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AbstratWe analyze the eÆieny and foreast auray of two market gameson the World Wide Web: the Hollywood Stok Exhange (HSX) and theForesight Exhange (FX). We quantify the degree of arbitrage availableon HSX, and ompare with a real-money market of a similar nature. Weshow that pries of HSX movie stoks provide good foreasts of atualbox oÆe returns, and that pries of HSX seurities in Osar, Emmy, andGrammy award outomes onstitute aurate assessments of the atuallikelihoods that nominees will win. Similar investigations reveal that FXseurities pries serve as reliable indiators of unertain future events. Weargue that, in ertain irumstanes, market simulations an furnish someof the same soietal bene�ts as real markets, and an serve as aeptablesubstitute testbeds for onduting experiments that would otherwise bediÆult or impossible.Keywords: analysis of arti�ial markets, World Wide Web market games,market simulations, foreast auray, eonomi eÆieny, arbitrage,Hollywood Stok Exhange, Foresight Exhange, utility for intangibles1 IntrodutionThe ore servie of a market is to failitate the exhange of items betweenindividuals. The use of pries for these items, denominated in a ommon ur-reny (e.g., US dollars), simpli�es trading aross multiple markets, alleviatingthe ombinatorial nature of diret barter. Pries reet an agreement betweenbuyers and sellers, and serve as a quantitative measure of the value of the itembeing exhanged, as ompared to other marketable items.When markets attrat broad partiipation, pries an enode the sum totalof a large amount of disparate and distributed information. The pries re-et, in a very real sense, the onsensus opinion of a myriad of informed andwell-motivated traders. As suh, even nonpartiipating observers may stand tobene�t from the informational value of market signals. As an example, the oddsin a horse rae, determined solely by market fores at the trak, an be viewed asassessments of the likelihoods that the various horses will win. Empirial stud-ies verify that odds on horses do indeed math very losely with their observedfrequenies of winning [1, 18, 19, 20, 22℄.As traditional markets expand onto eletroni platforms, and as new ele-troni marketplaes emerge, prie information will be available and aessible inquantities previously unimaginable. Nevertheless, markets will still only overa minisule fration of arenas for whih informed foreasts might be valuableor interesting. Many barriers exist for the establishment of new markets, in-luding high osts, government regulation, and the threat of lawsuits. Arti�ialmarkets, on the other hand, su�er from no suh diÆulties. Web market games,in partiular, often feature moderate operating osts for setup, maintenane,advertising, searhing, and transating, and bene�t from worldwide audienepotential. Permission is not required from government authorities or regulatory1
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oÆials. Lawsuits are muh less of a onern. There is little need for are-fully rafted dislaimers or failities for dispute resolution. Users an remainanonymous, and reord keeping an be somewhat lax. All of these fators haveontributed to a growing prevalene of market games on the web, some enjoy-ing widespread popularity. Of ourse, arti�ial markets annot satisfy soietaldemand for the exhange of items. However, in this paper we present evidenethat some market simulations an funtion reasonably well in the dual role asaggregators and disseminators of information.Theories of market equilibrium, inluding the rational expetations theoryof information propagation, usually depend on the assumption that partii-pants maximize expeted utility, where utility is derived from onsumables ormonetary equivalents. Indeed, laboratory eonomis experiments in whih sub-jets are not \paid to play" are often questioned on the grounds of a lak oftrue inentives. In a game without monetary baking, utility is presumablyextrated solely from entertainment value, eduational value, bragging rights,and/or other intangible soures. Does market eÆieny simply break downunder these onditions, or an non-monetary rewards atually drive prie o-herene, information aggregation, and foreast auray? We �nd evidene that,in some ases, they an and they do. In Setion 3 we quantify prie ohereneon the Hollywood