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ABSTRACT 

Tournament incentives have been extensively analyzed, and recommended as 

policy, by economists and compensation consultants alike. Analysis of tournaments 

typically looks at the effect of tournament contracts for individuals on individual behavior 

in non-market settings (public good provision, team tasks, etc.). In contrast, this work 

investigates the effect of tournament contrarts for individual agents on market 

performance. 

In particular, this work investigates the effect on asset market performance of 

individual contracts that reward "beating the market". To this end, both theory and 

laboratory experiments are employed. The theoretical prediction that the rational 

expectations equilibrium is destroyed by the introduction of "beat the market" contracts is 

overwhelmingly supported by the experimental data. 



I. Tournament Compensation and Stock Market Prices 

1.1 Introduction 

"Tournament incentives" are a family of incentive schemes. When tournament 

incentives are in place, then each agent's compensation is determined by her performance 

relative to a group of agents performing the same task. Many economists and experts in 

organizational behavior have examined the effects of tournament incentives on individual 

behavior. In doing so, they generally find that imposing tournament incentives on 

individuals typically leads to greater "effort" expended by those individuals. 

Because of such findings, life imitates art to a degree, and tournament incentives 

are popular with compensation consultants and the business press. References to 

tournament-like promotion schemes among executives, and to mutual fiind managerial 

contracts which reward beating other mutual fiind managers, routinely dot the Wall Street 

Journal. 

Such a state of affairs, in which tournament incentives justified by academic 

research are applied in the field, is not necessarily a happy one. In particular, research to 

date has focused on the effect of tournament contracts for individuals on individual 

behavior in non-market settings (e.g., Schotter and Weigelt, 1992). Alternatively, there 

have also been a smaller number of papers concerned with the effect of tournament 

contracts for mdividuals on individual behavior in market settings (e.g.. Brown, Harlow, 

and Starks, 1996). Thus research to date has been silent on the issue of how tournament 
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incentives affect mco'ket outcomes, or what might loosely be termed the behavior of 

markets, as opposed to the behavior of individuals. 

Hence, this current research does something that none of the existing sub-

literatures do; it not only allows examination of the eflfect of tournament incentives for 

individuals on individual behavior, it allows examination of the eflfect of such incentives on 

overall market performance. 

In an asset market setting, a number of questions about market performance assert 

themselves. The most important of these questions are; does the use of such tournament 

contracts for traders affect bubble formation, duration, or magnitude! These questions 

are especially topical: mutual funds are increasingly dominant in capital markets, and 

mutual fiind managers are generally held to be compensated in proportion to the degree to 

which they "beat the market". If the contracts facing individual agents do affect capital 

market eflBciency, it is a matter for national concern. 

In particular, this research seeks to determine if tournament contracts are helpful, 

harmful, or irrelevant to asset double auction performance. To this end, one presents a 

theoretical discussion of the existence and nature of equilibrium in asset markets with 

tournament incentives in place for the decision-makers therein. Having done so, one 

presents the results of laboratory experiments designed to illuminate the kind of behavior 

we might expect from actual people facing tournament incentives in an actual institution 

(an asset double auction). 
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The justification for using laboratory experiments is two-fold. First, there does not 

exist any analytical model of the double auction within which one could pursue this 

investigation and be wholly confident in one's results. Second, even if a generally accepted 

model of the double auction did exist, the key questions here turn out to rely on human 

behavior in the face of allegedly risk-preference-altering incentives, path dependent 

equilibria, non-existence of equilibrium, Knightian uncertainty, or potentially each of the 

foregoing at various points in an experiment. To put it another way: with tournament 

incentives in place in an asset market, equilibrium (if it exists) is endogenous, and thus the 

realization of prices and quantities is beyond the reach of a priori theory. 

The rest of this paper is organized as follows. Section n provides a discussion of 

the tournament incentives literature, and a brief discussion of the use of tournament 

incentives in the business world. Section III presents an a priori theoretical discussion of 

the effect on asset market equilibrium of introducing tournament incentives for individuals. 

Section IV details the hypotheses at which we aim the experiments. Section V details the 

experimental design. Section VI reports the empirical results. Section VH concludes. 

1.2 Literature Review 

The literature on tournaments over the past several decades has included research 

focusing on such diverse topics as employment contracts (Nalebufif and Stiglitz (1982)), 

sports events (Ehrenburg and Bognanno (1990)), and work teams inside the firm (Schotter 

and Weigelt (1992)). There are two regularities across this literature. First, the focus of 
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analysis is typically the role of tournament employment contracts inside the firm. The 

market in which the firm using the tournament contract operates is seldom considered. 

Second, the tournament contract is usually described as increasing the wealth of the firm's 

owners, and as being an appropriate response to an environment characterized by moral 

hazard; an environment in which employees shirk, and owners of the firm wish to 

prescribe an employment contract that provides incentives for more employee effort. 

These regularities are of course not perfectly descriptive of the literature. First, 

within the literature there is an acknowledgment that tournament contracts may have 

effects on aspects of behavior other than effort. Second, there is a relatively small sub-

literature which looks at the effects of tournament contracts for individuals on individual 

behavior in market settings. 

Examples of researchers considering aspects of behavior other than effort include 

the following: Nalebuflf and Stiglitz mention that tournament contracts may alter the 

employee's choice of "techniques" and risky strategies, while Ehrenberg and Bognanno 

similarly see tournaments as potentially altering an individual's adoption of risky 

strategies. However, the intractability of modeling simultaneously the moral hazard 

problem and the choice of technique (strategy) problem in tournaments has typically meant 

that the effort extraction role of tournaments has received the most attention fi-om 

researchers to date. 

A recent example of a paper concerned with the effects of tournament contracts 

for individuals on individual behavior in a market setting is Brown, Harlow, and Starks 
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(1996). The authors argue that paying money managers to "beat the market"' sets up a 

tournament within the mutual fond industry. From this point they argue that managers 

who trail the market mid-way through the evaluation period (the calendar year) will 

allocate their holdings to relatively risky assets (as measured by variance of returns) over 

the remainder of the evaluation period. On this basis they perform an ANOVA analysis 

within which about 52% of the data is consistent with the authors' conjecture about asset 

reallocation. 

In summary, research on tournaments to date has hinted that tournament incentives 

can lead to risky, or even destructive, behavior. How such behavior might impact market 

processes and outcomes is an intriguing question as yet unexplored. In the theory section 

of our paper, we will provide specific examples of effects of tournament contracts on 

individual agent behavior, and forther show the implications of these effects for asset 

market performance. 

To conclude this section, it is of note that tournament contracts are of more than 

academic interest; examples of tournament contracts in the business world abound. For 

instance the following anecdote refers to a series of events at Fidelity Investments. 

Dismayed by the change of direction and all of the risk-averse dicta - and lured by 
higher salaries at companies whose funds were performing better - the stars began 
their exodus. "It was a lose/lose situation," explains one of the departing crew. 
"Everything, your compensation, all your incentives, were tied to your 
performance against other fonds in your class. Obviously, in order to depart fi^om 
the mean, to do better than the average you had to do something different. You 
had to take risks..." (Cohen, 1997) 
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There are several points of interest in this anecdote. First, tournament incentives were in 

effect. Second, this person at least claimed that tournament contracts encouraged risk-

taking. Third, these are the tournament incentives generally held to be characteristic of the 

U.S. mutual fund industry; fund managers are rewarded if they "beat the market". 

Other examples include the following. Bill Miller, the manager of the Legg Mason 

Value Tmst fund ($6 billion under management) is "paid to stay ahead of the pack" 

(Banegas, 1998). Jeff Vinik, erstwhile manager of the Magellan Fund at Fidelity, is said to 

have been in a position typical of many fiind managers, one wherein "mutual fimd 

managers... will try to do very strange and unconventional things because it becomes 

increasingly diflScult to outsmart the averages" (Chemow, 1998). 

If the "folk wisdom" expressed in business press sources is true, and in particular if 

it holds true in a market setting, then the issues raised in this paper have important 

macroeconomic implications. 

1.3 Theoretical Development 

Much theoretical analysis of asset markets owes some debt to Keynes' famous 

"beauty contest" argument, reproduced here: 

Professional investment may be likened to those newspaper competitions in which 
the competitors have to pick out the six prettiest faces from a hundred 
photographs, the prize being awarded to the competitor whose choice most nearly 
corresponds to the average preferences of the competitors as a whole; so that each 
competitor has to pick, not those faces which he himself finds the prettiest, but 
those which he thinks likeliest to catch the fancy of the other competitors, all of 
whom are looking at the problem from the same point of view. It is not a case of 
choosing which, to the best of one's judgement, are really the prettiest, nor even 
those which average opinion genuinely thinks the prettiest. We have reached the 
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third degree where we devote our intelligences to anticipating what average 
opinion expects the average opinion to be, and there are some, I believe, who 
practice the fourth, fifth, and higher degrees (Keynes, 1936). 

Keynes' beauty contest can be shown to be a coordination game - one with an infinite 

number of equilibria (Nagel, 1995). Accordingly, once agents have (somehow) developed 

common expectations, there is no incentive for any individual agent to change her 

expectations. Common expectations centered on any point in the choice space are 

sustainable as Nash Equilibria. 

Keynes' stoiy, while engaging, is arguably incomplete. Taken as it is, it is a story 

of stock price formation when the only benefit to holding a stock is capital gains. Where 

exactly do dividend payouts or liquidation value or stock repurchases or any other source 

of value not based on capital gains enter Keynes' story? They appear not to do so. 

What happens if a source of "intrinsic" value is appended to Keynes' original 

story? Depending on the agents' beliefs over the relative sizes of intrinsic worth and 

capital gain, such an extension can cause intrinsic value to be the unique equilibrium. 

Why? One argument, due to Tirole (1982), is that in a finite horizon asset market agents 

may use backward induction in deciding the trading price of the asset. In this case they 

realize that in the final stage of the game, everyone trades at intrinsic worth; hence they 

trade at intrinsic worth in the earlier stages as well. 

Previous experimental asset market results can be explained by means of this 

paradigm. Of note. Smith, Suchanek, and Williams (1988) found that repeated play in an 

asset market using the same group of participants eventually leads to the development of 
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common expectations which solve an infinite regress (such is present in Keynes' story) for 

those particular people at that partiadar time. The solution is that the asset trades at the 

rational expectations price, which is equal to expected per period dividend times the 

number of remaining periods. What this suggests is that the relative size of expected 

capital gain and expected dividend payouts is endogenous, and converges to expected 

dividend payout dominating expected capital gain over the course of repeated 

experiments. When this has come to pass, subjects coordinate on intrinsic value as the 

unique equilibrium as in the finite horizon Tirole model. 

Tirole's model suggests intrinsic value as a unique equilibrium, instead of the 

infinite equilibria characteristic of Keynes' original tale. Furthermore, Tirole's model 

seems to be a good model of laboratory asset markets, and a predictor of changes in 

behavior through time in such markets. What happens to this model, and its predictions, 

when traders are compensated by means of a "beat the market" tournament contract 

instead of absolute earnings? 

Simply put, tournament contracts for the individual traders destroy the intrinsic 

value equilibrium. To see this, consider the following argument. 

There are two components of Tirole's construction which are relevant for our 

analysis: 

1) In a rational expectations equilibrium of a T period market, prices converge in 

the final period to intrinsic value, consisting of the expected value of Period T dividends. 
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2) The establishment of equilibrium in the previous periods builds off of backward 

induction from the period T result. 

The introduction of tournament performance contracts alters each of the two components 

of the standard model. 

First, one can no longer conclude that prices in Period T will converge to the 

expected value of the final dividend draw (intrinsic value), even in the presence of 

common expectations ruling out period T capital gains. With tournament contracts, 

intrinsic value may not be a market-clearing equilibrium; there may be mutually profitable 

trades at prices other than intrinsic value. Furthermore, a trader's willingness to accept or 

propose a trade may depend upon the distribution of shares and cash to specific potential 

trading partners. 

