §j th acampaentis
0 1

1 g1 1 X My 1 nl _
E%)Z_TV\&-F #SG)IQS(i) 2_TV\2<J_ oTit W+ G V‘4T< V\_;Il-g‘

P rooseding as in thearam 7, expected payaRis
CiR@ ipd YR i CipX @)

In equatian @1 ), wewi ll nly aasiderthe tarms et dgpad an S ()-T osimplify these
tams, we introduce sane notatian- W e denote by 7z, the vedtorwhcse j th aompaanttis
(=B 1)A£<j_W e abodaoke by 7z, ﬂE\,eclorvxrnaej'lhaand’ertis

8}
1 1

2T 1V\2<_l 2T ZV\L_I-'- m\,\{z.l

B,

Finglly, we dé Te b by

h=C iY@ ip)+ZL,R i iDpX (Y

W e can interpret bk as the bane tof istaning o type ko 6 dng badk to equatian @), we
anwite the tarms et depad anS @) as
1 X

#S@

b(.
KX

T hebae tofFadptingS () as Isteningset, is s the aerage bae tof stening o tpes
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iNnS@)-
6LSisStbke
A nacsssary and sutedentaondiian Tor et L S with guru pel tobestebkis
b+ minky § 2mexty _0: @3)
Inde=d, suppcse that this acoditian halds- A N agatof the guu §pe | doss noewvwant o
adpta listeningsetfig[ lirsteed offig if

h+' gh.

b . 1+ #1

Caditan @3)implies thathh _ maxg 1 b, thaekae this ineguality holds- A n egatofa
na-guiu pe j doss nobvwant o adpta isteningset fig[ lirsteed of £ ;g if

h+ly b+ gh.
2 = 1+ #01 -

Il 2 Lweeanwite this aadition as

P
[2d] nﬂgh .

h+ly.2 #0§l 7
adifl 2 L, P
Rk i b
h+ b+ 71 L2 rrark
Caditian @3)implies thatatherineguality hols - T oshovthatcaditian @3)is necsssary,
assume thet j is the na-guru gpe with the lonest gy, and that 1= 1 ig where i is the
nan-guru §pe with the higestl -
W e next ampute te s ad shov that equatias @3) ad Q1) are equinalnt. T he
i uencewadts ess of raud t are

ugﬂt ugﬂt
wWh =1 wi=0; wh=1i > ; w;i= 7 ad wg;=0;

ori;j 6l adi&]._Thaeke,

_li%, 12T 51 )
b= Bl@lpl)*'gﬁﬁ id i%p)d;
ad
T o oT A T o7
L §i% 1 3" §2 12" §1 3" §2
a= @ iPM @ iR e S i @GR
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e =A—— T @) =A; -

- 3
@ i CiDliF oAl g iy
+CzA1N—;

3
7

w

3 3
@1)=A1N4—; @ X=A; +C2A1N4—;

ori6!l _Puggngp adp imMohk adh, itis essy todedk thategatias @3)ad QL)
areaunalnt. T harelae, thet L S with garu gpel is stebkeif QL ) holds.
FarT =1, @l )bexomes

1
A, iz@\l iCAD_0;

and is satis ed with strictineqality sinceA; > A; j C A1 > 0 - T haekae, by aaitinuty
Q)issatlis edorlbage T - 1T _ %, hen maxe Y - MaXe . ad

Y+ minYs Y+ minYy:
B ey K= gy K

([ oshow the Bstineguality we distinguish Geses acoading to whether i hes the minimum
acuracy anagall tpes ) T herefare, iT @1 ) holds Tori, itholcs Torj - k

P roof o T heoram 9:- W e aasiderasteblke an guratian and showv that itmust be as in
thetheaan_W e rstassume xcebut nNieT ,adtenT =1 .