Stok Exhange (HSX). Equivalent portfolios trade at reason-ably onsistent pries, and, over time, large ineÆienies disappear, as playerspresumably take advantage. In Setion 4 we evaluate the olletive ompe-tene of traders on HSX and on the Foresight Exhange (FX), by measuringthe presient value of market pries. In doing so, we �nd that HSX stok priesare reliable indiators of what movies will do well at the box oÆe, that HSXaward option pries provide aurate assessments of whih nominees will likelywin entertainment awards, and that FX pries onstitute aurate probabilistijudgments for a variety of unertain future events.2 Bakground and Related Work2.1 EÆient MarketsAn eonomist strolling down Wall Street spots a twenty dollar bill lying onsidewalk, but deides not to pik it up. No, this partiular eonomist is notsimply too rih to be bothered. Rather, he onludes without heking that thebill is a forgery. \If it were a real twenty dollar bill," he reasons, \someone elsewould have piked it up already." This widely told joke exempli�es what is alledthe eÆient markets hypothesis. Roughly speaking, the hypothesis laims thatthere are no free lunhes in the �nanial markets: every potential pro�t omeswith some amount of risk, and pries are inherently unpreditable. If there is arisk-free pro�t momentarily available, or if pries are preditable, then someonewill take advantage of the opportunity almost instantly, exploiting it until it isgone. There are various forms of the eÆient markets hypothesis, and at leastfour di�erent degrees of eÆieny to onsider:2
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1. Internal oherene: pries are self-onsistent or arbitrage-free: no traderan make a sure pro�t without any risk.2. Internal unpreditability: future pries are not preditable based onurrent and past pries. Also alled the weak form of the eÆient marketshypothesis.3. Unpreditability: future pries are not preditable based on any ur-rently available information, inluding pries, eonomi variables, funda-mental data, et. Also alled the semi-strong form of the eÆient marketshypothesis.4. Expert-level auray: Pries fully reet all information availableto all traders. Informed experts annot onsistently outperform naivetraders. In partiular, when pries onstitute foreasts, market estimatesare at least as aurate as expert assessments. Also alled the strong formof the eÆient markets hypothesis.Eonomists have developed a large body of theory to aount for all fourlevels of market eÆieny. And empirial evidene veri�es|for the most part|that markets are indeed largely absent of arbitrage, are highly unpreditable,and an yield extremely aurate foreasts.In this paper, we examine arti�ial markets for the same signs of eÆieny,fousing on the �rst and fourth types: internal oherene and expert-level au-ray. We survey additional bakground material on these two forms of eÆienyin Setions 2.1.1 and 2.1.2, respetively.2.1.1 Internal Coherene: No-ArbitrageAlmost all eonomi theories of equilibrium assume, at a minimum, that equiv-alent portfolios are pried onsistently with one another, suh that arbitrageopportunities do not exist [2, 3, 11℄.1Many important results of �nanial eonomis are based squarely onthe hypothesis of no arbitrage, and it serves as one of the most basiunifying priniples of the study of �nanial markets. [21℄For example, if the same ompany's stok is listed on both the Tokyo and NewYork stok exhanges, then the two pries should be the same at all times,modulo the exhange rate and transation osts. If the pries do ever divergesigni�antly, traders will purhase the stok in the heaper market and immedi-ately sell it in the more expensive market, thereby driving the two pries baktogether. As a seond example, monetary exhange rates should never be suhthat a \round trip" from one urreny through one or more others and bakagain yields a positive gain.A third example arises in the ontext of a seurities market. In the parlaneof eonomi theory, a seurity is de�ned as a lottery tiket that pays o� $11Pareto eÆieny, a ommon and mild assumption, implies no-arbitrage.3
