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ABSTRACT 

The main objective of this study is to examine the behavior of sellers in a sealed 

offer market in three distinct environments. The dissertation examines the mechanism to 

determine its competitve characteristics when sellers are unable to engage in overt 

communication. Next, the market setting is changed in order to consider the ability of 

sellers to form stable and effective cartels when the subjects are given the opportunity to 

conspire. Finally, the consequences of antitrust enforcement is considered. First, by 

reduce the number of communication episodes between sellers and second, by seperately 

introducing random monetary penalties whenever the observed winning offer was greater 

than sellers cost. 

A seconary but significant contribution of this research was the use of prison 

inmates as subjects in economic experiments. Therefore, the financial motivated behavior 

of student subjects could be contrast with prisoner subjects in a laboratory environment. 

This contrast proves extremely interesting when an antitrust environment, using randomly 

imposed monetary penalties, was introduced. 

The results of my research indicate, given equal constant cost suppliers, the sealed 

offer auction mechanism has the potentjal to generate very competitive behavior by sellers 

when communication between subjects is prohibited. However, in an identical enviroment, 

when conspiratorial opportunities exist prior to every auction, one observes very stable and 

effective cartels. These first two conclusions are insensitive to the subject pool under 

consideration (i.e., student versus prisoner subjects). 

When the frequency of communication is reduced (i.e., as a result of antitrust 

enforcement) the market is still conducive to effective collusion. However, in comparison 

to the experiments where subjects were allowed to communicate prior to every auction, the 

xii 
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cartel in this environment were more unstable and less effective at extracting monopoly 

profit from the market. 

Finally, when antitrust enforcement is introduced by imposing random monetary 

penalties whenever the observed winning offer is greater then seller cost, the behavior of 

sellers is extremely sensitive to the expected returns from collusion as well as the dispersion 

of these returns. Also, the cartels collusive behavior indicated that students were risk 

averse, responded more to changes in the severity of the penalty specification (the penaly 

amount) while the prisoner cartels were rist takers, being more sensitive to changes in the 

certainty of the penalty specification (the detection level). 



CHAPTER 1 

MARKET STRUCTURE AND SELLERS' CONDUCT 

The interaction of buyers and sellers within a market is the primary means of 

allocation of resources in many modern societies. A significant body of economic thenry is 

concerned with how the structure of the market and agents' conduct within the market 

influences the efficient allocation of society's resources. In an oligopoly market the 

interdependency of firms' actions has le,d to several alternative theories to explain market 

performance. A popular explanation of oligopoly behavior is based on firms recognizing 

their interdependency and therefore acting in a manner which is mutually beneficial. 

However, the ability of firms to coordinate strategies seems inherently dependent on the 

characteristics of the market where firms in an oligopoly industry compete. One factor 

which seems to influence firms' actions is the trading mechanism which is an endogenous 

variable of the market's structure and institutions. The trading mechanism determines the 

way prices are formed as buyers and sellers exchange information within the market. The 

institutional environment, therefore, affects the behavior of agents and influences the 

amount of market power each agent individually or collectively can exert. 

The sealed offer auction is an example of a trading mechanism widely used in 

oligopoly markets. This auction process involves a single buyer tenders offers to sell from 

several independent firms. The firm that submits the lowest offer wins the auction, with 

all purchases being made from this seller. This trading mechanism is commonly used by 

government agencies to procure goods and services from private firms. Several U.S. 

government agencies have been mandated by the Armed Services Procurement Act of 1947 

and the Federal Property and Administretive Services Act of 1949 to use the sealed offer 

1 
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mechanism as the primary method of procurement. Examples include the Department of 

Defense, NASA, the Coast Guard and all civilian agencies of the Executive Department of 

the government (Efros, 1976; DeMayo, 1983). The sealed offer auction is also used by 

state governments to purchase supplies and award production contracts. An example is the 

contract to build the Economic Science Laboratory at the University of Arizona. This 

construction project was awarded based on the results of a sealed offer auction. 

The major objective of the government procurement process is to identify the seller 

who will be able to provide the good or service at the lowest ultimate cost. It is also 

believed that the use of competitive bidding increases the likelihood that the results of the 

auction are "fair" involving neither ctiscrimination or the granting of "special favors." 

Therefore, this auction mechanism attempts to treat each seller anonymously and to 

eliminate the possibility of bribery or kickbacks influencing the auction's outcome. 

An interesting feature of the sealed offer auction is the price-taking behavior of the 

buyer. By merely accepting the lowest offer submitted the buyer is apparently forfeiting 

the opportunity to influence the market's outcome in his favor. If sellers act 

noncooperatively, however, this passivity of the buyer can work to his advantage when 

competing firms are uncertain about rivals' offers. Therefore, when firms behave 

independently, the sealed offer auction can lead to very competitive results. However, the 

competitiveness of the sealed offer auction along with the buyer's passive role combine to 

give the firms a strong incentive to "rig" the auctions results by colluding. 

There exist several examples of firms in a sealed offer market attempting to "rig" 

the outcome of an auction. One of the most widespread examples is the electrical 

conspiracies of the 1950's. The firms involved are famous for using the "phases of the 

moon" as a mechanism to rotate winning offers (Herling, 1962). This dissertation examines 

the characteristics of the sealed offer auction which tend to facilitate successful collusion. 

Relying mainly on experimental methods, the behavioral properties of sellers attempting to 
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successfully collude is considered. Also, a second major concern of this research is, given 

the existence of stable collusion, what effect does antitrust enforcement have on sellers' 

ability and willingness to collude. 

Although the incentive to cooperate is strong, results from economic theory are 

ambiguous concerning the ability of firms to successfully collude in an oligopoly market. 

The ability of producers to maintain successful collusion is highly dependent on the 

market's characteristics. The theoretical and empirical literature contains several examples 

where the sealed offer auction is cited as a good example of an environment that is 

conducive to successful collusion. The next section will review the theoretical, empirical 

and experimental literature which deals with firms' ability to coordinate strategies so as to 

achieve collusive outcomes in a market. 

Literature Review 

The act of conspiracy involves either an implicit or explicit agreement between the 

economic agents within the market. Firms attempting to successfully collude face the same 

problems as players in the classic Prisoners' Dilemma game. Although cooperation between 

players can lead to higher payoffs when compared to noncooperation, the belief that rival 

players will continue to cooperate implies there exists a strong incentive for each player to 

defect from the cooperative strategy. 

Binding agreements are one way to enforce cooperation between firms. However, 

when considering collusion, the existence of antitrust laws implies binding agreements are 

usually not an option available to firms. Therefore, the emphasis of traditional oligopoly 

theory has been on firms in an industry coordinating strategies through implicit or explicit 

nonbinding agreements. Given firms inability to use binding agreements, the potential for 

observing collusive outcomes is directly related to the structure of the market and the 

market information available to firms. 



4 
Collusion: Economic Theory 

One of the earliest and the most frequently cited references is Adam Smith's remark 

that "people of the same trade seldom meet together even for merriment and diversion, but 

the conversation ends in a conspiracy against the public, or in some contrivance to raise 

prices" (Adam Smith, The Wealth of Nations, 1970 ed., p.233). In Chamberlin's (1948) 

"small numbers" theory it is not necessary for producers to communicate formally in order 

to coordinate strategies. Firms, recognizing the potential gains from cooperation, will 

voluntarily adopt cooperative strategies that maximize joint profits. 

Chamberlin's result is dependent on the assumption that a small number of identical 

firms, with cost of production equal to zero, compete in a market with perfect information 

(Chamberlin, 1948, p.32).1 In markets where information on demand and cost is 

imperfect, if firms are to coordinate strategies successfully, it seems necessary that some 

form of communication between firms needs to occur. This type of collusion implies firms 

coordinate strategies by negotiating explicit but nonbinding collusive agreements. In 

general, economic theory is unable to agree on whether or not this type of collusion is 

consistent with individual firms' incentives. 

In a single period model as with a one shot Prisoners' Dilemma game, nonbinding 

cooperation appears to be unenforceable since it may not be compatible with the incentives 

of each agent. However, if this same model is viewed in a dynamic setting where firms 

compete repeatedly over time then collusion may be an incentive compatible result. Luce 

and Raiffa (1957) recognized this possibility for the simple Prisoners' Dilemma game when 

modeled as an infinitely repeated game. 

lChamberlin's result can be considered a special case of firms having identical 
constant marginal cost which have been normalized to zero. 



5 

Stigler (1964) discusses the stability of collusion within a dynamic oligopoly model. 

Stigler argues that successful collusion is dependent on firms' ability to detect "secret price 

cutting." If cheating firms are quickly detected then there will no longer exist an incentive 

to defect since it would only bring retaliation by rival firms. In Stigler's model, the 

cartel's agreement is enforced by a mechanism which implies any price cut motivated by 

short term self-interest will be immediately matched by all other firms, resulting in lower 

profits. Therefore, this collusive agreement is achieved by a "self-enforcing" agreement 

that is consistent with each firm's objective to maximize profits. 

Stigler postulates that if buyers truthfully report the prices tendered to them, then 

collusive agreements will be easier to enforce. Stigler notes that government auctions 

provide a perfect example of this type of buyer, therefore, "the system of sealed bids, 

publicly opened with filII. identification of each bidder's price and specifications, is the 

ideal instrument for the detection of price cutting" (Stigler, 1964, p. 48). Stigler rejects, 

however, the conclusion that government auctions are at collusive prices believing the 

returns from collusion are not sufficient enough to cover the cost of collusion. Although 

not explicitly discussed by Stigler, the cost of collusion could be considered by firms to be 

higher in government sealed-offer auctions since the probability of detection by antitrust 

authorities might be perceived to be greater in auctions involving government buyers (Hay 

and Kelley, 1974). 

Stigler's analysis of collusion assumes the ability of firms to detect secret price 

cutting is a sufficient condition for deterrence of cheating. Stigler, therefore, is assuming 

the gain in profits from cheating today is less than the loss in discounted future profits 

when cheating is quickly detected. This condition, however, does not automatically follow 

from his model. In particular, if quick detection is to imply deterrence of cheating, then 

specific assumptions need to be made about the profits available in the market and the rate 

at which firms discount profits. In a sealed offer auction the winner of an auction 
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receives all the revenues generated from that auction. In the absence of profit pooling 

agreements, the value and frequency of auctions in a market will have a significant 

influence on sellers' incentives to cooperate. 

The ability of firms to form successful cartels through "self -enforcing" agreements 

has been formalized by theoretical results which model the oligopoly industry as an 

infinitely repeated game or supergame. This analysis of collusion as a supergame has 

considered the ability of firms in an oligopoly industry to attain joint profit maximizing 

outcomes as a result of noncooperative Nash equilibrium strategies. In this setting, the 

collusive outcomes are achieved as a result of tacit agreements with no formal 

communication. As mentioned above, this result was first suggested by Luce and Raffia 

(1957) for the repeated Prisoners' Dilemma game. 

Friedman (1977) discusses how firms might use "trigger strategies" to enforce 

noncooperative collusive outcomes. These "tit-for-tat" strategies simply say a firm will 

choose the cooperative strategy as long as all other firms cooperate but if another firm ever 

defects from the cooperative strategy then the firm will play the noncooperative strategy 

from that point on. Under conditions of perfeci information, joint profit maximizing 

outcomes are possible in a game that is viewed as an infinitely repeated game when the 

players (i.e., firms) adopt trigger strategies and if players do not discount future profits too 

heavily. 

Ideally, if players adopt trigger strategies, the need for binding agreements or even 

formal communication is unnecessary. However, in these models there exists an infinite 

number of cooperative outcomes which can be sustainable as a noncooperative equilibrium. 

In a supergame any outcome which Pareto dominates the noncooperative Nash equilibrium 

payoff is sustainable as an equilibrium if the players adopt the appropriate trigger strategy 

and if players have a low enough discount rate. Intuitively it is difficult to imagine how 

in an oligopoly model, N firms would independently arrive at a single trigger strategy 
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equilibrium without some form of communication. Also, the existence of a trigger strategy 

equilibrium assumes firms have perfect market information. In more recent work by 

Porter (1983) and Green and Porter (1984), the existence of collusive agreement in the 

absence of perfect information is considered. 

Green and Porter's model examines the optimal trigger price strategies which 

generates self-enforcing collusive agreements in the presence of demand uncertainty. Their 

model specifies an industry where N risk neutral firms face a demand curve with a 

multiplicative stochastic component. This demand uncertainty leads to an unstable market 

which experiences periods of low prices and low profits. Firms' objective is to maximize 

their expected present value given a trigger price p, a fixed number of reversionary 

periods, T -1, and rivals' strategies. 

The solution to this maximization problem determines firms' strategies which can be 

described in the following manner. In the first period t=O, behavior is cooperative and in 

future periods, as long as the observed market price is greater than p, behavior will 

continue to be cooperative. If, however, the market price in any period t>0 falls below 

the trigger price p, then the industry will enter a reversionary episode with firms 

producing at their noncooperative Cournot output levels for the next T -1 periods. After 

this reversionary period, firms will return to the cooperative output level until price again 

falls below p in some future period. 

The intuition behind the model is, since firms cannot perfectly observe market 

demand, a low market price may signal a negative demand shock or some firm cheating on 

the collusive agreement. Regardless of the source of this low price, it is necessary for 

firms to revert to a fixed period of noncooperative Cournot behavior. Firms must choose 

their output in period t, knowing there exists some probability the observed market price 

will be below p. If actual market price is below p, then firms will produce at the Cournot 

level for the next T -I periods resulting in lower profits for all firms. In this model, if the 
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assumptions are satisfied, cheating will :.ever occur. However, in order to preserve the 

proper incentives, whenever the price falls below Ii because of a negative demand shock, 

firms must revert to their noncooperative equilibrium strategies for the next T -1 periods. 

Green and Porter advertise their model to be a noncooperative equilibrium similar 

to Stigler (1964) but acknowledge that "in view of the relative complexity of the conduct . 

. . specified by this particular equilibrium and the need for close coordination among its 

participants, it seems natural to assume that the equilibrium arises from an explicit 

agreement" (Green and Porter, 1984, p.89). Like Stigler, they also speculate that the sealed 

offer auction is a good example of an institution where an effective and stable cartel can 

operate. 

Collusion: Empirical Evidence 

The empirical research of collusion has attempted to isolate the characteristics of the 

market and the product which tends to facilitate firms' ability to coordinate strategies 

(Asch and Seneca, 1975, 1976; Hay and Kelley, 1974; Fraas and Greer, 1977; and Palmer, 

1972). Collusion, in all cases, was defined as firms' actions which resulted in explicit 

(illegal) collusive agreements. The analyses of these empirical studies focused on 

prosecuted horizontal price fixing cases which were either won through trial or settled by a 

plea of nolo contendere. 

The results from these studies indicate that while no single factor tends to be a 

sufficient condition for successful collusion an effective collusive agreement depends on 

some combination of various market and product characteristics. In an environment where 

collusion is illegal these conditions tend to facilitate collusion by either lowering the 

difficulty of coordinating firms' strategies or raising the cost of noncollusive behavior (Hay 

and Kelley, 1974). 
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Results from these studies indicate that as the number of firms in the conspiracy 

decreases, the cost to coordinate strategies diminishes. Hay and Kelley (1974) investigated 

62 cases of horizontal price fixing cases and discovered that 79 percent of them involved 

fewer than 10 firms. Fraas and Greer (1977) found the distribution of conspiring firms in 

manufacturing is statistically different with a lower median than the distribution of firms 

representing the industry in general. 

However, evidence from Asch and Seneca (1975) and Hay and Kelley (1974) 

indicate that there exist no relationship between the number of firms in an industry and 

collusion. The nonconspirators appeared to be smaller firms that potentially were ignored 

by the antitrust authorities and simply behaved as "silent accomplices living under the price 

umbrella provided by the conspirators" (Hay and Kelley, 1974, p.2l). If collusion involved 

a large number of conspiring firms, it was more likely that an active trade association or a 

single sales agent was invovled to coordinate firms' strategies (Hay and Kelley, 1974; Fraas 

and Greer, 1977). 

Collusion in a market appears to be easier and more likely to occur if the product is 

approximately homogeneous (Hay and Kelley, 1974; Asch and Seneca, 1975). However, 

when the market involves a differentiated product, successful collusion is still possible if 

firms can agree on some specific product factors or if the market shares are allocated on a 

job-by-job basis as in a sealed-offer market (Hay and Kelley, 1974). 

The influence of industry concentration on firms' collusion activity is uncertain. 

There exists some empirical evidence which suggests that firms in a highly concentrated 

industry are more likely to collude (Hay and Kelley, 1974; Fraas and Greer, 1977). Asch 

and Seneca (1974), however, report a tendency for low-profit firms in low-concentration 

industries to be related to a higher level of collusive activity and found no statistically 

significant difference based on the industries' level of concentration alone. This result may 

be a consequence of poor data or could reflect two potentially powerful but opposite 



influences of industry concentration on firms incentive to collude. 
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While high 

concentration may lower the coordination cost and therefore increase the incentive to 

collude, high concentration also could allow firms to obtain collusive outcomes through 

tacit, and hence legal, agreements. Therefore, in an antitrust environment firms must 

weigh the marginal gains from explicit collusion against the marginal cost of increasing the 

probability of being detected by the authorities. 

Asch and Seneca (1975, 1976) found a strong statistical relationship between poor 

profit performance and a firm's collusive activity. This result can be interpreted in two 

ways. Either collusion leads to lower profit or unsatisfactory profit performance may 

inc.·ease a firm's incentive to collude. However, it is difficult to establish causality given 

the data used in their research. The authors reconized this difficult which motivated their 

choice of contingency tables to analyize the statisitcal relationship between collusion and 

several structural varialbles. The chi-sqaure statistic which results provides a 

non parametric test without imposing or assuming a causual relationship. 

The above empirical studies were based on "legally-defined" collusion. Therefore, 

the interpretation of these results must always allow for the possibility that a market or 

product characteristic which appears to be related to collusion may actually reflect firms' 

incentive to avoid detection by antitrust authorities. Given the type of data used in these 

empirical studies, it is impossible to separate the influence of market characteristics on a 

firm's incentive to collude from a change in the likelihood of being detected. Therefore, it 

is not possible using empirical data based on antitrust cases to investigate the factors which 

influence collusion but must be content to "examine a mixture of collusive episodes and 

institutional responses to these events" (Asch and Seneca, 1975, p.224). 
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Collusion: Experimental Evidence 

Earlier experimental studies by Fouraker and Siegel (1963), and Friedman (1964, 

1967) have focused on the bargaining behavior of agents in either a bilateral monopoly, 

duopoly or triopc,ly setting. No social interaction between subjects was permitted. 

Communication was accomplished by written messages where subjects were allowed to 

propose price and/or quantity levels to rival subjects. The experiments were conducted 

under conditions of complete and incomplete information. In these experiments complete 

information implied each subject was made aware of the joint payoff which could occur at 

various output levels and were also aware of the exact division of payoffs to subjects from 

eacil possible contract. Incomplete information implied the subject was only aware of his 

own payoff from any possible contract. 

The results from this earlier research indicate that the level of information will 

influence observed market results. Under conditions of complete information the outcome 

was closer to the Pareto optimal or joint profit maximizing prediction while laboratory 

markets with incomplete infomration have results which come closer to the Cournot or 

Bertrand noncooperative prediction. 

More recent experimental research has considered the link between the opportunity 

to conspire and its effect on market behavior for several different market institutions. 

Isaac and Plott (1981), Isaac, Ramey and Williams (1984) and Isaac and Walker (1985) 

investigated the performance of three market institutions, oral double auction, posted offer 

and sealed bid, respectively, when one side of the market was allowed to verbally 

communicate prior to each round of trading. The effect of this conspiracy opportunity on 

market performance was compared to controlled experiments, conducted in the same 

institutional environment, where no communication between subjects was allowed. 

The results from these experimental studies indicate that conspiracies do have the 

potential to influence market performance, when compared to the competitive baseline. 
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However, the opportunity to conspire does not immediately imply a stable joint profit 

maximizing collusive agreement. The results from these previous experiments indicate the 

institutional environment is an important factor in determining sellers' ability to influence 

market behavior. The trading mechanism specified by the market institution influences 

market results in two ways. First, it appears to influence the ability of conspirators to 

reach and stick with an agreement. Second, the trading mechanism determines the way 

that buyers and sellers interact in the market, which in tum influences conspirators' ability 

to exert their potential market power. The results from previous experiments, which will 

be discussed further in Chapter 2, indicate conspiracy opportunities do influence market 

outcomes. 

Collusion and the Existence of Legal Conltrols 

The Sherman Antitrust Act became law in the United States on July 2, 1890. 

Section I of this act proscribes "every contract, combination ... or conspiracy in restraint of 

trade or commerce among the several States." The courts over the years have interpreted 

Section I as applying to price fixing or collusive agreements. In several key decisions the 

"court has consistently and without deviation adhered to the principle that price fixing 

agreements are unlawful per se under the Sherman Act ... " (U.S. vs. Socony - Vacuum 

Oil Co. et a1.. 310 U.S. 150, 218-221 1940). 

The per se illegality implies it is only necessary to prove a price fixing 

agreement occurred for it to be considered illegal under Section I of the Sherman Act. 

Further, direct evidence of meetings, discussion and agreements to fix prices is not 

necessarily to obtain a conviction. In the famous American Tobacco case the Supreme 

Court pronounced 

No formal agreement is necessary to constitute an unlawful conspiracy. 
Often crimes are a matter of inference deduced from the acts of the person 
accused and done in pursuance of a criminal purpose ... The essential 
combination of conspiracy in violation of the Sherman Act may be found 



in a course of dealings or other circmnstances as well as in an exchange of 
words .. , Where the circumstances are such as to warrant a jury in finding 
that the conspirators had a unity of purpose or a common design and 
understanding, or a meeting of minds in aD unlawful arrangement, the 
conclusion that a conspiracy is established is justified. (American Tobacco 
Co. et al. vs. U.S. 328 U.S., 781, 809-810 1946). 
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This landmark decision at first seemed to open the door for a broader interpretation 

of the Sherman Act by deeming illegal collusive pricing based on tacit agreements by firms 

in an oligopoly industry. However, as noted by Scherer (1980), the court's intention, 

apparently was to include the possibility of finding the existence of price fixing 

agreements based on circumstantial evidence alone. The court refused to rule illegal the 

behavior, denoted as "conscious parallelis~," if it was based upon sound business practices. 

In a related case the court refused to step through the door opened in American 

Tobacco by ruling, "this court has never held that proof of parallel business behavior 

conclusively establishes agreement or, phrased differentiy, that such behavior itself 

constitutes a Sherman Act offense." (Theatre Enterprises, Inc. vs. Paramount Film 

Distribution Corp., et al. 346 U.S. 537 1954.) 

The courts current opinion suggests the potential harm from conspiracy 

opportunities apparently outweighs any benefit from agreements which might fix prices at 

"reasonable" levels so as to improve a market's economic performance. The court justifies 

the per se ruling by stating: "certain agreements or practices (have such) pernicious effect 

on competition and lack of any redeeming virture," that it is unnecessary to engage in 

"elaborate inquiry as to the precise harm they have caused or the business excuse for their 

use," therefore, the per se ruling not only "makes ... more certain to the benefit of 

everyone concerned, but it also avoids the necessity for an incredibly complicated and 

prolonged economic investigation into the entire history of the industry involved." 

(Northern Pacific Railway Co. U.S., 356 U.S. I, 1958.) 
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In summary, while overt collusive agreements are per se illegal, it is questionable to 

what extent the courts are prepared to find firms guilty of price fixing based on 

circumstantial evidence. Also, the court is unclear concerning whether extraordinarily high 

profits are an example of incriminating circumstantial evidence. Although the courts' 

opinions are at times inconsistent and confusing, it appears the existence of overt collusive 

agreements can be proven through circumstantial evidence but tacit agreements that result 

from parallel business practices are not considered illegal according to current precedence. 

If the courts perceive that Section 1 of the Sherman Act was intended by Congress 

to insure the efficient allocation of society's resources then these experiments may resolve 

an apparent discrepancy between current judicial opinion and the evidence from empirical 

and theoretical analysis. Results from economic theory indicate that, when considering the 

sealed offer mechanism; "It would ... be hard to find a device LESS calculated to foster 

open and aggressive competition among sellers" (Cook, 1963, p.71; emphasis added). If the 

sealed offer auction is conducive to collusive outcomes, as has been suggested by the 

theoretical results of Chamberlin, Friedman and Green and Porter, then potential efficiency 

losses could result from what the court would interpret as "sound business behavior" and 

therefore not considered illegal under current judicial precedence. 

Collusion and Legal Sanctions 

Individuals and firms convicted of conspiracy in restraint of trade can be punished 

in three ways. Violators can be fined if convicted. The maximum fine from 1890 to 1955 

being $5,000 per count. In 1955 this was raised to $50,000 per count and in to 1974 the 

maximum fine was increased to $100,000 for individuals and $1,000,000 for firms with 

price fixing now being considered a felony. Jail sentences for individuals convicted are 

also possible. Prior to 1974 the maximum sentence was one year. Later in 1974 the 

maximum jail term that an individual can serve was increased to three years. Finally, 
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Section 5 of the Clayton Act provides a third deterrence of conspiracies in restraint of 

trade. This section allows private parties injured by antitrust violations to sue for three 

times the amount of injury sustained as a result of the alleged violation. 

The ability of various penalty and jail sentences to deter antitrust violations is 

dependent not only on the likelihood of being caught and convicted, but also on the degree 

to which courts are willing to impose fines or jail sentences. Prior to 1955 the sanctions 

apparently did very little to deter antitrust violations. Given the level of detection the 

$5,000 maximum fine was not sufficiently large enough to make the expected return from 

price fixing an unprofitable alternative. An example from the 1940's is the American 

Tobacco case where $225,000 in fines were levied, but apparently had very little effect on 

the firm's conduct (Scherer, 1980). 

Individual jail sentences are a potential source of deterrence, however, this option is 

rarely used by the courts. Between 1890 and 1940, although II businessmen went to jail 

for antitrust violations these men were also involved in other unscrupulous activities such 

as racketeering and acts of violence (see Scherer, 1980). An example of a brief change in 

the court's attitude toward the sentencing of individuals to jail for price fixing is given by 

Herling (1962) for a 1959 case involving employees of hand tool manufacturers. The 

defendents in this case were accused of several antitrust violations including price fixing. 

The defendents initially pleaded not guilty but later changed their pleas to nolo contendere. 

The presiding judge not only fined each defendent the maximum fine of $5,000 but 

also sentenced each to 90 days in jail. This was a first for a case involving price fixing 

since never before had a Sherman Act violator been sentenced to jail after pleading nolo. 