Second, since convergence to intrinsic value need not occur in the last period, a 

backward induction intrinsic value equilibrium cannot be constructed. 

In the absence of an intrinsic value equilibrium (derived by backwards induction), 

what can transpire in an asset market where agents have tournament incentives? With 

perfectly informed agents, we will observe path dependent equilibria which depend on the 

accrual of capital gains and dividend draws to the various traders. Such equilibria allow 

prices to increase as intrinsic value decreases. 

The following examples demonstrate two points about finite horizon asset markets 

when the Tirole solution is inapplicable due to the presence of tournament incentives: first. 
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that the final period share price need not equal the expected value of dividends; second, 

that price can increase even as intrinsic value decreases;. 

Example A: 

Assume that we are in the last period of a T period market. Assume that no other 

residual expectations of capital gains remain. Assume that there are three traders, all risk 

neutral. Assume that there is exactly one share of stock in the market, which is set to pay 

one final dividend, with equal probability, of either 1, 4, 8, or 83 cents, expected value 

equals 24 cents. Assume that one of the traders is the "leader" with $1.00 of accumulated 

working capital plus the share, while the two "followers" have $1.00 (and obviously no 

shares). Finally, assume that agents are paid max{twice the difference between their final 

earnings and the market average final eamings,0}. At 24 cents, what will be the net 

demand for the share? 

At 24 cents, each follower would like to buy the share. If she does nothing, a 

follower will earn nothing with probability one (the leader will be above average with 

probability one). On the other hand, if a follower purchases the share for 24 cents , there is 

a twenty five percent chance that the follower will end up in the high payoff state of the 

world, and earn 83 -24 = 59 cents, which puts her ahead of the average. There is a 

seventy-five percent chance that he is no worse off than by doing nothing. The same logic 

applies to both "followers" so the net demand for the share is two. 

If the seller holds the asset, then using the above contract he can expect to earn 48 

cents. If she sells the asset for 24 cents, her expected earnings are only 33.9 cents, despite 
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the increase in cash. She will supply zero to the market. So, clearly the fundamental value 

cannot be sustained as an equilibrium. If the share is to be traded, it will be at a price such 

that: 

Fundamental value < p < {Final period maximum dividend payout + buyer's accumulated 

earnings at T-1 - market average final earnings in the high payoff state}.D 

Example B: 

Assume that we are in the second to last period of a T period market. Assume that 

no other residual expectations of capital gains remain. Assume that there are three traders, 

all risk neutral. Assume that there is exactly one share of stock in the market, which is set 

to pay two more dividends; per period there is a 1% chance of a $0.30 dividend, and a 

99% chance of a $0.00 dividend. Assume that Trader A $1.00, while Trader B has $0.90 

and a share, and Trader C has $0.80. Finally, assume that agents are paid max{twice the 

difference between their final earnings and the market average final eamings,0}. 

If there is no trading, A expects to earn $0.1999, B expects to earn $0,008, and C 

expects to earn $0.00. What happens if C offers, say $0.10 to Trader B for her share? 

Trader B would accept, as it increases her expected payoff to $0.1999. Trader C proposes 

the trade because her expected profit increases to $0,004. Now assume that the dividend 

paid after Period T-1 turns out to be $0.30. At the start of Period T all three traders have 

$1.00, and Trader C owns the share. What happens if A or B offers C $0.11 for the share? 

C accepts, as it increases her expected payoff fi^om $0,004 to $0.2180. A or B would 

consent to such a trade, becasue it increases their expected payoff firom $0.00 to $0.0018. 
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We thus observe that price can increase as intrinsic value decreases. • 

The above examples use tractable situations and agents who are assumed to share 

common expectations and knowledge of all aspects of the economy except future realized 

dividends. In field situations, the computational complexity of trading situations would be 

greater, and the information on competitors' positions imperfect, while the agents 

themselves would not have infinite memories or infinitely quick computational abilities.^ 

What then might transpire in an actual asset market with actual people facing tournament 

incentives? The (rational) pricing away fi"om intrinsic value whose possibility was shown 

earlier is one possibility. But given computational complexity and agents' imperfect 

knowledge of the asset market, common expectations may not exist, and may not develop. 

Hence price bubbles in the sense of Tirole may occur in addition to or instead of the type 

of non-intrinsic-value pricing shown in the numerical examples.^ 

Our theory of price formation in the presence of tournament incentives has the 

following two implications for laboratory markets. First, we can expect to see markets 

which do not converge to the expected value of remaining dividends. Second, there is no 

reason to believe that lack of convergence will mitigate with more trader experience with 

tournament contracts. In fact, just the opposite is equally likely; as traders gain more 

experience with tournament contracts, they become more sophisticated at working out the 

strategic possibilities of "beating the market," resulting in Xx?id\iig further fi-om intrinsic 

value with more experience. 
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Some might object that stocks in field situations do not have known terminal dates, 

and hence the fact that tournament incentives rule out the intrinsic value backward 

induction equilibrium is irrelevant for field asset pricing. Even if it is the case that 

backward induction does not matter in the field (and it may not be, as there are evaluation 

periods that punctuate time (for fund managers) in the field) then it is still possible that 

tournament incentives induce pricing away fi-om intrinsic value by alternative means. In 

particular, Tirole notes that the presence of risk-loving agents can lead to the destruction 

of the intrinsic value equilibrium. This is important because tournament incentives may 

induce otherwise risk-neutral, or even risk-averse, agents to behave as if they were risk-

loving. This has been suggested elsewhere (e.g., by Nalebuflf and Stiglitz) and can be seen 

in this instance in the nature of the contract faced by the money manager; it is convex or 

"option-like" (Brown, Harlow, and Starks, p.88). Also, it should be noted that the 

alternative channels by which tournament incentives might affect asset market outcomes 

are not mutually exclusive. Hence come combination of changes in as-if risk preferences, 

the destruction of intrinsic value as a focal point, or the introduction of Knightian 

uncertainty could also induce pricing away fi-om intrinsic value. 

1.4 Hypotheses 

In this section we state our hypotheses regarding the effects of such contracts in a 

laboratory market. Laboratory experiments are a valuable complement to the theoretical 

results presented in the previous section. There are two reasons for this. First, that fiarther 



22 

analytic modeling work would be impeded by the lack of an accepted model of the auction 

within which much asset trading takes place - the double auction. This means that a solely 

analytic approach to investigating the effects of tournament contracts in asset markets 

would involve a dubious compound hypothesis; that the analytic modeling of incentives is 

appropriate and that the analytic auction model employed is appropriate. Second, of the 

multiple chaimels by which tournament incentives might alter market outcomes, some 

depend on the presence of actual human participants. For example, if these incentives alter 

peoples' as-if risk preferences, is this something the researcher should attempt to 

determine by introspection, or by running experiments with real people? 

Thus, to further our understanding of the eflfects of these incentives, we need to 

document their effects on an actual market institution within which actual people make 

decisions. If we can document the existence of the predicted eflfects in an actual market, 

we shall have an empirical existence result to match our theoretical existence result. 

PiYPOTHESIS 1; 

HO: Tournament incentives for all traders in an asset double auction increase 

divergence from the "rational expectations price", and hence impair informational 

eflBciency, relative to similar markets without tournament incentives. 

H1:~H0. 

HYPOTHESIS 2: 

HO; Tournament incentives lead to greater asset reallocation in the latter half of the 

experiment, as predicted by Brown, Harlow, and Starks. 
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HI; ~H0. 

1.5 Experimental Design 

We report experiments from two different market experiment designs. 

These consist of a 15 period asset double auction market with no asset reinitialization, and 

an asset double auction market with reinitialization of assets every two periods. For each 

design, we choose value and information conditions comparable to those used in previous 

experiments. In doing so, we can be assured that, whether our results do or do not support 

the hypotheses in the previous section, the outcomes are not driven by surprises derived 

from employing an uncharted part of the parameter space. In the following subsections, 

we will discuss the role that each design plays in this research, together with an 

enumeration of specific parameters, treatments, and other conditions in each design. 

A. Double Auction Asset Market (No Reinitialization) 

The work of Smith, Suchanek, and Williams (hereafter SSW) approaches the 

problem of laboratory market asset design with two principal differences from re'ated 

work, such as that ofForsythe, Palfrey and Plott (1982). First, SSW did not create 

heterogeneous dividend categories. Second, SSW provided for no reinitialization of assets 

in most of their experiments. Thus, in a 15 period experiment assets could be carried 

forward through all periods, and there was no infusion of new cash except that which 

came from the stochastic dividend. 

Three resuhs from SSW are particularly important for our design. First, specifying 

different private dividend values was not a necessary condition for trading in a laboratory 
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asset market. Second, markets tended to converge eventually to the rational expectations 

equilibrium. Third, along the way towards that convergence, the modal classification of 

market outcomes was one of price bubbles. The critical design change appears to be the 

lack of asset reinitialization and the resulting 15 period asset life. SSW conclude that "real 

people in any environment usually do not come oflf the stops with common 

expectations....With experience, and its lessons in trial-and-error learning, expectations 

tend strongly to converge and yield [a rational expectations] equilibrium." This learning 

included both within-experiment learning (bubbles tend to crash near the known end-

point) and across-experiment learning (there was some tendency for groups brought back 

multiple times to avoid price bubbles). 

These results fi'om SSW and related work provide the ground work for a critical 

test of our hypotheses regarding tournament contracts. The SSW results suggest that price 

bubbles in asset markets are the result of a (natural) lack of common expectations. After 

sharing multiple experiences in the same laboratory environment, many groups develop 

shared expectations supporting a rational expectations equilibria. But our hypotheses 

suggest that tournament contracts can cause distorted market performance even after the 

development of common expectations as defined in SSW. 

It would not be surprising to observe price bubbles in early trials of a SSW-style 

asset market, because bubbles in such an environment are common even in the absence of 

tournament contracts. In recognition of this, we implement a deliberately staged 

experimental sequencing design "BBTTBT', where B represents baseline experimental 
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payment contracts and T represents tournament contracts (the treatment condition). The 

first switchover between the two compensation contracts comes at the point that groups 

of traders using baseline contracts ($1 experimental = $1 U.S.) have historically developed 

common expectations (between the second and third market sessions). The second 

switchover is intended to control for the passage of time; it gives us a baseline 

measurement late in the experiment. The third switchover is likewise intended to give us a 

treatment measurement late in the experiment. 

The purpose of this sequencing is to see whether the introduction of tournament 

contracts will distort an asset market, while controlling for the evolution of expectations 

and the passage of time. With our experimental design, it should be possible to determine 

if tournament contracts can distort an asset market even after common expectations have 

been developed and rational expectations outcomes have been achieved. 

The following are the specific values of the experimental design; 

Number of traders: 9 (exact same group of participants in each market) 

Number of markets: 6 (i.e., each market session took 2 hours; market sessions were held 

fi-om 6pm to 8 pm every second work day over two weeks) 

Life of assets in each market: IS periods 

Total number of periods per market; IS 

Sequencing of compensation contracts across the six markets; BBTTBT (three 

switches between a baseline and a treatment condition; i.e., the first, second, and fifth 

nights used the baseline condition, $1 experimental = $I U.S.) 
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Distribution of dividends; Discrete uniform distribution over ($0.00, $0.08, $0.28, 

$0.60) 

Dividend draws: homogenous (i.e., all traders received the same draw per share in a 

given period) 

Initial endowments: heterogeneous 

Categories of initial endowments: 3 shares; $3.60 (3 traders) 
2 shares; $7.20 (3 traders) 
1 share; $10.80 (3 traders) 

Tournament compensation earnings: 

US$i = 5.00+ 2[(End of period cash); - (average starting cash 
+ average realized dividends)] if [•] > 0 

= 5.00if[*]<0 

Evaluation period for tournament: each IS period experimental session when treatment 

was in effect 

Information on evaluation criterion revealed to participants: cumulative average 

market earnings (i.e., average starting cash + average realized dividends) announced after 

each period (under both baseline and treatment conditions). 