L age ButFnieT

W e rstshovthat, grarially in types™ acouradss, the bae & by, de ned by equation
@2), d®araacss types.Toshavthath 6 by gerically, itsit-aes toshov et zy 6 zy) -
W ewill show that the i th companatts of zy; ad zy, , danoted by ;¢ ) ad ;[ ), d®@er.
B oth ;[ ) ad ;[ ) are Inear aambinatias ofepaaitiak inT - Sinke f{i()=1-8, &
T;0)=0, the coetdeants of the eqaatiab d&er_T harefore, T;( )ad T D anbeeoual
al T ina niteset, ad d®rforgeT -

Since the bere & h d®r aaGss Bpes, e can e them o rak tre tpes. W ithaut
Iss of gnerality, assume that type N is ranked N. T o determire the staning setofFspe n,
we note that the aarage bae tof Istening 1 tpss in this set, hes o exsd the aerace
beae tiorall othersets thatindude type N T herefare, the Istaningsetindldes tpes !, n,
and may induce tpes 2 orPorrP< n.

WenextshovtatrP =1, ie. tat the Istening structure is a6 L S W e prooeed by
antrediction ad assume et forsane n, P> 1, i e_ that tpe? is Istaned O by at ksst
ae mare type exgpt himself. Since all belieb canverge O type | 'S beliek, Wi, goss 1,
adwj; Trj 61 ges ) ,sstgs 1 Thaefoe, b gos ©

CineE ipD+ R idivPA=iC iDA1iCGAD+ R i iDP);
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adh gs
CinE ip) +R idiDPIL=id iDA1iCGAMW + R id i)

W ewnillshovthaetwf > w _UsngC; < 1, wewillaoduce et orige7T,h < Iy ,a
aradicion._Sine tpeN is oy stened to by himself, we heae
WL S B R S T
N N 2 2#SQ@)D

Sinee tpe? is stened to by at Esst e mare tpe exapthimself, we hae
ll M il

V\g‘>—:1_ 4+ - 1_ 1_+1_17 :M:

N N 2 2#SQ@) =N 2 2#SQ)

In nieT

Weprooesed ss Tor rge but nite T, ad ik tpes acxdngoottebae h- W e
dote by 1the setofFspes with the hidestbae € ( ecasiderses becase T =1
thereanbeties ) T he Isteningsetofatype in Bis asubsetof L.T he Esteningsetofatpe
notin Tincldes this tpe, all §pes in 1, and may indlude sane other types as well-

ITtpes i;j 2 1avag: o dRaitbeleE, then zy 6 zy - T haeloe, grarically in
Bpes”aoaurades, iy € by, aaaredicion. A B ypes in 1tus anvarge 1o the same belief,
whidh is awadhted aerage of trdrinftial belieB Il asower; all types notin 1 conerge
thatwadited aerage ss WellLW e daote by w; thewaditoftypei 2 1, ad by withevecior
whoe ith ampaattisw; Tori 2 Tad( fori 2 1. ForT = 1, thevedar z;; equab
@=8 ; . T herelre,

h=q i DO §P+ %v&@ P i) @5

U singequatian @4), and proceeding ss in e asewvwere T is  nite but bxge, we aan show
thata tpe notin 1 istas anly tohimselfad o the tpes in 1. Equatian @4)abko implies
that @ i piis indgadentofi fori 2 L

T oshawvthat lis sttagly aanected, we procead by contradictian - S uppase thattitis not.
T heoram 5 implies that 1 hes a stragly aanedted isolated subset J. ([ hearam 5 goplies
with Binsteed of N since s isalated) Since all tpes in 1aanverce o the same belief, this
beliefis awedgted aerage of the inftial beliek of the types in J-Since

X
wWi=1> wg

PJ PJ
there edsts atype j 2 Isuch thatwy; > V\é_U singA;, > A; G, A1, wehae

@ iP =AW i @1 i CADNG> (-

44



Foratpei 2 ), wehae

©@ iP=AWi i QL iCADM=i@1 iCADM< (:
T hisisaacowradicdian sinee (@ § P is indgpadentofi Tori 2 L
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