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ontingent on the outome of some unertain event. For example, the ownerof a seurity \$1 if and only if it rains tomorrow" will be paid $1 if it rainstomorrow, and nothing otherwise.2 Now imagine a market of two disjoint andexhaustive seurities: \$1 if and only if it rains tomorrow" and \$1 if and onlyif it does not rain tomorrow". Owning both seurities guarantees the holder apayo� of exatly $1 regardless of whether it rains. Thus the total prie to buyboth seurities should never dip below $1|otherwise, the buyer an obtain arisk-free pro�t. Similarly, in the absene of arbitrage, the total prie to sell bothseurities an never exeed $1.We will examine a fourth example in Setion 2.2, where no-arbitrage im-plies that pries of a stok and its orresponding options must onform to arelationship alled put{all parity.2.1.2 Expert-Level Foreast Auray: Rational ExpetationsThe theory of rational expetations (RE) equilibrium aounts for expert-levelforeast auray in seurities markets. RE theory posits that pries are not onlyoherent, but also reet the sum total of all information available to all mar-ket partiipants [6, 10℄. Even when some agents have exlusive aess to insideinformation, pries equilibrate exatly as if everyone had aess to all informa-tion. The proedural explanation is that pries reveal to the ignorant agents anyinitially private information; that is, agents learn by observing pries. Severalauthors show that, if agents begin with idential priors and disparate evidene,repeated observation of some aggregate statisti (e.g., prie) will onverge to aonsensus on posteriors, for various suÆient statistis [7, 12, 13, 14℄.Plott et al. [15℄ investigate, in a laboratory setting, whether parimutuelmarkets (the type employed at horse raes) are able to aggregate information,as postulated by RE theory. In one set of experiments, eah subjet was giveninside knowledge that a subset of horses would de�nitely not win. Althoughall subjets were unertain as to the outome, their olletive information wasenough to identify the winning horse with ertainty. Information aggregationdid our, and RE-based preditions �t the data well.In earlier work, Plott and Sunder [16, 17℄ onduted laboratory experimentsto test the reasonableness of the RE assumption in the ontext of a seuritiesmarket. Subjets were initially unaware whih of three states would our. Inone study [16℄, privileged insiders were given ategorial knowledge of the un-derlying state. The RE model's preditions|that equilibrium pries and othereonomi variables onverge as if everyone were aware of the true state|weresigni�antly more aurate than those of other models, inluding the lassialWalrasian hypothesis that agents do not revise their beliefs based on pries.When insiders were given less than ertain information, the results were notde�nitive. In a seond study [17℄, insiders were told only that one of the threestates would not our. The ombined knowledge of all subjets was suÆientto logially infer the true state, though no single insider ould diretly do so.2Insurane ontrats, futures, options, derivatives, and even stoks an be modeled asportfolios of suh atomi seurities. 4
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It was found that, in a omplete market of three seurities, the RE preditionswere again the most aurate. In a single seurity market, the RE equilibriumwas not realized. On the other hand, even in this last ondition, Forsythe andLundholm [4℄, with a similar experimental design, found that RE was veri�edas long as subjets were suÆiently experiened and knowledgeable.Beyond the ontrolled setting of the laboratory, empiriists have analyzedthe foreast auray of publi markets. Perhaps the most diret tests involvehorse rae betting markets. Several studies demonstrate that odds on horsesorrelate well with the atual frequenies of vitory [1, 18, 19, 20, 22℄. Theredoes appear to be a small but onsistent bias: favorites are underpried andlongshots are overpried. Weitzman [22℄ and Ali [1℄ show how an assumptionthat the rowd as a whole is risk-seeking an explain this favorite-longshot bias.Beyond horse raing, sports betting markets as a whole provide very aurateforeasts of likely game outomes.The Iowa Eletroni Market (IEM)3 supports trading in seurities tied tothe outome of politial and �nanial events. Their 1988 market, open onlyto University of Iowa students and employees, o�ered seurities that paid o�proportionally to the perentage of votes reeived by various andidates in thatyear's US Presidential eletion. The �nal pries mathed Bush's �nal perentmargin