B. Asset Double Auction Asset Market (Two Period Asset Life). 

Laboratory double auction asset markets can be distinguished by the "life" of the 

associated assets. SSW reported on markets where the assets could be carried over from 

period to period across the entire experiment.. On the other hand, the earlier experiments 
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of Forsythe, Palfrey, and Plott (1982), hereafter FPP, endowed traders with assets which 

could be carried over only into a second period. After the end of two periods, the assets 

reverted to the experimenters and all cash and asset endowments were reinitialized for the 

following period. 

The existing two-period asset markets experiments are striking in that they 

typically do not exhibit bubble formation but instead converge towards rational 

expectations equilibria (FPP). We will implement FPP with one basic change from the 

prior experiments: the implementation of tournament compensation contracts to reward 

the traders.* 

The reasoning behind the insertion of tournament contracts into the FPP 

environment is as follows: based upon the existing results from two-period asset markets, 

we have a strong prior expectation that the phenomena described in Hypotheses 1 and 2 

will not occur. If we do observe bubbles or other perverse pricing in an environment 

where previous research suggest that such are very unlikely, it is the tournament contracts 

which will be the prime suspects 

The following are the specific values of the experimental design: 

Number of traders: 9 (traders are disjoint from market to market unless specifically 

noted otherwise) 

Life of assets in each market: 2 periods 

Total number of periods in a market: 16 to 20 

Sequencing of compensation contracts: BTB and BT 
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Distribution of dividends: Discrete uniform distribution over ($0.01, $0.09, $0.29, 

$0.61) 

Dividend draws: homogenous (i.e., all traders received the same draw per share in a 

given period) 

Initial endowments: heterogeneous 

Categories of initial endowments: 3 shares; $0.50 (every two periods); 3 traders 
2 shares; $1.00 (every two periods); 3 traders 
1 share; $1.50 (every two periods); 3 traders 

Tournament compensation earnings: 
US$i = .60 + 2[(End of period cash)i - (average starting cash 

+ average realized dividends)] if [•] > 0 

= .60if[«]<0 

Evaluation period for tournament; each two-period life of asset when treatment was in 

effect 

Information on evaluation criterion revealed to participants: cumulative average 

maricet earnings (i.e., average starting cash + average realized dividends) announced after 

each period (under both baseline and treatment conditions). 

1.6 Experimental Results 

A. Double Auction Asset Market (No Reinitialization) 

The results for these experiments are unambiguously supportive of the theoretical 

prediction that tournament contracts destroy the unique intrinsic value (rational 

expectations) equilibrium. 
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The most important stylized fact that emerges from the previous 15 years of 

world-wide research in experimental asset markets is that repeated, shared trading 

experience under the baseline contract promotes convergence to the intrinsic value 

equilibrium. We are able to replicate this finding. However, we also find that the 

imposition of tournament contracts reverses this process! Repeated, shared trading 

experience when tournament incentives are in place promotes divergence from the intrinsic 

value equilibrium. 

Readers can visually judge the following data for themselves. The price graphs 

(Figures 1-6) are in sequential order. Volume by period is listed at the bottom of these 

graphs. Additionally, empirical density functions for volume appear in Figure 7. 
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Figure 1.1; Market Prices: Session One of SSW-based experiments 

Plot of Pj ("«"), P^("*"), ECD^.) (•—•) 

Price Experiment: " j i; 15per;dl ;cH * run on lBya3y97 
b . B B  

5 . 5 3  

5.00 

3.50 

3.00 

1.50 f 

1.00 4-

0.50 -f 

Q-» 6 

-Back-, exit. -Help^ manual rescale. -Shift Back- graph options. 



Figure 1.2: Market Prices: Session Two of SSW-based experiments 
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Figure 1.3: Market Prices: Session Three of SSW-based experiments 
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Figure 1.4; Market Prices; Session Four of SSW-based experiments 
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Figure 1.5 ; Market Prices: Session Five of SSW-based experiments 
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Figure 1.6: Market Prices: Session Six of SSW-based experiments 
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Figure I. 7: Volume Distributions for the Baseline and Treatment Conditions 
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The first two market sessions (baseline incentives) show a classic convergence 

fi"om a bubble towards intrinsic value, as has been observed by other researchers.' The 

third session (treatment/tournament incentives) does not converge to intrinsic value; this 

alone is odd in that other researchers have generally found convergence by the third 

repetition. The fourth session (treatment/tournament incentives) diverges further fi-om 

intrinsic value than session three; this is odd in that convergence has been found by other 

researchers to be roughly monotonic in subject experience. At this point one might claim 

that these are simply subjects that do not understand what they are doing; that they might 

never converge, regardless of the type of incentive treatment used. Hence session five 

again employs baseline incentives; the subjects locked on to walking down the intrinsic 

value equilibrium "steps" throughout the experiment. At this point one might claim that 

the subjects converged to equilibrium in experiment five because they were four-times 

experienced, but failed to converge in experiment four not because they were faced with 

tournament incentives, but because they were only three-times experienced. Hence session 

sue again employs tournament incentives; trading diverges wildly fi-om intrinsic value. Note 

that this occurs after the subjects had demonstrated the ability to trade at intrinsic value 

for an entire experiment, given baseline incentives.®'' 

Additionally, one can perform a time-series statistical analysis of these data. Time 

(as a proxy for the development of common expectations) has been suggested by prior 

researchers to be the foremost explanator of price deviations fi-om equihlirium. Hence our 
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econometric analysis compares the explanatory power of a regression employing a time 

trend, intercept treatment dummies, and slope treatment dummies as regressors to the 

explanatory power of a regression employing only a time trend as a regressor. 

The dependent variable in the regressions below deserves one quick, separate 

comment. It is the natural log of summed price deviations per period. This is arguably a 

more meaningful dependent variable than mean or closing price, as it incorporates volume. 

(After all, which is more persuasive evidence of bubble activity in a given period; one 

contract 50% above intrinsic value, or eight contracts 40% above intrinsic value?) Using 

natural logs meant that negative summed deviations had to be filled in with zeroes, but this 

involved only 6 of 90 periods, and of those 6, all but 2 were close to zero in absolute value 

anyway; thus making the impact of this censoring minimal. (These two periods were the 

first two periods in the first experiment; we dropped these periods fi'om the analysis.) 

The statistical results for the unrestricted regression (employing dummies for 

experiments using tournament incentives) are; 
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Dependent Variable: Natural log of summed price deviations (Jay period) 

Independent Variable Coefficient Estimate T-statistic on individual coefil 
Intercept .97 4.46 

Time trend -.02 -5.76 

Experiments 3 and 4 Intercept -3.91 -4.53 
Dummy 
Experiments 3 and 4 Slope .086 4.60 
Dummy 
Experiment 6 Intercept -20.39 -4.71 
Dummy 

Experiment 6 Slope Dummy .22 4.06 

R^=48 n=88 

Table 1.1: Estimates for Times Series Regression witii Time Trend, and Treatment 
Slope and Intercept Dummy Variables 



The line fit for this regression is quite striking, and is reproduced in Figure 8 below. 
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Figure 1.8: Line Fit for Times Series Regression with Time Trend, and Treatment 
Slope and Intercept Dummy Variables 

The above line fit illustrates that the effects of tournament incentives are (at least by the 

sixth experiment) almost literally orthogonal to the previously documented effects of 

repeated, shared trading experience. 
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In contrast, the regression using only a time trend as an explanatory variable yields 

the following results. 
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Dependent Variable: Natural log of summed price deviations Giy period) 

Variable Coefficient Estimate T-statistic on individual coefT. 
Intercept .44 1.80 

Time trend -.01 -2.98 

R^=.09 n=88 

Table 1.2: Estimates for Times Series Regression with Time Trend only 

An F-test for joint significance of the variables excluded fi-om this regression (the 

treatment/tournament dummies) strongly rejects that they do not have collective 

explanatory power. Specifically, the calculated F-statistic is 16.16, while the critical value 

for F(4, 82) is 3.56 at the 99% level. 

All of the above ways of examining the data point to one conclusion; that 

Hypothesis 1 is supported empirically. What about the other hypothesis? 

Hypothesis 2 maps Brown, Harlow, and Starks' conjecture into our asset market 

by comparing the relative proportions of "early" and "late" trading in the baseline and 

tournament conditions. (PLATO, the computerized asset double auction created by 

Arlington Williams) does not keep a record of subjects' working capital at the time of 

each trade, and asking subjects to do so would interfere greatly with the mechanics of 

trading. Therefore we cannot test the conjecture using information on whether share 

buyers trail the market at the time of each trade, as do Brown, Harlow, and Starks.) 

Hypothesis 2 is not supported at the 95% level, but it is supported at the 90% level. 

Specifically, employing a difference in proportions test that assumes that the difference in 
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sample proportions between two populations is asymptotically normal, the calculated 

value is 1.61, while the critical value is 1.65 at the 95% level, or 1.29 at the 90% level 

(Merrill and Fox, 1970). In other words, the tournament condition has more trading in the 

second half of each market than does the baseline condition (an approximation to the 

Brown, Harlow, Starks conjecture). 

B. Asset Double Auction Asset Market (Two Period Asset Life). 

The results in these experiments are most helpfully viewed as a check on the 

results obtained using the design in A). In particular, they provide an independent way of 

speaking to the same hypotheses as the experiments using 15-period asset lives. 

The first two experiments using two-period assets provide mixed support for the 

theoretical prediction. The results are presented graphically as follows. 
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Figure 1.9; Market Prices; Session One ofFFP-based experiments 
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Figure 1.10: Market Prices: Session Two of FFP-based experiments 
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In experiment 1, subjects change from pricing the asset lower in the second period than in 

the first period (a minimal test of "rationality") when they face regular incentives, to 

pricing it higher in the second period when they face tournament incentives. This latter 

violation of rationality has never before been observed in two-period asset markets. In 

experiment 2, subjects price the asset lower in the second period under both compensation 

treatments. 

As such, the two-period-asset experiments are not inconsistent with our theoretical 

prediction about pricing in the presence of tournament incentives, but they provide weaker 

support than is afforded by our 15-period-asset experiments. Still, it is worth noting that 

our theoretical prediction about pricing in the presence of tournament incentives is borne 

out by dijBferent subjects in an environment historically less conducive to price bubbles than 

is the 15-period-asset environment. 

C. Summary of Formal Hypothesis Tests 

We have now empirically documented the existence of the effects posited in both 

of our hypotheses. Existence of both effects is support by qualitative evidence in both the 

15 period and the 2 period asset-life experiments. More formally, non-existence is rejected 

by statistical tests. Non-existence of pricing effects is rejected at the 99% level. Non

existence of greater rebalancing in the latter part of the evaluation period, under the 

tournament condition relative to the baseline condition, is rejected at the 90% level. 
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1.7 Conclusions 

Tournament contracts can have clear and destructive effects in asset markets. They 

impair informational efficiency. Both theory and experimental evidence suggest that this 

problem can exist. Furthermore, there are multiple paths by which tournament incentives 

might affect market outcomes. Of note, it is unlikely that the results obtained in the 

laboratory are solely the result of the breakdown of the backward induction intrinsic value 

equilibrium; subjects world-wide have generally been found not to use backward 

induction. As such, the results from the laboratory are more likely due to an alternative 

cause (change in as-if risk preferences, the presence of Knightian uncertainty, both of the 

precedmg, etc.). As such, even if backward induction does not matter in a field situation, 

the applicability of our laboratory results to field situations cannot yet be ruled out. 

Tournament contracts impair rational price formation in asset markets; if this 

regularity carries over to field situations, it could lead to the misallocation of capital 

resources and attendant undesirable macroeconomic effects. Similar things have occured 

in the recent past. The FSLIC debacle is a particularly costly example of risk-inducing 

incentives for agents working to the regret of the principals. Ironically, contracts whose 

inspiration was the solution of the principal-agent conflict within the firm may worsen the 

principal-agent conflict between the firm and its clients (mutual fiind depositors). 