Given that nolo contendere pleas can not be appealed it is not surprising that this 

judgement brought pandemonium to the courtroom. As was noted by Herling, 



defense attorneys for the ... companies heatedly informed the judge that it 
was the usual practice to impose only fines when pleas of nolo were 
entered in antitrust cases, but Judge Underwood answered shortly: 'You 
guessed wrong.' (Herling, 1962, p.l0). 
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This unpredented sentence led to a tragic incident with one defendent taking his 

own life rather than facing the humiliation of going to jail. The developments of this case 

were widely felt throughout the business community and as noted by Herling "the man 

with the hoe became a symbol of the grim reaper in the corporate community" (Herling, 

1962, p.l0-11). 

Herling's discussion suggest that this rather unique judgement went a long way in 

deterring future price fixing violations. The use of severe penalties with a minimal 

probability of enforcement has been critici7.ed by Block and Sidak (1981) as a suboptimal 

allocation of societies resources given the existence of prosecutorial and judicial error. The 

authors, recognizing the cost of antitrust enforcement, argue that "an efficient enforcement 

policy will not deter all antitrust violations because the cost of deterring some of the 

violations will be greater than the harm averted" (Block and Sidak, 1981, p.l131). 

Dissertation Overview 

This dissertation attempts to provide an extensive examination of the formation and 

control of collusion in a sealed-offer market. The analysis of Chapter 2 closely parallels 

the research of Isaac et al. (1981, 1984 and 1985). Using experimental methods, the ability 

of sellers in a sealed-offer market to form successful cartels is considered. These 

experiments not only provide the baseline results which are contrasted with the 

experiments discussed in Chapter 3 and 4, but also give evidence of the behavioral 

properties of sellers attempting to implement a collusive agreement in a sealed-offer 

market. 
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Chapter 3 investigates the ability of sellers to successfuliy collude when the 

frequency of communication is limited. While retaining the same basic experimental 

design used in Chapters 2 the number of times sellers are allowed to formally communicate 

is restricted. In contrast to the "full communication cartel" experiments of Chapter 2 where 

subjects were allowed to meet prior to every period, the sellers in the "limited 

communication cartel" experiments, discussed in Chapter 3, are given the· opportunity to 

communicate every sixth period only. The experiments in Chapter 3 should provide a 

more realistic environment in which to consider the influence of communication on firms' 

ability to successfully collude in a sealed-offer market. In an antitrust environment where 

frequent meetings most likely increases the likelihood of being detected by authorities, it is 

doubtful that conspirators would actually choose to communicate prior to every auction. 

In the above section is is suggested that, in general, the use of monetary penalties is 

the common sanction imposed in antitrust judgements. Chapter 4 returns to the "full 

communication" enviroment to consider the impact of randomly imposed monetary 

penalties on cartels collusive behavior. Antitrust enforcement is simulated in a laboratory 

environment to test the relative effectiveness of various combinations of detection and 

sanction levels on firms' willingness to raise offers above the competitive level. 

The experiments reported on in Chapters 2 and 4 were conducted on both college 

students and prisoner inmates. The results from these experiments can be used to contrast 

the decision process of students and prisoners in situations where the opportunity to 

conspire existed with and without antitrust enforcement. The behavior of students and 

prisoners in conspiracy situations unfretted by antitrust enforcement will provide a direct 

comparison of the ability of two distinct subject pools to form successful "bid rigging" 

cartels. Therefore, the cartel experiments in Chapter 2 not only provides a control for 

comparisons within subject pools but allows a comparison across subject pools. When 

comparing the behavior of students versus prisoners in situations involving risk the results 
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from Chapter 2 can be used to isolate the relevant or marginal effect on subject's behavior 

when uncertainty is introduced into their decision process. If, as will be shown in Chapter 

2, cartels with either prisoners or college students are equally proficient at forming cartels 

then any change in the behavior of student cartels and prisoner cartels when faced with 

randomly imposed monetary penalties can be attributed directly to the introduction of 

uncertainty into the choice set faced by the cartels. Therefore, the experiments in Chapter 

2 provide a very important control when contrasting student and prisoners behavior in 

Chapter 4. The final chapter provides a brief summary as well as a discussion of the 

policy implications and possible extensions to the research reported on in the previous four 

chapters. 



CHAPTER 2 

COLLUSION IN A SEALED OFFER MARKET 

This chapter reports on a series of laboratory experiments conducted using the 

sealed offer trading mechanism. In the sealed offer auction a single buyer tenders offers 

to sell from N independent firms. The seller that submits the lowest offer to sell wins the 

right to be the sole supplier. As mentioned in the first chapter, this mechanism is 

commonly used by government agencies to award production contracts to private firms. 

In this chapter the results from "competitive" experiments with no communication 

between sellers is contrasted with "cartel" experiments where sellers are given an 

opportunity to communicate prior to each auction. The behavior of sellers in a 

noncooperative versus a cooperative environment is investigated. Theoretical, empirical, 

and experimental evidence, discussed in Chapter I and expanded further below, seems to 

questions the competitive behavior of sellers in a sealed offer auction when communication 

is forbidden and further suggest the potential for effective collusion when the opportunity 

to communication exists in same market. 

The experiments in this chapter and in Chapter 4 were conducted on both college 

students and prison inmates. In these chapters the behavior of both student and prisoner 

subjects acting as sellers in a sealed-offer market is investigated. This chapter considers 

not only the ability of sellers to reach collusive agreements but also considers how these 

agreements are implemented and enforced. The behavior of prison inmates is contrasted 

with the behavior of students within the same controlled laboratory environment. This 

comparison is especially important when the existence of antitrust enforcement is 
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introduced since this greatly increases the uncertainty and risk faced by subjects in these 

experiments. 

Market Institutions and Collusion: Experimental Evidence 

The most significant experimental examination to date of the relationship between 

the opportunity to conspire and its effect on market behavior are the papers by Isaac and 

Plott (1981), Isaac, Ramey and Williams (1984) and Isaac and Walker (1984). As mentioned 

in Chapter I, these earlier conspiracy experiments investigated the performance of three 

market institutions, oral double auction, posted offer and sealed bid when one side of the 

market was allowed to communicate prior to each round of trading. 

These three institutional environments are commonly used in actual "real world" 

markets, each having very distinctive characteristics that affect the observed market 

performance (see Smith 1982). In a double auction, trading is designated to last for a set 

length of time. During this time period buyers can freely make bids and accept offers 

while sellers can freely make offers and accept bids continuously. In most cases, it is 

required that a buyer's bid be higher than the current outstanding bid and a seller's offer 

must be lower than the current outstanding offer. A buyer or seller can accept an offer or 

bid any time during the auction. Trading on the floor of the New York stock exchange is 

an example where the oral double auction is practiced. 

In a posted-offer market, before the actual trading of commodities, sellers state 

their willingness to sell by posting a price and their maximl\m quantity for sale. Buyers 

are then queued into position where they can accept offers from as many sellers as they 

wish and make purchases up to that seller's maximum quantity. Retail sales is a market 

where the posted offer mechanism is commonly used. 

In a sealed-bid auction, N buyers privately submit a bid representing their 

willingness to buy a unit of the commodity for sale. The seller will accept up to Q<N of 
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the highest bids. A discriminative price sealed-bid auction implies the sellers pay the 

amount of the winning bid(s), while in a second price sealed-bid auction sellers receive the 

amount equal to the highest rejected bid. Isaac and Walker (1984) conducted 

discriminative price sealed bid auctions with Q=l and Q=3. Surplus property, such as 

desks, chairs and filing cabinets are sold by the University of Arizona based on the results 

of a sealed-bid auction. 

These earlier conspiracy experiments allowed subjects to communicate prior to each 

auction or period, however, this communication between subjects was slightly limited. 

Subjects, although given the opportunity to communicate, were not allowed to discuss side 

payments, quantitative facts about their payoff sheets or make physical threats. Also, in 

experiments wheiC subjects participated as both buyers &nd sellers, the nonconspiracy side 

of the market was not aware of this communication. 

As was discussed in Chapter I the results from these earlier studies indicate that 

although conspiracies do have the potential to influence market performance the 

opportunity to conspire does not immediately imply a stable collusive agreement. The 

results from these conspiracy experiments differed depending on the trading mechanism 

specified by the market institution. 

The double auction experiments conducted by Isaac and Plott (1981) provide an 

example of a trading mechanism where conspiracies by either buyers or sellers are difficult 

to enforce. In this environment, buyers and sellers can change their bids and offers 

anytime during the actual auction. This allows conspirators the opportunity to renege on 

earlier collusive agreements. Also, the subjects on the other side of the market may 

withhold purchases during the auction waiting for either lower offers or higher bids. 

Obviously, these two forces do not act independently, as the end of the auction approaches 

more pressure exists to make trades. This will increase conspirators' incentive to cheat and 

nonconspirators incentive to give in. 
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In the experiments conducted by Isaac, Ramey and Williams (1984), using the 

posted offer auction, the opportunity for sellers to change their offers during the auction 

does not exist. Also, buyers' decision is simply either to take the commodity at the going 

offer or refuse to trade. As might be expected, when sellers were given the opportunity to 

conspire in the posted offer market, cheating was greatly reduced. Since offers were 

posted prior to actual trading the opportunity to cheat existed only once. Also, in this 

environment withholding of demand implies buyers are refusing to trade profitable units. 

This reduces buyers' incentive to withhold demand since the immediate effect is a lowering 

of their profits. Therefore, buyers' ability to destabilize collusive behavior is limited. 

However, even though the withholding of demand occurred infrequently in these posted 

offer experiments, the results indicate it has significant potential to limit sellers ability to 

extract monopoly profits. 

Isaac and Walker (1984) report on conspiracy experiments using the sealed bid 

mechanism. In this environment, each subject submits a single bid to purchase a ficticious 

commodity. The quantity sold, either one or three units, was set prior to each period. 

When given the opportunity to conspire, the subjects were very successful at rigging the 

auction's outcome. The authors report of three incidences of buyers cheating on a 

collusive agreements. However, these cases of cheating did not lead to a complete 

breakdown of the cartels with subjects being able to reach future collusive agreements. 

Also, two out of the twelve conspiracy experiments were "blocked" by at least one subject 

openly refusing to go along with the collusive agreement. This tended to lower buyers' 

effectiveness especially when only one unit was being sold. Finally, three conspiracies 

were "null" which implied the discussion among subjects "never proceeded as far as explicit 

conspirational schemes" (Isaac and Walker, 1984, p. 149). 

In these sealed bid conspiracy experiments, no subjects were used as sellers, 

implying the withholding of supply could not be used to destabilize the conspiracy. The 
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results from both the double auction and posted offer experiments suggest that the 

withholding of supply by sellers in a sealed bid auction may be an effective strategy to 

force bids up. However, as in the posted offer auction, the incentive for sellers to 

withhold supply in a sealed bid auction would be low. If withholding of demand or 

supply is to be considered a mtional stmtegy, the subjects must believe that foregoing 

profits in current auctions will increase their profits in future auctions. In the posted offer 

experiments, given that buyers were unaware of the conspimcy opportunity available to 

sellers, it is doubtful they would have any reason to believe withholding of demand would 

be a viable alternative. 

The results from earlier conspimcy experiments indicate that the market institution 

greatly influences sellers' ability to reach and stick with a collusive agreement. The tmding 

mechanism which determines the way agents intemct in a market also influences the 

potential for one side of the market to exert market power by forming a conspiracy. 

Given these earlier experimental results, this chapter considers the ability of sellers to 

effectively collude in a sealed offer auction similar to the type found in a number of 

actual markets. 

Sealed Offer Auction: Theoretical Predicitons 

The sealed offer market implies firms select an offer or price which indicates their 

willingness to sell. The quantity purchased is determined by the buyer and is either 

announced prior to the submitting of offers or is dependent on the lowest offer received. 

All purchases are made from the seller that submits the lowest offer. This institution has 

many chamcteristics which are similar to the Bertmnd "price setting" model. In the 

Bertmnd model N identical firms are assumed to have complete information. Given that 

firms have identical constant avemge cost, the Bertmnd model predicts each firm's offer 

should equal its per unit cost. 



24 

In the sealed offer auction, created in the laboratory. each subject was given the 

same constant marginal cost. Subjects were not informed of either their rival sellers' cost 

or the demand for the good. Therefore, given the Bertrand prediciton, an empirical 

question of interest is how does the existence of incomplete information affect the 

observed winning offers? An issue that is often considered in economic experiments is, 

given that the identical auction is repeated over several periods, will the behavior of the 

market converge to the theoretical equilibrium prediction? 

While Bertrand's model predicts a competitive outcome with prices equaling sellers' 

constant marginal cost, Chamberlin (1948) suggested that firms in an oligopoly industry 

will be able to coordinate strategies implicitly leading to successfully tacit collusion. In 

Chamberlin's model, firms having complete information are able to arrive at a joint profit 

maximizing outcome without any communication. Chamberlin's "small numbers" theory 

indicates that in a sealed-offer auction the ability of sellers to tacitly collude will depend 

on the information in the market. If the offers of all firms are announced, then it might 

be possible for sellers to reach tacit collusive agreements through price signaling. The 

ability of sellers in a sealed-offer experiment to influence market results through price 

signalling is considered below. 

The models of Bertrand and Chamberlin assume noncooperation among the sellers. 

Therefore, the result of the competitive experiments will test these theoretical predictions. 

However, if these identical constant cost selIers are allowed to conspire the observed 

noncooperative equilibrium might be viewed as the "threat" which enforces cooperation 

among selIers. It is possible that subjects will explicitly or implicitly enforce colIusive 

agreements by threatening to set their price at the noncooperative equilibrium level. 

Therefore, the results of the competitive experiments are important since they indicate the 

appropriate noncooperative equilibrium. If tacit collusion is maintained in the competitive 

experiments, the introduction of conspiracy opportunities should only serve to increase the 
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sellers' ability to coordinate strategies. If, however, the Bertrand prediction is correct the 

noncooperative threat implies the penalty for defection will have significant effect on 

subjects' profits. 

Stigler (1964) suggested that since cheating is instantly detected in a sealed offer 

auction, the incentive to cheat would not exist and therefore would never be observed. It 

was noted in Chapter 1 that this prediction depenn.c; on the gains from cheating versus the 

discounted loss in future profits from being detected and punished. The conspiracy 

experiments discussed below could be interpreted as providing an experimental test of 

Stigler'S model. In these experiments, the loss of profits from cheating could be very large 

and in a laboratory experiment where several periods are repeated frequently the discount 

rate should be insignificant. 

In order to increase the cost of cheating and therefore reduce the incentive to cheat, 

the subjects in the sealed-offer experiments, when the opportunity to conspire existed, 

must effectively coordinate strategies. A joint profit ma]; ~mizing cartel must not only 

decide the optimal price, but also needs to determine the ~,ppropriate division of profits 

among its members. This usually implies some mechanism or strategy to divide market 

shares. In a sealed-offer auction, where ·winner takes all", firms trying to conspire must 

use some form of side payments or bid rotation schemes to determine market shares and 

divide the cartel's profits. The results from the conspiracy experiments will consider the 

mechanism used by the cartels to divide profits. 

Comanor and Schankerman (I976) argue that although the use of identical offers 

may lower the cartel's coordiantion cost, a bid rotation scheme will lower the uncertainty 

faced by the cartel and will give its members more control over the distribution of profits. 

The discussion of identical offers offers versus bid rotation has received some attention in 

the literature (Comanor and Schankerman, 1976; Cook, 1963) since the existence of 

identical bids in past auctions has been considered by antitrust authorities to be evidence 

;" 
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of a price fixing agreement among firms. Experimental evidence from Isaac and Walker 

(1985) indicates that in a sealed bid market successful conspiracies choose a bid rotation 

mechanism to determine the winning bidder. 

Experimental Design 

The sealed offer market created in the laboratory consisted of a series of trading 

days or periods. Prior to each trading day, subjects were given their per unit production 

cost. Subjects were given their own production cost but were not told the production cost 

of the other sellers or even the distribution from which these costs were drawn. For each 

tr'dding day or period, sellers would write their offers to sell on a slip of paper. After 

collecting the offers from all sellers, the offers would be ranked from highest to lowest. 

The individual that submitted the lowest offer was declared the winning seller and all 

purchases were made from that seller. After each auction the amount of the winning offer 

and quantity sold would then be announced and written on a chalkboard. 

No subjects were used as buyers. The quantity purchased was determined by a 

demand rule generated prior to the experiment. The only information subjects received 

about the demand rule was the maximum quantity that could be purchased during one 

trading day. This demand rule implied an indirect relationship between the winning offer 

and the quantity purchased, so as the winning offer increased the quantity purchased fell. 

The winning seller's profit equaled the difference between the seller's offer and cost times 

the total quantity purchased which was determined from the demand rule. All other 

sellers' profits equaled zero in that period. 

This inverse relationship between price and quantity implies there exists a unique 

winning offer which maximizes the sellers' joint profit. The demand rule also involved 

several discrete steps with each step occurring at whole quantity units. These 

discontinuous steps created local profit maximizing offers at each quantity level or step. 
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This is an important fact when considering the cartel's ability to find the joint profit 

maximizing price. 

Competitive Experiment Versus Cartel Experiment 

Similar to previous research, baseline or control experiments, called "competitive" 

experiments, were conducted. The "competitive" experiment was the first experiment the 

subjects participated in. During these experiments sellers were not permitted to talk. This 

experimental design served two main purposes. First, it trained subjects in the mechanics 

of the auction process. Second, it provided the baseline or control to determine the 

performance of the sealed offer auction without communication. The "competitive" 

experiment was followed by a separate experiment, designated the "carter' experiment, 

where subjects were given the opportunity to conspire. 

The characteristic that differentiated the "cartel" experiment from the "competitive" 

experiment was the existence of a "recess period" where communication between sellers was 

possible. This brief recess period was provided for the sellers prior to each auction. The 

subjects were told that any topic could be discussed during the recess period. However, 

this recess period was held in a separate area away from where the auction actually took 

place. Subjects were not allowed to bring any papers back and forth from the area where 

the auction was held to the area where the recess period was held. 

communication between sellers could only take place during the recess period. 

Experimental Methodology and Monopoly Effectiveness 

Also, all 

Obviously, the recess period used in the cartel experiments provided sellers the 

opportunity to collude. This environment appears to be very conducive to cooperative 

behavior, although three characteristics of this design could potentially limit sellers' ability 

to achieve the joint profit maximizing outcome. First, demand was unknown which 
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implies sellers needed to search out the joint profit maximizing prir.e. This will tend to 

limit sellers' monopoly effectiveness, especially in earlier periods. Second, although sellers 

may reveal their own production cost it was not possible for subjects to verify rival seller's 

cost. Finally, although sellers were able to discuss any topic necessary to facilitate 

cooperation, including side payments, there existed no mechanism within the experimental 

process to enforce these agreements. Since profits were paid after the experiment was 

over, any side payment agreement made during the experiment could not be finalized until 

after the experiment had concluded when the incentive to cooperate would be much lower. 

As was discussed above, beside the use of side payments, subjects could distribute 

profits either by rotating the winning 'offer among subjects or simply submit identical 

offers and allow the random process used in the experiment determine the winning seller. 

Although identical bids could be used to reduce coordination cost, a bid rotation scheme 

gives the cartel more control over the members' profits. In the sealed-offer market created 

in the laboratory, the coordination costs are minimal, therefore, given the uncertainty in 

the distribution of profits when identical bids are submitted it seems likely the cartel 

would prefer a bid rotation scheme. 

The decrease in uncertainty should indicate the cartel would also demonstrate a 

preference for bid rotation over profit-pooling agreements. Subjects in these experiments 

were not paid until their participation was completed. For many subjects their profits 

were not paid until after they had participated in several other experiments. 

In terms of experimental design and theoretical prediction, a second important issue 

is the revelation of offers. In all but one of the "competitive" experiemnts, only the 

winning offer was revealed. The ability of sellers to tacitly collude should be influenced 

by this feature of the experimental design. Chamberlin's model would predict that 

successful tacit collusion is more likely in a market where sellers have complete 

information concerning rivals' offers in previous auctions. 
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Results From Student Experiments 

As mentioned above, two types of sealed offer experiments, "competitive" and 

"cartel", were conducted on two distinct subject pools, prisoners and students. This section 

reports on the results of the student experiments. The student experiments conducted 

consist of ten "competitive" experiments using subjects with no previous experience in 

economic experiments and twelve "cartel" experiments using the same subjects who had 

previously participated in a competitive experiment. 

Student Competitive Experiments 

In the "competitive" experiments subjects were not allowed to communicate. All 

subjects had identical per unit production costs with each seller being informed of his or 

her cost only. Two different methods were used to reveal cost to subjects. In experiments 

CS2 and CS8 through CSIO, the subjects were given a slip of paper revealing the cost prior 

to each period. In experiments CSI and CS3 through CS7, the subjects' "Record Sheets" 

revealed the production cost for five periods or trading days. After the five periods, 

subjects were given a new Record Sheet which informed them of their production cost for 

five more trading days. See Appendix A for an example of the Record Sheet used in 

these experiments. 

The results from the ten competitive experiments conducted on students are 

reported in Figure 2.1 through Figure 2.5 and Table 2.1. Figures 2.1 through 2.5 are a 

graphical representation of the winning offers for each period for the ten competitive 

auctions. Table 2.1 provides some summary statistics from each of these experiments. 

Figures 2.1 through 2.5 indicate that the sealed offer mechanism, with equal cost 

suppliers, results in very competitive outcomes. Sellers' profits were equal to the markups 

of winning offer above cost times the number of units sold. A one cent markup was 

considered to be the competitive price since an offer equal to production cost implies 
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TABLE 2.1 

S~~~RY OF RESULTS FROM STUDENT COMPETITIVE EXPERIMENTS 

Number of Number of Total Competitive All 
Experiment Subjects Periods Profit Profit Periods 

CS1 3 10 $39.71 $4.00 0.10 

CS2 3 10 16.80 2.00 0.12 

CS3 5 10 2.00 0.40 0.05 

CS4 5 10 3.10 1.00 0.03 

CS5 5 10 8.70 4.00 0.02 

CS6 5 10 2.65 3.00 0.01 

CS7 6 10 7.07 4.00 0.02 

CS8 6 7 3.50 1.40 0.03 

CS9 7 7 5.26 1.40 0.06 

CS10 12 5 2.77 1.00 0.03 

Means 9.16 2.12 .04 

MARKUP 

Last 5 
Periods 

0.01 

0.09 

0.01 

0.01 

0.01 

0.00 

0.00 

0.01 

0.02 

0.03 

.02 

Final 
Period 

0.01 

0.05 

0.01 

0.01 

0.01 

0.01 

0.00 

0.01 

0.01 

0.01 

.01 
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winning sellers received no profit. As indicated by the graphs in Figures 2.1 through 2.5, 

the winning offer converged rapidly to production cost. In eight of the ten student 

experiments the winning offer was equal to or one cent above production cost by the 

fourth period. The rate of convergence is very rapid and in all but one case the winning 

offer fell monotonically. 

Convergence in two experiments, CSI and CS2, was significantly slower than the 

other eight competitive market experiments. Since Experiments CSI and CS2 had only 

three subjects, this result indicates the number of sellers may influence the rate of 

convergence. Although CS4 eventually reached the competitive price, the winning offer in 

CS2 never fell below a five cent markup. While the size of the group seems to have 

slowed the rate of convergence of winning offers, the results in CS2 may have been 

influenced by a remark made by one of the bidders during the experiment. Despite the 

fact that communication was not permitted in these experiments, one subject after the 

third period commented, "We're not going to force the price to $3.01 are we?" In the next 

period the winning offer immediately jumped five cents. Also, as indicated by Figure 2.2, 

the winning offer fell over the last five periods of CS2 reaching its minimum, five cents 

above cost, in the final period. It is interesting to note that the same type of comment was 

made in CS9 with seven subjects. As can be seen in Figure 2.5, this remark had no 

apparent affect on winning offers in future periods. 

Table 2.1 summarizes the important features and results from the competitive 

experiments. In Table 2.1 the number of subjects, number of periods, total profits, 

competitive profits, based on a one cent markup, are reported. Table 2.1 also reports the 

average markup of the winning offer for the entire experiment, for the last five periods 

and for the final period. The results from Figures 2.1 through 2.5 and Table 2.1 clearly 
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indicate that the sealed offer auction with equal cost suppliers rapidly coverges to the 

Bertrand noncooperative equilibrium even in the absence of complete information. These 

• results appear to be insensitive to number of sellers greater than three. 

Communication Via Offers 

The potential for sellers to tacitly collude through price signalling was considered in 

one student experiment. In CS6 the offers of all subjects were revealed after each period. 

The results from CS6 indicate that price signaling does occur but has little effect on 

market results. 

Table 2.2, which reports the offers of all sellers in CS6, reveals two incidents of 

apparent price signaling. Figure 2.3 and Table 2.2 indicates the winning offer had 

converged to one cent above sellers' cost by the third period. In period five, seller 4 set 

his offer equal to $119.37. This may have been an attempt to signal other sellers to raise 

offers or simply an offer made in frustration over the minimal profit levels. Given the 

offer of seller 4 in the next period of $4.01, representing a one cent markup over sellers' 

cost, it is doubtful the previous offer was intended to signal other sellers to raise their 

offers, unless he was immediately attempting to undercut rival sellers. 

The bidding pattern of seller 3 appears to be a more serious attempt at signaling. 

After submitting offers of $4.01 in periods 4 and 5, he raised his offer to $4.50 for three 

successive periods, 6 through 8. Apparently, being unsuccessful at getting other sellers to 

follow his lead he lowered his offer to $4.01 for periods 9 and 10. Figure 2.1 indicates 

that price signaling had no effect on the winning offers, while Table 2.2 shows it had no 

effect on the bidding behavior of any other seller. 



TABLE 2.2 

OFFERS OF SUBJECTS IN CS6 

(All Offers Revealed) 

Period Seller 1 Seller 2 Seller 3 

1 $4.50 $4.75 $4.05 

2 $4.01 $4.04 $4.15 

3 $4.01 $4.01 $4.20 

4 $4.00 $4.01 $4.01 

5 $4.00 $4.00 $4.01 

6 $3.99 $4.01 $4.50 

7 $4.01 $4.01 $4.50 

8 $4.01 $4.01 $4.50 

9 $4.01 $4.01 $4.01 

10 $4.01 $4.01 $4.01 

Seller 4 

$4.25 

$4.19 

$4.10 

$4.04 

$119.37 

$4.01 

$4.01 

$4.01 

$4.01 

$4.01 

Seller 5 

$5.00 

$4.15 

$4.03 

$4.01 

$4.01 

$4.00 

$4.00 

$4.01 

$4.01 

$4.01 
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Student Cartel Experiments 

The same subjects who had participated in a "competitive" experiment also 

participated in a separate experiment where sellers were given the opportunity to conspire. 

This section reports on the results from these "cartel" experiments. The subjects were 

informed, by written instructions, that the auction would proceed exactly as in the 

competitive auction except for the introduction of a "recess period". This "recess period" 

was held prior to every auction and subjects were informed that "ANY TOPIC MAYBE 

DISCUSSED." (See Appendix A.) 