of vitory more losely than any of the six major polls [5℄. Sine open-ing to the publi, subsequent US Presidential eletion markets have attratedwide partiipation and following. Other eletion markets have now opened inCanada4 and Austria.52.2 The Hollywood Stok ExhangeThe Hollywood Stok Exhange (HSX)6 is a popular online market simulation,with approximately 400,000 registered aounts. New aounts begin with H$two million in \Hollywood dollars". Partiipants an buy and sell movie stoks,star bonds, movie options, and award options. The urrent top portfolio isworth just over H$1 billion. High ranking portfolios are atually sold at autionon Ebay7 for real money on a regular basis. Based on these sales, the \exhangerate" seems to be approximately H$1 million to US$1, with the rate inreasingfor higher ranked portfolios. HSX is beginning to o�er new investment oppor-tunities baked with real money. For example, HSX investors ould purhaseshares in the movie Amerian Psyho for H$1 million eah; these shares paido� about US$1 for every US$5 million of the movie's box oÆe proeeds. HSXofounder Max Keiser hosts a weekly radio broadast in Los Angeles, and ap-pears regularly on NBC's Aess Hollywood to disuss HSX information. HSXalso sponsors a booth at the Sundane Film Festival, and holds an annual Osarparty in Hollywood. Media reports suggest that HSX pries are taken seriously3http://www.biz.uiowa.edu/iem/4http://esm.ub.a5http://ebweb.tuwien.a.at/apsm/6http://www.hsx.om/7http://www.ebay.om/ 5
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by some Hollywood insiders.Although the urrent prie of any HSX movie stok is based on the olletivewhims of HSX traders, the value of the stok is ultimately grounded in the or-responding movie's performane at the box oÆe. Spei�ally, after the moviehas spent four weeks in release, the stok delists and ashes out: shareholdersreeive H$1 per share for every US$1 million that the movie has grossed up tothat point in the US domesti market, as reported by ACNielsen EDI, In.8Traders buy (resp., short sell) stoks that they believe underestimate (overesti-mate) the movie's eventual performane. The urrent prie, then, is a olletiveforeast of the movie's four-week box oÆe returns.9The pries of some stoks adjust after their �rst weekend in wide, nationalrelease. On Friday, trading in the stok is halted; on Sunday, the prie adjuststo H$2.9 times the movie's weekend box oÆe numbers (in US$ millions).10 Inthis ase, the stok's prie prior to wide release is the HSX traders' foreast of2.9 times the movie's opening weekend proeeds. The 2.9 fator is meant toprojet the movie's four week total based on its opening weekend results.HSX often o�ers all and put options in nationally released movies. Eahoption has an assoiated (onstant) strike prie k, whih is a rude estimateof the movie's opening weekend return r. On the Friday of opening weekend,options trading is halted; on the following Monday, all options delist and ashout at a prie equal to the weekend proeeds (in millions) minus the strike prie,or zero if this quantity is negative (i.e., max[0; r � k℄). Put options ash out atmax[0; k�r℄. A high all prie (resp., a high put prie) suggests that, aordingto HSX partiipants, the movie will earn more (less) than the strike prie duringits opening weekend.The payo� struture of HSX movie options is analogous to so-alled Eu-ropean options in the �nanial markets. In an arbitrage-free market, whena movie stok, a all option, and a put option are all available for the samemovie, the three pries must onform to a relationship alled put{all par-ity: s=2:9 = k +  � p, where s, k, , and p are the stok, strike, all, andput pries, respetively. Consider the value of the following two portfolios:(1) twenty nine all options plus H$29k in ash, and (2) twenty nine putoptions plus 10 shares of the stok. After the weekend, portfolio 1 will beworth 29k + 29max[0; r � k℄ = max[29k; 29r℄ while portfolio 2 will be worthmax[0; k� r℄ + 10(2:9r) = max[29r; 29k℄. Sine the two portfolios pay o� equiv-alently, their pries at any time before the weekend should be equal; otherwise,a trader an buy the heaper portfolio and short sell the other, loking in aguaranteed pro�t.118http://www.entdata.om/9Although ash holdings do arue interest on HSX, all analyses in this paper ignore anytime value of Hollywood dollars.10Movies released on holiday weekends, and movies with substantial box oÆe reeipts priorto wide release, may adjust di�erently.11In pratie, the hedge is not quite so perfet: movie options ash out based on the �nalbox oÆe numbers reported on Monday, while movie stoks adjust aording to the box oÆeestimates reported on Sunday, whih are projetions based on Friday and Saturday returnsonly. 6