Morevover, one should not lose sight of the fact that society as whole - including those 

without mutual fiind shares - stands to lose if choice among the investments which 

transform the economy through time is warped by the contracts facing money managers. 



While there may be institutional details present in field situations which mitigate 

the effects documented here, it is not obvious what those details might be. This does not 

imply that mitigating factors do not exist, but rather suggests two courses for future 

research. First, there is a need for research into the existence (or lack thereof) of such 

mitigating factors. Second, if such factors cannot be found, there is a need to investigate 

regulatory and incentive alternatives. We need to know, "Would a regulatory cure be any 

better than the disease?" Without further study - by policy-makers as well as by 

theoreticians and experimentalists - it is impossible to say. 
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ENDNOTES 

' I.e., all the other fund managers. 
 ̂This last point takes on particular significance when one notes that trading would take place in real time. 
 ̂Su{^X}se, for instance, that one trader observes the price increasing in a way that is not justified by 

expected dividends. If she does not know exactly how her competitors are faring in the touman^t, does 
she take this as evidence of a rational commitment to betting on particular dividend draws - a course of 
action that is forced on traders by the tournament contract? Or as evidence of another trader trying to bluff 
her into participating in a more conventionally defined bubble? Beyond that, vdat do other tr îers think 
she thinks? What does sht think they think ste thinks?... Clearly, this is a situation where there need not 
be common expectations, and hence one where bubbles in the sense of Tirole may exist 
 ̂The one part ofthe valuation environmem in this design that is modeled after Smith, Suchan  ̂and 

Williams rather than Forsythe, et al., is the use of homogeneous stochastic dividends rather than fixed 
heterogeneous dividends. 
 ̂The second e;q)eriment was much closer to achieving common expectations than can be apparent fi-om 

the price graphs. Trader 4 was the buyer in 20 of the 30 trades above intrinsic value. He had been the top 
earner in the first e?q)eriment, which bubbled severely. He was clearly trying to start a bubble in this 
e?q)enment also, and drove bis earnings down to S1.40 (compared to average earnings of S13.04) in the 
attempt We reasoned that it was appropriate to go forward with the switch of treatments because all the 
other traders had demonstrated a willingness to seU into the buying pressure that Trader 4 was trying to 
generate, and fiuther that Trader 4 would be disciplined by this experience, and would develop similar 
expectations to the rest of the group before the start of the third experiment We feel that Trader 4's 
behavior in the third experiment is consistent with our conjecture; in an environment theoretically 
conducive to pricing away fiom intrinsic value, he did not attempt to start a bubble single-haiukdly, as 
before. Rather, he "scalped" on the bid/offer fluctuations generated by the other, previously converged 
traders. 
 ̂Trader 8 did not show up al the pre-set time for experiment six After fifteen minutes, we made a 

judgment call and proceeded without him. (He eventually showed up midw  ̂through the experiment 
citing earlier obligations, and was turned away.) Did this affect the results in experiment six? It is highly 
unlikely that it did so, for two reasons. First Trader 8 was a very passive trader. Over the course of five 
experiments, he was a participant in 14% of all trades, rather less than the uninformative benchmark of 
22%; further, his participation had been decreasing over time. As such, his contribution was unlikely to 
have been missed. Secood, the other subjects' behavior was unlikely to have been affected by his absence. 
We explained to the subjects that we wtwld key Trader 8's terminal fix)m the end of one period to the 
begiiming of the next that Trader 8's terminal would be inacti\'e in trading, and that Trader 8's 
cumulative working coital would count towards the market average. Subjects could see and bear us get 
up at the end of each period and walk over to key Trader 8's terminal into the next period, and then walk 
bade to the monitor station before the beginning of the period. Additionally, if Trader 8's terminal had 
participated in trading, the other subjects' screens would have notified them of this f2ex. 

 ̂ Four of the last six trades in the last period of e^qieriment six suggest extreme subject fiiistration with the 
tournament contract In particular, two traders who were not going to money under the tournament 
contraa entered what appear to be fiustration bids of (sequentially) SS.OO, S5.00, S9.99, and SI.22. These 
bids were of course snapped up by other traders, who were thus pushed above the market average, and so 
made money under the tournament contract 

There are two explanations for these four trades: frustration or collusion. Under the tournament 
contract, the maximum extraction of cash fiom the experimenter occurs if all nine traders conspire to 
concentrate all the working capital and shares in the experiment in the hands of a single trader (and then 
divide that money amongst themselves later). Hence thm is a collusive optimum for the subjects >hat is 
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not of interest to the experimenter. This collusive outcome would be likely if all nine subjects knew each 
other well and could coordinate their actions in the time between experimental sessions. For example, 
with subjects drawn from, say, the same floor of a dormitory, this would be a problem. Otherwise, the 
collusive outcome is extremely unlikely. Why? Because for a "sweetheart" bid or offer to make it from one 
conspirator to another, it has to pass by seven other traders in our design. Thus, ex ante, collusion appears 
difficult, and potential conspirators (of number less than nine) would realize this (ex ante). Ex post, 
analysis of trades suggests not only that collusion was never a problem, but also that frustration bids/offers 
were limited to the last 90 seconds of the two week series of experiments. For example, using maximum 
holding value of a share as a way to diagnose frustration (or collusion) trades, we find that prior to the last 
90 seconds of the last period of the last experiment only two trades occurred above maximum holding 
value. Those were both during the bubble (by the then inexperienced subjects) in the first experiment, 
which employed baseline incentives (with which collusion is not an issue). 

Given that these four trades in experiment six incorporate frustration bids, we drop them from 
the analysis. Given that these trades occurred far above intrinsic value, this adjustment biases the results 
against our theoretical prediction about pricing away from intrinsic value. 
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2. Robustness of the Incentive Compatible Combinatorial Auction: Unique Contribution 

2.1 The Problem of Combinatorial Goods 

Combinatorial goods are such that the "whole" can be worth more or less than 

sum of the "parts". Airport landing slots, electromagnetic spectrum licenses, land parcels, 

franchise licenses, and oil leases are all potentially combinatorial goods. It is easy to see 

why this might be the case: two contiguous 5 acre land parcels that together make a 10 

acre "whole" have potentially different uses than do two non-contiguous 5 acre land 

parcels. 

The problem of combinatorial valuations is easy enough to recognize; however, the 

way in which auctions should be structured in order to allocate efBciently such goods is 

not always so obvious. In approaching this problem of eflBciently disposing of 

combinatorial goods, one should recognize that there are two separate aspects of such 

problems. The first aspect is an environmental distinction between multiple-unit allocation 

problems which involve combinatorial goods and those which do not do so. The second 

aspect is an institutional distinction between auctions in which combinatorial values can 

be expressed as part of the bidding rules and those in which they carmot. In order to 

dispose of combinatorial goods in the way in which maximal gains from trade are realized, 

both of these aspects of the problem must be considered. 

2.2 Literature Review 

An early treatment of a combinatorial values problem is found in Grether, Isaac, 

and Plott (1989). These researchers found that participants in the airline slot scheduling 
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committees that existed prior to deregulation were aware of the first dimension of the 

combinatorial values problem, i.e., that the value of airport landing slots were in fact 

combinatorial in nature. For example, the participants appeared to realize that a slot at, 

say, Washington National Airport was more or less valuable to an airline depending upon 

whether the airline obtained an appropriate time slot at an appropriately paired city. 

Grether, et al.[1989] also noticed that the second facet of the combinatorial problem, that 

the institution for trade allow for the expression of combinatorial values, was not 

adequately acicnowledged. For example, simple versions of the auction processes they 

were testing could not directly incorporate the expression of such combinatorial values. In 

an attempt to remedy this, the researchers modified an existing auction design with an 

"open book" resale market in which combinatorial bidding contingencies could be 

informally yet publicly expressed. Rassenti, Smith, and Bulfin [1982], also motivated by 

the airline problem, created a computerized "smart market" that allowed direct 

combinatorial bidding with a computerized assignment algorithm. 

The most recent work on the combinatorial allocation problem has been inspired 

by the Federal Communication Commission's auction of spectrum rights for so-called 

Personal Communication System services. Spectrum blocs differed by geographic region 

and by various fi"equency and regulatory-based divisions within a region. The possibility 

that bidders might value spectrum bloc X more or less depending upon whether spectrum 

bloc Y were also purchased did not seem far-fetched. This prospect is the inspiration for 

such papers as Bykowsky, Cull, and Ledyard [1995] and Moreton and Spiller [1997]. 



The direct intellectual predecessor of this current research is the work of Forsythe 

and Isaac (1982). These researchers reported the extension of the Vickrey auction into a 

demand-revealing, multiple unit, private goods auction that could incorporate 

combinatorial values. This is a potentially efiQciency-enhancing institution. However, the 

Forsythe and Isaac version of the Vickrey combinatorial auction had never been tested in 

the field or in the laboratory prior to the work reported in Appendix A. This was 

unfortunate, as a laboratory test is de facto required before an auction is used in the field. 

Hence the unique contribution of the work in Appendix A is to rigorously test this 

auction's ability to assigned goods to the "correct", i.e., high valuation, demanders in a 

combinatorial environment; this is an essential first step towards use of this auction for 

high-stakes projects such as the allocation of resources held by the U.S. government. 

It should also be noted that a rigorous test of the Vickrey combinatorial auction 

has since been attempted by other researchers, who failed to implement it correctly. In 

particular, Brenner and Morgan (1997) use an incorrect payment rule in experiments that 

were intended to test the Vickrey combinatorial auction. This renders their results 

uninformative with regards to the stated objective. Hence, while others have attempted to 

test the Vickrey combinatorial auction, the work in Appendix A is so far unique in its 

having done so correctly. 

2.3 Explanation of the Thesis Format 

The paper included in Appendix A is related to the work in Chapter 1 of this 

dissertation in that all of this work examines the role of institutions in allocating scarce 

resources. This is the unifying theme of all of this dissertation. In particular, I explore the 
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idea that difierent sets of rules for allocating scarce goods, and different incentive schemes 

for agents acting in those institutions, can lead to different outcomes, and sometimes 

those different outcomes can be ranked unambiguously as "good" or "bad". This is 

possible in so far as one outcome can be said to be more Pareto efi5cient than another. (An 

auction that is more Pareto efiScient than an alternative auction is potentially able to 

increase the wealth of all auction participants relative to what would transpire in the 

alternative auction.) This in turn means that policy can be informed by this work, e.g., that 

certain efiGcient institutions can be adopted for use by public agencies. 

My role in the work included in Appendix A was that of a full co-author. I 

engaged in two-sided debate as to the relevance of the combinatorial values problem, in 

designing an experiment appropriate to the objectives delineated by the foregoing debate, 

in implementing the said experimental design, in processing and analyzing the resultant 

data, and in writing up the results for dissemination to a journal reading audience. 

3. Robustness of the Incentive Compatible Combinatorial Auction; Present Study 

The methods, results, and conclusions of this study are presented in the paper 

appended to this thesis. The following is a summary of the most important findings in that 

paper. 

The central result is that the Vickrey combinatorial auction performs very 

efficiently in a combinatorial environment that sees other auctions perform poorly. In 

particular, 96% of the maximum value that could accrue to the auction participants does 

accrue to them when goods are allocated by the Vickrey combinatorial auction. This 



54 

compares with just 91% for the "simultaneous, second-price-sealed-bid auction," an 

alternative auction that has heretofore received more attention from theorists. 

Additionally, it should be noted that allegations that the Vickrey combinatorial 

auction would be too complicated to run and/or subject to a "free-rider" problem proved 

unsubstantiated. 