The subjects who participated in the "cartel" experiments discussed in this section 

were given the same per unit cost. The subjects in experiments CTSI through CTS4 were 

given their production cost prior to each period while subjects in experiments CTSS 

through CTSIO were given their cost for five periods at a time. Four different demand 

rules were used in the ten cartel experiments. Table 2.3 reports the relevant facts 

concerning the demand IUle used for the ten cartel experiments. 

In CTSS through CTSIO, two demand rules were used in these experiments. 

Demand 3 (D3) was used first followed by Demand 4 (D4). Both demand rules had the 

same monopoly markup of $0.2S. However, the competitive and monopoly quantity sold 

was different. Demand 3 had a maximum (competitive) quantity of 20 and a monopoly 

quantity of 10 while Demand 4 had a maximum (competitive) quantity of 30 and a 

monopoly quantity of IS. Therefore, the monopoly profit for Demand 3 was $2.50 while 

the monopoly profit for Demand 4 was $3.7S (see Table 2.3). 

Demand 3 was used for six to fifteen periods depending on the ability of the group 

to find the monopoly price. If the winning offer had converged to the monopoly markup 

for Demand 3, then the demand was changed to Demand 4. Depending on how long 

subjects faced Demand 3, Demand 4 was used anywhere from five to fourteen periods. 

The subjects were then allowed to search D4 for its monopoly price. In each experiment 
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TABLE 2.3 

DEMAND RULE INFORMATION 

Maximum 
( Competitive) Monopoly Monopoly Monopoly Competitive 

Demand Rule ~antity guantitl MarkuE Profit Profit 

Demand 1 12 6 $1. 75 $10.50 0.12 
(Dl) 

Demand 2 24 12 0.40 4.80 0.24 
(D2) 

Demand 3 20 10 0.25 2.50 0.20 
(D3) 

Demand 4 30 15 0.25 3.75 0.30 
(04) 
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the subjects were informed that "the demand rule is changing; the maximum quantity will 

now be 30 units." Figures 2.8 through 2.10 indicate by a vertical line while Table 2.4 

reports at which point in the experiment the demand rule changed from Demand 3 to 

Demand 4. 

Figures 2.6 through 2.10 are a graphical representation of the winning offers in 

each period for all the ten cartel experiments, while Tables 2.4 and 2.5 provide some 

summary statistics from the cartel experiments. Figures 2.6 through 2.10 indicate that if 

sellers have the opportunity to conspire prior to auction, the winning offers will be 

significantly above production cost. 

Cartel experiments CTSI through CTS4, Figures 2.6 and 2.7, had only one demand 

rule throughout the entire experiment. The monopoly profit possible from Demand 1 (DI) 

was over twice the monopoly profit of Demand 2 (D2) (see Table 2.1). The cartels in 

CTSI andCfS2 faced Dl, w.ith CTSI successfully finding the monopoly price by the 

fourth period. After searching above and below that price for two auctions in periods 5 

and 6, the cartel returned to the monopoly price for the final four periods. The cartel in 

CTS2 never found the monopoly price. However, the winning offer did converge to a 

markup of $1.25 above cost resulting in a profit of $10.00. Given the discrete steps which 

exist in the demand rule, this $1.25 markup represented a local profit maximizing price. 

The results from experiments CTS3 and CfS4 are very similar to CTSI and CTS2. 

After setting the winning offer equal to cost in the first period, the subjects in CTS3 

quickly raised the winning offer above cost finding the monopoly price by the fifth 

period. The subjects in CTS3 searched for one more period then returned to the monopoly 

price for the final four periods. The subjects in CTS4 were never able to find the 

monopoly markup, however, the price did converge to a $0.33 markup which, as in CTS2, 

represents a local maximum. 
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TABLE 2.4 

SUMMARY OF RESULTS FROM STUDENT CARTEL EXPERIMENTS 

MARKUP 

Number of Number of Monopoly All Last 5 Final 
EXEeriment Demand Subjects Periods Profit Periods Periods Period 

CTS1 D1 4 10 $86.61 $1. 74 $1.77 $1. 75 

CTS2 D1 3 10 85.10 1.33 1.23 1.25 

CTS3 D2 3 12 56.45 0.36 0.40 0.40 

CTS4 D2 3 10 43.45 0.34 0.33 0.33 

CTS5 D3 
3 

6 62.73 0.35 0.35 0.25 
D4 14 0.25 0.25 0.25 

CTS6 D3 
3 

15 
49.55 0.18 0.19 0.20 

D4 5 0.25 0.25 0.25 

CTS7 D3 
4 

9 
50.71 

0.31 0.25 0.25 
D4 11 0.17 0.18 0.19 

CTS8 D3 
4 

10 
59.94 

0.25 0.25 0.25 
D4 10 0.25 0.25 0.25 

CTS9 D3 
5 

8 57.83 0.40 0.25 0.25 
D4 12 0.25 0.25 0.25 

CTS10 D3 
5 

8 
57.90 

0.38 0.26 0.25 
D4 12 0.26 0.25 0.25 

~ 
-....J 
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TABLE 2.5 

MONOPOLY EFFECTIVENESS 

Student Cartel Experiments 

(Percentage) 

Experiment Oemand All Periods Last Five Periods 

CrSl 01 82 98 

crS2 01 81 94 

CrS3 02 91 95 

CrS4 02 88 100 

CTS5 03 67 95 
04 99 99 

CrS6 03 83 99 
04 75 89 

CrS7 03 54 94 
04 97 100 

CrS8 03 84 86 
04 96 95 

CrS9 03 93 98 
04 98 100 

CrSlO 03 72 97 
04 97 100 

Means 01 81.5 96 

02 89.5 97.5 

03 75.5 94.8 

04 94.7 97.2 
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The results from cartel experiments CTS5 through CTSIO represent more evidence 

of sellers ability to form successfully cartels. The change in demand did not diminish the 

cartels' ability to keep the winning offer above cost. Four of the six groups, CTS5 and 

CTS8 through CISlO, converged to the monopoly markup for both demands while the 

groups in CIS6 and CIS7 found the monopoly price for one of the two demand rules (see 

Figures 2.8 through 2.10). 

In general, all groups were very effective at keeping the winning offer above cost. 

The ten groups had 16 opportunities to search a unique demand rule for the monopoly 

price. The groups were able to successfully find the monopoly price 12 times. Sellers 

were also very effective at dividing up the profits from the experiment. 

In all cartel experiments sellers attempted to keep profits equal among the subjects. 

The results from these experiments indicate that all ten cartels used a bid rotation scheme 

to determine winning seller in each auction. This mechanism proved to be very effective 

at dividing the cartel's profits. 

Table 2.5 reports on the calculations of an index, first used by Isaac, Ramey, and 

Williams (1984), which measures the "monopoly effectiveness" of each group in the 

experiment. It is computed by taking the difference between the total profits actually 

received by the subjects and the theoretical competitive profits based on a one cent 

markup and dividing this by the difference between the single price monopoly profit and 

the competitive profit. 

The index of monopoly effectiveness may theoritically vary between zero and one 

in the above experiment". Values greater than one indicate price discrimination by the 

sellers which is impossible in a sealed offer auction. Clearly a value equal to one implies 

the cartel was able to extract all the single price monopoly profits that existed· in the 

market. This measure of monopoly effectiveness was computed for each group and for 

each demand specification for the entire experiment, as well as for the last five periods. 

.., .~ 
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Table 2.5 indicates that in all cases the groups were very effective in keeping price above 

production cost and extracting a large proportion of the monopoly profit for themselves. 

Further Experimental Evidence 

Figure 2.11 reports on two additional experiments that involved slightly more 

complicated cost structures. The experiments were conducted exactly as above except in 

these experiments the sellers no longer had equal cost. In CISII one of the sellers had a 

cost advantage over the other sellers. The seller with the cost advantage varied randomly 

with the minimum production cost being the same in each period. Therefore, each seller 

had an equal chance of being the minimum cost seller and the joint profit maximizing 

offer, based on minimum cost, remained constant across periods. Subjects were not 

informed of the process used to determine their costs. However, they were not prohibited 

from revealing their cost in the recess period. 

The ability of sellers to form stable and effective cartels was virtually unaffected by 

this minor change in the cost structure. Figure 2.11 shows the winning offer converging to 

the joint profit maximizing price. Also, in all except the first period, the subject with 

minimum cost was the seller that submitted the lowest offer implying the cartel was 

maximizing joint profits. 

In CISI2 the cost subjects received each period was chosen from a uniform 

distribution between $6.00 and $7.00. Here again subjects could discuss cost during the 

recess period. Based on the demand rule used in the experiment, the quantity purchased 

varied between zero and ten units as price varied between $7.00 and $6.00. Therefore if 

the winning offer was greater than $7.00, demand was "choked off" with no units being 

sold. 

The winning offers in the first four periods of CISl2 were greater than $7.00. 

After setting the winning offer equal to $7.00 in the third period without selling any units, 



w.o. 

900 • 

8.75 

8.50 

e.25 

6.00 

775 

7.r:Jj 

7.00 

6.75 

CTSll 

E~ +---------------------.---.~--.---.~~~-.~-~.~~ • .-~.~~ 
•••• 6.25 

w.o. 

8.20 

8.00 • 

7.80 

7.60 

740 

7.20 

7.00 

6.80 

6.6C: 

5 6 7 8 9 10 11 12 13 ,4 

Periods 

CTS12 

• 

GAO 

6.20 

6.00 

• • • o 0 00 

3 5 6 7 e 9 10 11 12 13 U 1S 16 '; ,f 

o Cc..mpe':i.ve Pr.c.!; 

o MonOPuly Pric~ 
• Wonn.IIO Oller 

Periods 

Figure 2.11. Winning Offers from CTSll and CTS12 

51 



52 

both sellers received as their cost $7.00 in the fourth period, implying an offer with 

nonnegative profits was impossible. At this point in the experiment an adjustment was 

made to sellers' costs to avoid the reoccurance of this problem. Whenever subjects' costs 

were greater than $6.50, the costs were lowered by fifty cents. This guaranteed the 

existence of a winning offer where positive profits were possible. Subjects were not given 

any information about the process used to initially determine their costs or the adjustment 

that was made to their costs after period four. 

The fact that minimum cost was not the same across periods made the sellers' task 

of searching for the joint profit maximizing price much more difficult. Given that the 

winning offer was submitted by the seller with the lowest cost, the algorithm that could be 

used to calculate the joint profit maximizing monopoly price is: 

where 

P = Monopoly Price m 

P = C + (7.10 -C /2) m m m 

C = Minimum cost of all sellers 
m 

Figure 2.11 indicates that sellers were eventually successful at determining the 

optimal price. From the eleventh period until the eighteenth period the winning offer was 

exactly equal to the monopoly price five times and was within five cents the other three 

periods. Also, the winning seller in every period was the seller with the lowest production 

cost. 

Results from Prisoner Experiments 

The subjects who participated in the experiments reported on in this section were 

inmates at the Arizona State Prison at Florence. The experiments consist of six 

"competitive" experiments and six "cartel" experiments. Experiments were conducted 

exactly as the student experiments above. The subjects had identical cost and faced the 

, '.", 
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same demand conditons as in six of the student experiments, with the subjects being 

informed, using their Record Sheet, of their production cost for one trading week or five 

trading days. 

These experiments, therefore, allow for a direct comparison of prisoner and student 

behavior. The ability of subjects to cooperate and find the monopoly outcome will be 

important when considering the relative influence on prisoner versus student behavior 

when the possiblity of paying penalties exists for colluding. 

Prisoner Competitive Experiments 

The results from the six "competitive" experiments with prison inmates as subjects 

are reported in Figures 2.12 through 2.15 and Table 2.6. The number of subjects in the 

"competitive" experiments ranged from seven to thirteen (see Table 2.6). The results 

indicate that prisoners' behaved very competitively, with the winning offer rapidly 

converging to the seller's cost. Except for period 6 in CP3, the winning offer was never 

greater than one cent above cost by the third period for all six experiments. In some cases 

the winning offer was actually set below cost. An example is period 5 of CPI and period 

8 of CP6 where the winning offer was set one cent BELOW cost. The results from these 

competitive experiments are very similar to the student competitive experiments. 

Table 2.6 reports some relevant statistics from the six competitive experiments with 

prison inmates as subjects. The results reported in Table 2.6 indicate that the winning 

offers in prisoner competitive experiments converged rapidly to sellers' cost. The prisoner 

competitive experiments reaffirm the results that the sealed offer auction with equal cost 

suppliers leads to prices that rapidly converge to the competitive "Bertrand" price. 
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Experiment 

CP1 

CP2 

CP3 

CP4 

CPS 

CP6 

" 

TABLE 2.6 

SUMMARY OF RESULTS FROM PRISONER COMPETITIVE EXPERIMENTS 

WINNING OFFER MARKUP 
ABOVE COST 

Number of Number of Total Competitive All Last 5 Final 
Subjects Periods Profit Profit Periods Periods Period 

7 10 0.50 2.00 0.005 0.006 0.01 

8 10 1.30 2.00 0.014 0.01 0.01 

10 10 0.61 2.00 0.007 0.006 0.00 

12 10 1.60 2.00 0.017 0.004 0.00 

12 10 0.84 2.00 0.009 0.002 0.00 

13 10 0.60 2.00 0.001 0.004 0.00 

VI 
-...J 
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Prisoner Cartel Experiments 

The results from the six prisoner "cartel" experiments are reported in Figures 2.15 

through 2.17 and Tables 2.7 and 2.8. The procedure used for the six "cartel" experiments 

conducted with prison inmates was identical to six of the student cartel experiments, CTS5 

through CTSIO. This implies that the prisoner sellers faced two demand rules, D3 and D4. 

The six cartels consisting of prisoners were very effective at keeping the winning 

offer above cost. Three of the six groups, CTPl, CTP2, and CTP4, converged to the 

monopoly price for both demands. Two other groups, CTP3 and CTP5, after setting the 

winning offer at the monopoly level in earlier periods were within one cent of the 

monopoly markup by the last period for both demand rules. 

The inability of subjects in CTP6 to find the monopoly price could be caused by 

several factors. As mentioned above for the student cartel experiment, it is possible that 

the winning offer could converge to a local maximum. This is clearly not the case in 

CTP6 since the winning offer never converged to any price. The lack of convergence to 

the monopoly markup in CTP6 was the result of cheating. Figure 2.17 indicates the 

winning offer moved erratically throughout the entire experiment. It is interesting to note 

that during the experiment the subjects' reactions indicated that this cheating was being 

instantly detected. However, the repeated occurance of cheating by several members of 

the group did not lead to a total collapse of the cartel with offers being set at the 

competitive price. 

The prisoner cartels also used a bid rotation scheme to determine the winning seller 

and to divide the cartels profits among its members. In CTPI through CTP5 the cartel 

successfully rotated bids in all periods while the subjects in CTP6 were unable to 

implement a bid rotatlon scheme because of cheating. 

Table 2.8a reports the monopoly effectiveness for the six prisoner cartel 

experiments. This is calculated for both Demand 3 and Demand 4 for all periods as well 
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TABLE 2.7 

SUMMARY OF RESULTS FROM PRISONER CARTEL EXPERIMENTS 

Number of Number of Actual All 
Experiment Demand Subjects Periods Profit Periods 

CTP1 D3 3 12 $56.98 0.259 
D4 8 0.255 

CTP2 D3 4 8 58.00 0.33 
D4 12 0.26 

CTP3 D3 5 12 56.41 0.23 
D4 8 0.24 

CTP4 D3 5 10 59.64 0.26 
D4 10 0.26 

CTP5 D3 5 12 53.06 0.26 
D4 8 0.28 

CTP6 D3 5 12 51.22 0.26 
D4 8 0.28 

MARKUP 

Last 5 
Periods 

0.248 
0.25 

0.24 
0.24 

0.25 
0.24 

0.25 
0.25 

0.31 
0.26 

0.31 
0.26 

Final 
Period 

0.25 
0.25 

0.25 
0.25 

0.26 
0.24 

0.25 
0.25 

0.26 
0.26 

0.15 
0.20 

0\ 
N 
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TABLE 2.8 

MONOPOLY EFFECTIVENESS 

(Percentage) 

(a) 
Prisoner Cartel Experiments 

All Last Five 
EXEeriment Demand Periods Periods 

CTPI D3 91 97 
D4 98 100 

CTP2 D3 83 76 
D4 91 94 

CTP3 D3 83 89 
D4 85 78 

Cl'P4 D3 88 99 
D4 97 100 

CTP5 D3 91 97 
D4 98 100 

CTP6 D3 71 97 
D4 ~ ~ 

Means D3 84.5 92.5 
D4 94.2 95.0 

(b) 
Comparison of Monopoly Effect iveness 

Students Versus Prisoners 

Students Prisoners t:statistic 

D3 75.5 84.5 1.38 

D4 94.7 94.2 0.12 
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as for the last five periods. The monopoly effectiveness is very high for all the prisoner 

experiments and compares favorably with the monopoly effectiveness for the students. 

Table 2.8b reports the mean monopoly effectiveness for all 20 periods for both the prisoner 

and student groups. The third column of Table 2.8b reports the result of a two tail t-test 

which investigates the null hypothesis that no statistical difference exists between the mean 

monopoly effectiveness for the prisoner versus the student "cartel" experiments. The results 

indicate that the null hypothesis cannot be rejected at the standard levels of statistical 

significance. 

Conclusion 

The results from both the student and prisoner experiments indicate the sealed offer 

market is very conducive to effective bid rigging. Given the conditions created in the 

laboratory, this trading mechanism facilitates successful collusion in two ways. First, as 

noted by Stigler (1964), the incentive to cheat in this environment is significantly reduced 

or even eliminated since cheating would be instantly detected. However, since all 

agreements are informal or nonbinding, enforcement must occur through the market 

process. Not only must firms be able to detect secret price cutting, there must exist the 

opportunity to punish cheating firms. Since only one incidence of cheating was observed 

in the cartel experiments conducted on both students and prisoners, there appears to be an 

enforcement n~~chanism which deters cheating perfectly. Second, since firms compete over 

time in several identical auctions, the problem of coordinating strategies is reduced. 

Rather than using side payments or profit pooling agreements, firms may adopt a simple 

bid rotation scheme which would be easier to monitor and enforce. 

The conduciveness of the sealed offer market to successful collusion was facilitated 

by the experimental design. In this laboratory environment identical cost sellers 

communicated prior to every period and competed in a market where an equal valued 
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auction was held frequently. These design features ~lowed sellers the opportunity to 

retaliate against other firms that cheated on collusive agreements. This threat of retaliation 

provides the proper incentive for individual sellers to cooperate leading to joint profit 

maximizing outcomes. The fact that these auctions were of equal value and were 

frequently repeated implied a simple bid rotation scheme was a very effective way to keep 

sellers' profits equal. This minimized the difficulty of having to devise elaborate schemes 

in order to keep sellers' profits equal or fair. Also, firms must believe the punishment for 

defection is sufficiently harsh to make cheating a less profitable alternative. The 

noncooperative behavior of subjects in the "competitive" experiments apparently increased 

subjects' willingness to cooperate during the "cartel" experiments. 

Finally, in all of the "cartel" experiments reported on above, the prisoner experiment 

CTP6 provides the only evidence of how cheating influences cart~ls stability. As indicated 

by Figure 2.17 although unstable the group in CTP6 was still able to maintain the winning 

offer significantly above cost. It appears that frequent communication among conspirators 

enables the cartel to coerce the defectors into brief periods of cooperative behavior. The 

next chapter may provide some indication of how communication influence subjects 

response to cheating. In this enviroment cartel members meet less frequently which may 

increase the instablity in the market since if cheating is believed to have occured there 

does not exist an immediate opportunity for the members of the cartel to regroup and 

reach another agreement. 



CHAPTER 3 

COMMUNICATION AND CONSPIRACIES IN A SEALED-OFFER MARKET 

The previous chapter investigated the ability of sellers to collude in a sealed-offer 

market when the subjects were provided the opportunity to communicate before every 

auction. The results from Chapter 2 indicate that when sellers are allowed to conspire 

prior to each period, the market results are substantially different from the same market 

environment when communication between subjects is not possible. The cartels in these 

conspiracy experiments were not only able to "fix" offers significantly above cost but were 

quite successful at finding the price which maximized joint profits. Several characteristics 

of the experimental design seem to contribute to the performance of the sealed-offer 

market in the laboratory. In particular, the contrast in the behavior of sellers in the 

",:;ompetitive" experiments versus the "cartel" experiments, which were reported on in 

Chapter 2, indicates that communication between sellers is a key factor influencing sellers' 

ability to coordinate strategies. 

This chapter considers the significance of sellers' communication on the cartel's 

ability to reach and maintain collusive agreements. The analysis of this chapter is based on 

six laboratory experiments employing the same basic experimental design used in several of 

the experiments reported above. The only significant difference between the experiments 

reported in Chapter 2 and the experiments discussed below is the frequency with which 

sellers were allowed to communicate. Although sellers could freely communicate during 

the "recess period" the frequency of these recess periods was limited. In contrast to the 

conspiracy experiments discussed in Chapter 2 the sellers, in the experiments discussed 

below, were only allowed to communicate once every six periods. 

66 



67 

Communication Between Sellers in a Sealed-Offer Market 

As was discussed in Chapter 1, economic theory is unclear on whether or not 

collusion without a binding agreement is sustainable in an oligopoly market. The design of 

sealed-offer experiments discussed in Chapter 2 incorporated several of the characteristics 

of a market which seem to make it highly susceptible to successful collusion by seIlers. In 

this environment, a small number of sellers with identical and constant marginal cost 

compete in a sealed-offer market selling a homogeneous product to a fixed demand. These 

characteristics appear to provide the ideal conditions for sellers to coordinate strategies and 

reach coIlusive agreements. 

The theoretical, empirical and experimental evidence reviewed in Chapter I strongly 

suggests that the design of the sealed-offer experiments discussed throughout this 

dissertation i" very conducive to successful coIlusion. However, in this environment the 

ability of sellers to form successful cartels appears to be highly dependent on the sellers 

opportunity to conspire. The "competitive" and "cartel" experiments reported on in Chapter 

2 provide two baseline results which drastically emphasize the influence of communication 

on seIlers' ability to successfuIly conspire. The contrast in subjects' behavior between the 

competitive and cartel experiments of Chapter 2 indicates that communication between 

seIlers is a necessary condition for the observance of noncompetitive outcomes in a sealed

offer market. 

Results from traditional economic theory and more recently game theory, which 

have studied the oligopoly problem, suggest that tacit coIlusion by sellers is a likely 

outcome in the sealed-offer market described above. However, the results from the 

"competitive" experiments, reported on in Chapter 2, imply that Chamberlin's "smaIl 

numbers" theory or game theoretical trigger strategies are not able to predict seIler behavior 

in the absence of communication. Although it could be argued that increasing the number 
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of auctions conducted in a competitive environment may change the behavioral properties 

observed, (Alger, 1987), it is doubtful, given the competitiveness of the sealed-offer 

auction, that tacit collusive agreement could be maintained for any significant length of 

time. 

Stigler (1964) predicts that explicit collusion will be very successful in a sealed-offer 

market given that the buyer truthfully reveals the winning offer submitted immediately 

after each auction. The experimental results of Chapter 2 indicates that Stigler's hypothesis 

is essentially correct. In a sealed-offer market where "secret price cutting" can be instantly 

detected, frequent communication between sellers is a sufficient condition which supports 

very stable collusive agreements. A logical extension of these experimental results is to 

consider the degree to which communication between sellers influences market outcomes. 

In other words, if the frequency of communication is limited, what effect does this have 

on sellers' ability to conspire? 

If sellers are allowed to communicate less frequently this is clearly going to increase 

the difficulty of coordinating strategies. The sellers must now determine both the optimal 

price and decide which sellers will win the sequence of auctions. Since sellers faced an 

unknown demand, an effective collusive agreement needs to search out the offer which 

maximizes joint profits (i.e., the single period monopoly price). The inability of sellers to 

collude successfully in this environment can result from four related sources of difficulty. 

First, the number of opportunities for sellers to conspire is not frequent enough to allow 

sellers to coordinate strategies over several auctions. Second, the length of the recess 

period is not sufficiently long enough, therefore, subjects do not have enough time to 

reach a workable collusive agreement. Third, less frequent meetings with rivals may lessen 

a subject's incentive to cooperate since "group effects" such as cohesiveness between cartel 

members or the influence of a dominant individual may be reduced (Hay and Kelley, 

1974). Finally, if the number of auctions between communication episodes is more 
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frequent than the sellers participating in the cartel than a "fair" allocation of profits might 

be more difficult for the cartel members to agree upon. This last source of instability may 

be especially strong if the number of auctions between communication opportunities is not 

perfectly divisible by the number of sellers participating in the cartel. 

These observations emphasize the limitations of a laboratory environment when 

designing heuristic experiments. As has been mentioned several times previously, economic 

theory has difficulty predicting the behavior of sellers in a market where the opportunity 

to reach nonbinding collusive agreements exists. Therefore, economic theory provides the 

researcher with very little guidance in designing experiments to test the effect of 

communication on sellers ability to collude in a sealed-offer market. 

This discussion implies emphasizes the importance of building upon the previously 

reported experimental results. In order to test the effect of limiting sellers' communication 

on collusion, it is critical to control for all other factors which could potentially influence 

observed experimental results. Therefore, to extend the experimental results of Chapter 2, 

the basic experimental design must be held constant with the only significant difference 

occurring in sellers ability to communicate. 

Experimental Design 

Six experiments were conducted using the same experimental design as was reported 

on in the second chapter. Four subjects acting as sellers in sealed-offer auctions read the 

identical instructions as those used for the previously discussed "competitive" experiments 

(see Appendix A). Recalling from Chapter 2, the instructions informed the subjects of 

their own per unit production costs only. After each auction the amount of the winning 

offer and quantity sold would be announced and written on a chalkboard. In the all six 
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experiments the subjects with identical cost faced demand rule D3. This demand rule was 

used for six of the student cartel experiments and all prisoner cartel experiments discussed 

in Chapter 2. 

The experiment started with six "competitive" auctions where subjects were not 

allowed to communicate. After the sixth period the four subjects were given new 

instructions which explained the recess period. A copy of the instructions to the "limited 

communication cartel" experiments is found in Appendix A. As in the previous conspiracy 

experiments, subjects were allowed to discuss costs and profit pooling agreements. The 

only significant difference between these instructions and those for the cartel experiments 

reported on in Chapter 2 was the explanation of the frequency of the recess period. 

Subjects were told that they would now be given the opportunity to talk with other sellers. 

They also were informed that two more recess periods would be held after the 12th period 

and after the 18th period. Finally, subjects were told that after the 18th period a random 

process would be used to determine if the experiment would continue. At this point there 

existed one-out-of-ten chance that the experiment would end prior to each period. 