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Oasionally, HSX o�ers seurities (whih they all award options) assoi-ated with partiular awards eremonies|for example, the 72nd Annual AademyAwards, or Osars, sponsored by the Aademy of Motion Piture Arts and Si-enes. Five options, orresponding to the �ve award nominees, are availablewithin eah award ategory (for example, Osar award options were availablefor eah of the eight major Osar ategories of best piture, best ator, best a-tress, best supporting ator, best supporting atress, best diretor, best originalsreenplay, and best adapted sreenplay). Within eah ategory, the winningoption ashes out at H$25, and the other four ash out at H$0. Before awardsare announed, an option's prie an be interpreted as its estimated likelihoodof winning. For example, when Kevin Spaey's prie was twie that of DenzelWashington, the onsensus of HSX opinions was that Spaey was roughly twieas likely to win as Washington. By normalizing pries within eah ategory,likelihoods an be onverted into probabilities. Notie that, sine it is ertainthat one and only one of the �ve options within a partiular ategory will payo� H$25, the bundle prie of all �ve options should be worth H$25 at all times.If the ombined prie ever dips below H$25, a partiipant ould guarantee anarbitrage pro�t by purhasing all �ve and waiting (if neessary) until the winneris announed, at whih time he or she an poket the di�erene. If the om-bined prie ever moves above H$25, partiipants an guarantee a pro�t by shortselling all �ve options.3 Internal Coherene in Arti�ial MarketsIn a real market, monetary inentives are the driving fore behind eÆienyand, in partiular, internal prie oherene. In an arti�ial market, on the otherhand, there are no diret monetary inentives. When an arbitrage loopholepresents itself in a simulation, why should anyone are to take advantage ofit? Inentives must ome from intangible soures (e.g., the desire to performwell in the game) or from indiret soures (e.g., the desire to do well enough tosell one's portfolio on Ebay). Do HSX players have utility for Hollywood dollarsand, if so, are their resulting inentives strong enough to maintain internal prieonsisteny in the game?To analyze these questions, we quantify the degree of oherene in the HSXstok and options markets (Setion 3.1), and in the HSX award options market(Setion 3.2).3.1 Put{Call ParityWe test how losely HSX stok and options pries onform to put{all parity.We gathered weekend halt pries (i.e., pries after Friday's halt and before theweekend adjust) for 75 movie stoks and their orresponding options appearingon HSX during the period of Marh 3, 2000 to September 1, 2000. Figure 1graphs the stok estimate of weekend box oÆe returns (s=2:9) versus the op-tions estimate (k + � p). In an arbitrage-free market, the two estimates must7
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idealFigure 5: Auray of HSX movie stok foreasts for opening weekend box oÆereturns. The dashed line orresponds to ideal auray; the solid line is the bestlinear �t.market games, by assessing the foreast auray of the HSX stok and optionsmarkets (Setion 4.1), the HSX award options market (Setion 4.2), and theForesight Exhange market (Setion 4.3).4.1 Box oÆe foreasts: HSX movie stoks and optionsBefore a movie stok on HSX adjusts, its prie onstitutes an estimate of 2.9times the movie's opening weekend proeeds. We gathered the halt pries sh(Friday morning's pries) and adjust pries sa (2.9 times the atual return) formovies opening during the period Marh 3, 2000 to September 1, 2000. We alsoolleted the published foreasts of Brandon Gray at Box OÆe Mojo.12 Wequantify and ompare HSX preditions to Box OÆe Mojo preditions for 50movies appearing on both soures. Figure 5 plots the atual box oÆe returnsa=2:9 versus the HSX estimate sh=2:9 for eah movie. The orrelation betweenatual and estimate is 0.940. The slope of the best-�t line to the data (the solidline in the �gure) is 1.16, the mean absolute error is 3.57, and the mean perenterror is 31.5%.The HSX options market provides an alternative foreast for opening week-end returns. The quantity k+h�ph, where h and ph are the all and put haltpries, should oinide with sh=2:9, due to put all parity. When atual returnsare plotted against this options estimate, the orrelation is 0.931, the best-�t12http://boxoffiemojo.om/ 12