This suggests that the Vickrey combinatorial auction deserves to be given a chance 

in at least some auctions of assets held by the U.S. govenmient. In particular, use of the 

Vickrey combinatorial auction in such cases holds promise as being a more efiRcient way 

to dispose of such goods. 
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APPENDIX A 

Robustness of the Incentive Compatible 
Combinatorial Auction 

by 

R. Mark Isaac and Duncan James 

I. INTRODUCTION. 

Goods are said to be combinatorial when the value of a bundle of goods is not 

equal to the sum of the values of the same goods unbundled. In layman's terms, the 

"whole" can be worth more or less than sum of the "parts". Examples of goods which are 

thought to exhibit such a property include airport landing slots, electromagnetic spectrum 

licenses (e.g. the Personal Conununication System), land parcels, franchise licenses, oil 

leases and shipping space. 

Investigations of combinatorial allocation problems should recognize that there are 

two separate aspects of such problems. The first aspect is an environmental distinction 

between multiple-unit allocation problems which involve combinatorial goods and those 

which do not do so. The second aspect is an institutional distinction between auctions in 

which combinatorial values can be expressed as part of the bidding rules and those in 

which they cannot. 
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Combinatorial problems, and economists' explorations thereof, abound. Although 

certainly not the first appearance of the combinatorial problem, Grether, Isaac, and Plott in 

the late 1970s (Grether, et. al [1989]) found that participants in the (since moribund) 

airline slot scheduling committees were aware that a slot at Washington National Airport 

was more or less valuable to an airline depending upon whether the airline obtained an 

appropriate time slot at an appropriately paired city. However, Grether, et al.[1989] also 

noticed that the simple versions of the auction processes they were testing could not 

directly incorporate the expression of such combinatorial values. In an attempt to remedy 

this, the researchers modified an existing auction design with an "open book" resale 

market in which combinatorial bidding contingencies could be informally yet publicly 

expressed. Rassenti, Smith, and Bulfin [1982], also motivated by the airline problem, 

created a computerized "smart market" that allowed direct combinatorial bidding with a 

computerized assignment algorithm. 

After the early recognition of the combinatorial features of the airport slot 

problem, the combinatorial allocation problem again received significant attention during 

the design process for the Federal Communication Commission's auction of spectrum 

rights for so-called Personal Communication System services. Spectrum blocs differed by 

geographic region and by various fi^equency and regulatory-based divisions within a 

region. The possibility that bidders might value spectrum bloc X more or less depending 

upon whether spectrum bloc Y were also purchased did not seem far-fetched (see, for 

example Bykowsky, Cull, and Ledyard [1995] and Moreton and Spiller [1997]). 
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A design issue, which really goes back at least as far as Grether, et al. was whether 

to implement a specifically combinatorial auction or whether to adapt a basically non-

combinatorial process in some manner to take account of combinatorial values. The 

Grether et al., solution in the airport problem, which combined a standard auction with an 

open book feature, was an example of the latter. This is also essentially the character of 

the implemented FCC auctions for PCS. According to McMillan [1994], "In the judgment 

of most of the economists involved in the [FCC] auction design, the complexity costs [of a 

combinatorial auction] outweighed the potential efficiency gains: the fiill-combinatorial 

auction was ahead of its time." 

Despite the obvious pitfalls, the possibility of an explicitly combinatorial auction 

with desirable theoretical and behavioral features (perhaps including demand revelation, 

efficiency, rapid convergence, stability, etc.) is intriguing. In fact, in 1982 Forsythe and 

Isaac reported the extension of the Vickrey auction into a demand-revealing, multiple unit, 

private goods auction that could incorporate combinatorial values. However, the Forsythe 

and Isaac version of the Vickrey combinatorial auction has never been tested in the field or 

in the laboratory, despite the fact that a laboratory test ought to be straightforward and 

should be informative not only about the Vickrey auction but should also contain 

information relevant to broader classes such as: other combinatorial auctions, non-

combinatorial auctions designed to operate in the presence of combinatorial values, and 

other classes of dominant strategy mechanisms (e.g. public goods provision mechanisms). 
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Such information would consist of insights as to how individuals behave in a mechanism 

with an unambig^ous dominant strategy, in addition to aggregate mechanism performance. 

We wish to make clear that the focus of this paper is not to propose a facile 

translation from laboratory tests of the Vickrey combinatorial auction to a field setting. 

Even if the primary theoretical and behavioral attributes perform as predicted, fully 

combinatorial auctions may have stumbling blocks in terms of the actual mechanics of the 

auction (presumably computerized) and also the cognitive costs associated with extensive 

combinatorics (see Rothkopf^ et al. [1995]). Instead, we wish to view our design as an 

empirical reference point. To this end we have placed a theoretically demand-revealing 

institution in a simple environment. In giving this institution its best shot at success, we 

shall generate resuhs (e.g. eflBciencies) which may serve as a benchmark for other auctions 

(combinatorial or otherwise) whose implementation characteristics may be more favorable 

than those of the Vickrey combinatorial auction. 

To aid in interpretation of our Vickrey experimental results, we also provide 

results of alternatives to Vickrey allocations from both institutional and heuristic sources. 

The institutional alternative is what will be hereafter referred to as the "two-bid" 

mechanism; in which individual objects are auctioned in simultaneous second-price sealed 

bid auctions. (A similar mechanism is presented and examined in a restricted value and 

information environment by Krishna and Rosenthal [1995].) The three heuristic 

alternatives are minimum possible efficiency, efficiency achieved by randomized allocation. 



and predicted efiBciency if bidders reveal demand on the individual objects, but ignore their 

combinatorial values. 

The paper is organized as follows. Section H reviews the Forsythe and Isaac 

version of the Vickrey mechanism. Section in looks not only at the experimental design in 

the usual sense but also at some of the special problems in bringing a combinatorial 

auction to the laboratory. In Section IV we present some research questions and discuss 

what performance measures will be brought to bear in answering them. Section V contains 

the primary Vickrey experimental results and results from the two-bid auction and 

heuristic alternatives. Section VI presents similar experimental results using a diflFerent 

value and information treatment. Section VH examines why this mechanism performs so 

well when bidders are not demand revealing. Section VIII looks at some obvious 

extensions, implications for other work, and summary conclusions. 

n. THE VICKREY COMBINATORIAL AUCTION. 

Consider allocation mechanisms in which participants are asked to submit their 

valuations over some outcome. Mechanisms of this class are said to be "demand 

revealing" if each individual has a dominant strategy to report a valuation equal to his true 

valuation. Although there have been numerous different operationalizations of such 

mechanisms. Green and Laflfont [1977] established a proposition (restated in Forsythe and 

Isaac [1982]) that all demand revealing mechanisms are characterized by the formulation 

proposed by Groves [1973]. However, a demand revealing mechanism for single unit 
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private good auctions was worked out much earlier by Vickrey [1961], This mechanism is 

the now famous second price auction. 

In 1982, Forsythe and Isaac examined theoretical extensions of the Vickrey 

auction mechanism to more complicated environments, including those characterized by 

multiple and combinatorial goods. The resuhing mechanism is conceptually 

straightforward. It is derived merely by redefining the Vickrey (and hence Groves) terms 

so as to accommodate the multiple unit, combinatorial environment. Bidders are allowed 

to bid on the possible combinations of the goods. The seller (which can be thought of as a 

computing algorithm) searches across all feasible combinations of bids and chooses the 

combination which maximizes surplus based on the reported bids. The payment required 

of each bidder is straight out of Vickrey and Groves; 

P'(w) = -Xi w'(x'*(w)) + inax 
lel\<i) X6X lei\{i} 

where p'(w) is bidder i's payment, w is the vector of the "bids" (e.g. reported valuations) 

of all the I-l bidders (indexed by /) other than i, x' is the part of the outcome vector 

associated with bidder / (an asterix indicates the outcome actually chosen by the seller), X 

is the set of all possible outcomes, and x is any element of X. Generically, what this says is 

that, xbllowing the usual Groves rule, bidder i is credited with the total reported surplus 

for fill of the other bidders at the actual outcome (this is the first term on the right-hand 

side of the payment equation). At the same time, bidder i is charged the total reported 

surplus of all the other bidders at the outcome which would have been chosen if bidder i 
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had not particpated in the auction (this is the second term of the right hand side of the 

payment equation). This payment function has the usual Vickrey property that payments 

from the bidders can be zero or positive, but the seller can never owe money to the bidder. 

Note that the payment equation is not only applicable to the combinatorial auction 

we report here, but is equally defining of the familiar second price, single unit auction 

(losing bidders pay nothing, the wirming bidder pays the second highest bid). However, 

there is a flindamental difference between the appearance, as opposed to the fundamental 

properties, of the Vickrey combinatorial auction and the Vickrey second price, single unit 

auction. Specifically, there is no single "price" in the combinatorial auction in the same 

sense as in the second price auction. In the combinatorial auction, payments are attached 

to bidders (p') not to objects (as with the "price" of the auctioned item in the second price 

auction). It is still the case that payments can be zero or positive but not negative, and it is 

still the case that a bidder who wins nothing pays nothing. Likewise, it remains the case 

that a bidder who follows the dominant strategy and bids true values will never lose 

money. 

Forsythe and Isaac offer the following expository example. The following is a chart 

of values for three bidders over two items (think of stamps) that can be sold as "left" and 

"right" separately or as the pair. 

Bidder Left Right Pair 

A S5 $10 $16 

B $12 $6 $21 
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c $2 $3 $17 

If each bidder bids true value, the optimal combination is for bidder B to win left, 

and bidder A to win right. To see how the Groves-Vickrey payment rule works in this 

context, consider bidder A. At the actual outcome, bidder C (who won nothing) has no 

reported surplus, while bidder B wins left and reports $12.00. Therefore, bidder A is 

credited with $12.00 from the actual outcome. On the other hand, we must consider what 

happens if bidder A's bids are disregarded. In such a case, the reported-surplus-

maximizing outcome (given the bids already reported by everyone else) would be for 

bidder B to win the pair, with a reported surplus of $21.00. Thus, while bidder A has been 

credited $12.00, he is charged $21.00, and his net payment is $9.00. The other payments 

are figured similarly, but notice that bidder C, who wins nothing, has a credit and charge 

which exactly cancel, and so pays nothing. 

In summary, the task here is to operationalize the combinatorial version of the 

Vickrey mechanism in practical terms so that useful empirical analysis based upon 

laboratory market experimentation can be performed. 

m. RESEARCH DESIGN 

In this section we will first lay out the parameters and conditions of our design, 

and then offer a brief discussion of the possible trade-ofifs in designing an experimental 

implementation of the Vickrey mechanism. 



Our experiments used the following apparatus; 

• An Excel workbook for calculation of winning bids, taxes, and subsidies. 

• A student monitor to double-check data entry into workbook, and to verify that the 

experiment was being run as was claimed in the instructions.' 

• Standard induced values, as laid out by Smith (1982). These were drawn randomly 

(albeit with deterministic adjustments in the weakly superadditive value treatment). 

• Three information treatments, which varied across, and not within, experiments. In all 

three treatments, subjects were told in non-technical terms that their values were randomly 

assigned and independent. In three of the twelve experiments, subjects were also told the 

actual distribution of value draws, and the highest losing bids on each object. In one of the 

twelve experiments, subjects were also told the actual distribution of the value draws, but 

not the losing bid information. We did not, in any experiment, disclose values, subsidies, 

taxes, or profits.^ 

• Two different definitions of combinatorial value. In the first four Vickrey experiments 

there were three buyers, two single objects, and three types of allocations: single objects 

to different buyers, the bundle, and both objects to a single buyer in an unbundled state. In 

the other eight experiments, which took place in information and value environments 

dictated by the two-bid mechanism, there were three buyers, two objects, and two types of 

allocations; single objects to different buyers, and the bundle. 

• Two different value environments; weakly superadditive, and possibly subadditive. 
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• Instructions which provided multiple examples of the resolution of bidding scenarios, but 

did not explicitly command the subjects to bid their assigned values. 

Finally, a table of our treatments may help the reader track the presence of our 

treatments across our experiments. 