Subjects were informed that they would have approximately five minutes to meet 

during the recess period. As mentioned above, the length of the recess period is a 

potentially important issue in these experiments relative to the conspiracy experiments in 

Chapter 2. The coordination of sellers' strategies is most likely more difficult when 

subjects are allowed to meet only once every six periods. The length of the recess may 

limit the cartels' ability to reach an effective collusive agreement since an arbitrarily short 

period may not provide the subjects with a sufficient amount of time to coordinate all 

sellers' strategies. The length of the recess period was chosen to minimize the possibility 

that time would be a binding constraint which reduced the cartels' effectiveness. 
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Experimental Results 

The results from the six "limited communication cartel" (hereinafter LCCT) 

experiments are reported in Figures 3.1 through 3.6 and Table 3.1. Figures 3.1 through 3.6 

graphically display the winning offer from each period for the six LCCT experiments. 

The monopoly price in all six experiments equaled $3.25 with the per unit production cost 

of all sellers equaling $3.00. The first six periods were run as competitive experiments 

with no communication. As can be seen in Figures 3.1 through 3.6, the winning offer 

rapidly converged toward sellers' cost. This is consistent with the results from the 

competitive experiments reported on in Chapter 2. 

As was discussed in the section on experimental design, a recess period where sellers 

could discuss any topic was held after the sixth period. As can be seen in Figures 3.1 

through 3.6, this opportunity to conspire had an immediate effect on the winning offer in 

five of the six experiments. For periods 7 through 12, after the first recess period, the 

ability of sellers to sustain winning offers above cost varied. In one experimaent, LCCT2, 

the subjects were apparently unable to reach an agreement or the agreement was 

unenforceable. In LCCTI the subjects were not only able to keep the offer above cost for 

all six periods, but they also set the winning offer in all six periods at the level which 

maximized single period profits. In this experiment, subjects rotated winning offers among 

the four sellers. 

The subjects in LCCT3 were successful at raising the winning offer above cost in 

period 7, however the winning offer equaled $6.00 which implied that the quantity sold 

was zero. The $4.00 winning offer in period 8 also lead to zero units being sold by the 

winning seller. In period 9, given the winning offer of $3.20, the quantity sold was 11 

units. In the periods 7, 8 and 9 the winning seller was the same subject with the other 

sellers' offers being significantly higher. The group had agreed to let one subject, seller 1, 

win all the auctions, then divide the profits among the subjects after the experiment was 
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TABLE 3.1 

PROFITS AND MONOPOLY EFFECTIVENESS FOR LIMITED COMMUNICATION CARTELS 

Monopoly 
Effectiveness 

Experiment Periods Profits (Percentage) 

LCCTl 1-6 1.90 5 
7-12 15.00 100 

13-18 7.80 47 
19-24 14.66 97 

7-24 37.46 82 

LCCT2 1-6 4.70 25 
7-12 1.40 1 

13-18 8.60 54 
19-21 4.80 60 

7-24 14.80 34 

LCCT3 1-6 1.37 1 
7-12 4.57 24 

13-18 12.99 85 
7-18 17.56 55 

LCCT4 1-6 3.60 17 
7-12 13.20 87 

13-18 12.99 85 
19-24 11.00 71 

7-24 37.19 81 

LCCT5 1-6 2.73 11 
7-12 6.80 41 

13-18 13.90 92 
19-24 14.70 97 

7-24 35.40 77 

LCCT6 1-6 4.69 25 
7-12 2.70 11 

13-18 11.33 73 
19-24 11.76 77 

7-24 25.79 54 
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over. However, in period 10 the agreement broke down, when a subject, seller 2, defected 

from the agreement and won the auction. Seller 2 also won the auction in period II and 

12 with offers of $3.03 and $3.01 respectively. 

The subjects in Lcer4 were not only successful at keeping the winning offer above 

cost for periods 7 through 12 but also throughout the entire experiment after period 7. 

The winning offer in periods 7 through 12 was at or near $3.20 for all periods with the 

winning offer being systematically rotated among all four subjects. The cartels in LCCT5 

and LCer6 were able to raise price above cost for four periods, 7 through 10, however, 

the agreement apparently broke down for periods 11 and 12. For LCer5 the winning 

offer in both periods 11 and 12 equaled $3.01. In period 11 of LCCT 6 three sellers 

submitted a low offer of $3.05 and in period 12 the winning offer equaled $3.01. 

The results from periods 7 through 12 after the first recess period for the six 

experiments indicate that while all groups realized the advantage of cooperation, the six 

groups were not equally successful at raising the winning offer above cost. In one 

experiment, LCer2, the subjects were unable to reach an agreement which had any 

significant influence on observed winning offers. The subjects in both LCerl and 

LCer4, however, were quite successful. They had little difficulty keeping the winning 

offer above cost for all six periods after the first recess period. 

Finally, the results from LCer3, LCer5 and LCCT6 are very similar. The groups 

in these experiments were able to initially coordinate strategies enough to raise offers 

above cost, however, in all three cases by the 12th period the winning offer was back 

down to one cent above cost. In LCCT3 it was the case that one seller refused to 

cooperate and forced the winning offer lower while in LCer5 and LCer6 the cartel 

seemed unable to devise an offer rotation scheme to determine the winning seller for the 

II th and 12th periods. 



80 

In these experiments only four subjects participated in the experiments with six 

periods being conducted between recess periods. Although the groups in LCCT5 and 

LCCT6 were able to rotate the winning offer among the four members of the cartel, for 

the first four periods, 7 through 10, with each seller winning one auction, they were 

unable to determine the winning seller for periods II and 12. The offers of all sellers in 

LCCT5 and LCCT6 for periods II and 12 are similar to the type of noncooperative 

behavior observed in the first six periods of the experiment. 

The results from periods 13 through 18 after the second recess period, reported in 

Figures 3.1 through 3.6, indicate that five of the six groups were successful at keeping the 

winning offer significantly above cost for all six periods. Sellers in LCCT4 continued to 

keep the winning offer at or around $3.20. The subjects in LCCT2 were able to reach an 

agreement to hold the winning offer at $3.10 for periods 13 through 16. In period 17 of 

LCCT2 the bid rotation scheme indicated that seller I should have been the winning seller. 

Subjects 2 through 4 all submitted bids equal to $3.11 which was the pattern of previous 

losing bids while seller I won the auction with an offer of $3.09. This offer by seller I 

most likely was intended to search for a price which led to higher profits. However, since 

the winning seller's identity was not revealed, the $3.09 offer in period 17 was interpreted 

as cheating by the other sellers. In period 18 the winning offer equaled $3.04 and the 

other three sellers all submitted offers which were less than $3.10. 

In LCCT3, LCCT5 and LCCT6 the sellers were able to reach a second collusive 

agreement which in contrast to periods 7 through 12 was sustained for all six periods. In 

LCCT3 the cartel designated seller I as the winner of all auctions held in periods 7 

through 13 with all other sellers making offers greater than $3.21. Seller 1 appeared to be 

given the opportunity to search for the optimal price, however, seller 3, after making an 

offer of $5.00 in period 13, made a $3.22 offer in period 14 and set his winning offer at 

$3.30 for the final four periods, 15 through 18. The offers of seller 3 does not appear to 
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be an attempt to cheat, but rather seems to have been used to place an upper bound on 

seller l's ability to search. 

In LCCfS and LCCf6 the subjects rotated the winning offer successfully among 

the cartel members. In LCCf5 the winning offer varied between $3.20 and $3.30 with 

each seller taking his or her tum for the first five periods. In period 18 two sellers, 

subjects 1 and 2, submitted the low offer of $3.20. However, based on the previous 

sequence of winning offers, the winning seller should have been seller 3, but his offer 

equaled $3.90. It appears the tie in period 18 was either a mistake or agreed on in the 

previous recess period. The subjects in LCCf6 were able to maintain offers at or around 

$33.14 for all six periods after the second recess period. The winning offer was rotated 

among the four subjects with no seller winning the auction "out of tum." 

The results from LCCf] provide the only evidence of a complete breakdown of a 

collusive agreement after the second recess period. Although for periods 7 through 14 the 

winning offer equaled the monopoly price, some members of the cartel wanted to try a 

much higher offer. In the second recess period the subjects agreed to let seller 1 win the 

auction with an offer of $4.00, which based on the demand rule, implied the quantity 

purchased equaled zero. The cartel apparently did not have a contingency plan to handle 

this outcome. In period 8, seller l's offer of $3.24 was equal to the offer of seller 2. 

Seller 1 was chosen the winning seller based on a random process used in the experiment 

to break ties. In the next period the collusive agreement broke down. Although seller 3, 

whose tum it was to win the auction, submitted an offer of $3.25, the other three sellers' 

offers were less than $3.25 with seller 2 winning the auction with an offer of $3.01. While 

seller 3 continued to stick with the agreement in period 18 by submitting an offer of 

$4.02, sellers 1 and 4 set their offers at $3.01 while seller 2's offer equaled $3.02. 

The subjects had a final recess period after the 18th period. Also, after the third 

recess period, the subjects were informed there was a one-tenth probability the experiment 
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would end prior to every period. The subjects were not told that if the experiment had 

not ended by the 24th period the experiment would be automatically stopped. Two of the 

six experiments were terminated prior to the 24th period with LCCT2 being stopped by 

the random process after the 21st period and LCCT3 being stopped after the 18th period. 

The results from the five experiments which continued past the 18th period were very 

similar. All five groups were able to keep the winning offer above cost for all periods. 

Four of the five groups rotated the winning offer among the four sellers in the cartel 

while the subjects in LCCT3 continued to have seller I win every auction. 

The groups in the six limited communication cartel experiments did not search for 

the profit maximizing offers as much as subjects in the full communication cartel 

experiments, discussed in Chapter 2. However, four groups in the LCCT experiments 

were able to obtain a local profit maximizing offer and· the winning offer from the other 

two experiments, LCCTI and LCCT5, actually converged to the monopoly price. 

Limited Communication and Monopoly Effectiveness 

Table 3.1 reports data on the profits and monopoly effectiveness for the six 

experiments. Recall from Chapter 2 that monopoly effectiveness is calculated for a given 

number of periods by computing the difference between the actual profits earned by the 

cartel and the competitive profit based on a one cent markup and dividing this by the 

difference between the theoretical monopoly profits and the competitive profit. 

The data is broken down into four categories based on the three recess periods. 

The first row reports for each group the total profits earned and the monopoly 

effectiveness for the first six periods. The second and third rows report the profits earned 

and monopoly effectiveness for the six periods following thp first and second recess 

periods. For LCCTI, LCCT2 and LCCT4 through LCCT6 the fourth row reports the 

profits and monopoly effectiveness for the random-ending periods that followed the final 
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recess period. The final row for each group reports the total profits and monopoly 

effectiveness for the conspiracy periods, which represents the data from all auctions held 

after the first recess period. 

The results reported in Table 3.1 clearly indicate that the cartels were, in general, 

able to extract a higher portion of the monopoly profit during the conspiracy periods. In 

four of the six experiments, LCCT2, LCCT3, LCCT5 and LCCT6, the measure of 

monopoly effectiveness increased after each recess period. In LCCT4 the monopoly 

effectiveness was equal to 87 and 85 percent for the twelve periods after the first two 

recess periods, but fell to 71 percent for the six periods after the third recess period. 

However, as indicated by Figure 3.4, the cartel in LCCT4 was able to keep price 

significantly above cost after the third recess period but elected to set the offer in period 

19 at $10.00. The zero profit earned in this period greatly reduced the cartel's monopoly 

effectiveness. 

Figures 3.1 through 3.6 along with Table 3.1 also implies that the cartels became 

more stable and effective with experience. As was mentioned above, in the five 

experiments which went beyond the 18th period the cartels were able to avoid a 

breakdown of the collusive agreeement, with the winning offer stabilizing at a level well 

above cost for all auctions after the 18th. 

Full Versus Limited Communication 

The outcome of the six experiments discussed above supports the hypothesis that 

limiting the frequency of collusion will decrease the cartels ability to successfully and 

effectively collude. In contrast with the "full communication cartel" experiments of 

Chapter 2, the behavior of sellers in the "limited communication cartels" experiments lead 

to three conclusions. First, the cartels which formed in the LCCT experiments were more 

unstable. In five of the six experiments discussed above, the cartels were unable to avoid 
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a complete breakdown of the collusive agreement with the winning offer falling to the 

competitive price. Second, the cartels were less effective at extracting mononoply profit 

from the market, with only two of the six cartels being able to find the monopoly price. 

Third, the instability of the market in the "limited communication cartel" experiments 

decreased as subjects gain experience. After the third recess period the five groups who 

continued in the experiment were able to hold the winning offer above cost for all periods. 

Table 3.2 contrasts the monopoly effectiveness of the six student "full 

communication cartel" experiments reported in Chapter 2 with the six "limited 

communication cartel" experiments discussed in this chapter. In Table 3.2 the data reports 

the mean monopoly effectiveness for the first eight periods for the twelve student groups 

which faced Demand 3. The first column of Table 3.2 represents which period the 

observation occurred. The next column reports the mean monopoly effectiveness for the 

six cartels that were allowed to communicate prior to every period. The third column 

reports the same for the six cartels that communicated only once every sixth period. The 

final column of Table 3.2 reports the value of t-sl:atistics which were calculated to test for 

a statistically significant difference between the cartels' monopoly effectiveness under full 

communication versus limited communication. 

The results from Table 3.2 indicate that in every period except the first the 

monopoly effectiveness was greater in the full communication experiments than in the 

limited communication experiments. The results from a one tail t test indicate that in four 

of the eight periods the null hypothesis that the mean monopoly effectiveness for the full 

communication cartels was less than or equal to the mean monopoly effectiveness for the 

limited communication experiments could be rejected in favor of the alternative hypothesis 

that the mean monopoly effectiveness was larger for the full communication experiments 

versus the limited communication experiments. 



TABLE 3.2 

MEAN MONOPOLY EFFECTlVEWESS 

Full Limited 
Communication Communication 

Period (ME
F

) (MEL) 

1 37 40 

2 55 38 

3 71 54 

4 89 62 

5 92 39 

6 94 31 

7 96 81 

8 96 83 

a: significant at a 90 percent level of confidence 

b: significant at a 95 percent level of confidence 

HO:MEF~MEL 

t-statistic 

-0.90 

0.58 

0.67 

1.87a 

2.9lb 

3.llb 

2.35b 

1.58 

85 
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Since the cartels faced an unknown demand curve the groups ability to search for 

the monopoly price will be reflected in the group's monopoly effectiveness. The fact that 

groups who were allowed to communicate prior to every period had a higher monopoly 

effectiveness implies that they were more successful at forming stable cartels and were also 

more effective at finding the joint profit maximizing price. The more frequent 

opportunities to conspire gave the cartels the opportunity to discuss the winning offer prior 

to every period. A comparison of Figures 3.1 through 3.6 above with Figures 2.8 through 

2.10 from Chapter 2 indicates that subjects in the "full communication cartel" experiments 

found the monopoly price in five out of six experiments for D3 while the cartels in the six 

limited communication experiments found the monopoly price only twice. 

The searching of an unknown demand is limited in these later experiments for three 

reasons. First, being able to communicate prior to every period implies the cartel needed 

to agree on the winning offer for only one period in advance. In the limited 

communication cartels the winning offer, in general, would change in the period right 

after the recess period and was changed less frequently relative to the winning offer in the 

full communication cartels. Second, since the winning seller is not announced, the subjects 

may be unsure whether a low offer is search behavior by a designated winning seller or a 

defection from the cartel. LCCf2 provides an example of this uncertainty leading to cartel 

instability. Third, more frequent communication allows subjects the opportunity to pool 

information concerning the optimal or profit maximizing offer more efficiently. 

Conclusions 

In contrast to the auctions where subjects were unable to communicate, the 

opportunity to conspire has a significant effect on the winning offers observed in a sealed

offer market. The experimental evidence supports the hypothesis that communication is a 

necessary condition for sellers to collude successfully in a sealed-offer market. 
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The behavior of subjects when given the opportunity to conspire leads to the second 

conclusion that the frequency of collusion influences the ability of sellers to form 

successful and effective cartels. Limiting the frequency of communication limits the 

cartels' collusive abilities for two separate reasons. First, the cartel has a more difficult 

time reaching agreements which can be maintained over several auctions. Second, the 

cartels, when communication was limited were less successful at finding the offer which 

maximized joint profits. However, it is important to note that limiting sellers' opportunity 

to communicate did not completely eliminate collusion but just limited its effectiveness. 

Finally, the subjects in the limited communication experiment appeared to be more 

effeqtive at obtaining successful collusive agreements the more experience (i.e., recess 

periods) they received. The cartels that experienced a breakdown of the collusive 

agreement were always more successful after their next recess period. 

This observation is supported by the auction results after the third recess period. 

However, this behavior could also be influenced by the changes in the experimental 

procedure. After the third recess period, the experiment had a one-tenth probability of 

ending, therefore, the subjects were uncertain how long the experiment would continue. 

This uncertainty along with the fact that this was the final recess period could increase 

subjects' incentive to cooperate. In previous .ecess periods the cartel knew their colusive 

agreement needed to last only six periods, therefore any breakdown could be rectified in 

the next recess period. For the first two recess periods, if the cartel was unable to reach 

an agreement, (e.g., LCCf2) or were unable to determine the winning seller for all six 

periods, (e.g., LCCfS and LCCf6) the subjects knew the cost of this failure would not 

continue for the remainder of the experiment. 



CHAPTER 4 

DETERRING COLLUSIVE PRICE SETTING IN A SEALED-OFFER MARKET 

The previous two chapters considered the ability of sellers in a sealed-offer market 

to reach . stable and effective collusive agreements. The results from the economic 

experiments, reported in chapters 2 and 3, indicate that sellers when given the opportunity 

to communicate are very successful at maintaining offers above sellers' cost. In an 

antitrust environment this type of explicit collusive activity would be considered illegal. 

This chapter attempts to investigate how the threat of antitrust enforcement affects sellers' 

willingness to set prices at monopoly levels. The experiments reported on in this chapter 

attempted to simulate antitrust enforcement by subjecting the cartels to randomly imposed 

monetary penalties whenever the observed winning offer was greater than seller's cost. 

The main objective of these experiments was to investigate the relative 

responsiveness of collusive price setting to various combinations of detection and penalty 

levels. The laboratory setting allows the experimenter to control the enforcement 

mechanism and enables an experimental test of the relative effectiveness of changes in the 

probability of detection to changes in the penalty level if detected. Therefore, this 

controlled environment can be used to test the "deterrence hypothesis" based on expected 

utIity theory which has been inspired by the seminal work of Becker (1968) as well as 

Breit and Elzinga (1973). 

A model of cartel behavior which formulates the deterrence hypothesis is developed 

in the next section. The behavioral predictions of this model are del->endent on the 

underlying risk attitudes of cartel members. As in Chapter 2, the experiments reported on 

in this chapter were conducted on both college students and prison inmates. There exists a 
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substantial amount of experimental literature (Cox, Roberson and Smith, 1982 and Isaac 

and Walker, 1985) which supports the hypthesis that college students behave as if they are 

risk averse while the criminology literature (Becker, 1968) suggests that criminals, 

especially convicted criminals, are risk takers. Therefore, these diverse subject pools 

provide two independent tests of the deterrence hypothesis discussed below. In the 

following section the experimental design is discussed. This is subsequently followed by 

the experimental results. This section .investigates the ability of the model to predict cartel 

behavior. 

A Simple Model of Cartel Behavior 

This section presents a simple cartel choice model which is useful in predicting the 

behavior of a cartel facing uncertain monetary penalties for collusion. The model assumes 

"group von Neumann-Morgenstern utility function" or, in other words, a single cartel 

objective function. which satisfies the standard axioms of expected utility theory. Given 

the cartel is made up of N independent agents it is necessary to make rather specific 

assumptions concerning the optimal sharing function used by the cartel to distribute profits 

and losses among its members. Wilson (1968) shows if the cartels' objective function is a 

linear weighting of the expected utility functions of its members then it is possible to 

assume there exists a single "representative" utility function for the cartel. Wilson's static 

choice model assumes the individual members of the group choose an optimal sharing 

function which in tum maximizes group welfare. The cartel's risk attitudes can be 

determined by summing the individual Arrow-Pratt absolute risk measures (Wilson, 1968, 

p.l28). 

In the model below, individuals acting as a group must choose between the 

competitive return which is received with certainty and the collusive return which involves 

an uncertain outcome. Therefore, collusion is defined here as the decision to "fix" price 
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above cost and deterrence will be defined as winning offer equal to or less than seller's 

cost. This definition of price fixing was based on the experimental design described 

below. Although this definition of illegal price fixing may not perfectly correspond to the 

current judicial interpretation, it does serve to greatly simplify the experimental process. 

While enforcement mechanisms based on sellers' decisions to meet might be more realistic, 

the chosen mechanism, based on observed winning offer, seems to provide a reliable first 

approximation which allows for a simple test of the model presented below. 

In this model the cartel faces a fixed penalty with some known probability 

whenever the winning offer is greater than sellers' costs. The cartel is allowed to retain 

the profits it earns regardless of whether or not it is forced to pay the penalty. The cartel 

can only avoid the penalty if the winning offer is equal to or less than cost. Therefore, 

the cartel will set the winning offer above cost and risk the penalty whenever the 

following expression is positive 

L(o, W, 11" ,F) == (1-0) U(W+1I" ) + OU(W+1I" -F) - U(W) m m m 
(I) 

where 

0: probability of detection when the cartel sets price 

above cost 

U(·): cartel's objective function, with U'(-»O 

W: total wealth or competitive earnings of the cartel 

members 

11" : profit from setting price at monopoly level m 

F: sanction level or penalty paid if cartel is detected, 
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The probability of detection is assumed to be independent of the winning offers 

markup above cost. Therefore, the cartel's decision is either to set the winning offer at the 

competitive price where no penalty is possible or the full monopoly markup and face with 

probability 0 the penalty F. 

From equation (I) it is obvious that either an increase in the probability of 

detection or the sanction level will decrease the cartel's incentive to collude. Stated 

formally as 

(2) 

and 

8L = -c5V'(W+7r -F) < ° 
8F m 

(3) 

Both results follow from V'(·) >0. Note the sign of (2) and (3) are independent of the 

cartels risk attitudes. However, while increases in c5 and F will tend to lower a cartel's 

incentive to collude, any change in the cartel's behavior when c5 and F change is dependent 

on the cartels risk attitudes. 

If the cartel is risk averse, V"O<O, equation (I) will be positive only if the expected 

profit from collusion is positive. Here concavity of V(·) implies 

(4) 

Since V'O>O, it is clear the LHS of (4) is greater than V(W) only if 7r-c5F>O and equation 

(I) may not always be positive even then. Therefore, a risk averse cartel will be 

completely deterred from collusion when the expected profit from collusion is nonpositive 

and, depending on its degree of risk aversion, will also be deterred at some positive 

expected profit levels. 

For a risk neutral cartel, implying V"(')=O, the behavioral prediction is 

straightforward. If 7r-c5F>O the cartel will always choose collusion; if 7r-c5F<O the cartel will 
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be completely deterred; and if 1I"-eSF=O the risk neutral cartel will be indifferent between 

collusion and the competitive return. 

Finally, for a risk taking cartel where U"O>O, collusion will always be chosen if 

1I"-eSF~O and will be chosen sometimes when 1I"-eSF<O. Here convexity of U(·) implies, 

(l-eS) U(W+1I" ) + eSU(W+1I" -F) > U(W+1I" -eSF) m m m (5) 

Therefore, it is possible for expected profit to be negative, i.e., 1I"m -eSF<O, implying 

U(W+1I" -eSF)<U(W), but still observe a risk-taking cartel choosing collusion. m 

Therefore, changes in the detection level, eS, and the penalty paid if detected, F, 

will influence a risk averse cartel only when 1I"m - eSF > O. For a risk taking cartel, 

changes in eS and F can potentially influence collusion only if 11" - eSF < O. m 

Using the above results, the relevant deterrence effect from a change in the 

detection level relative to a change in penalty amount can be determined. Consider the 

special case where both the probability of detection and the penalty level are changed so as 

to leave the expected profit from collusion, E(1I") = 11" - eSF, unchanged. In other words, a m 

change in both eS and F such that the following holds, 

dE(1I") = -eSdF - FdeS = O. 

Therefore, 

(6) 

Equation (6) equals the change in the penalty (dF) necessary to hold expected profit 

constant when the probability of detection changes (deS). Totally differentiating L(') with 

respect to eS and F implies 

_ aL(') aL(·) 
dL(eS, W, 1I"m' F) - aeS deS + aF dF 

and 



dL 8L 8L dF 
d5 = 85 + 8F d5· 
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(7) 

This derivative can be solved to obtain the effect on a cartel's in~entive to collude 

given a change in 5 which is compensated by a change in F so as to leave the expected 

profit from collusion constant. Substituting equations (2), (3) and (6) into equation (7) 

implies 

dd~ = U(W+7r -F) - U(W+7r ) + U'(W+7r -F)F. 
" m m m 

(8) 

Using the mean value theorem (8) can be written as 

dL = FIU'(W+7!" -F) - U'(W*)] 
d5 m 

where 

W+7!"' - F < W* < W + 7r . m m 

Therefore, for a compensated change in F, ~; is negative, zero or positive whenever U"(·) 

is positive, zero or negative. 

This result indicates that a compensated increase in 5, leaving the expected profit 

from collusion unchanged, will have a deterrence effect if the cartel is risk taking, will 

have an incentive effect if the cartel is risk averse and will have no effect if the cartel is 

risk neutral. Again this result depends on the expected profit from collusion. The 

behavior of a risk averse cartel will be influenced by changes in 5 and F only if the 

expected profit from collusion is positive and a risk taking cartel's behavior will only be 

influenced only if expected profit from collusion is negative. For a risk neutral cartel 

changes in 5 and F will influence collusion only around the zero expected profit level. 

The above result can be generalized to determine the relative effect of changes in 

the detection level versus changes in the penalty amount. The elasticity of L with respect 

to F is greater than, equal to, or less than the elasticity of L with respect to 5 as U"O is 
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less than, equal to, or greater than zero. In other words, the deterrence effect from 

changing the penalty level is relatively more, equal to or less effective as an equivalent 

change in the detection level as the cartel displays a risk averse, risk neutral or risk taking 

attitude. 

Finally, for changes in the cartels' wealth, 

:~ = (1-0) U'(W+1I'm) + oU'(W+1I'm -F) - U'(W). 

The sign of this derivative depends on the cartels' absolute risk attitudes. Rewriting gives 

aawL = U'(W+1I' ) - U'(W) + cS[U'(W+1I' -F) - U'(W+1I' )] 
m m m 

(9) 

If the cartel displays decreasing absolute risk aversion then the sign of (9) can be 

derived by a simple application of the mean value theorem, where 

U'(W+1I' ) - U'(W) = 11' U'(W) for W < W < W + 11' m m m 

and 

U'(W + 11' - F) - U'(W+1I' ) = -FU"(W) for W + 11' - F < VI < W + 11' • m m m m 

Substituting into (9) implies 

aL = U"(W) 11' - oFU"(W) aw m (10) 

Now decreasing absolute risk aversion implies U"'(W) > 0 which further implies that W > 

Wand U"(W) > U"(W). Therefore, equation (10) is guaranteed to be positive if 11' - of > 
m 

O. Hence, a risk averse cartel's willingness to collude will increase as its wealth increases 

whenever the expected profit from collusion is positive; i.e., 11' - of > O. 
m 

For a risk-taking cartel the behavioral prediction when wealth changes is not easily 

determined. Decreasing absolute risk aversion is a widely accepted postulate which as 

noted by Arrow (1972, p.96) "seems supported by everyday observation." However, there 

exists no such accepted convention for individuals with risk-taking attitudes. For the 

model above, even though decreasing absolute risk taking implies W > Wand U"(W) > 
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U"(W) given that lI'm - SF < 0 must be true, it is still not possible to sign (10) without 

further information. 