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idealFigure 7: Auray of HSX movie stok foreasts for four week total box oÆereturns. The dashed line orresponds to ideal auray; the solid line is the bestlinear �t.r4 and the pries three weeks before delist s3 for 109 movies between Marh 3,2000 to September 1, 2000. Figure 7 graphs r4 versus s3 for eah movie. Theorrelation is 0.978, the best-�t line's slope is 1.04, and the mean error is 4.01.4.2 Probabilisti foreasts: HSX Award OptionsIn the HSX Osar options market, as it turns out, eah nominee with the highest�nal prie in its ategory did indeed win an Osar. The Wall Street Journal,amid ontroversy, published a poll of atual Aademy voters days before theOsar awards eremony; their report orretly foreasted only seven out of eightwinners.Beyond prediting the most likely winner, we investigate how auratelyHSX award option pries reet all likelihoods of winning. For example, ifpries are aurate, then among all options with a normalized prie of H$0.1,about one in ten should end up winning. Our auray analysis is similar to thatonduted for horse raes [1, 18, 19, 20, 22℄ and other sports betting marketsinvolving real money. We olleted pries of award options assoiated with theOsars, Grammies, and Emmies, for a total of 135 options. Grammy options(nine ategories) and Emmy options (ten ategories) funtioned exatly as Osaroptions, though winning Grammy options paid out H$42 instead of H$25.Pries were reorded just before the markets losed, and before winnerswere announed. We sorted the options by prie, and grouped them into sixbukets. We plaed the same number of options (16) in every buket, under the14
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assessor soreFeb 18 HSX pries -1.08Feb 19 HSX pries -0.854Tom -1.08Jen -1.25John -1.22Fielding -1.04DPRoberts -0.874olumnist onsensus -1.05Table 1: Evaluation of HSX Osar foreasts and HSBR olumnists' foreasts,aording to average logarithmi sore. Higher (less negative) sores are better.partiipants.We ompare HSX pries of Osar options to reported likelihood assessmentsfrom �ve olumnists at the Hollywood Stok Brokerage and Resoure (HSBR),15a fansite of HSX. We use the logarithmi soring rule to rate the market andthe olumnists. The logarithmi sore is a proper soring rule [23℄, and is an a-epted method of evaluating probability assessors. When experts are rewardedaording to a proper sore, they an maximize their expeted return by re-porting their probabilities truthfully. Additionally, more aurate experts anexpet to earn a higher average sore than less ompetent experts. Sores areomputed separately within eah award ategory, then averaged. Index the�ve nominees in a ategory i = 1; 2; : : : ; 5. Let wi = 1 if and only if the ithnominee wins, and wi = 0 otherwise. let p1; p2; : : : ; p5 be the market's or olum-nist's reported probabilities for the �ve nominees. Then the assessor's sore forthe urrent ategory is ln�P5i=1 wipi�. Expert assessments were reported onFebruary 18, 2000. Table 1 gives the average sores for the HSX market, the�ve olumnists, and the onsensus of the olumnists. Higher sores are better,with 0 the maximum and negative in�nity the minimum. Only one of the �veexperts sored appreiably better than the market on February 18. HSX's soreinreased almost ontinuously from the market's open on February 15 to themarket's lose on Marh 26. By February 19, the market's sore had surpassedall of the sores for all �ve experts and for their onsensus.4.3 Foresight ExhangeHanson [8, 9℄ proposes what he alls an Idea Futures market, where partiipantstrade in seurities that pay o� ontingent on future developments in siene,tehnology, or other arenas of publi interest. For example, a seurity mightpay o� US$1 if and only if a ure for aner is disovered. He argues thatthe reward struture of suh a market enourages honest revelation of opinionsamong sientists, and provides more aurate probability assessments for use by15http://www.hsbr.net/ 16