VI V2 V3 V4 V5 V6 TBI TB2 TBS TB4 TBS TB6 

Two types of 
allocations 

X X X X X X X X 

Three types of 
allocations 

X X X X 

Distribution not 
disclosed 

X X X X X X X X 

Distribution 
disclosed 

X 

Distribution and 
losing bids 
disclosed 

X X X 

(Weakly) 
Superadditive 
values 

X X X X X X X X 

Subadditivity 
possible 

X X X X 

We had alternatives to the design upon which we settled. What were the reasons 

for choosing as we did? We had hoped to find ourselves in a perfect world in which we 

could choose values that satisfied three conditions; 
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i) that they yielded economically interesting tension between "split" and "bundled" 

e£Gcient outcomes (i.e., that sometimes a split was allocatively eflBcient, and other times a 

bundle was allocatively efiQcient); 

ii) that they were (weakly) superadditive; 

iii) that they be drawn from a random distribution in a manner that could be easily 

explained to subjects in non-technical language. 

The requirement that the values be economically interesting was non-negotiable. A 

superadditive value environment was desirable in that it facilitated comparison with other 

institutions, such as the "two-bid" mechanism.(For example, Krishna and Rosenthal 

[1995] restrict their study of that mechanism to a superadditive value environment.) A 

value environment whose distributional origin could be described to bidders was desirable 

in that it would facilitate comparison of the Vickrey auction with auctions having 

(theoretically) more exacting information requirements for the bidders. (For example, 

Krishna and Rosenthal's study of the "two-bid" mechanism assumed that bidders know the 

distribution of values.) Unfortunately, we found that we could satisfy any two of these 

conditions, but not aU three. 

We then proceeded as follows. Since the combination of all three conditions 

proved elusive, that left three pairwise combinations. The combination of ii) and iii) was 

considered uninteresting, as it muted the combinatorial nature of the allocation problem. 

The combination of i) and ii) formed the environment for the experiments reported in 



Section V. The combination of i) and iii) formed the environment for the experiments 

reported in Section VI. 

We implemented the combination of i) and ii) by drawing values from a uniform 

(0,5) distribution for each of the individual objects and a uniform (0,10) distribution for 

the bundle, then adjusting those bundles with subadditive values to be equal to the sum of 

the separate objects. This insures (weak) superadditivity and tension between split and 

bundled efficient allocations (in 13 of 20 rounds, a bundle was the efficient allocation). 

However, this comes at the expense of an easily explicable distributional source for the 

bundled values. (Hence our use of a "low information" treatment with this value 

environment.) 

We implemented the combination of i) and iii) by taking the same draws as above, 

but not adjusting the subadditive values. This preserves the tension between split and 

bundled efficient allocations (in 9 of 20 rounds the efficient allocation was a bundle), and 

allows for a "high information" treatment in which bidders are given the distributional 

source of the values; however, it does so at the expense of superadditivity. 

In summary, the interaction of treatments should be interpreted as follows. VI 

through V4 give the Vickrey mechanism a good shot at success. TBI through TB4 

present the two-bid mechanism in an environment as close to that in VI through V4 as is 

possible. TBS and TB6 give the two-bid mechanism an information environment more 

conducive to its success. V5 and V6 present the Vickrey mechanism in the same 

environment as TBS and TB6. 



IV. RESEARCH OBJECTIVES 

One obvious set of questions is based upon the fact that, as a Groves-Vickrey 

demand-revealing mechanism, bidders in this auction have a dominant strategy to bid their 

true values. What is the level of demand revelation? Does demand revelation mean that all 

bidders fully reveal value all the time? Do we allow for the possibility that, like so many 

other phenomena in laboratory experiments, demand revelation becomes more pronounced 

with repetition? Do we allow for bidders to be systematically "close" to fiill revelation? If 

there is not perfect revelation, is there meaning in comparing the lack of revelation across 

treatments? These are non-trivial issues because other studies have suggested that other 

demand-revealing institutions have not, in fact, lead to as much revelation as might be 

expected. 

Take, for example, the second price auction that has been studied by Cox, 

Roberson, and Smith [1982]; Kagel, Harstad, and Levin [1987], and Cox, Isaac, Cech, 

and Conn [1996], among others. The following general conclusions can be drawn from 

this work; Cox, Roberson, and Smith report high eflBciencies in their second price auction, 

but mixed results on whether wiruiing bids are consistent with the equilibrium prediction. 

Kagel, et al. report that "no obvious tendency for prices to converge to the dominant bid 

price over time was observed." Cox, et al. report aggregate measures of prices in "seller" 

second-price auctions that are not significantly different from those predicted by the 
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(dominant strategy) theory. Thus, there is no clear consensus from prior experiments as to 

how successful the second-price auction is at achieving revelation of values. 

A more extreme example is the "pivot" public goods version of the Groves 

process. This was demonstrated by Attiyeh, Franciosi, and Isaac to have very 

disappointing revelation properties. 

Are there properties of the Viclcrey combinatorial auction that we might expect, a 

pHori, would give it behavioral demand revelation properties more like either the second-

price auction or pivot public goods mechanism? 

One property affecting subject revelation appears to be the nature of price signals. 

The second price auction has a price that can be associated with the object for sale. By 

this, v/e mean simply that the winner in a second price auction knows that he won the 

good with a specific bid at a specific price (the second highest bid). This pricing property 

is not a generic attribute of Groves-Vickrey mechanisms. For example, in the pivot public 

goods mechanism, the participants pay an individualized tax that is difiGcult to describe as 

a "price" in any usual sense of the word. In the combinatorial auction, participants are 

given an individual tax that carmot be easily interpreted as a "price"; for example, an 

individual who wins two objects is charged a tax that cannot be assigned separately to the 

two objects. The Vickrey combinatorial auction is, in this regard, much closer to the pivot 

mechanism than it is to the second-price auction. 

Another property which varies among Vickrey mechanisms is whether participants 

can lose money if they are following their dominant strategy. In the second price auction. 
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they cannot; the only way for a participant in a second price auction to "lose money" (i.e. 

for the second price to exceed value) is for the bidder to bid above value. One could 

conjecture that this provides a signal against overbidding. In the pivot public goods 

mechanism, however, a bidder following his demand-revealing dominant strategy may face 

a cash loss, which serves to weaken the signal against deviating from truthful revelation. 

In this way, the Vickrey combinatorial auction is similar to the second-price auction in that 

cash losses will not occur when the individual is following his dominant strategy. The 

question then presents itself: does either property dominate in determining the demand 

revelation properties of the Vickrey auction? 

Another set of questions that we will address pertain to eflSciency. We will present 

standard measures of economic eflBciency in experimental markets. In addition, we will 

address the issue of comparative benchmarks for those measures. To this end we present 

efficiency levels from heuristic allocative possibilities. We also provide a direct 

experimental comparison between the four Vickrey auctions and four additional 

experiments conducted under the same economic environment but using the "two-bid" 

auction. 

Finally, we will be curious as to whether deviation from the dominant strategy is de 

facto profitable when compared to fiill revelation. This may provide a stylized fact of 

interest to other researchers. Additionally, such information may be viewed as a check on 

our experimental design, as theory suggests that misrevelation is punished on average, and 

we have no compelling alternative theory to suggest that this will not be the case. 
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To recap this section, the questions our experiments seek to illuminate are as 

follows: 

QUESTION 1; What is the level of demand revelation using 
a. aggregate data? 
b. individual bidder data? 

QUESTION 2: Is misrevelation de facto profitable? 

QUESTION 3: What level of eflSciency does the Vickrey combinatorial auction achieve 
a. in an absolute sense? 
b. relative to heuristic benchmarks? 

QUESTION 4; What level of eflBciency does the Vickrey combinatorial auction achieve 
relative to the "two-bid" auction in a superadditive value, "low information" 

environment? 

QUESTION 5 ; What level of efBciency does the Vickrey combinatorial auction achieve 
relative to the "two-bid" auction in a subadditive value, "high information" 

environment? 

These questions will be addressed in the above order, questions 1 through 4 in Section V 

and question 5 in Section VI. 

V. EXPERIMENTAL RESULTS 

Ql: Results Pertaining to Demand Revelation 

Out of a total of 720 bids in four Vickrey experiments using the "low information" 

treatment, only 98, or 13.6%, exactly equal value. However, suppose we use a metric for 

bids that are close to value, namely a requirement that the bid be within 25 cents of true 

value. Using this measure, we find that 356 of 720 bids, or 49.44%, are "close" to true 
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value. Clearly, bidders do not find the dominant strategy even most of the time. However, 

it is not obvious whether these percentages, standing by themselves, show that this 

mechanism is relatively "good" at producing demand revelation. To answer this question, 

we will compare these data to those from two other experiments involving demand-

revealing mechanisms: second-price auction data fi'om Cox, et al [1996] and "pivot" 

public goods data fi'om Attiyeh, et al. [1996].^ The data are given in tabular form below. 

Combinatorial Auc. 

Exact Apprx. 

2nd-Price Auction 

Exact Apprx. 

Pivot Public Goods 

Exact Apprx. 

All Periods 13.6% 49.44% 23.1% 34.4% 10.5% 18.5% 

First Period 6.11% 38.89% 0.0% 0.0% 10.0% 25.0% 

Tenth Period 13.89% 58.33% 25.0% 37.5% 10.0% 15.0% 

Periods 16-20 19.44% 46.11% 35.0% 59.0% not appl. not appl. 

The first thing to notice is that the revelation pattern in the Vickrey combinatorial auction, 

particularly after the first period, resembles the second-price sealed bid (private) goods 

auction more closely than it does the pivot (public goods) mechanism. In terms of exact 

revelation, the Vickrey auction is more or less between the other two institutions. In terms 

of approximate revelation, it looks much more like the other private goods auction.'* Also, 

the results fi-om the combinatorial auction are similar to the second-price auction in that 

the level of demand revelation generally increases with repetition.' 
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Another way of getting at demand revelation is to investigate individual bidding 

behavior. We tested individual bidding behavior by running 12 regressions, one for each of 

the individuals in the four "low information" Vickrey experiments. The estimated equation 

was of the form; 

bi, = a ,  +^iVi, 

where bit represents bidder i's bid in period t, represents a bidding intercept that varies 

by bidder but not by period, p, is a bidder-specific coefiBcient on Vit, a value assigned to 

bidder i in period t, and is the error term. The dominant strategy model predicts that 

= 0 and for all i. In the following table, an asterix indicates that the estimate is 

not significantly different fi"om the theoretical prediction, and the standard errors are in 

parentheses below the associated estimates. 

Experiment in Estimated Value Estimated value Adjusted R-
which bidder i of a\ of /?,-
participated 
I -0.43* 1.20 .93 

(.19) (.04) 
1 0.42» 1.14* .79 

(.33) 'o
 

00
 

1 -0.10* 1.16 .96 
(.16) (.03) 

2 0.15* 1.02* .82 
(.28) (.06) 

2 -0.64* 1.35 .73 
(.50) (.11) 

2 1.55 0.30 .21 
(.33) (.07) 

3 2.53 0.74* .10 
(.78) (.27) 

3 0.01* 1.06 .99 
(.05) (.01) 
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3 2.02 0.97* .12 00 
1 (.33) 
4 -0.69 0.94* .74 

(.34) (.07) 
4 0.01* 0.98 .99 

(.02) (.01) 
4 1.19 0.76 .46 

(.76) (.11) 

Only two bidders' coeflScients are statistically consistent with both the intercept and the 

slope predictions.^ Only tv^o fail on all counts. Six of twelve slope coefficients on value 

are not significantly different firom 1.00. This percentage is much less than the 78.0% that 

passed a similar test on the second-price auction (Cox, et al. [1996]). When all twelve 

subjects are pooled, the resulting coeflRcients are: estimated a = -0.19 (not statistically 

different from zero) and estimated P = 0.95 (not statistically different fi-om one). This 

suggests an interesting contiparison with a similar regression conducted by Attiyeh, et al. 

on the pivot mechanism data for the case of positive values. There the estimated intercept 

was 1.82 (significantly different than zero) and the estimated slope on value was .62 

(significantly different than one). 