Experimental Design 

Twelve groups with six groups consisting of college students and six groups 

consisting of prison inmates participated in a series of five separate experiments. The five 

experiments were conducted over a five week period with one experiment beme held each 

week. The first experiment was called a "competitive" experiment where no communication 

was possible. The first twenty periods of the second experiment, denoted as a "cartel" 

experiment, gave the subjects the opportunity to conspire prior to every auction. The 

results from these experiments, discussed in Chapter 2, indicate that when subjects are 

allowed to freely communicate prior to every auction, very stable and effective collusion is 

observed. Given this environment, which induces the formation of successful cartels, the 

experimental design was changed slightly in an attempt to simulate antitrust enforcement. 

This was accomplished by the introduction of randomly imposed monetary penalties. 

These randomly imposed monetary penalties were introduced to test the influence of 

antitrust enforcement on the cartel's willingness to collude. The subjects in the cartel 

experiments were introduced to antitrust enforcement starting in the twenty-first period. 

Prior to the twenty-first auction subjects were given new instructions which explained the 

penalty process.l Subjects were informed that whenever the winning offer was greater 

than the minimum cost of all sellers there was a chance that a penalty would be assessed 

against the sellers. At the beginning of each period, the amount of the penalty and the 

probability of it occurring was announced. After announcing the probability level and 

lAppendix A contains an example of the instructions given to the subjects prior to 
the twenty-first period. 
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penalty amount but prior to the making of offers, the sellers were given the "recess" 

period. The recess period, which previously allowed the cartel to negotiate very effective 

collusive agreements, now provided the cartel the opportunity to consider the explicit risk 

from collusion. 

If after the recess period the results from the auction indicated the winning offer 

was greater than the minimum cost of all sellers a bingo cage was used to determine 

whether a penalty would actually be imposed. The bingo cage contained 20 balls and 

depending on the probability level, 2, 4 or J/) Qf these bingo balls were designated as 

penalty balls. The bingo cage and bingo balls were in full view of the subjects. Subjects 

were asked to inspect the bingo balls to verify aIhie actual numer of penalty and 

non penalty balls being used in any trading penon. If the bingo cage 'was used the bingo 

ball chosen was sho'Nn to one of the subjects to be read aloud. If on a roll of the bingo 

cage one of the penalty balls was chosen, then the subjects had to pay the penalty; 

otherwise no penalty was charged. 

If the penalty was charged it was paid in equal shares by all subjects. This feature 

of the experimental design was introduced to decrease the possibility 1ihat a subject's profit 

would become negative. Subjects were not expected to pay back negative profits, 

therefore, in order to induce the proper incentives it was necessary to keep subjects' 

accumulated profits significantly positive so even the largest penalty would not force a 

subject's total profits negative. 

The instructions used to explain the penalty mechanism also informed the subjects 

that the experiment was guaranteed to run ten additional periods or "trading days" and 

after the tenth period there was a one-tenth chance the experiment would end after each 

period. Subjects were not told the experiment would be automatically stopped if this 

random termination process did not end it wjthin five periods. Table 4.1 presents the 

penalty specifications used for the periods twenty-one through thirty-five of the "cartel" 
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TA:dLE 4.1 

DEMAND, PENALTY SPECIFICATIONS AND EXPECTED PROFITS 

FOR CARTEL EXPERIMENTS 

Period* Demand * * Probabilitl: Penaltl: Expected Profit 

21 D4 .25 $ 5.00 +2.50 

22 D4 .25 14.00 +0.25 

23 D4 .25 10.00 +1.25 

24 D4 .25 20.00 -1.25 

25 D4 .25 30.00 -3.75 

26 D3 .25 14.00 -1.00 

27 D3 .25 5.00 +1.25 

28 D3 .25 10.00 +0.00 

29 D3 .25 30.00 -5.00 

30 D3 .25 20.00 -2.50 

31 D3 .1 25.00 +0.00 

32 D2 .25 10.00 +0.00 

33 D4 .5 10.00 -1.25 

34 D4 .25 10.00 +1.25 

35 D4 .5 10.00 -1.25 

*After the 30th period there existed a one-tenth chance the experiment 
would end prior to each period. 

**Demand D4: Monopoly Profit - $3.75 
Demand D3: Monopoly Profit - $2.50 
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experiment. It also gives the demand rule that was used for each period as well as the 

expected profit from collusive price setting in each of these periods. Since profits equaled 

zero if the winning offer equaled cost a contract bonus was used to compensate the 

winning seller when the winning offer equaled that seller's cost.2 

Deterrence Experiments 

These same groups participated in three more experiments which were designed as 

pure "cartel deterrence" experiments. In these experiments subjects faced the possibility of 

penalties in all periods. Subject's profit from the competitive and cartel experiments were 

carried forward and served as the cartel's assets or wealth going into the cartel deterrence 

experiments. The subjects' Record Sheets for the experiment informed them of their 

previous profits from earlier experiments (see Appendix A). 

As noted above, this feature of the experimental design was important if the cartel 

members were to be faced with penalty specifications involving low detection probabilities 

and high sanction levels. All the profits earned and penalties paid in the final three 

experiments were added to or subtracted from these previous profits. The winning seller 

was allowed to keep the profits earned and his/her share of the penalty was subtracted 

from these profits. All other sellers simply subtracted their share of the penalty from their 

total previous profits. All profits from the five experiments, including the three deterrence 

experiments were paid after the final deterrence experiment. The student subjects were 

paid by check and the prisoner subjects were paid by deposit into their prison "bank" 

account. Prisoners are able to spend money in the prison "store" and can also transfer 

2For the experiments conducted on students and two experiments conducted on 
prisoners, the contract bonus equaled $1.00 for periods 21-35. The other four 
prisoner experiments had a contract bonus equaling $0.50 for periods 21-35. For the 
remaining three cartel deterrence experiments discussed below the contract bonus 
equaled $1.00 for the students and $0.50 for the prisoners. 
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money from their bank account to individuals inside (other prisoners) or outside (i.e., 

family members) the prison. 

Since the experiments were conducted over several weeks it allowed the groups the 

opportunity to make repeated choices over prospects involving uncertain outcomes. The 

results of this process may give some indication of how subjects behavior changes as their 

experience with uncertain prospects increases. Theoretical predictions suggest wealth 

effects may influence subjects willingness to accept risk. However, there also exists a 

substantial amount of experimental results from both psychology and economics 

(Kahneman and Tversky, 1979, Grether and Plott, 1980) where individual behavior is 

reported to be inconsistent with the predictions of expected utility theory. The results 

from the deterrence experiments will be examined to determine if groups' behavior appears 

to violate expected utility theory and how subjects' experience influences the group's 

behavior. 

Thirteen different penalty specifications or distinct combinations of detection and 

sanction levels were used in the deterrence experiments. Table 4.2 reports these penalty 

specifications as well as the corresponding expected value of setting the winning offer 

equal to the monopoly price. The penalty specifications in Table 4.2 were chosen to 

provide a test of the effect on collusive markups from a change in 1) the expected value 

of collusion, 2) both the expected value and dispersion of returns to collusion, and 3) the 

dispersion of returns to collusion. In terms of changes in detection and sanction levels 

these three effects correspond to a change in: I) the detection level holding constant the 

sanction level, 2) the sanction level holding constant the detection level, and 3) both the 

detection and sanction levels that exactly offset each other so as to leave expected profit 

constant. 



TABLE 4.2 

PENALTY SPECIFICATIONS 

EXPECTED 
PROFIT * PROBABILITY = .1 PROBABILITY = .25 PROBABILITY = .5 

Penalty Type** Penalty Type** Penalty Type** 

+2.00 5.00 B 

+1.25 12.50 B 5.00 A,C 

0 25.00 B,C 10.00 A,B,C 5.00 A,B,C 

-1.25 15.00 B,C 

-2.50 50.00 A,C 20.00 A,C 10.00 A,C 

-5.00 30.00 A,B,C 15.00 B,C 

-7.50 40.00 A,C 

*Winning offer monopoly price 

**Experimenta1 treatment where penalty specification appeared. 

...... 
o 
o 
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Experimental Treatments 

The penalty specifications in Table 4.2 were used to create three specific types of 

experimental treatments: A, B, and C. Treatments A, B and C differed by the penalty 

specifications which appeared in each. Table 4.2 indicates the penalty specifications which 

appeared in each experimental treatment. The groups faced treatments A and B during the 

first two deterrence experiments with treatment C being used in the final experiment. As 

can be seen in Table 4.2 each experimental treatment provided an independent test of the 

deterrence hypothesis. Although the experimental treatments were designed to control for 

the potential existence of order effects within experiments and treatment effects across 

deterrence experiments, statistical tests indicate no significant difference existed in either 

case. Therefore, the analyses of this chapter are based on data from all periods for all 

three deterrence experiments. 

Appendix B discusses the design of the experimental treatments in greater detail and 

reports the results of the statistical tests which consider the potential for differences in the 

penalty specification existed within and across experimental treatments. 

Experimental Methodology and Collusive Price Setting 

The model presented above implies very distinct predictions concerning the behavior 

of a cartel to changes in the probability of detection and/or the penalty paid if detected. 

If it can be assumed that there exists a single cartel objective function which satisfies the 

axioms of expected utility theory, then the ability of various combinations of detection and 

penalty levels in deterring collusion will be dependent on the cartel's risk attitudes. 

These experiments can be interpreted as providing a test of the expected utility 

theory concerning the relative responsiveness of collusion to various combinations of 

sanction and detection levels. However, since a cartel's behavior will be dependent on its 

members' risk attitude, the results from these experiments will be useful in comparing how 
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the behavior of cartels made up of college students differs from the behavior of cartels 

made up of prison inmates in their response to risk. Given the ability of both student and 

prisoner cartels to collude successfully in the experiments where no threat of penalties 

existed, any difference in the collusion activity of students versus prisoners could be 

interpreted as a difference in the underlying risk attitudes across subject pools. 

Although, previous research suggests that cartels made up of college students will 

behave as if they are risk averse while cartels consisting of prison inmates will behave as if 

they are risk takers, there existed no experimental control to insure these distinctive risk 

attitudes. Hence, the experimental results will also be examined to test the postulate 

concerning groups' risk attitudes. Therefore, the results from these experiments could be 

used to compare the risk attitudes of students acting as a group versus the risk attitudes of 

prisoners acting as a group. 

A second issue, directly related to the major theme of Chapters 2 and 3, is the 

ability of subjects to maintain collusive agreements. In the experiments discussed below 

the definition of collusion is based solely on the observation of winning offer above cost 

and is independent of whether the selIers in the experiment meet. Therefore the existence 

of randomly imposed monetary penalties might diminish the level of collusive price setting 

in two distinct ways. First, the subjects acting as a cartel could jointly decide, given the 

penalty specification they face, the risk to their profits was too great and simply choose to 

set the winning offer at cost accepting the "competitive return" (i.e., the contract bonus). 

Secondly, the introduction of penalties could divide the cartel into two or more separate 

coalitions and cause a total breakdown of a collusive agreement, resulting in the winning 

offers falling to or below cost. 

Given the sharing rule used to enforce the payment of penalties and since in each 

auction there existed only one winning seller, the cartel's decision had a significant impact 

on each subject's expected profit. If the winning offer was set above cost and the cartel 
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was detected a penalty'would be charged with each seller being forced to pay an equal 

share of the penalty. This characteristic of the experimental design increases the difficulty 

of coordinating strategies especially given the wide variation in subjects' expected returns. 

Also, the experimental design involved expected profits that varied between $2.00 to 

-$7.50. Therefore, subjects' expected return varies within any single period acroSS subjects 

and also varies for each subject across periods. This variation in expected returns increases 

the difficulty of coordinating subjects' actions for two reasons. 

First, since cartel members' expected returns were unevenly distributed it would be 

difficult to maintain sellers' profits relatively equal. In Chapter 2 it is argued, within this 

same environment without penalties, the best way to maintain equal profits is through bid 

rotation. The subjects were paid at the end of the experiment, either by check (students) 

or by deposit in their bank account (prisoners). Therefore. profit pooling agreements 

would be very difficult to maintain or enforce ex post, since after the experiment is 

concluded the incentive to cooperate is minimal. Second, given the wide dispersion of the 

expected returns if risk attitudes were significantly diverse, the cartel may have difficulty 

agreeing on the type of gambles to risk. 

The likelihood of a collusive agreement breaking down is greater if the group was 

composed of individuals with significantly diverse risk attitudes. A disagreement among 

the sellers in the cartel could lead to formation of coalitions. However, in the sealed-offer 

environment a single seller could potentially block any agreements made by these types of 

coalitions. Therafore, given the need for unanimous agreement among the members of uhe 

cartel and the significant impact on subjects' profits from unresolved disagreement it is 

likely a compromise among individuals will result. This need for compromise may imply a 

risk-taking coalition must negotiate with a risk-averse coalition with the observed outcome 

being significantly different from the theoretical predicitons presented above. 

Unfortunately, since theory is lacking in the area of the group negotiation without binding 
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agreements there is little to guide the analysis except highly speculative notions. However, 

the results from these experiments may provide some behavioral evidence of how subjects 

dealt with these coordination problems. Therefore, the first topic to be considered in this 

chapter is the effect of randomly imposed monetary penalties on subjects' ability to form 

stable and effective cartels. 

The results from the student experiments will be considered next. The data is 

examined to investigate the hypothesis that students' collusive behavior is consistent with 

the model presented above. More specifically, is collusion more easily deterred by changes 

in the fine for collusion than by changes in detection levels? Next the prisoner 

experiments will be discussed. The set of experiments will be examined to investigate 

whether the behavior of the prisoners is consistent with the deterrence hypothesis for a 

risk-taking cartel. 

The third topic of this section is the results from logit analyses performed on the 

data from both the student and prisoner experiments. Here the relative effectiveness of 

the penalty specifications on the groups' willingness to set the winning offer at collusive 

levels is considered. The fourth part of this section expands the logit analysis of the 

preceding section. In the final section, the influence of wealth effects is directly 

considered. Also, the influence of luck, experience, and other groups' characteristics are 

investigated. 

Experimental Results 

As mentioned above, the introduction of antitrust enforcement may cause severe 

disagreement among sellers in a cartel. This is especially true since the auctions varied in 

their expected returns and also varied with respect to the distributions of those returns. In 

this environment, with random penalties, there are two indications of the cartels' ability to 

maintain a cooperative attitude among its members. 
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First, cartel stability depends upon the ability of sellers to detect cheating. Given 

that the cartel was initially able to find the joint profit maximizing price, indications of 

cheating would include one seller undercutting the designated winning seller's offer which 

equals the monopoly price. The incentive to cheat is especially strong in this situation 

since sellers must pay an equal share of the penalty. When the winning offer is set above 

cost, the expected profit for the losing seller equals the detection rate times that seller's 

share of the penalty. This means the losing sellers' expected profits will always be negative 

if the winning offer is above cost. Also, since a contract bonus was paid, subjects could 

cheat on the competitive price, which in this case equals the seller's cost, and still receive 

some positive profits. A winning offer one cent below cost would still result in positive 

profits since the loss to the seller of 20 cents would be more than made up by the payment 

of the contract bonus. 

There existed only one experiment where cheating was observed. This occurred in 

a prisoner experiment where sellers tended to undercut rival sellers' offers both when the 

cartel agreed to set price above cost and also when the cartel set the offer at the 

competitive price. This incident of cheating occurred in the first "cartel" experiment 

during all periods, with and without penalties, and did not lead to a breadkdown of the 

cartel. Cheating among this group diminished and eventually stopped, occurring only once 

during the first deterrence experiment. 

The results from the student experiments provide one example of cartel members 

disagreeing. During· the first deterrence experiment the cartel appeared to be threatened 

by a breakdown because of a disagreement among the cartel members. In this experiment 

two subjects actually engaged in a heated exchange concerning the optimal strategy for the 

cartel and the sharing of profits after the experiments. Apparently this cartel was able to 
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reach a compromise since no breakdown of the cartel was observed. Also, by the end of 

the final deterrence experiments the profits of the subjects were within $0.85 of each 

other. 

Second, cartels will be more successful if they can maintain a "fair" distribution of 

profits or alternatively market shares. The subjects in the "cartel deterrence" experiments 

apparently adopted two methods for dealing with the unequal distribution of expected 

returns. The student cartels tended to rotate winning offers equally among the sellers in 

the earlier experiments but in the last deterrence experiments the cartels attempted to 

equate sellers' profits. Therefore, the number of winning offers per subject was more 

unevenly distributed across subjects. The prisoner cartels, in general chose to stick with a 

simple offer rotation scheme where each seller won an equal number of auctions. 

Therefore, the per subject profits in the prisoner experiments were more unevenly 

distributed. 

The data on avemge profits per subject in each experiment along with the average 

number of auctions won is reported in Table 4.3. For each of the twelve groups, six 

prisoner cartels and six student cartels, Table 4.3 reports the mean subject profits and its 

standard deviation. Also, the average number of auctions won per subject for each group 

and its standard deviation is reported. The standard deviation gives an indication of the 

variability of each subject's profits or number of auctions won for each group. 

A close examination of Table 4.3 reveals two striking results. First, there exists a 

strong inverse relationship between the standard deviation of average subjects' profits and 

the standard deviation of average auctions won per subject for each group. Second, the 

standard deviation of average subjects' profits is much higher for the prisoner cartels than 

the student cartels while the standard deviation of average auctions won is higher in the 

student experiments than in the prisoner experiments. Therefore, groups with large 

deviation in subjects' profits tend to have less deviation in number of auctions won per 



TABLE 4.3 

MEAN AND VARIATION IN SUBJECTS' PROFITS AND AUCTIONS WON 
(STANDARD DEVIATION) 

Profits Auctions Won 

Prisoners Students Prisoners Students 

Coefficient Coefficient Coefficient Coefficient 
of of of of 

Group Mean Variation Mean Variation Mean Variation Mean Variation 

1 23.71 0.16 69.49 0.01 29.00 0.03 31.00 0.07 
(3.72) (0.78) (0.89) (2.24) 

2 48.62 0.19 41.56 0.01 34.33 0.01 36.25 0.08 
(4.63) (0.32) (0.47) (2.86) 

3 27.71 0.11 83.43 0.04 30.80 0.12 47.00 0.03 
(2.96) (2.93) (3.66) (1.63) 

4 55.68 0.09 69.27 0.03 42.33 0.02 47.67 0.03 
(4.94) (1.82) (0.94) (1. 25) 

5 20.88 0.17 52.64 0.003 26.60 0.04 36.00 0.10 
(3.74) (0.14) (I. 02) (3.74) 

6 24.69 0.22 30.05 0.008 35.35 0.01 28.40 0.02 
(5.37) (2.97) (0.43) (0.49) 

Mean 35.55 59.21 33.05 37.72 

...... 
0 
-..J 
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subject. The results of a simple linear regressions supports these two observations. 

Regressing the standard deviation (STD) of subjects' average profits on the standard 

deviation of average auctions won per subject along with a dummy variable (DPR) which 

equaled one if the observation occurred in a prisoner experiment and zero otherwise 

reveals: 

STD 
Subject 
Profits 

STD 
3.03 - 0.76 Auctions + 2.08 DPR, R2 = 0.87. 
(0.47) (0.19) Won (0.43) 

The standard errros reported in the parenthesis indicate that the coefficients for all the 

independent variables were significantly different from zero at a 99 percent level of 

confidence. 

The results reported in Table 4.3 and the regression above indicate the prisoner 

cartels were less concerned with keeping subjects' profits equal and were satisfied to allow 

each member of the cartel the opportunity to win an equal number of auctions. While the 

student cartels made an attempt to distribute the cartel's profits equally among it's members 

and used an offer rotation scheme to achieve this. 

In summary, the evidence from both the student and prisoner experiments indicates 

the introduction of randomly imposed penalties did little to destabilize the cartels' ability to 

coordinate sellers' strategies. Therefore, deterrence in this environment will be defined as 

the decision by the cartels to set the price at the competitive level. Clearly, this does not 

agree with the current legal definition discussed in Chapter I. However, as argued above, 

it is a close first approximation which will provide an indication of cartels' behavior in an 

antitrust environment and allow the variation in penalty specification necessary to 

adequately test the deterrence hypothesis. 
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Cartel Deterrence Experiments with College Students 

The results from the three "cartel deterrence" experiments conducted using college 

students is summarized in Table 4.4. The first column of Table 4.4 gives the expected 

profit corresponding to each penalty specification in that row. In the next three columns 

the percentage of times the winning offer was greater than sellers cost for each penalty 

specification is reported. The final column reports the overall percentage of low offers 

greater than cost for a given expected profit level. Also, the total number of observations 

in each case are noted in parenthesis for each penalty specification. 

The results from the student deterrence experiments reported in Table 4.4 indicate 

that the students collusive activity was very sensitive to changes in the expected profit 

from collusion. When the expected profit was positive the student cartels colludes 98 

percent or 91 out 94 opportunities. At the zero expected profit level the student group set 

the low offer above cost 46 percent of the time or 93 out of 203 opportunities. When the 

expected profit was less than zero, the student set the winning offer above sellers' cost only 

8 out of 363 opportunities available or approximately 2 percent of the time. Even if the 

observations where the expected profit level equaled -$7.50 and -$5.00 were eliminated 

since no incidence of collusive price setting ever occurred, the student groups chose to set 

winning offer above cost only 4 percent of the time (8 out of 193 times). Therefore, the 

cartels were almost completely deterred when the expected profit from collusion was 

negative. 

A second result which can be deduced from Table 4.3 is the relative responsiveness 

of the student cartels to changes in the penalty specification. At the expected profit levels 

of $1.25 and $0.00 the cartels' behavior indicates that as the penalty level increased and the 

detection level fell so as to leave expected profit constant, the willingness of the student 

groups to set the winning offer above cost diminished. This result implies the student 

cartels were more deterred by the severity of the penalty rather than by the certainty of 
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TABLE 4.4 

CARTEL DETERRENCE EXPERIMENTS 

Student Groups, All Period Types 

Percentage of winning offers exceeding seller's cost. 

(Number of Total Observations) 

Expected Probability of Detection 

Profit 0.1 0.25 0.5 Total 

+2.00 100% 100% 
(26) (26) 

+1.25 93% 98% 96% 
(27) (41) (68) 

0 12% 50% 72% 46% 
(60) (72) (71) (203) 

-1.25 0% 0% 
(44) (44) 

-2.50 14% 0% 4% 5% 
(44) (49) (56) (149) 

-5.00 0% 0% 0% 
(67) (53) (120) 

-7.50 0% 0% 
(50) (50) 
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being detected. This behavior is consistent with the deterrence hypothesis for a risk averse 

cartel. 

However, while the student groups' relative responsiveness indicates an aversion to 

risk, results from the student deterrence experiments indicate some inconsistencies with risk 

aversion. Almost every time the expected profit from collusion was positive the student 

cartels risked the penalty. Also, student sellers colluded approximately 50 percent of the 

time when the expected profit was zero. Finatty, there exists some evidence of risk taking 

at the expected profit level of -$2.50, where the proportion of collusion equaled 4 percent. 

There is no immediate theoretical reconciliation, at least in terms of the expected 

utility model presented above, for these inconsistencies in students' behavior. There does, 

however, exist a significant amount of empirical evidence which indicates that individuals' 

behavior is often inconsistent with expected utility theory (see Kahneman arid Tversky, 

1979 and Machina, 1982, and references therein). Primarily as a result of this empirical 

evidence several other theories have been postulated as an alternative to expected utility 

theory. 

In general, these theories tend to incorporate two predictions of individual behavior 

which may be relevant to the experimental findings presented in this chapter. First, 

individuals tend to behave as risk takers in losses. In one example reported by Kahneman 

and Tversky (1979), 98 individuals were asked to choose between an eight out of ten 

chance of losing $4,000 versus a certain loss of $3,000. In this hypothetical situation, 92 

percent of the individuals indicated they preferred the risk of losing $4,000 to the certain 

loss of $3,000. This result indicates that individuals are risk-taking in losses, therefore a 

group of individuals acting a cartel may choose to risk a large penalty rather than give up 

the monopoly profits from collusion, even when the expected profit from cotlusion is zero 

or slightly negative. Second, individuals seem to overweight low probability events and 

underweight high probability events. This prediction is found in several of the subjective 



l12 

or weighted expected utility theories including Kahneman and Tversky's (1979) prospect 

theory. 

The results from the student experiments are not, however, consistent with these 

theoretical predictions. For the deterrence experiments, if the student subjects were truly 

risk takers in losses, the cartel might prefer to risk the uncertain penalty rather than give 

up $2.50 in profit even when the expected profit from collusion was zero Or slightly 

negative. However, a risk taking attitude in losses would also imply that a cartel would be 

more willing to collude when this gamble involved high variance risk as compared to a 

gamble with low variance. Clearly, the evidence at expected profit zero indicates just the 

opposite. 

In terms of probability weighting, the fact that the student cartels risked the penalty 

only 12 percent of the time when the expected profit was zero and the probability of 

detection was one-tenth could be interpreted as evidence of a cartel that is risk neutral but 

overweights low probability events. However, the evidence is not consistent with risk 

neutrality if you consider the penalty specification where the expected profit equaled zero 

and the detection level equaled one-half. A probability of one-half is not usually 

considered large enough to be underweighted by subjects. All the theories involving 

subjective probability weights usually assume that a one-half probability is unweighted. 

Therefore, risk neutrality would imply the proportion of collusive outcomes should equal 

.50 which is clearly not the case. A t-test of the hypothesis that the percentage of 

collusion equaled 50 percent at the zero expected profit level when the detection level was 

one-half results in a t value of 4.13 which is significant at a 99 percent level of 

confidence. 

A second potential explanation might be provided by the design of the deterrence 

experiments. Consider the fact that almost all of the penalty specifications with positive 

expected profit induced the student cartels to collude. This behavior could simply result 
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from the groups' aversion to risk not being significantly strong enough to be influenced by 

expected profit levels equal to $1.25. Therefore, if the experimental design included 

penalty specifications with positive expected profits but closer to zero, i.e., $0.50, there 

might have been more variability in the student cartels' collusive behavior. 