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average priceFigure 9: Auray of the Foresight Exhange market. Pries are 30 days beforelaim expiration. Points display observed frequeny versus average prie. Thedashed line orresponds to ideal auray.funding agenies, publi poliy leaders, the media, and other interested parties.The onept is operational as a web game alled the Foresight Exhange (FX).16There are urrently on the order of 3000 registered partiipants and 200 ativelaims. Players start with an initial amount of \FX buks" and reeive anallowane every week, up to a ertain maximum. Partiipants an buy and sellexisting laims, or submit their own laims. Eah laim is assigned a judge toarbitrate ambiguous wording, and to ultimately determine whether the laim istrue or not on the judgment date. Claims range from tehnial (e.g., FX$1 ifand only if an algorithm for three satis�ability is developed with a partiularruntime omplexity by the year 2020) to soiopolitial (e.g., FX$1 if and onlyif Japan possesses nulear missiles by 2020) to irreverent (e.g, FX$1 if and onlyif Madonna names her �rst hild Jesus). The developers of the site intend forthe pries of these laims to be interpreted as assessments of the probabilitiesof the various events.To determine how aurate these assessment are, we olleted historial prieinformation for all retired (ompleted) laims as of September 8, 2000. Of these,we retained only the 172 that were binary (i.e., paid o� if and only if some true-or-false event ourred). We reorded the prie of eah laim 30 days before itexpired. A total of 161 laims were ative for at least 30 days, and thus quali�edfor this data set. We sorted the laims by their 30-day-before-expiration prie,grouped them into six bukets of onstant size 17 (under the onstraint that16http://www.ideafutures.om/ 17
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every buket ontain at least one winning laim), and omputed the averageprie and observed frequeny for eah buket. Figure 9 graphs the results.Error bars show 95% on�dene intervals based on the assumption that laimsare independent Bernoulli trials with a uniform prior over frequeny.5 ConlusionThe World Wide Web fosters large-sale group ativities of all sorts, from om-peting in games, to trading in markets, to ompeting in market trading games.But beyond their entertainment value, are there any soietal bene�ts to ar-ti�ial markets? Despite their lak of grounding in tangible assets, both theHollywood Stok Exhange (HSX) and the Foresight Exhange (FX) show signsof eÆieny, manifested as prie oherene and foreast auray. In absoluteterms, HSX provides informative box oÆe foreasts, while both HSX and FXprovide presient likelihood assessments of unertain events. In diret and lim-ited omparisons with expert judges, both types of HSX foreasts perform om-petitively. Relative to a real-money market, arbitrage losure on HSX appearsqualitatively similar, though quantitatively muh weaker.What are the impliations of these results? For one, interested parties anmine existing market simulations for information, with some reassurane as toauray. Alternatively, they an open new arti�ial markets, with relativelyfew impediments, as a mehanism for gathering information in areas of personalonern or interest. Eonomis researhers may also open market games in orderto arry out experiments that would otherwise be too ostly or too diÆult.The analyses bear upon the psyhology of inentives for intangibles, and beginto investigate what is needed, at a minimum, in order for bene�ial eonomiproperties to emerge from group interations.AknowledgmentsWe thank William Walsh, Mihael Wellman, Yan Chen, and Chris Meek foradvie, insightful omments, and pointers to related work. Thanks to EriGlover for researh and programming assistane. Thanks to James Panoastand \Jimmy Impossible" from the Hollywood Stok Brokerage and Resoure(http://www.hsbr.net/), a fansite of HSX, and to Ken Kittlitz from the Fore-sight Exhange.Referenes[1℄ Mukhtar M. Ali. Probability and utility estimates for raetrak bettors.Journal of Politial Eonomy, 85(4):803{816, 1977.[2℄ Kenneth J. Arrow. The role of seurities in the optimal alloation of risk-bearing. Review of Eonomi Studies, 31(2):91{96, 1964.18
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