Thus, the picture that emerges fi'om these results is that, similar to the second-

price auction and the pivot mechanism, individuals in the Vickrey combinatorial auction do 

not immediately find and play their dominant strategy. There is some evidence that, in 

these experiments, dominant strategy behavior increases with repetition. Finally there are 

some indications that the level of demand revelation in the Vickrey combinatorial auction 
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is less than in second-price, single unit auctions but more than in pivot mechanism public 

goods environments. 

Q2: Is misrevelation de facto profitable? 

Bidding one's true value is a single period dominant strategy. However, it is not 

necessarily true that, across an entire experiment, those people who (at some point(s) in 

the experiment) deviate fi'om the single period dominant strategy will earn less than those 

who do not. This is because the profits won by a subject will depend upon the bids of 

others, although that same subject's dominant strategy does not. 

To investigate this relationship, we calculated a measure of percent profit 

"deviation" for each individual that consisted of actual dollar profits divided by dollar 

profits for that same individual if everyone had bid their dominant strategy'. Using a 

sample of 12 subjects, we regressed these individual mean percent profit "deviations" 

(over the entire experiment) on the mean absolute percent misrevelation for each 

individual (over the entire experiment). The coefficient on the misrevelation was -3.89 and 

was statistically significant at the 95% level. This indicates a significant negative 

relationship between an individual's own misrevelation and a (standardized) measure of 

how much money he made. 

Q3; Efficiency Results in the Vickrey Auction 
Low Information, Superadditive Values 

Table 1 [ TABLE 1 APPRX. HERE] provides the raw efficiencies for each 

trading period in each experiment. (We define efficiency in the usual way: the ratio of the 

realized value of the items, as allocated, to their maximum possible value. Full efficiency is 
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indexed by the value 100 %). In 73.8% of the periods, the Vickrey combinatorial auction 

yields fully efBcient outcomes; in some of the remaining periods the auction failed to 

achieve fiill eflBciency by significant margins. Nevertheless, in these four experiments the 

average eflBciencies are 94, 96, 96, and 98 percent. These numbers seem quite respectable, 

but how is one to judge exactly how "good" they are? In Table 1, we provide two 

alternative benchmarks. The first, "Random Allocation" is the expected efficiency if each 

of the possible allocations was equally likely. The second, "Worst Allocation" is the 

minimum possible efficiency. As can be seen, compared to the Vickrey auctions' overall 

average efficiency of 96 percent, it is possible that some "bad" institution could do much 

worse. 

Q4: Institutional Comparisons of Efficiency ; 
Low Information, Superadditive Values 

To this point, we have analyzed the performance of the Vickrey combinatorial 

auction on a stand-alone basis. However, the efficiency discussion in particular is subject 

to fiirther consideration of a question we raised above; how do we know whether the 

overall 96 percent efficiency is "good" or "bad," and relative to what standard? 

Specifically, this is a question that should be posed across economic institutions. What we 

will report here are four additional experiments conducted using the "two-bid" auction.* 

Recall that the two-bid auction is essentially the Vickrey auction with the possibility of 

bidding on the bundle removed. What is left are two simultaneous, second-price, sealed-

bid auctions. It is not unreasonable to posit that the two-bid auction loses combinatorial 

bidding but gains in simplicity, relative to the Vickrey auction. 
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We present the results for the efficiencies of eight twenty-period experiments (four 

Vickrey, four two-bid) in Table 2 [TABLE 2 APPRX. HERE]. In addition to the 

previously reported efficiency heuristics we here add a third one, which is the efficiency 

which would result if bidders in the two-bid auction bid their separate object values on the 

separate objects, and hence never structured their bids so as to win both objects (winning 

both objects was necessarily associated with the bundle resale value in our value 

environment). This measure, "naive efficiency", attempts to capture the loss associated 

with allocative processes that are not combinatorial. 

The results are unambiguous: 

• Full efficiency was attained in 58.8% of the allocations in the two-bid experiments, 

versus 73.8% of the allocations in the Vickrey experiments. 

• The two-bid auctions average 91.5 percent efficiency, whereas the Vickrey auctions 

average 96 percent efficiency. 

• The two-bid auctions capture 39.3% of the loss associated with non-combinatorial 

bidding (on average). The Vickrey auctions capture 71.4% of the loss associated with 

non-combinatorial bidding (on average). 

• The most efficient two-bid experimem is less efficient than the least efficient Vickrey 

experiment. 

• According to the non-parametric Wilcoxon rank sum test, the location of the two-bid 

average efficiencies is lower than that of the Vickrey average efficiencies at a 98.6 percent 

levd of confidence. 
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Clearly, the Vickrey auction more than holds its own relative to this obvious 

comparison institution. It appears that whatever efficiency losses may be due to 

transactions costs from the "complexity" of the Vickrey "mstitution are, at least in this case, 

outweighed by the benefits of the combinatorial bidding. 

This result provides an empirical counterexample to the assertion that 

"combinatorial auctions don't work". Given that such assertions figured significantly in the 

FCC's decision not to use an explicitly combinatorial auction in allocating the PCS 

spectrum (McMillan [1994]), this counterexample has a natural policy implication. That 

implication is not a recommendation to implement the Vickrey combinatorial auction in a 

field setting without fiarther study; rather, the results reported in this paper should 

stimulate a more balanced and rigorous examination of combinatorial auctions. The 

Vickrey combinatorial auction might yet fail in a field setting, but it doesn't fail here. 

VI. A DIFFERENT ECONOMIC ENVIRONMENT 

Q5; Institutional Comparisons of Efficiency: 
High Information, Some Subadditive Values 

In the design section we discussed the fact that in constructing our basic 

experimental design we had to modify the goal of easily explicable value distributions in 

order to maintain weak superadditivity and an interesting pattern of values. This made 

perfect sense given the dominant-strategy nature of the Vickrey combinatorial auction. 

Perhaps, however, this tradeoff put the two-bid auction at a disadvantage in the 

comparison exercise discussed in the previous section. Because the two-bid auction does 
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not have a dominant strategy, it resembles more closely auctions such as the first-price 

auction in which value distributions are routinely given to experimental subjects (a 

procedure motivated by the structure of the underlying theory). 

A clear-cut option was available. We chose to implement a new experimental 

design in which all values are drawn fi-om an easily explicable uniform distribution, and 

this fact is explicitly disclosed to the bidders. The four experiments reported in this section 

have that property.' However, because we no longer adjust the bundle values, there are 

periods in which one or more bidders have subadditive values. 

The goal of these experiments was to see whether the superior performance of the 

Vickrey combinatorial auction over the two-bid auction was an artifact of our original 

design choices. We present the eflSciency performance measures of these four experiments 

in Table 3 [TABLE 3 APPRX HERE]. 

Again, the results are striking; 

• In the Vickrey experiments fiill efficiency was attained in 65% of the allocations, while in 

the two-bid experiments fiill eflBciency was attained in 35% of the allocations. 

• The two Vickrey experiments have essentially the same average efiBciency as in the other 

information environment (94 percent and 99 percent), whereas the two-bid experiments 

suffer notably in eflBciency (80 percent and 89 percent). 

The disparities were even greater in this second environment, demonstrating that 

the superior allocative eflBciency associated with the Vickrey auction was not an artifact of 

only one value and information environment.'" This alternative envirormient is of 



79 

additional interest in that one of the best-known combinatorial allocation problems, the 

ongoing allocation of electromagnetic spectrum, may well have some subadditive 

combinations due to cross-ownership restrictions." 

vn. EXPLAINING THE ROBUSTNESS OF THE VICKREY COMBINATORL\L 

AUCTION 

This section is organized as follows. We present a metric which allows us to 

organize eflSciency data from the Vickrey mechanism in a compact manner. We then apply 

that metric to the data from our experiments. 

Although complete demand revelation is a suflBcient condition for full efficiency, it 

is not a necessary condition. Hence, one observes highly efficient outcomes even when 

there is not complete demand revelation. In recognition of this, we introduce a more 

inclusive sufficient condition for achieving 100% efficiency: it is that deviations occur in a 

pattern we call the "Efficiency Preserving Deviation Matrix" (hereafter, EPDM).^^ 

We define the EPDM as follows. We will assume that there are three bidders, 

called A, B, and C and that there are two goods. Left ("L") and Right ("R"), plus the 

combinatorial option of bidding on the bundle ("Bundle"). The EPDM (in the weakly 

superadditive case) is the following matrix, in which entries are deviations of bids from 

value. 

A B C 
L a a a 
R 3 3 3 

Bundle a + p a + 3 a + 3 



Notice that the actual values of a and P are not unique. It is, instead, the pattern of the 

entries in the matrix that matters. 

The EPDM serves as the basis for a new measure of the amount of misrevelation in 

an auction. Consider a matrix representing any arbitrary pattern of misrevelation of 

demand: 

A B c 
L nil M.I2 ni3 
R H2i H22 H23 

Bundle H3i ^•32 U33 

Now, consider the following measure, defined in terms of entries in the above matrix 

DEFINITION: The deviation metric, DM = 1) + 2) + 3) + 4) 
where 
1) = (^11 - ^12)^ (M-11 - + (|AI2 -
2) = (jl2l - M-22)^ + (M-21 - 1^23)^ + (}l22 - ^23)^ 
3) = (|i3I - 1^32)^ + (1^31 - |i33)^ + (|l32 - 1133)^ 

4) = 1/9 [ ( ti3i- ( ^11 + ^21 ))^ + ( l^3i- ( \in + H22 ))^ + ( !^3i- ( \in + H23 )f + 

( l^3i - ( ^12 + ^21 )f + ( |i3i- ( H12 + ilzi ))^ + ( |i3i- ( Mi2 + ^23 )f + ( 1^3! " ( ^13 + 1^21 ))^ 
+ ( ^l3i - ( 1^13 + H22 + ( ^3i- ( |II3 + ^23 ] 

The above formula for DM measures how any matrix of deviations (as above) differs from 

the EPDM."' 

Analogous to the EPDM, there exists a pattern of bidders' true values for which 

deviations do not matter; with such values, any outcome is eflficient. Hence we introduce a 

second metric, OM, which is simply the DM metric applied to bidders' actual values. 
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Graphically, the interaction of DM and OM in experiments VI through V4 appears as in 

figure 1. 

- Insert Figure 1 here -

Based on our analytic metric and on our graphical implementation thereof, we 

observe the following. First, that larger values of DM on average lead to lower efficiency 

(conditional on OM). Second, that conditioning on OM is critical; one clearly needs to 

consider the interaction between OM and DM in explaining or predicting efficiency. For 

instance, a high level of DM can be fairly harmless if OM is sufficiently (relatively) low or 

high. This is because low OM sets of values present little opportunity for loss of efficiency 

in any event, while high OM sets of values require extreme and unlucky deviations in 

order for there to be loss of efficiency. Our third result is that having identified the 

importance of interactions between DM and OM, we can use this knowledge to identify 

"trouble spots", i.e. regions of (DM, OM) space which will likely generate low 

efficiencies. For example, in Figure 1, low efficiencies are associated with pairs such that 

DM>50, 30<OM<lOO. 

Our fourth result comes fi'om making cross-institutional comparisons conditional 

on OM. We perform such an exercise in the presentation of Figure 2. This figure graphs 

average efficiencies against OM for both the Vickrey and two-bid mechanisms. It turns 

out that the Vickrey mechanism does as at least as well as the "two-bid" mechanism, even 

in the Vickrey mechanism's trouble spot (approximately 30 < OM < 100). This can be 

seen graphically in Figure 2, as follows. 



- Insert Figure 2 Here -

Clearly, even in the OM range where the Vickrey did poorly (conditional on a large 

enough DM), the Vickrey did at least as well as the two-bid mechanism in allocating 

goods eflBciently. 