The data from the students experiments at the zero expected profit level is not so 

easily dismissed. If the student cartels were truly risk averse then collusion would never 

occur at penalty specification with zero expected profit. However, again, some of this 

inconsistency might be explained by the experimental design. In the deterrence 

experiments, the majority of the penalty specifications involve gambles of nonpositive 

expected value which should completely deter a risk averse cartel from colluding. This 

implies that very few attractive gambles exist for a cartel with an aversion to risk. 

Therefore, gambles with zero expected profit although considered risky, is still relatively 

better than choices with significant negative expected returns. 

The above explanations are related to the nature of the experiment and to some 

extent the experimental process itself. If subject boredom is a problem then subjects might 

set the winning offer above cost more often than they would if they were only concerned 

with the monetary consequences of the experiment. Just sitting there and accepting the 

contract bonus may be quite boring for subjects. By setting the price above cost you at 

least get the roll of the bingo cage. Since setting 'he price above cost, ceteris paribus, has 

the potential to make participation in the experiment more interesting it might be that 

some consumption of recreation by subjects occured in the students experiments. Such 

consumption would tend to increase sellers' participation at all expected values including 

zero. Moreover, for risk averse sellers, as long as the recreation of setting prices above 

cost involved only the process and not the outcome, the frequency of setting collusive 

prices would always decline with the dispersion of the collusion option. The results for the 

student experiments suggest that this type of consumption might have occurred. Indication 
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of this can be found by considering the experimental results reported in Table 4.3. The 

behavior of the student cartels at the zero expected profit level is consistent with this 

explanation. 

Another potential explanation of the students' behavior may be given by the 

behavior of individuals in group situations. There exists rather extensive evidence that 

individuals tend to take more risk if they participate in a group discussion prior to making 

a decision (see Matital (1982)). This "risky-shift" phenomenon appears to be robust across 

groups of different age, occupation and nationality. Below evidence is presented which 

indicates the size of the group influences the subjects' willingness to take risk. 

Cartel Deterrence Experiment with Prison Inmates 

The results from the cartel deterrence experiments with prison inmates are 

summarized in Table 4.5. This table reports the percentage of times the winning offer was 

set above cost by the six prisoner groups for the thirteen penalty specifications. 

The results from the prisoner deterrence experiments indicate a strong tendency to 

set the winning offer above cost even when the expected profit was significantly negative. 

For the auctions where the expected profit was negative, the prisoner cartels chose to risk 

the penalty 135 out of 364 opportunities or approximately 37 percent of the time. At the 

expected profit levels the prisoner cartels set the low offer above cost 175 out of 208 times 

(84 percent). Finally, when given 97 collusive opportunities when the expected profit was 

positive, the prisoner cartels set the winning offer above cost every time. 

The fact that the prisoners always risked the penalty at positive expected profit 

levels and repeatedly when the expected profit was negative is clearly consistent with risk 

taking. Another, strong indication of risk-taking behavior is the relative responsiveness of 
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TABLE 4.5 

CARTEL DETERRENCE EXPERIMENTS 

Prisoner Groups. All Period Types 

Percentage of winning offers exceeding seller's cost. 

(Number of Total Observations) 

Expected Probability of Detection 

Profit 0.1 0.25 0.5 Total 

+2.00 100% 100% 
(27) (27) 

+1.25 100% 100% 100% 
(28) (42) (70) 

0 93% 92% 68% 84% 
(61) (75) (72) (208) 

-1.25 71% 71% 
(45) (45) 

-2.50 57% 54% 40% 50% 
(46) (48) (53) (147) 

-5.00 22% 14% 19% 
(72) (50) (122) 

-7.50 14% 14% 
(50) (50) 
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the prisoner cartels to changes in the penalty specification. An examination of Table 4.5 

leads to the conclusion that the prisoner cartels' collusive price setting was more sensitive 

to changes in the detection levels than to changes in the penalty level. 

The results of these six deterrence experiments supports the hypothesis that risk

taking cartels are more responsive to the certainty of punishment then to the severity of 

punishment. The behavior of the prisoner cartels is not only consistent with a priori 

beliefs but also is in stark contrast with the risk-averse behavior observed in the student 

experiments. 

The risk-taking behavior of the prisoners is very robust at all expected profit levels. 

The only potential contradiction occurred at the zero expected profit level where the 

prisoner cartels set the winning offer above cost only 84 percent of the time. While 84 

percent is statistically different from the risk-taking prediction of 100 percent, (t-value 

equal to -6.22), it is even more significantly different from the risk neutral prediction of 

50 percent, (t=13.21). Moreover, the results from the prisoner experiments at the zero 

expected profit level indicate the groups are more easily deterred by high detection levels, 

.5, and low sanction levels, $5.00, than low detection levels, .1, and high penalty events, 

$25.00. Except for the fact that it occured at a zero expected profit level this sensitivity to 

changes in the penalty specification is consistent with a risk-taking attitude. 

The results from the prison experiments appear to support the argument that 

experimental design is a leading factor in explaining the inconsistencies of student 

behavior. It is clear from Table 4.2 that the experimental design tends to favor a subject 

pool with a risk taking attitutde since the majority of the penalty specifications involve 

negative expected profit from collusion. 

A model based on expected utility theory which assumes a single cartel objective 

function does very well predicting the behavior of prisoners and indicates that prisoners 

acting in a group situation appear to be risk-takers. Explanations based on boredom 
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effects and "risky shift" are not necessary when considering the risk taking behavior of 

prisoners. If the prisoner cartels are truly risk takers then their behavior at the zero 

expected profit level would actually be inconsistent with the observation that boredom 

effects or group decision-making tends to increase the cartels' willingness to collude. 

In terms of theories of choice under uncertainty there is some comfort in the fact 

that the simple cartel model presented above is very robust in predicting prisoners' 

behavior. Alternative theories of individual or group behavior in situations involving 

uncertainty tend to be more specific and attempt to explain some particular observed 

violation of expected utility theory (i.e., risk taking in losses). Therefore, they give up the 

computational simplicity of the expected utility theory, which as a predictive theory is easy 

to apply in a variety of situations involving uncertain outcomes. 

Relative Responsiveness to Penalty Specification 

This section reports the results from logit analysis which contrast the relative 

responsiveness of student cartels and prisoner cartels to changes in the penalty 

specifications. Tables 4.6 and 4.7 report on logit analysis to test the sensitivity of collusion 

to changes in the penalty structure. This logit analyses can be broken down into a test for 

detection effects holding penalty constant, a test for penalty effects holding the probability 

of detection constant and a test for dispersion effects holding expected profit from 

collusion constant. 

The logit model employed takes the following form; 

P(collusion=lIXt.8) = F(Xt.8) (I) 

where F(Xt.8) represents the cumulative logistic probability function with, 

F(X .8) - I (2) 
t - 1 +exp(F(Xt.8» . 



TABLE 4.6 

LOGIT ANALYSIS Of PENALTY AND DETECTION EFFECTS 

(Standard Errors) 

(a) 
Detection Effects 

Independent (1) $5.00 (2) (3) $10.00 (4) (5) $15.00 (6) 
Variables Prisoner Student Prisoner Student Prisoner Student 

CONSTANT 6.98 6.78 5.31 3.41 3.62 
(1. 95) (1. 94) (0.90) (0.86) (0.77) 

PROBABILITY -12.46 -11.70 -11.45 -13.41 -10.86 
(3.99) (3.98) (2.04) (3.03) (2.095) NA 

Number of Observations 141 138 128 128 95 

Log Likelihood -49.93 -47.02 -56.49 -58.51 -47.30 

(b) 
Penalty Effects 

.10 .25 .50 
(1') (2') (3 ') (4' ) (5 ') (6') 

CONSTANT 5.61 2.64 3.47 8.86 2.05 5.20 
(0.98) (0. SO) (0.35) (2.03) (0.43) (0.88) 

PENALTY -0.11 -0.13 -0.15 -0.89 -0.25 -0.85 
(0.022) (0.022) (0.015) (0.20) (0.045)' (0.15) 

Number of Observations 162 157 333 157 175 180 

Log Likelihood -46.94 -68.08 -148.44 -55.34 . -100.98 -50.87 

.... .... 
(Xl 



TABLE 4.7 

LOGIT ANALYSES OF DISPERSION AND WEALTH EFFECTS 1 

(Standard Errors)2 

Prisoners Students Prisoners Students Prisoners Students 
(I) (2) (3) (4) (5) (6) 

Independent 
Variables 

CONSTANT 1.30 0.90 2.76 1.81 3.78 2.27 
(0.2l) (0.24) (0.48) (0.53) (0.67) (0.60) 

EXPECTED 0.69 1.21 0.73 1.20 0.74 1.21 
PROFIT (0.065) (0.16) (0.068) (0.16) (0.069) (0.16) 

PENALTY 0.022 -0.067 0.24 -0.062 0.025 -0.063 
(0.0087) (0.017) (0.0089) (0.017) (0.0090) (0.017) 

TOTAL -0.012 -0.0068
a 

-0.0l6b -0.0076b 

PROFIT (0.0035) (0.0035) (0.0039) (0.0036) 

OUTSIDE EARNINGS -0.085b -O.OO12b 

(0.037) (0.00056) 

No. of Observations 478 420 478 420 478 420 

Log Likelihood -248.90 -180.16 -242.51 -178.22 -239.81 -176.35 

ISee text for definition of coefficients and description of variables. 

2A1l coefficients were significant at a 99% level of confidence except those denoted by the letter a 
which were significant at the 90% level and those denoted by the letter b which were signficant at the 
95% level. .... .... 

\0 
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Equation (l) is interpreted as indicating that the probability that in period t a group 

will choose to collude, i.e., set the winning offer above cost, given the value of Xt{3. 

The dependent variable, COLLUSION, equals 1 if a group choose to set the 

winning offer above cost in period t and 0 otherwise. Assuming that an observation in 

period t is independent of all other observation then a log likelihood function can be 

written as, 

t 

L = ~ 10gF(Xt{3) + 

i=1 

T I log( I - F(Xt{3» 

i=t1+1 

(3). 

Where the frequency of collusive choices, (i.e., COLLUSION = I), is equal to t1 and the 

frequency of noncollusive choices (i.e., COLLUSION = 0), equaling T -tl' Where T is the 

total number of observations. Estimates of {3 can be obtained by maximizing the Iikehood 

function. Since L is nonlinear the estimates are derived by an iteration proceedure. 

The first set of logit regressions, reported in Table 4.6a, tests the responsiveness of 

both student and prisoner cartels to a change in expected profits by changing the 

probability of detection while holding the penalty level constant. These regressions are 

divided into three types corresponding to three separate penalty levels. The first two 

columns consider the detection effect when the penalty equaled $5.00, the third and fourth 

columns report the detection effects at a $10.00 penalty and the fifth and six columns 

corresspond to a $15.00 penalty. Table 4.2 indicates that the detection and expected profit 

levels which correspond to these penalty amounts. 

The students were completely deterred whenever the penalty equaled $15.00 

implying the dependent variable COLLUSION always equaled zero. The absence of 

variability in the dependent variable, although not surprising given the negative expected 

profit involved, made a regression for the students impossible. 
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The second set of regressions, reported in Table 4.6b, estimates penalty effects. The 

data set was divided into three samples depending on probability levels, with each column 

corresponding to the detection levels, one-tenth, one-quarter and one-half. This set of 

logit regressions test the responsiveness of students and prisoners to changes in expected 

profit by changing the penalty levels. The data sample used for the students was limited 

for the regression where the probability of detection equaled one-quarter. 

As can be seen in Table 4.4, the students were completely deterred when the 

probability of detection equaled one-quarter and the penalty was large enough to make the 

expected profit negative. Therefore, the last three penalty specifications, with a one

quarter detection level and sanction levels of $20.00, $30.00 and $40.00 were eliminated 

from the students' logit regression. 

Although the elimination of data in this manner appears rather arbitrary, the logit 

analysis is being used to test the responsiveness of collusion to changes in the structure of 

the penalty specification. The results from the students' experiments indicate that, at a 

one-quarter detection level when the expected profits was negative, there existed no 

variablity in behavior of the students. There is, however, the marginal effect on students' 

behavior for a one-quarter detection level when the penalty increases from $10.00 to 

$15.00. As the penalty increased forcing expected profit negative, the level of collusion 

fell from 50 percent to zero percent. Therefore, the data from the student experiments 

when the penalty equaled $15.00 with a one-quarter detection level was included in order 

to capture the effect on collusion by the students when the penalty increased to $15.00. 

The final set of regressions, reported in Table 4.7, test for the existence of 

dispersion effects. The experimental design incorporated four independent tests of 

dispersion effects. As indicated by Tables 4.4 and 4.5, the behavior of student and 

prisoner cartels was sensitive to changes in the dispersion of the penalty specification at 

three of these four expected profit levels. Therefore the data sample for each regression 



122 

was limited to the expected profit levels where some variablity in subjects' collusive 

behavior occurred. For the prisoners this implied the sample included data from the 

nonpositive expected profit levels, ($0.00, -$2.50 and -$5.00) and for the students the logit 

regressions were conducted using data where the expected profit levels equaled $1.25, $0.00 

and -$2.50. The lack of variability in subjects behavior at the extreme positive and 

negative expected profit levels is not surprising since the model above predicts that at these 

expected profit levels the cartels would be more responsive to changes in the expected 

returns rather than the distribution of these returns. 

The logit regressions reported in Table 4.6 include six regressions conducted on both 

student and prisoner data. The regressions in columns (I) and (2) analyze the dispersion 

effect for both prisoner and student cartels including only the penalty level and expected 

profit from collusion. The regressions in columns (3) through (6) introduces cartels' 

"wealth" as a likely influence on the groups' incentive to collude. 

Tables 4.6 and 4.7 give strong statistical support to the data reported in Tables 4.4 

and 4.5 and provide further evidence supporting the model of cartel behavior presented 

above. The probability that the prisoner and student groups would collude declined as the 

expected profit from collusion fell either by increasing the detection level while holding 

penalty constant or increasing the penalty while holding the detection level constant. As 

predicted by the model, the decrease in the level of collusion is insensitive to the cartels' 

risk attitudes. However, it shoulded be noted that this is a qualitative result and the 

quantative change in the probability of collusion depends not only on the cartels risk 

attitudes but also on the degree to which a cartel is either risk averse or risk taking. 

As would be expected from the data reported in Tables 4.4 and 4.5, and as 

predicted by the model above, the logit analysis indicates the risk-taking prisoners were 

more sensitive to changes in the detection level while the risk-averse students were more 

sensitive to changes in the penalty level. This is clearly indicated by the results from the 
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regressions reported in Table 4.7 which test for dispersion effects. The coefficient on 

penalty for the prisoners is positive which indicates if the penalty level is increased but the 

detection level is decreased so as to hold expected profit constant, the probability that the 

prisoner cartels will collude rises. However, the results from the student regressions 

indicate just the opposite. A compensated increase in penalty lowers the predicted 

probability of collusion. The results from the "cartel deterrence" experiments indicate that 

the students' collusive behavior was more deterred by low probability and high penalties 

while the prisoners were more deterred by high probabilities and low penalties. 

The regressions in Table 4.7 include two separate measures of cartels' "wealth" level. 

The PROFIT variable represents the accumulated profits of the cartel at the beginning of 

each auction. The variable OUTSIDE EARNINGS was constructed based on data obtained 

from an organizatinal meeting held prior to the experiments. In this meeting individuals 

were given a "screener" which collected data on the individuals' age, years in school and 

outside sources of income. A copy of the screener appears in Appendix A. Table 4.8 

summarizes some of the information which was obtained from the screener. The first two 

columns of Table 4.8 gives the group's number and the number of subjects (SIZE) in the 

group. The next three columns report the results from eight hypothetical questions which 

appeared in the screener involving prospects with uncertain outcomes. These situations 

were taken from Schoemaker (1980) and appeared in Section II of the screener (see 

Appendix A). A particularly interesting example is subjects response to a hypothetical 

question involving the purchase of insurance. The individuals had to choose between 

risking a one out of a thousand chance of losing $10,000 or buying $10.00 worth of 

insurance to protect them from the loss. Individuals were asked to indicate which 

alternative they preferred. If the subject chose to risk the $10,000 loss, it was considered a 

risk-taking choice, while the purchase of insurance was classified as risk averse and 

indifference between the two choices implied risk neutrality. This and seven other 
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TABLE 4.8 

SUMMARY OF GROUP COMPOSITION 

(a) Students 

Risk Risk Buy Outside 
Taking Averse Insurance Employed Earnings 

Group Size (percent) (percent) (percent) (percent) ($/month) 

1 5 24 71 50 60 154.00 

2 4 36 59 100 100 719.50 

3 3 29 50 33 66 126.67 

4 3 25 50 33 66 136.67 

5 4 50 47 50 100 445.50 

6 _5_ 28 68 100 20 40.00 

Means 4.0 32 58 61 79 270.39 

(b) Prisoners 

Risk Risk Buy Outside 
Taking Averse Insurance Employed Earnings 

Group Size (percent) (percent) (percent) (percent) ($/week) 

1 5 12 69 60 60 10.70 

2 5 18 75 100 20 0.80 

3 5 38 63 80 100 4.95 

4 3 17 83 100 100 7.50 

5 5 50 50 100 100 8.44 

6 4 53 44 50 100 ~ 
Means 4.5 31 64 82 80 7.06 
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hypothetical choices were examined for all subjects who participated in the experiments. 

The proportion of risk-averse, risk-neutral and risk-taking choices was collected for each 

individual. 

The third and fourth columns report for each group the percentage of risk-taking 

and risk-averse choices made by the subjects in the group. The fifth column reports the 

percent of subjects within each group that choose to buy insurance. Individuals' answer to 

the insurance question has special interest since it involved a hypothetical situation which, 

except for context and dollar magnitudes, was very similar to the real situation groups 

faced in the experiment. Also, it provided some indications of individuals' propensity to 

be risk-takers in situations involving losses. 

The information used to construct the final two columns of Table 4.8 were 

obtained from questions found in Section I of the screener. Subjects were asked whether 

they had a job and either how much monthly income (students) or weekly income 

(prisoners) they earned. The column titled Employed reports the percentage of cartel 

members reporting they had a job while Outside Earnings represents for each group the 

total amount of income reported by the individuals divided by the number of subjects in 

the group. The prisoners were able to earn spending money by doing work in the prison 

for $0. IO to $1.00 an hour. This income was deposited in the individual's bank account. 

The OUTSIDE EARNINGS variable was used in the logit regression as one measure of the 

groups' wealth level. 

Table 4.7 indicates that for both the student and prisoner cartels, the greater their 

wealth level, consisting of both experimental wealth and outside earnings, the less likely 

the COLLUSION variable would equal one. This result seems to indicate that the students 

displayed increased risk aversion with respect to their wealth level although the negative 

profit coefficient was not statistically signficant. The prisoners' highly significant PROFIT 

and OUTSIDE EARNINGS coefficients indicate that prisoners possess risk-taking attitudes 
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which decrease as wealth level increases. This result may also be interpreted as giving 

experimental support to the empirical finding reported by Asch and Seneca (1976). As 

mentioned in Chapter I, the authors investigated the relationship between firm's collusive 

activity and the firm's profit level. Evidence from their research indicates that 

"unsatisfactoy profit performance may motivate firms to collude" (Asch and Seneca, 1976, 

p.7). 

Table 4.9 provides some evidence of how group characteristics inOuenced the 

cartel's willingness to collude. Besides considering the influence of the penalty 

specification and wealth, the log it regressions reported in Table 4.9 investigate the 

significance of groups' luck, size, risk attitudes and experience on the cartels' collusive 

activity. 

There is some evidence from previous experimental studies that realizations have an 

independent influence on decisions that could not be predicted by theory. For example, in 

an experimental study of risk attitudes among rural farmers in India, Binswanger (1980) 

found that how lucky an individual was in the experiment appeared to be an important 

factor in determining subsequent choices. Individuals receiving the best payoff in the 

previous period were more likely to take riskier gambles in the current period. While the 

wealth variable captures some aspects of what might be called luck, it reflects both 

outcomes and decisions. In order to measure luck in a more direct fashion a variable was 

constructed that simply represented the relationship between realized income (profit in 

period i) and anticipated income (expected profit, EP, in period i). The latter is measured 

by the expected income corresponding to the individual's past decisions. Specifically the 

luck variable in period T equaled: 

T-I 

LUCKT = ~ (Profit. - (EP. x COLLUSION.» L 1 1 1 

i=1 
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TABLE 4.9 

LOGIT ANALYSIS OF DISPERSION, WEALTH AND GROUP COMPOSITION EFFECTS 1 

(Standard Errors) 

Prisoners 
Independent 
Variables 

CONSTANT 6.89c 

(1. 71) 

PENALTY 0.046
c 

(0.011) 

EXPECTED 1.l2c 

PROFIT (0.11) 

TOTAL -0.080c 

PROFIT (0.011) 

LUCK 0.056c 

(0.0083) 

SIZE 0.80c 

(0.22) 

OUTSIDE -0.20c 

INCOME (0.051) 

RISK -0.018 
AVERSION (0.012) 

CD2 1.60c 

(0.45) 

CD3 0.39 
(0.37) 

No. of Observations 478 

Log Likelihood· -166.89 

ISee text for description of variables. 

Students 

7.63c 

(1.87) 

-O.053c 

(0.017 

1.I5c 

(0.15) 

-0.017 
(0.010) 

0.023a 

(0.014) 

1.28c 

(0.37) 

-0.0022c 
(0.00066) 

-15.20c 

(3.38) 

-0.21 
(0.57) 

0.51 
(0.55) 

420 

-156.78 

a: significant at a 90% level of confidence. 
c: significant at a 99% level of confidence. 
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The construction of the SIZE and RISK A VERSE variables was previously 

discussed and the value for each group is reported in Table 4.8. Evidence of the effect of 

experience on the groups' willingness to collude was considered by constructing two 

dummy variables. CD2 equaled one if the observation occurred in either the second or 

third cartel deterrence experiment and zero otherwise. CD3 equaled one if the observation 

occurred in the third and final deterrence experiment. 

The results of these regressions can be interpreted as indicating the following. 

Given the penalty specification, what influence did group wealth, luck, size and experience 

have on group behavior? When all groups were completely deterred or completely 

undeterred, then clearly these group variables had no significant influence on group 

behavior. The data set used for both the prisoner and student regressions included the 

same set used in the regressions reported in Table 4.7. 

The results in Table 4.9 lead to the following observations. First, the sign on the 

LUCK variable was positive and statistically significant for both the prisoner and student 

regressions. This was robust across several regression specifications and almost always 

statistically significant. This result indicates that the "luckier" the groups were in the 

experiment, the more likely they were to risk the penaity. Second, the size of the cartel 

seems to influence the willingness of both the student and prisoner cartels to take risk. 

The positive sign on the variable SIZE was statistically significant for both prisoners and 

students. 

The coefficient of the RISK A VERSION variable for both the students and 

prisoners is consistent with a priori theoretical predictions. The negative coefficient on this 

variable indicates that the more risk averse the members of the cartel, the less likely the 

group was to collude and risk the penalty. This coefficient was statistically significant for 

the student regressions only. 
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The effect of experience on subjects' behavior indicates that as the subjects' 

experience increased, both the prisoner and student cartels were more likely to collude. 

This result is only statistically significant for the CD2 coefficient for the prisoner 

regression. 

Finally, an interesting contradicition is apparent when Tables 4.4 and 4.5 are 

compared with Table 4.8. While Tables 4.4 and 4.5 indicate the behavior of students 

versus prisoners in the cartel deterrence experiments was clearly different, Table 4.8 

suggests virtually identical risk attitudes in response to hypothetical choices involving 

uncertain outcomes. It is statistically impossible to distinguish between the mean 

proportion of risk averse choices made by the six student groups versus the six prisoner 

groups (t=O.08) as well as the proportion of risk taking choices (t=O.88). Also, the 

prisoners appear to be slightly more risk averse when asked if they would be willing to 

purchase insurance. However, this difference is not statistically significant (t=1.32). In 

conclusion, if this thesis was based on subjects answers to hypothetical question it appears 

unlikely that any clear distinctions between prisoners and students behavior could be 

drawn. 

Conclusions 

The results of this chapter are the most comprehensive experimental test of the 

deterrence hypothesis to date. Also, along with the second chapter, the first economic 

experiments conducted using prison inmates as subjects. This provided a unique 

opportunity to investigate several important issues. The outcome of this investigation 

indicates that collusion by either student cartels or prisoner cartels is deterrable. However, 

these experiments indicate very distinctive differences in the absolute and relative behavior 

of cartels when they are made up of students versus prisoners when the detection and/or 

penalty levels changes. 
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The results from this chapter suggest that coIlege students acting as a cartel behave 

as if they are risk averse, while prisoner cartels behave more consistently with a risk

taking attitude. This result is not only a significant contribution to the understanding of 

the effect of antitrust penalties on coIlusion but also seems to indiate that optimal law 

enforcement should distinguish between white coIlar versus street crimes. 



CHAPTER 5 

CONCLUSION 

The preceding four chapters provide a rather exhaustive study into the formation 

and control of collusion in a sealed offer market. The research focused on two broad 

issues: (I) What are the characteristics of sealed offer market which makes it conducive to 

successful collusion by producers? (2) How does antitrust enforcement, either by reducing 

the frequency of conspirational meetings or by lowering the expected returns from 

collusion, affect the ability and willingness of sellers to succesfully conspire. 

This research relied extensively on experimental methods. The environmental 

control found in the laboratory was useful in examining and contrasting the behavorial 

properties of sellers in a collusive setting both with and without antitrust enforcement. 

The experimental market was especially valuable in order to considser the relative 

responsiveness of collusive price setting to changes in the detection levels and penalty 

amounts. 

The main conclusions which can be drawn are the following. First, successful 

collusion is dependent on sellers ability to overtly communicate. Second, the frequency of 

conspiratorial opportunities influences the stability and effectiveness of the cartel, with less 

frequent communication lowering the cartel's ability to successfully collude. Third, the 

sellers incentive to negotiate collusive agreements is not only dependent on the profitability 

of collusion but also depends upon the cost of not colluding (i.e., the expected competitive 

return). Fourth, the behavior of college students and prison inmates is virtually 

indistinguishable in either a competitive or collusive environment. Fifth, the response of 

cartels consisting of college students to randomly impose monetary penalties, is drastically 
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different to the responses of cartels consisting of prison inmates. Here the results support 

the hypothesis that cartels with college students behave as if they are risk averse while 

cartels consisting of prison inmates behave as risk seek~rs. 

The empirical results are not only a significant contribution to the understanding of 

collusion and its deterrence it is also highly suggestive in terms of future research and 

applicability to both criminal and antitrust deterrence. The experimental results from the 

previous four chapters suggest several avenues of further research worth pursuing. In 

terms of sellers ability to form successful cartels, it is clear that complicating the 

environment on either the supply or demand side will increase the difficulty and cost of 

coordinating sellers' strategies. The robustness of the collusive agreements found in the 

environments of Chapters 2, 3 and 4 indicates that the sealed offer market is very 

conducive to stable collusion. However, the specification of sellers cost and the stable 

demand conditions combined with the sealed offer mechanism to create markets conditions 

ideal for successful collusion. A valuable extension to these results would consider a sealed 

offer market with a more complicated cost structure. On the demand side, a human 

(strategic) buyer could be introduced or the demand rule could be varied in either a 

systematic or random manner. 

Another area of future research interest is the contrast in behavior between college 

students and prison inmates. The prisoners provide a very salient subject pool who 

consistently maximized their joint profits in the cartel experiments. However, this same 

group of prisoners repeatedly behaved as risk-takers when faced with random monetary 

penalties which was in stark contrast to the risk averse behavior of college students. A 

direct implication in terms of antitrust enforcement is what type of risk attitudes to 

business managers and entrepreneurs posses. In other words, is the typical business 

manager who is contemplating collusive price setting more like a (risk averse) college 



student or a (risk taking) prisoner. 

133 

If individual risk attitudes of prisoners is 

predominately risk seeking then optimal law enforcement may call for focusing on the 

certainty of detection rather than the severity of punishment. 



APPENDIX A: EXPERIMENT INSTRUCTIONS 

This is an economics experiment to test how individuals make decisions. It is 

possible to earn a lot of money. How much you earn depends on your decisions and the 

decisions of others in the experiment. The amount you earn will be recorded by us. The 

money you earn from being in these experiments will be put into your bank account. The 

money will be paid after your participation in the experiments is over. 

How you earn this money will now be explained. Read this section carefully. The 

better you understand the experiment, the more money you will make. 
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Instructions 

In this experiment you will act as a seller in a market. You will be selling a make

believe commodity. The market where you sell this commodity is designed as a "sealed

offer" auction. You are probably familiar with "oral" auctions, where an auctioneer shouts 

out a price and individuals signal him to bid on the good. A sealed offer aution is 

different in two ways: 

1. You make "offers" to SELL a commodity rather than "bids" to 

commodity. 

purchase the 

2. All offers to sell are secret. You write down your offers on a piece of paper. 

No other sellers will know your offer unless you win the auction. 

The experiment is run over several periods. You write can think of each period as 

a trading day. In each period, or trading day, you will be competing against other sellers 

attempting to win a production contract. The winner of the production contract will be 

the seller whose offer to sell is the lowest among all the sellers. 

How is the auction run? You will be given your Record Sheet before the 

experiment begins. It will allow you to kep track of one "week" of trading days. Below is 

an example of how one trading day will look on your Record Sheet 

Trading Day _____ _ 

A Offer $_---
B Production Cost $ ____ _ Winning Offer $, ____ _ 

C Actual Quantity Sold Quantity Sold ___ _ 

Period Profit (A-B)xC $ ___ _ 

Total Profit $ ___ _ 

Note th~ production cost is already filled in. This tells you how much it cost to produce 
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one unit of the commodity. You will then decide on your offer to sell one unit of the 

commodity. You will be given slips of paper to write your offer on. This slip of paper 

will be collected and all sellers' offers will be used to determine which seller made the 

lowest offer to sell. 

As an example, let's say there are three sellers in the experiment. Each seller has 

the following Production Cost and makes the following offers to sell: 

Seller 1 

Seller 2 

Seller 3 

Production Cost Offer 

$ 6.05 

6.10 

6.00 

$ 6.60 

6.50 

6.22 

The winner of the production contract is Seller 3 since his offer of $6.22 is the lowest 

offer. How much will be bought from the sellers in the example above? Seller 1 and 

Seller 2 will sell nothing since their offers to sell were too high. The amount Seller 3 sells 

is determined by a demand rule. This demand rule is constructed by us prior to the 

experiment. It will be the same demand rule for the entire experiment. The demand rule 

gives the amount of the commodity that is purchased for different winning offers. The 

only thing you will be told about tht: demand rule is the maximum quantity that might be 

purchased. Whether the maximum quantity is actually bought depends on the winning 

offer. The maximum quantity that could be purchased will be announced at the beginning 

of the experiment. For the example above, let's say the maximum quantity was announced 

as 20 units. How much was purchased from Seller 3? We would use the demand rule to 

find this out. Given that Seller 3's offer was $6.22, let's say the quantity actually 

purchased from Seller 3 is 10 units. We can now calculate the profits for Seller 3 in the 

example period: 

Seller 3's Profits = (Winning Offer - Production Cost) X Quantity Sold 



= ($6.22 - $6.00) X 10 

= $0.22 X 10 

= $2.20 

Seller 3's Record Sheet would then look like: 

A Offer $_---
B Production Cost $ ___ _ 

C Actual Quantity Sold 

Period Profit $ ____ _ 

Total Profit $ ___ _ 
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Winning Offer $ ___ _ 

Quantity Sold 

Remember, Seller l's and Seller 2's offers were not accepted. They would sell nothing and 

their profits would be zero in that period. Seller 2's Record Sheet would look like this: 

A Offer $_---
B Production Cost $ ----- Winning Offer $ ___ _ 

C Actual Quantity Sold Quantity Sold 

Period Profit $ ____ _ 

Total Profit $ ___ _ 

Seller 1 's Record Sheet would be similar but his Offer and Production Cost figures would 

be different. 

The last page of the instructions is your Record Sheet for the one week of trading 

(5 trading days). If the experiment runs longer than one week you will be given a new 

Record Sheet. There is a place to write down the maximum quantity. This will be 

announced before the experiment begins. You will be given slips of paper to write down 

your offers to sell. A trial period will be run to help you better understand the 

experiment. 

It is important to remember the following: 

1. After being given your production cost you must decide on your offer to sell. 

2. To win the production contract, your offer must be lower than all the other 

sellers' offers. 
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3. Your profit equals: 

(Offer - Production Cost) X Quantity Sold. 

Your profits depend on the difference between your offer and production cost times the 

quantity sold. If you sell nothing then your profits are zero. 

4. Keep a running total of your previous period profits using the total profit row 

on your Record Sheet. 
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RECORD SHEET 

NAME TRADING WEEK 
SELLER # MAXIMUM QUANTITY 
PROFITS PREVIOUS WEEK $ 

Trading Day 1 

A Offer 

B Production Cost $ Winning Offer $ 

C Actual Quantity Sold Quantity Sold 

Period Profit (A - B) x C $ 

Total Profit $ 

Trading Day 2 

A Offer $ 

B Production Cost $ Winning Offer $ 

C Actual Quantity Sold Quantity Sold 

Period Profit $ 

Total Profit $ 

Trading Day 3 

A Offer $ 

B Production Cost $ Winning Offer $ 

C Actual Quantity Sold Quantity Sold 

Period Profit $ 

Total Profit $ 

Trading Day 4 

A Offer $ 

B Production Cost $ Winning Offer $ 

C Actual Quantity Sold Quantity Sold 

Period Profit $ 

Total Profit $ 

Trading Day 5 

A Offer $ 

B Production Cost $ Winning Offer $ 

C Actual Quantity Sold Quantity Sold 

Period Profit $ 

Total Profit $ 
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Cartel Experiment Without Penalties 

Instructions 

In today's experiment the procedure followed will be change slightly. The auction 

will be run exactly as last week, except for inclusion of a recess period. This recess period 

will be held prior to the submitting of offers. This brief recess period will allow you to 

talk to other sellers. The recess period will be held in a separate room from where the 

auction takes place. ANY TOPIC MAYBE DISCUSSED. There are two distinct 

difference between the recess room and the auction room. First, you will not be allowed 

to bring any papers from the auction room to the recess room or vice-versa. Secondly, 

talking amongst sellers can only take place in the recess room. DO NOT talk about 

anything while you are in the auction room. Address any questions you have to the 

experimenter. 

Also, in today's experiment we will pay the winning seller a contract bonus. This 

contract bonus is a fixed amount of money that is added to the winning seller's profit. 

The amount of the contract bonus will be announced before the experiment begins. 

You will be given your profits from last week's experiment. It will be written on 

your Record Sheet for the first trading week. Remember, we will record the profits you 

earn for the entire week. You will be paid the sum of your profits at the end of you 

participation in all experiments is over. 
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Cartel Deterrence Experiment With Penalties 

Instructions 

For the remainder of the experiment we will introduce the possibilites of penalties. 

The threat of penalties will exist whenever the winning offer is greater than the lowest 

production cost of ALL sellers. If the penalty is charged, it will be split equally among 

the sellers. 

It is not certain that a penalty will be charged every time the winning offer is 

greater than the lowest production cost of all sellers. The probability of incurring the 

penalty will be somewhere between zero and one. The proability of the penalty and the 

amount of the penalty will be announced before each period. 

As an example, let's say three sellers hsave the following production cost 

SELLER l's Production Cost = $3.00 

SELLER 2's Production Cost = $3.05 

SELLER 3's Production Cost = $3.12 

The three sellers face the possibility of penalties whenever the winning offer is greater 

than $3.00. Let's say the penalty is announced to be $12.00 and the probability of 

incurring the penalty is one out of ten. This means that every time the winning offer is 

greater than $3.00, there is a one out of ten chance of a penalty being charged. If the 

contract bonus equals $1.00, there are three possible outcomes each period: 

1) The winning offer could equal $3.00, the lowest production cost of 

all sellers and the winning seller (assuming Seller 1 is the winning 

seller) would earn zero profits and simply receive the contract 

bonus equal to $1.00. Two more possible outcomes exist if the 

winning offer is greater than the lowest production cost of all 

sellers. For example, if the winning offer equaled $3.25, and the 



quantity sold equaled 10 units, then the remaining two outcomes 

are: 

2) The penalty is not charged and the winning seller profits equal 

(again assuming Seller 1 wins production contract) 

Seller l's Profit = (Winning Offer - Production Cost) X Quantity + 

Contract Bonus 

= .25 X 10 + 1.00 

= $3.50 

3) The penalty is charged and each seller must pay one third of the 

penalty, equal to $4.00. The period profits for the sellers would 

be 

Seller I's Profit = Profits - Penalty Share 

= $3.50 - 4.00 

= - 0.50 

Seller 2's Profit = Seller 3's Profit = Penalty Share 

= - 4.00 
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Notice Seller I gets to keep the profit from the winning contract, and subtracts the 

penalty from this profit. 

Summarizing the important points: 

1) The penalty is NOT certain if the winning offer is greater than the lowest 

production cost of all sellers. 

2) The probability of the penalty is an independent chance event. Whenever a 

penalty is possible, a random pro:ess will be used to determine the Penalty 

Outcome. A one out of five chance does NOT mean every 5 periods there will 

be one penalty. It means every time the winning offer is greater than the 

lowest production cost there is a one out of five chance the penalty will be 

incurred. 
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3) Whenever a penalty is incurred, each seller pays an equal share of the penalty. 

The winning seller gets to keep his/her profits, however, and subtracts the 

penalty from those profits. 

4) If either the probability or penalty changes you will be notified of the change. 

5) The probability of the penalty does NOT increase as the mark-up of the 

winning offer above cost increases. The probability of the penalty is constant 

whether the winning offer is $0.01 above the lowest production cost or $1.00 

above the lowest production cost. 

Finally, the experiment is guaranteed to run only 10 more periods. After the 10 

periods, there will be a one out of ten chance that the experiment will end after each 

period. 
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Limited Communictaion Cartel Experiment 

Instructions 

During the remainder of the experiment the procedure that we follow will be 

changed slightly. The auction will be run exactly the same, except you will now be given 

a brief recess period. This recess period will allow you to talk to other sellers. The recess 

period will be held in a separate room from where the auction takes place. ANY TOPIC 

MA Y BE DISCUSSED. There are two distinct differences between the recess room and 

the auction room. First, you will not be allowed to bring any papers from the auction 

room to the recess room or vice versa. Second, talking among sellers can only take place 

in the recess room. DO NOT talk about anything while you are in the auction room. 

Repeated violations will result in the experiment being stopped with each subject receiving 

his/her showup fee only. Address any questions you have to the experimenter. 

You will also have the opportunity to meet two more times in this experiment. A 

second recess period will occur after the 12th period. A third recess period will be held 

after the 18th period. This will be the last opportunity to meet with other subjects. Also, 

the experiment is guaranteed to run only 12 more periods. After the 18th period, there 

wiII be a one out of ten chance that the experiment will end after each period. 

Profits from your previous periods will be carried over and will be written on your 

current Record Sheet as Previous Profits. Remember, you wiII be paid the sum of your 

profits at t.he end of the experiment. 
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This screener is to familiarize you with the type of decisions you will be making in 

the auction project. However, in the actual experiments that we will have next week, you 

will do less reading and you will be actively involved as a seller. In all the experiments 

including this screener you will make money. How much money you make depends on 

your decisions. There is NO RIGHT decision but the better the decision the more money 

you make. 

The experiments you will be in are designed to be like real life business situations. 

You make money in these experiments buying and selling a make-believe product. The 

only thing we are concerned with is the decisions you make. 

Every time you are in an experiment you will make money. You will earn money 

in two different ways. 

1) You will make money just for being in the experiment. We will call this your 

experiment "fee". At the end of the experiment you will be paid a fixed fee or 

amount of money. 

2) In addition to the experiment "fee" you will also earn money be participating in 

the experiment. This is your "profit". We will keep track of the "profits" you make in 

the experiments. All of your "profits" will be paid to you after you have been in 3 to 

4 experiments. The experiment fee and all profits will be deposited in your bank 

account. 

Think of this as a fun way to make money. 
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SECTION 1 
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This first section is to obtain some general information. You need to include your 

name so that we can pay you the money you win in the final section. You do NOT have 

to answer any of the questions. 



STuDENT QUESTIONNAIRE 
NAME ___________ _ 

1. What is your age? ______ _ 

2. What year of school are you in? _________ _ 

3. What is your major? ____________________ _ 

4. At the present time, are you: 

Married 
Widowed 
Divorced 
Separated 
Never Married 

5. What is your race: 

Black 
Chicano/Latino 
White 
Asian 
Indian Native 
Other 

6. a) Do you have a job at present? Yes No 

b) If yes, how much money do you gross per month? $ ______ _ 

7. What other income do you receive per month? (i.e., from parents, inheritance, 
scholarships, etc.) 

8. a) Do you own a car? Yes No 
If yes, 

b) Year ---- Make _______ _ Model _____ _ 

c) Do you have theft insurance on the car? Yes No 

9. Do you ever gamble? (i.e., make bets with your friends, go to Las Vegas, etc.) 
Yes No 

If yes, how much of your total monthly income do you use to gamble? 

o 9% 
10% - 19% 
20% - 29% 
30% - 39% 
40% - 49% 
Over 50% 
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10. a) In the last year, have you had any moving violations? Yes No 

b) If yes, how many and for what? ___________ _ 

11. In order to loan $10 to a stranger who was certain to repay you, how much would you 
want back a month from now? $ ______ _ 



PRISONER QUESTIONNAIRE 

NAME ___________ _ 

1. What old are you now? ______ _ 

2. What is the highest grade you finished in school? 

No Schooling 
6th grade or less 
7th - 9th grade 
10th - 12th grade 
High school graduate 
Some college 
College graduate 
Post graduate degree 

3. At the present time, are you: 

Married 
Widowed 
Divorced 
Separated 
Never Married 

4. What is your race: 

Black 
Chicano/Latino 
White 
Asian 
Indian Native 
Other 
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5. What kind of work did you do just before getting arrested this last time? (Describe 
briefly) 

6. How many different jobs did you have during the last 12 months you were on the 
street? 

Number of jobs __ _ 
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7. What is your commitment offense? What crime(s) were you convicted on that got you 
here this time? 

8. How much more time do you expect to serve before getting paroled? 

Number of years 
Number of months ---

9. Do you know your release date? 

Yes 
No 

10. What were you charged with at the time of your arrest? 

11. What sentence did the judge give you on the conviction? 

12. During the period you were last on the street, what type of car did you own? 

Make ____ _ Year ___ _ Model _____ _ 

13. Did you have liability insurance on the car? Yes 
No 

No 
Did you have theft insurance? Yes 

14. When did you start your present term? Month ______ _ Year __ _ 

15. During the period when you were on the street, how much of the time did you have a 
job? 

100% of the time 
Most of the time 
About half of the time 
Less than half of the time 
Never employed 

16. During this period, about how much was your average monthly income from both 
work and crime? 

$_-----



17. How much of your total income came from crime? 

Less than 10% 
10% - 25% 
25% 50% 
50% 75% 
75% 100% 

18. When you were last on the street did you gamble? Yes No 
How much of your weekly income? 

Less than 10% 
10% - 25% 
25% - 50% 
Over 50% 
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19. In order to loan $10 to a stranger who was certain to repay you, how much would you 
want back a month from now? $ ______ _ 

How much would you want if he paid you a year from now? $ -------
20. a) Do you have a job in the prison? Yes __ No __ 

b) If yes, how much do you make a week on an average? 

$_-----

THANK YOU FOR YOUR COOPERATION 



154 

SECTION 2 



155 

This situation will be explained to you by the person who is conducting the test. 

Please pay close attention, and ask any questions about the example you may have. 

STOP - And wait for Experimenter to explain. 

After the problem is presented to you by the experimenter, answer the following 

question. 

I) There are 100 balls in each of 2 urns. Some are blue and some are red. You must 

choose the urn from which you want a ball to be drawn. But before you choose consider 

the following: 

a) If a red ball is drawn from the urn you will win $10.00. 

b) If a blue ball is drawn you will win between $10.00 and $20.00. 

c) The number of blue balls in each urn is between 0 and 100. 

d) The number of blue balls is probably not the same in both urns. 

e) The payoff, if a blue ball is chosen, is probably not the same for both urns. 

Finally, before you are aksed to choose from which urn you want to pick a ball, 

you can learn one of two things about the urns. 

a) The number of blue balls in each urn. 

or 

b) The payofff of each urn if blue ball is chosen. 

I) Circle the one you would want to know 

a) Number of blue balls in each urn. 

b) The payoff if a blue ball is drawn from the urn. 

c) Either the number of blue balls or the payoff, it doesn't really matter. 
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In this section we list several situations and ask you to choose between two 

alternatives in each situation. Circle the alternative you would prefer if you had to make a 

choice. If you think both are about the same, circle both a and b. 

Situation 1 a. An equal chance of getting either $6.00 or $10.00. 

b. $8.00 for sure 

Situation 2 a. An equal chance of getting either $1,000.00 or $2,000.00. 

b. $1,500.00 for sure 

Situation 3 a. lout of 4 chance of getting $10.00 or 3 out of 4 of getting $2.00. 

b. $4.00 for sure 

Situation 4 a. lout of 4 chance of getting $4,000.00 or 3 out of 4 chance of getting 

$800.00. 

b. $1,600.00 for sure. 

Now imagine that you are faced with two favorable situations, neither of which you 

want to be in. However suppose you have to make a choice. Which situtation would you 

rather be in? 

Situation A: you stand a lout of 1000 chance of losing $10,000. 

Situation B: you can buy insurance for $10 to protect you from this loss. 

ANSWER: I prefer A I prefer B Indifferent 

strong preference weak preference 
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Consider the following situation. Someone offers to flip a coin with you. If the 

coin comes up heads he will pay you $10.00, if the coin comes up tails you pay him 

$10.00. You are sure that the coin is "fair" meaning it is equally likely that either a head 

or tail will occur. Also, you are certain this individual will pay you the $10.00 if heads 

comes up. Would you thake his offer? 

1) Definitely Yes 

2) Probably Yes 

3) Maybe Yes, Maybe No; I am Indifferent 

4) Probably Not 

5) Definitely Not 

Put down either 1, 2, 3, 4, 5 

1) Answer __ _ 

What if the same offer was made for $2.00? 

2) Answer __ _ 



158 

SECIlON 3 

;.:' 



159 

In these bets you must decide the minimum amount you are willing to sell each bet 

for. At the end of this section all bets will be played. 

The best will look like this: 

(Example Bet) 

BAD LUCK 
PAYOFF 

o 

CHANCE 
POINT 

50 

What is the minimum amount you would sell this bet for? 

(Example) SELLING PRICE _____ ---' 

GOOD LUCK 
PAYOFF 

100 

You will be asked to name selling prices for 20 bets. After you have stated your 

selling price for all 20 bets then we will either: 

a) buy the bets from YOU at a price equal to or greater than your selling price, or 

b) play the bet and you win either 0 or 100 cents. 

Whether we buy the bet from you or you play the bet depends on chance. First, we draw 

a number between 0 and 100 at random. This represents the maount we are willing to pay 

for that bet. If it is at least as much as your selling price then we buy the bet from you 

and received the amount (in cents) that was drawn. If the number drawn was less than 

your selling price you will NOT sell the bet, and instead you play the bet. 

Now let's see how this would work out on one sample bet. Let's say your selling 

price was 40 cents for the above bet and the number drawn was 60. This means that we 

will buy the bet from you for $0.60. If the number drawn equaled 30 then you would not 

sell the bet but would play it instead. If you paly, then we will do the following: 

We will randomly draw another numbe: beween 0 and 100. This number is 

compared to the "Chance Point" (equal to 50 in the example above). If the number drawn 

is equal to or less than 50 then you receive the "Bad Luck" payoff of 0 cents ($0.00). If 

the number is greater than 50 then you will received the "Good Luck" payoff of 100 cents 

($1.00). 
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Remember, your SELLING PRICE should be the amount of money that makes .you 

not care whether you receive your selling price or actually play the bet. 

It is in your best interest to give your true ~elling prices. Let's say on the bet given 

above the TRUE value of that bet to you is $0.50. If you report a SELLING PRICE of 

$0.70 this would not be in your best interest. If the first number drawn is equal to 60, we 

would not buy you bet and you would be forced to play the bet even though you would 

rather have sold it for $0.60. Suppose you understated the SELLING PRICE at $0.30 and 

the number drawn is 40. Then you be forced to sell the bet even though you would rather 

have played it. 
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NAME TEST 
Please Print 

RECORDS SHEET 

BET BAD LUCK CHANCE GOOD LUCK 
PAYOFF POINT PAYOFF 

0 50 100 SELLING PRICE 

2 0 80 100 SELLING PRICE 

3 0 IS 100 SELLING PRICE 

4 0 90 100 SELLING PRICE 

5 0 60 100 SELLING PRICE 

6 0 30 100 SELLING PRICE 

7 0 25 100 SELLING PRICE 

8 0 45 100 SELLING PRICE 

9 0 70 100 SELLING PRICE 

10 0 55 100 SELLING PRICE 

11 0 10 100 SELLING PRICE 

12 0 35 100 SELLING PRICE 

13 0 85 100 -SELLING PRICE 

14 0 40 100 SELLING PRICE 

15 0 5 100 SELLING PRICE 
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NAME TEST 
Please Print 

RECORDS SHEET 

BET BAD LUCK CHANCE GOOD LUCK 
PAYOFF POINT PAYOFF 

16 0 65 100 SELLING PRICE 

17 0 75 100 SELLING PRICE 

18 0 20 100 SELLING PRICE 

19 0 95 100 SELLING PRICE 

20 0 38 100 SELLING PRICE 

Signature _______ _ 



APPENDIX B: EXPERIMENTAL TREATMENTS 

This appendix discusses the experimental treatments used in the "cartel deterrence" 

experiments and reports on the results of statistical analyses to test for the existence of 

treatment and order effects within and across the experiments. As discussed in Chapter 4, 

the thirteen penalty specifications were used to create three experimental treatments. The 

details of these treatments are reported in Table B I. 

Subjects faced treatments A and B during the first two deterrence experiments with 

treatment C being used in the final experiment. The three "cartel deterrence" experiments 

were designed to run a maximum of forty periods. Treatments A and B had three distinct 

types of trading periods. The first eight trading periods were designed as a learning 

segment. In these periods the eight penalty amounts and probability levels were presented 

in random order. This exposed the subjects to all eight penalty specifications which they 

would see in the remainder of the experiment. The next twenty-four periods, periods nine 

through thirty-two, were termed systematic periods. In these trading periods the eight 

different penalty specifications were presented in a specific sequence. The penalty 

specifications were ordered so as to generate either a dispersion effect, a probability effect 

or a penalty effect. For example, in treatment B (see Table BI), in periods 9-17 the 

detection probability was held constant at .1 and the penalty was varied from $5.00 to 

$12.50 to $25.00. This tested for a penalty effect when the expected payoff is 

nonnegative. In periods 15-23 the expected value is constant at zero which tests for the 

effect of dispersion changes by varying the penalty between $25.00 and $5.00 and the 

detection probability between .1 and .5. In periods 21-26 a test for a penalty effect at 

non positive . expected values is accomplished by holding the probability at .5 and varying 

the penalty between $5.00 and $15.00 while in periods 24-29 the penalty is held constant at 
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TABLE B1 

EXPERIMENTAL TREATMENTS 

Type A Type B Type C 
Period Probe Pena1t~ Probe Penalty Probe Pena1t~ 

1 .25 20.00 .10 5.00 .10 25.00 
2 .50 5.00 .25 15.00 .10 25.00 
3 .25 10.00 .10 25.00 .25 10.00 
4 .25 40.00 .25 30.00 .25 10.00 
5 .10 50.00 .50 5.00 .50 5.00 
6 .25 30.00 .10 12.50 .50 5.00 
7 .50 10.00 .25 10.00 .25 5.00 
8 .25 5.00 .50 15.00 .25 5.00 
9 .10 50.00 .10 5.00 .25 15.00 

10 .25 20.00 .10 5.00 .25 15.00 
11 .50 10.00 .10 5.00 .25 20.00 
12 .10 50.00 .10 12.50 .25 20.00 
13 .10 50.00 .10 12.50 .25 20.00 
14 .25 20.00 .10 12.50 .25 40.00 
15 .25 20.00 .10 25.00 .25 40.00 
16 .50 10.00 .10 25.00 .25 30.00 
17 .50 10.00 .10 25.00 .25 30.00 
18 .25 10.00 .25 10.00 .50 15.00 
19 .25 10.00 .25 10.00 .50 15.00 
20 .50 5.00 .25 10.00 .50 15.00 
21 .50 5.00 .50 5.00 .25 15.00 
22 .50 5.00 .50 5.00 .25 40.00 
23 .25 5.00 .50 5.00 .25 30.00 
24 .25 5.00 .50 15.00 .25 10.00 
25 .25 5.00 .50 15.00 .50 10.00 
26 .25 10.00 .50 15.00 .50 10.00 
27 .25 30.00 .25 15.00 .50 10.00 
28 .25 40.00 .25 15.00 .50 5.00 
29 .25 30.00 .25 15.00 .10 25.00 
30 .25 30.00 .25 30.00 .10 25.00 
31 .25 40.00 .25 30.00 .10 25.00 
32 .25 40.00 .25 30.00 .10 50.00 
33 .25 5.00 .50 15.00 .10 50.00 
34 .50 5.00 .25 10.00 .10 50.00 
35 .25 10.00 .10 12.50 .10 25.00 
36 .10 50.00 .50 5.00 .25 20.00 
37 .25 40.00 .25 30.00 .50 10.00 
38 .50 10.00 .10 25.00 .50 15.00 
39 .25 20.00 .25 15.00 .25 40.00 
40 .25 30.00 .10 5.00 .50 10.00 

See description of period types in text. 
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$15.00 and the detection level is varied between .25 and .5 to assess the impact of a pure 

probability effect when the expected payoff is negative. Finally, if we consider periods 

30-32 in conjunction with periods 27-29 there exists a test of a pure penalty effect when 

expected payoffs are negative. 