An obvious policy implication here is that policy-makers could run similar 

simulations prior to choosing an institution or running an auction in an effort to form a 

judgment about whether a particular institution is likely to perform well or poorly. Such 

simulations would require as inputs some guesses as to the nature of bidders' values, and 

in the case of the Vickrey mechanism, their propensity to misreveal. 

Vm. CONCLUSIONS 

The first conclusion we report fi-om this research is that the Vickrey combinatorial 

auction can be successfully operationalized in a simple laboratory environment. We do not 

claim that this result can necessarily be extrapolated to more complicated field 

environments. However, even if it is not yet acceptable for field use, the Vickrey 

combinatorial auction might now be added to the list of benchmarks against which policy 

makers could measure other auction mechanisms intended for use in an environment with 

combinatorial values, and to the list of institutions worth fiirther investigation. 

A second set of conclusions fi"om our experiments relates to the performance of 

the Vickrey auction. Perhaps not surprisingly, given the history of other laboratory 

versions of demand-revealing institutions, bidders in the Vickrey combinatorial auction do 
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not follow the dominant strategy of demand revelation most of the time. However, given 

the "complexity" of the Vickrey combinatorial auction, its demand-revelation performance 

is only mildly worse than one might expect of a single-unit second-price auction (based 

upon laboratory studies of that institution). The Vickrey combinatorial auction clearly 

performs better than a recent laboratory test of a public-goods pivot mechanism (also a 

part of the Groves family). We suspect that the ordering of these institutions may be 

related to the way that certain isomorphic theoretical properties of the Groves-Vickrey 

families of mechanisms become operationalized differently for subjects in different 

concrete versions. On the one hand, the single-unit second-price auction has a well-

defined "price," whereas the Vickrey combinatorial auction and the pivot mechanism do 

not. On the other hand, in second-price and Vickrey combinatorial auctions, an individual 

who plays the dominant (demand revealing) strategy can never "lose money"; in the pivot 

mechanism, this is not true. We believe that learning more about these associations 

between the user-interface properties of the various versions of the mechanism and the 

respective performance of the various versions has the potential to teach us not only about 

these mechanisms but also about the broader question of how individuals learn to play 

dominant strategies. 

Another performance attribute of these auctions is their ability to produce eflScient 

outcomes. Our results show that in most periods the Vickrey combinatorial auction is 

highly eflScient, but that there are obvious periods in which the mechanism produced a 

reduced level of efficiency. In order to judge how "good" these efficiency results were, we 



provided three different benchmarks: alternative efiBciencies for heuristic allocations; four 

additional experiments using the same experimental design but a different auction 

institution; and four further experiments in a different economic environment. Against all 

alternatives, the Vickrey eflBciency results held up well. Whatever eflBciency losses may be 

due to transactions costs from the "complexity" of the Vickrey institution are outweighed 

by the benefits of the combinatorial bidding, at least in the environments studied here. 

That the Vickrey combinatorial auction can be operationalized and achieve high 

allocative eflBciency (despite modest demand revelation) has direct and obvious 

implications for the policy debate over the real world usefulness of combinatorial auctions. 

At a minimum, it provides an empirical counterexample to the assertion that 

"combinatorial auctions don't work". Beyond that, it should serve to focus debate upon 

exactly a combinatorial auction such as this should not at least be given a chance in a 

field setting. The Vickrey combinatorial auction might yet fail in a field setting, but that it 

would do so seems less obvious than before our results were available. 
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TABLE 1: EFHCIENCIES BY PERIOD AND BY EXPERIMENT 

Vickrey 1 Vickrey 2 Vickrey 3 Vickrey 4 Rand. Worst 

Period 1 100 100 100 100 75 54 

Period 2 100 94 100 100 69 32 

Period 3 100 100 100 100 56 38 

Period 4 100 100 85 100 81 66 

Period 5 100 100 100 100 58 15 

Period 6 91 62 86 100 70 29 

Period 7 100 100 100 100 70 40 

Period 8 100 93 100 100 51 16 

Period 9 81 100 100 81 73 46 

Period 10 100 55 100 100 50 12 

Period 11 92 100 92 100 61 6 

Period 12 100 100 100 100 49 12 

Period 13 95 100 100 100 78 50 

Period 14 98 98 98 100 66 16 

Period 15 100 100 86 100 65 28 

Period 16 100 100 100 100 64 19 

Period 17 66 100 100 70 63 14 

Period 18 100 72 73 100 62 45 

Period 19 100 100 100 100 33 5 

Period 20 100 100 93 100 45 11 

AVERAG 96 94 96 98 62 28 
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TABLE 2: EFFICIENCffiS OF BENCHMARKS BY PERIOD AND EXPERIMENT 

VI V2 V3 V4 Rand. 
Alloc. 

Wors 
Alloc. 

Naive 

Eflf. 

2-Bid 

1 

2-Bid 

2 

2-Bid 

3 

2-Bid 

4 

Period 1 100 100 100 100 75 54 81 87 87 100 100 

Period 2 100 94 100 100 69 32 100 100 100 100 100 

Period 3 100 100 100 100 56 38 66 66 66 100 100 

Period 4 100 100 85 100 81 66 97 85 91 91 88 

Period 5 100 100 100 100 58 15 100 74 100 100 100 

Period 6 91 62 86 100 70 29 100 100 100 91 100 

Period 7 100 100 100 100 70 40 100 100 100 83 100 

Period 8 100 93 100 100 51 16 76 100 76 100 76 

Period 9 81 100 100 81 73 46 100 81 81 85 63 

Period 10 100 55 100 100 50 12 77 77 100 100 76 

Period 11 92 100 92 100 61 6 100 100 100 100 100 

Period 12 100 100 100 100 49 12 67 67 67 100 100 

Period 13 95 100 100 100 78 50 100 100 100 100 100 

Period 14 98 98 98 100 66 16 100 100 100 98 100 

Period 15 100 100 86 100 65 28 100 100 100 100 100 

Period 16 100 100 100 100 64 19 100 71 100 100 100 

Period 17 66 100 100 70 63 14 100 97 100 68 97 

Period 18 100 72 73 100 62 45 68 100 73 100 73 

Period 19 100 100 100 100 33 5 52 100 100 49 100 

Period 20 100 100 93 100 45 11 38 93 93 93 50 

AVG. 96 94 96 98 62 28 86 90 92 93 91 

FuUy 
efficient 
periods 

14 14 13 18 0 0 11 10 12 12 13 



TABLE 3: EITICIENCffiS IN HIGH INFORMATION TREATMENT BY PERIOD 
AND BY EXPERIMENT 

Period Vickrey 5 
High 
Info. 

Vickrey 6 
High 
Info. 

2-Bid 5 
High 
Info. 

2-Bid 6 
High 
Info. 

1 100 89 89 91 

2 100 71 25 6 

3 100 100 58 100 

4 97 100 91 100 

5 100 100 100 75 

6 100 100 91 100 

7 100 100 100 100 

8 93 100 76 77 

9 100 59 73 73 

10 100 100 73 73 

11 100 92 92 100 

12 100 100 53 89 

13 99 99 66 99 

14 100 98 78 98 

15 95 100 95 100 

16 100 100 83 100 

17 97 70 97 100 

18 100 100 55 100 

19 100 100 100 100 

20 93 93 100 93 

E(EFF) 99 94 80 89 

FuUy 
efBcient 
periods 

14 12 4 10 
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FOOTNOTES 

' Subject tnist is a general design issue, and it influenced the way we generated and distributed induced 
values. In particular, the values were generated randomly, so as to rule our experimenter-created patterns 
that might appear "unfair" to the subjects. Additionally, we let subjects pick out an envelope each round 
that contain  ̂their values for that round; again, we did not wish to appear responsible for "fixing" the 
resale values, much less the profit potential, for any specific individual. Thus, the same values were used 
for each of the experiments and in the same order, but within a given round the subject's resale values 
were the outcome of their own selection fi'om among the available envelopes. 
 ̂The theoiy underlying the Vickrey mechanisni docs not impose any conditions on the information 

environment, as it is a dominant strategy mechanism. 

 ̂The data presented for the second price auction are not in the exact form reported in Co.\, et. al. Rather 
we have worked from the original data. 

 ̂Surprisingly, the second price auction had no exaa value revelation in this first period. This may be due 
to the fact that this was a very tough environment for a demand revealing mechanism: bidders had both a 
cost reduction decision and a bidding decision to consider. 

 ̂The public goods Vickrey-Groves mechanisms often have implementations which cause them to "look 
different" than demand-revealing private goods auctions. As an example, it is possible to lose money 
when revealing true value in the pivot mechanism. Such subtle variations could be the reason for the 
difference in demand revelation between the two, despite their isomorphic theoretical construction. 

 ̂This, of course, excludes bidder 11. This bidder generated an estimated slope coefBcient of .98 and an 
intercept of .01 which, although statistically different from 1.00 and 0 respectively, is nevertheless 
remarkable "close" to the theoretical prediction. Furthermore, we received verbal indications after the 
experiment that this subject had inde  ̂learned and played their dominant strategy. 

 ̂ In calculating the percent change in profits associated with a percent change in misrevelation, we had to 
establish a baseline profit level for each bidder. In each case, this inhered fixing "other" bidders' behavior. 
Profits generated by full demand revelation by all subjects was a baseline that was consistent in 
construction across all subjects and across all experiments. An alternative would be to set, for each bidder, 
other bidders' behavior at what was actually bid in that period. This might be more descriptive ex post, 
but it would almost surely set a different baseline for each experiment, and so inhibit comparisons between 
them. 

* Through a copying error, one value (out of 180) differs by a small amount in the two-bid auction. This 
value is highly extramarginal and affects none of the efilciency calculations reported for the four two-bid 
experiments. 

' The two-bid auctions reported in this section are the only ones in which we had to consider the issue of 
announcing losing bids. Announcing the bids has been done in prior second price auctions. Not 
announcing the bids is more consistent with the Vickrey experiments. In one of these two experiments we 
announced highest losing bids, in the other we did not 
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The reader may be interested in the demand revelation performance of the Vickrey auction in the 
second environment Experiment V5 had exact revelation of 14.4% and approximate- revelation of 30.6%. 
Experiment V6 had exact revelation of 4.4% and approximate revelation of 38.33%. These values are near 
the lower end of the range of the similar numbers from the first four Vickrey experiments. 

'' The combination of the subadditivity and the rules of the two-bid auction was certainly in evidence in 
causing loss of e£5ciency. We saw several cases of high value bundle bidders losing the auction because 
they bid too low on the individual items. Likewise, we saw several bidders bid over their individual item 
values, only to win only one item. 

Formal statements of these propositions, together with additional material addressing the relationship 
between misrevelation of demand and efficiency, can be found in a manuscript available from the authors 
upon request 

This includes the case of demand revelation; the deviations in that case are simply the EPDM scalar 
multiplied by zero. The formula for the EPDM is more complicated with subadditive values, but it can be 
calculated. 

'** The formula appears complex, but we can motivate it easily as the larger sum of four sets of sums, as 
follows: 
1) Sum 1) is the simi of the squared differences between each pair of Left deviations. This simi picks up 
the requirement of the EPDM that the deviations represented by the Left bids and values must be equal (a 
in the EPDM). 
2) Sum 2) is the same idea as 1), except that it checks for the requirement that Right deviations must be 
equal (p in the EPDM). 
3) Sum is the same idea as 1) and 2), except that it checks for the condition that deviations in the Bundle 
must be equal [(a + P) in the EPDM]. 
4) Sum 4) is the most complex. It checks for the requirement that that each deviation on Left plus each 
deviation on Right must equal each deviation on the Bundle Giterally, that a + p = (a + P), in the 
template). The twenty-seven squared differences in 4) check each bundle deviation against every possible 
Left/Right combination. We have weighted the differences to make 4) as a whole comparable to 1), 2), 
and 3). 



FIGURE 1 
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HGURE 2: AVERAGE EFHCIENCY GRAPHED AGAINST OM. 
ALL VALUES ARE WEAKLY SUBADDITIVE 
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