In the systematic segment of these experiments from one period to the next at least 

one of the following is held constant; probability level, penalty amount or the expected 

profit from collusion. Any change in the penalty specifications from one period to the 

next is such that it allows the cartels a point of reference in making its decision in the 

next period. It was believed that this point of reference would give the model presented 

in Chapter 4 its best opportunity to predict subjects' behavior. 

The final eight periods, thirty-three through forty, in A and B were random-ending 

periods. Here the eight penalty specifications were again presented in random order. 

However, before each period the bingo cage was used to determine if the experiment 

would continue. The experiment had a one-tenth probability of ending prior to each 

period starting with the thirty-third period up to the fortieth period. Random-ending 

periods were used to control for end of experiment effects where subjects behavior may 

change as they anticipate the end of the experiment. Finally, in experimental treatment C 

there were only two period types. The first thirty-four periods were systematic periods 

and the last six were random-ending periods. 

As noted above, one of the objects of these experiments was to consider how a 

subject's choices changed as he/she becomes more experienced. Running the experiments 

over five weeks allows subjects to gain a substantial amount of experience with risky 

choices that have varying expected values. Table 2, of Chapter 4, indicates that treatments 

A and B had eight penalty specifications each with three penalty specifications appearing 

in both treatments A and B. Therefore, after the first two deterrence experiments the 

groups had faced every penalty specification at least once. In the third deterrence 
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experiment all groups faced eleven of the thirteen penalty specifications which they had 

previously faced in the two eaT.lier deterrence experiments. By comparing the final week, 

using treatment C, with the previous two weeks, with treatments A and B, it can be 

observed whether or not behavior changes after subjects gain experience with these types 

of uncertain choices. 

Subjects' profits are not paid until the end, therefore, changes in the degree of risk 

aversion or preference could be a result of wealth effects. However, any reversal in risk 

attitudes (i.e., risk preferring to risk aversion) could not be traced back to a wealth effect. 

The subjects were not made aware of any of the design characteristics of any of these 

experiments. Subjects were only told how many periods were guaranteed before the 

random-ending process. 

In addition to the specifications shown in Table BI, there existed treatments A', B', 

and C' which had the same penalty and probability combinations as A, B, and C but the 

order of the systematic periods was reversed. The rationale for using both A and A' is to 

test for order effects within an experiment. A second test for order effects involved 

presenting some groups with specification A the first week, then B the second week while 

other groups faced specification B in its first week and A in the second week. 

Homogeneity of Period Types 

This section investigates the data to determine if any significant difference existed 

between the systematic periods and the learning/random-ending periods. Table B2 reports 

on a log it test for homogeneity of period types. 

The dependent variable in all logit regressions, COLLUSION, equaled one when the 

winning offer is set above sellers' cost and zero otherwise. The variables in these 

regressions were defined assuming both the intercept and slope variables may differ 

between systematic periods versus learning and random-ending periods. 



TABLE B2 

LOGIT ANALYSIS TO TEST FOR HOMOGENEITY 

BETWEEN SYSTEMATIC VERSUS LEARNING AND RANDOM-ENDING PERIODS 

(Students and Prisoners) 

SAMPLE* 
Expected 
Profit 

Independent 
Variables 

CONSTANT 

DSYS 

PENSYS 

PERLR 

PROBSYS 

PROBLR 

Number of 
Observations 

Log Likelihood 

CHI-SQUARE 
Statistic 

Level of 
Significance 

(a) 
Coefficient Estimate (Standard Errors) 

Students 
ALL 

3.84 
(0.59) 

-0.10 
(0.30) 

-0.15 
(0.031) 

-0.17 
(0.024) 

-6.36 
(1.22) 

-5.71 
(1. 05) 

371 

-200.48 

(b) 

Prisoners 
ALL 

7.96 
(1. 33) 

-2.81 
(1.45) 

-0.10 
(0.01) 

-0.16 
(0.03) 

-9.32 
(1.13) 

-14.31 
(2.46) 

573 

-314.09 

Test for Homogeneity 

0.92 4.23 

0.82 0.24 

*See test for description of data set and test restriction. 
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For the intercept term, 

DSYS = 1, if the period type was systematic 

= 0, otherwise 

For the slope variables 

PENSYS = Penalty amount if the period type was systematic 

= 0, otherwise 

and 

PENLR = Penalty amount if th,e period type was learning or 

random-ending 

= 0, otherwise 

PROBSYS = Probability level if period type was systematic 

= 0, otherwise 

PROBLR = Probability level if period type was learning or 

random-ending 

= 0, otherwise. 
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The data used for these regressions included all penalty specifications where the 

groups were partially deterred. This restriction implies the sample was chosen to exclude 

all penalty specifications where the groups were either completely deterred implying the 

percentage of time the winning offer was greater than cost for all groups at this penalty 

specification was equal to zero and all penalty specifications where the groups were 

completely undeterred implying the percentage of collusive offers equaled 100 percent for 

all peirods and for all groups. 

For the prisoner groups the data set included all penalty specifications where the 

expected profit from collusion was nonpositive. For the student groups the data sample 

included all penalty specifications where expected profit levels was between $1.25 and 

-$2.50 inclusive. However, the penalty specificatins where the detection level was one-
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quarter and the penalty amount equaled $15.00 and $20.00 was excluded. These two 

penalty specifications, (.25, 20.00, -2.50) and (.25, 15.00, -1.25), were not included for the 

student regressions since in both cases the student groups were completely deterred. The 

criteria used to construct the data set for the purpose of conducting homogeneity t,~st is 

obvious. Clearly, if all groups were either completely deterred or completely undeterred at 

a given penalty specification then there existed no significant difference between 

systematic, learning, and random-ending. 

The homogeneity test using logit analysis implies the test statistic is a chi-square. 

The test staistic was derived by imposing the following restrictions, 

DSYS = 0 

PENSYS = PENLR 

PROBSYS = PROBLR. 

The test statistic is calculated by constructing the following likelihood ratio, 

Where LR is the value of the likelihood function under the null hypothesis when the 

restrictions are imposed and LU is the value of the unrestricted likelihood function. The 

appropriate statistic is equal to 210g>. = -210gLR - 10gLU and follows a chi-square 

distribution with three degrees of freedom. 

As is indicated by the results reported in Table 8b, the null hypothesis that there 

exists no significant difference between the systematic period types relative to the learning 

and random-ending period types cannot be rejected. This result is strengthened by the 

fact that several observations were excluded from the sample which would tend to further 

support the null hypothesis. 
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Treatment and Order Effects: Analysis of Variance 

The results from the cartel deterrence experiments conducted using both college 

students and prison inmates as subjects do not provide enough observations to reliably 

perform statistical tests of order effects within a week (AsA', BsB'). 

The data does allow, however, for a rather exhaustive test of order effects across 

weeks. Table B3 reports the order in which the twelve student and prisoner groups faced 

treatments A, B, and C. The penalty specifications which occurred in the three 

experimental treatments indicate that treatment B provided, on average, the groups with 

collusive alternative involving higher expected profit, while treatment C provided the least 

attractive collusive gambles. 

The discussion ill Chapter 4 of the students' results speculated that the experimental 

design may influence the groups' willingness to collude. Within any given cartel deterrence 

experiment a group may respond not only to the expected return and the dispersion of 

these returns but also to the relative expected returns available. As an example, 

experimental treatment B provides the group with five collusive opportunities involving 

nonnegative expected profit while treatment A provides the group with only three collusive 

opportunities with nonnegative expected profit. Also experimental treatment B provided 

the subjects with two colludve opportunities with positive expected profit while treatment 

A provided on positive expected profit collusive opportunity. While the various penalty 

specifications within treatments A and B differed in the dispersion of these expected 

returns, two facts are apparent. First, as mentioned in Chapter 4, the penalty 

specifications used in these experiments provided the cartels with very few positive 

expected profit collusive opportunities. Second, treatment B included relatively more 

attractive collusive opportunities than treatments A or C. Therefore, for any penalty 

specification, groups facing treatments A or C may be more likely to set the winning offer 

above cost than if it faced the sme penalty specification in treatment B. 
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TABLE B3 

ORDER OF EXPERIMENTAL TREATMENTS 

(a) Students 

Group COl CD2 CD3 

1 B A C 

2 A B C 

3 A B C 

4 A' B' C' 

5 B' A' C' 

6 A' B' C' 

(b) Prisoners 

1 B A C 

2 A B c ' 
3 B A C' 
4 A' B' C 

5 A' B' C 

6 B' A' C ' 
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It is possible that groups' behavior may also differ across experiments. There exists 

at least two possible sources, one which relates to the experimental treatments and a second 

which could result from influences outside of the laboratory. The order of experimental 

treatments (i.e., AB versus BA) may influence groups' behavior. The existence of these 

order effects may be tested using standard statistical procedures. The second influence on 

groups' behavior addresses a more fundamental issue related to experimental control. 

Outside the laboratory it is impossible for the experimenter to control the subjects' 

environment. Therefore, events outside the laboratory may influence subjects' behavior 

within the experiment. This problem is clearly not unique to the experiments reported on 

here. The contrast in behavior of experienced versus inexperienced subjects in any 

laboratory experiment must allow for the possibility of outside influences affecting 

observed differences in subjects' behavior. However, experienced subjects are used 

repeatedly in economic experiments. In an environment involving uncertainty or risk, this 

experience may be important in verifying a behavioral model's robustness and consistency. 

Order Effects 

This section looks at the potential for order effects existing across experimental 

treatments. In other words, did subjects who faced treatment A in their first "cartel 

deterrence" experiment followed by treatment B behave differently from subjects who first 

faced treatment B followed by treatment A. 

Tables B4 and B5 will be useful to analyze the behavior of students and prisoner 

groups. Table B4 for the students and Table B5 for the prisoers present the results 

originally reported in Tables 3 and 4 of Chapter 4. Tables B4 and B5, however, report for 

each of the thirteen penalty specifications the proportion of times the groups set the 
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TABLE B4 

CARTEL DETERRENCE EXPERIHENTS 

Treatments A and B Versus C for Student Groups 

Percentage of winning offers exceeding seller's cost 
for experimental Treatments A and B versus C. 

(Number of Observations) 

Probability of Detection 

Expected .1 .25 .5 

Profit AlB C AlB C AlB C Total 

+2.00 100% 100% 
(26) (26) 

+1.25 93% 100% 92% 96% 
(27) (29) (12) (68) 

0 8% 15% 48% 56% 75% 61% 46% 
(26) (34) (54) (18) (53) (18) (203) 

-1.25 0% 0% 0% 
(26) (18) (44) 

-2.50 23% 0% 0% 0% 0% 7% 5% 
(26) (18) (25) (24) (27) (29) (149) 

-5.00 0% 0% 0% 0% 0% 
(49) (18) (29) (24) (120) 

-7.50 0% 0% 0% 
(26) (24) (50) 
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TABLE B5 

CARTEL DETERRENCE EXPERINENTS 

Treatments A and B Versus C for Prisoner Groups 
Percentage of winning offers exceeding seller's cost 

for experimental Treatments A and B versus C. 

(Number of Observations) 

Probability of Detection 

Expected .1 .25 .5 
Profit AlB C AlB C AlB C Total 

+2.00 100% 100% 
(27) (27) 

+1.25 100% 100% 100% 100% 
(28) (30) (12) (70) 

0 93% 91% 93% 89% 74% 50% 84% 
(27) (34) (57) (18) (54) (18) (208) 

-1.25 74% 67% 71% 
(27) (18) (45) 

-2.50 59% 53% 65% 41% 55% 21% 50% 
(29) (17) (26) (22) (29) (24) (147) 

-5.00 22% 22% 14% 14% 19% 
(54) (18) (29) (21) (122) 

-7.50 14% 14% 14% 
(29) (21) (50) 
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winning offer above cost for the first two deterrence experiemnts, when subjects faced 

treatments A and B, and the same percentage for the final deterrence experiments when 

subjects faced treatment C. 

From Table B4 for the student group, it is clear that order, treatment or experience 

effects will only be an issue in seven of the thirteen penalty specifications. For the 

prisoner groups order, treatment or experience effects could potentially exist at ten of the 

thirteen penalty specifications. This fact is apparent by observing in Tables B4 and B5 the 

penalty specifications where groups' behavior varied (i.e., where the groups were partially 

deterred). 

Table B6 reports the results of statistical tests of potential order effects for the 

student groups. At each penalty specification and experimental treatment (A or B), the 

actual frequency of collusive and competitive price setting is reported for both the first 

cartel deterrence experiment and the second cartel deterrence experiments. Using two-by

two contingency tables, chi-square statistics can be calculated to test the null hypothesis 

that at a given penalty specification and experimental treatment the proportion of collusive 

choices is the same in both the first and second deterrence experiments. A series of these 

calculations will test whether groups who faced treatment A in the first deterrence 

experiment followed by B behave identically to groups who faced tratment B followed by 

A. 

Table B6 is organized in the following manner. The first column numbers each 

test, while the second column reports the penalty specification under consideration. As an 

example, (.25,10.00,0) denotes the penalty specification with a one-quarter probability, a 

ten dollar penalty resulting in an expected profit from collusive price fixing equal to zero. 

The next column reports the experimental treatment being tested. For the first test, Al 

represents treatment A and first deterrence experiment while A:t denotes treatment A and 

the second deterrence experiment. The next two columns breaks down the data from Al 
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TABLE B6 

TEST FOR ORDER EFFECTS: STUDENT EXPERIMENTS 

Penalty Actual Frequency Chi-Square 
Test Specification Treatment Collude Not Collude Statistic 

1 (.25,$10.00,0) Ai 15 2 1.94 
A2 5 4 

2 (.5,$5.00,0) Ai 11 6 0.736 
A2 8 1 

3 (.1,$50.00,-2.50) Ai 6 11 2.38 
A2 0 9 

4 (.1,$12.50,1.25) Bi 9 0 0.07 
B2 16 2 

5 (.1,$25.00,0) Bi 0 9 0.09 
B2 2 15 

6 (.25,$10.00,0) Bi 3 6 0.32 
B2 3 16 

7 (.5,$5.00,0) Bi 9 0 2.17 
B2 12 6 
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and A2 into four seperate cells. Here the actual frequency of collusive and noncollusive 

choices which occurred for the representative treatment is reported. Again, for the first 

test, the four groups who faced treatment A in the first week. Al (see Table B3), chose to 

set the winning offers at collusive levels fifteen times and at competitive levels two times. 

While the two groups who faced treatment A in the second week chose to collude five 

times and the competitive price four times. 

The final column reports a chi-square statistic which was calculated to test the null 

hypothesis stated above. For test I, using the data in the four cells from columns 4 and 5, 

"expected" frequencies based on the assumption that the null hypothesis being true can be 

calculated. By pooling the data for both Al and A2, the total frequency of collusive 

choices (20) divided by the total number of observations (26) equals the proportion of 

collusive choices for all groups. If this proportion is multiplied by the number of 

observations from the first deterrence experiment (17), the 13.07 which results equals the 

"expected" frequency of collusive choices for A!, Similarly, the "expected" frequency of 

noncollusive choices for Al can be calculated by taking 7/26, which equals the proportion 

of noncollusive choices predicted by the null hypothesis, and multiplying it by 17. The 

resulting number, 4.57, represents the "expected" frequency of noncollusive choices for A!, 

Having calculated the "expected" frequency of collusive and noncollusive choices for 

both Al and A2, the value contributed to the chi-square statistic can be calculated for each 

of the four cells by squaring the difference between the actual frequency and the expected 

frequency and dividing this number by the expected frequency. The sum of these 

contributions is considered to be distributed as a chi-square with one degree of freedom. 

The validity of this assertion is based on the assumption that the observations are randomly 

distributed. 

When calculating a continuous chi-square statistic the discreteness of a two-by-two 

contingency table tends to exaggerate the statistics' significance (Box, Hunter and Hunter, 
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1978). Therefore, when the number of cells and "expected" frequencies in the cells are less 

than five (Chou, 1969), an increase in accuracy is obtained if the data is adjusted slightly. 

This adjustment is obtained by simply subtmcting one-half from the actual frequency in 

each cell prior to calculating the contribution to the chi-square statistic from that cell. 

In order to insure at least a 90 percent level of confidence, it is necessary for the 

critical chi-square statistic to equal 2.71. An examination of Table B6 indicates that for 

the student groups the order of the experimental treatments (AB versus BA) had no 

statistically significant effect on group behavior. This result implies that subjects' behavior 

in the student deterrence experiments was insensitive to the order of the two experimental 

treatments. Therefore, the results from the first two deterrence experiments can be pooled 

to test for treatment effects. Here the hypothesis of interest is whether the groups' 

behavior in the deterrence experiments is in any way dependent on the experimental 

treatment they faced. To conduct this analysis, comparisons of the penalty specificatins 

which were common to both treatments were made. 

Table 2 of Chapter 4 indicates that treatments A and B had three penalty 

specifications in common while treatments A and C had eight penalty specifications in 

common and treatments Band C had six common penalty specifications. Treatment 

effects were tested for at the penalty specifications where some variablity in subjects' 

behavior actually occurred. 

Table B7 reports the results of two separate statistical tests of treatment effects. 

The first test is identical to the two-by-two comparisons discussed above. However, the 

chi-square statistic of column 6 is testing the null hypothesis that the frequency of 

collusive and noncollusive choices was identical for the two treatments under considemtion. 

A t-statistic was also calculated which tested whether the group's avemge level of collusive 

activity was insensitive to the experimental treatment which they faced. An observation in 

this test is the proportion of collusive choices made by a group in a single deterrence 



Penalty 
Test Specification 

1 (.25,10.00,0) 

2 (.5,5.00,0) 

3 (.25,5.00,1. 25) 

4 (.25,10.00,0) 

5 (.5,5.00,0) 

6 (.5,10.00,-2.50) 

7 (.1,25.00,0) 

8 (.25,10.00,0) 

9 (.5,5.00,0) 

TABLE B7 

TEST FOR TREATMENT EFFECTS: STUDENT EXPERIMENTS 

Actual Frequency Chi-Square 
Treatment Collude Not Collude Statistic 

A 20 6 14.48 
B 6 22 

A 19 7 0.01 
B 21 6 

A 29 0 0.26 
C 11 1 

A 20 6 1.36 
C 10 8 

A 19 7 0.26 
C 7 7 

A 1 26 0.45 
C 1 28 

B 2 24 0.19 
C 5 29 

B 6 22 4.22 
C 10 8 

B 21 6 0.76 
C 11 7 

Group 
Mean 

80.0 
20.8 

75.0 
76.7 

100.0 
91. 7 

80.0 
55.5 

75.0 
61.0 

3.3 
4.2 

8.3 
16.5 

20.8 
55.5 

76.7 
61.0 

t-statistic 

3.68 

0.083 

1.00 

1.03 

0.56 

0.067 

0.39 

1.43 

0.44 

.... 
--.J 
\0 
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experiment. It was hoped that this sample would come closer to satisfying the 

independence condition required by classical statistical inference and therefore provide a 

more reliable test. 

The results from the student experiments provide very little support for the 

existence of treatment effects. The only significant variation in group behavior occurred 

at penalty specification (.25,10.00,0). In comparing treatment B with treatments A and C, 

the results from tests I and 8 indicate that the groups colluded significantly less at penalty 

specification (.25,10.00,0) when they faced treatment B as compared to the deterrence 

experiments when they faced treatments A or C. As a matter of fact, all six student 

groups colluded less at (.25,10.00,0) when facing treatment B compared to the experiments 

when they faced A and C. At this penalty specification there is strong evidence that 

groups' collusive behavior was influenced by the experimental treatment which they faced. 

Prisoner Experiments 

Tables B8 and B9 report the results of treatment and order effects conducted on 

data from the prisoner experiments. Table B8 provides some evidence of both order and 

tratment effects occurring in the cartel deterrence experiments conducted on the prisoner 

subjects. At three penalty specifications the prisoners' behavior appears to be influenced 

by the order of the experimental treatments (AB versus BA). 

The bottom of Table B8 reports the results of chi-square statistics calculated to test 

for tratment effects. The data, however, was divided into two sets. Treatment effects 

were tested separately for the first deterrence experiment and the second deterrence 

experiment. For the first deterrence experiment, support for treatment effects existed at 

one penalty specification (.5,5.00,0), while in the second deterrence experiment treatment 

effects apparently occurred at (.25,3.00,-2.50). 
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TABLE B8 

TEST FOR ORDER AND TREATMENT EFFECTS: PRISONER EXPERIMENTS 

a) Order Effects 

Penalty Actual Frequency Chi-Square 
Test Specification Treatment Collude Not Collude Statistic 

1 (.25,10.00,0) Al 14 0 1.49 
A2 11 3 

2 (.5,5.00,0) Al 13 0 2.66 
A2 9 4 

3 (.1,50.00,-2.50) Al 8 6 0.05 
A2 9 6 

4 (.25,20.00,-2.50) Al 10 3 0.68 
A2 7 6 

5 (.5,10.00,-2.50) Al 12 3 5.80 
A2 4 10 

6 (.25,30.00,-5.00) Al 5 10 0.02 
A2 4 10 

7 (.25,40.00,-7.50) Al 4 10 2.86 
A2 0 15 

8 (.1,25.00,0) Bl 14 0 0.00 
B2 12 1 

9 (.25,10.00,0) Bl 13 1 0.00 
B2 15 0 

10 (.5,5.00,0) B} 6 8 5.36 
B2 12 1 

11 (.25,15.00,-1.25) B} 11 3 0.01 
B2 9 4 

12 (.25,30.00,-5.00) Bl 3 10 0.20 
B2 4 9 

13 (.5,15.00,-5.00) Bl 4 11 2.38 
B2 0 14 
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TABLE B8 (continued) 

b) Treatment Effects 

14 (.25,10.00,0) Al 14 0 0.05 
Bl 8 1 

15 (.5,5.00,0) Al 13 0 7.99 
Bl 6 8 

16 (.25,30.00,-5.00) Al 5 14 0.04 
Bl 3 10 

17 (.25,10.00,0) A2 11 3 1. 65 
B2 15 0 

18 (.5,5.00,0) A2 9 5 1.66 
B2 12 1 

19 (.25,30.00,-2.50) A2 0 15 2.86 
B2 4 10 



Penalty 
Test Specification 

1 (.25,10.00,0) 

2 (.5,5.00,0) 

3 (.25,30.00,-5.00) 

4 (.25,10.00,0) 

5 (.5,5.00,0) 

6 (.1,50.00,-2.50) 

7 (.25,20.00,-2.50) 

8 (.5,10.00,-2.50) 

TABLE B9 

TEST FOR TREATMENT EFFECTS: PRISONER GROUPS 

Actual Frequency Chi-Square 
Treatment Collude Not .Collude Statistic 

A 25 3 0.31 
B 28 1 

A 22 5 0.87 
B 18 9 

A 5 23 0.22 
B 7 19 

A 25 3 0.20 
C 16 2 

A 22 5 3.63 
C 9 9 

A 14 15 0.05 
C 9 8 

A 17 9 1.97 
C 9 13 

A 16 13 5.12 
C 5 19 

Group 
Mean 

87.5 
95.8 

80.0 
66.7 

20.0 
26.7 

87.5 
88.7 

80.0 
49.8 

60.0 
33.3 

64.2 
50.5 

53.3 
36.3 

t-statistic 

0.44 

0.49 

0.32 

0.13 

0.36 

0.83 

0.92 

1.09 

..... 
0) 
w 



9 (.25,30.00,-5.00) A 5 
C 4 

10 (.25,40.00,-7.50) A 4 
C 7 

11 (.1,25.00,0) B 26 
C 31 

12 (.25,10.00,0) B 28 
C 16 

13 (.5,5.00,0) B 18 
C 9 

14 (.25,15.00,-1.25) B 20 
C 12 

15 (.25,30.00,-5.00) B 7 
C 4 

16 (.5,15.00,-5.00) B 4 
C 3 

TABLE B9 (continued) 

23 0.00 
14 

25 1.69 
14 

1 0.79 
3 

1 0.19 
2 

9 0.65 
9 

7 0.04 
6 

19 0.13 
14 

25 0.13 
18 

20.0 
25.6 

16.7 
15.9 

96.7 
92.5 

95.8 
83.0 

66.7 
49.8 

71.7 
69.7 

26.7 
25.6 

13.3 
16.7 

0.065 

0.037 

0.41 

0.73 

0.65 

0.25 

0.25 

0.078 

...... 
OJ 
-I'-
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The resutls from Table B8, indicating the existence of order and treatment effects, 

implies the prisoners' behavior was more variable than the students'. When combining the 

data from the first two deterrence experiments and ignoring order effects, the evidence of 

treatment effects is reduced. Table B9 indicates that the prisoners' behavior was identical 

when they faced either treatment A or B. Comparing treatments A and C, the evidence 

suggests at two penalty specificatins, (.5,5.00,0) and (.5,10.00,-2.50), some evidence of 

treatment effects. However, this result is not supported by the t-test. 

The results from Tables B8 and B9 seem to be influenced by a strong variability in 

prisoner behavior across groups. Although all six groups exhibited behavior consistent with 

risk taking the degree to which subjects were willing to risk collusive choices with negative 

expected profit varied significantly across groups. The insignificance of the t-statistics 

reported in Table B9 is related to the large standard errors which were estimated from the 

prisoner data. Therefore, treatment effects which appeared to exist when calculating chi

square statistics disappeared based on the results from the t-test on group means. 



APPENDIX C: TEST ST A TISnCS 

This appendix reports on the precise form of all test statistics reported on 

throughout the dissertation. 

1) Proportions: t-Statistic 

tJ= ~,O~x~n 
n 

x = actual frequency 

n = total number of observations 
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2) Comparison of Means: t-Statistic 

-
Ho: XA = XB versus HI: XA '" XB 

XA - XB 
t = -----------

- - - r=c:T 
U XA - XB J nA + nB 

NA 

L(YiA -y A)2 + 

i=l 

Xil = itb observation for group l 

-
Xl = mean for group l 

NB 

L (YjB-YB)2 

j=l 

Nl = Total number of observations group t. i = 1, ... ,Nl and l = A,B 
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3) Two by two contingency table: Chi-Square Statistic 

Collude 

Not 
Collude 

Total 

A B 

2 2 
2 I I (Yi' - Yi')2 X(l) = I I 

y .. 
i=l j=l IJ 

where, 

y. 
y .. - --.!. N,. 

IJ - N .... l = A, Band i,j = I, 2 

TOTAL 

N 

equals the expected frequency predicted by the null hypothesis. 

Yij = Actual frequency observed for ith row and jth column 

Nl = Total number of actual frequency for lth column 

N = Total frequency 
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