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ABSTRACT 

The major purpose of this dissertation is to begin to experimentally study general 

equilibrium theory. Partial equj]jbrium analysis has been the focus of hundreds of exper

iments, and evidence abounds supporting the proposition that gains from trade will be 

realized in the market for a single good. Yet, in a general equilibrium context, almost no 

such documentation exists. Furthermore, general equilibrium theory is not amenable to 

testing via field data. Thus, at present, the theory that is the intellectual foundation of 

microeconomics remains untested. 

The natural starting point of such an investigation is the well-known Edgeworth Box 

environment. This involves conducting experiments within four major categories. In the 

first treatment, a two-person, two-good pure barter setting, subjects with given endwo

ments effect trades over the goods. Information is incomplete but symmetric, with indi

viduals having knowledge only of their own endowments and valuations. In the second 

treatment, prices are introduced to induce a budget constraint; as is the case in the barter 

treatment, information is private, incomplete and symmetric. Here, the experimenter acts 

as an auctioneer, adjusting prices based upon exess demand and supply. Third, the case 

of asymmetric information is considered, as subjects with full knowledge of both parties' 

endowments and valuations trade with the experimenter, who acts in a purely price

taking capacity. The final set of experiments extends the second treatment to an r-repli

cation of the eQ.onomy to examine the effect of mUltiple agents in a setting in which 

price-taking behavior is the only individually rational strategy. In all treatments, the 

steepness of the utility functons is regularly altered as a test of the effect of preference 

intensity on behavior. 

xi 
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The results of the barter experiments clearly support standard theoretical predictons, 

as all gains from trade are exhausted in virtually every case. Less time is necessary to 

reach the contract curve as subjects become more experienced. However, one party usu

ally captures most of these gains through superior bargaining ability. 

When prices are introduced there is often an initial attempt to behave strategically by 

at least one of the parties. However, in the limited information environment, it is rarely 

successful. Thus, the competetive equilibrium is almost always achieved. 

When information is asymmetric, however, the result is quite different; the majority 

of people do engage in strategic under-revelation of demand and are thus able to capture 

the maximum extra surplus available. The final treatment, that of the r-replication of 

the economy shows the surprising result that subjects in this environment cannot learn, in 

the alloted time, that behaving in a non-price-taking fashion is very costly. 



Chapter 1 

INTRODUCTION 

The modern theory of general equilibrium was first developed over a century ago, 

and constitutes both the foundation and the centerpiece of contemporary micro economic 

thought. It is discussed to some degree in virtually every intermedate and advanced 

microeconomics textbook, is taught annually to thousands of economics students, and has 

been the motivation for hundreds of articles. Despite this, general equilibrium theory has 

been subjected to virtually no experimental testing. Conversely, partial equilibrium ana

lysis has been the focus of hundreds of experiments, and evidence supporting the propo

sition that gains from trade will be realized in the market for a single good abounds. 

Yet, in a general equilibrium context, very little documentation exists. The purpose of 

this dissertation is to begin the experimental study of general equilibrium theory. The 

roots of this theory can be traced to Edgeworth (I 881), who first postulated the situation 

of two agents endowed with particular combinations of two goods. Upon meeting, these 

individuals find that it is to their mutual benefit to engage in exchange, where "the result 

of trading consists of a reallocation of the total amounts of the two commodities, and 

may, therefore, be described geometrically by a point in the Edgeworth box correspond

ing to that economy" (Debreu and Scarf (I963),pg. 235). 

Thus, the natural starting point of such an experimental investigation is this well

known Edgeworth box environment. Both individual behavior (price-taking vs. strategic) 

and market performance (convergence, efficiency) are analyzed. In particular, individuals 

are presented with endowments and induced preference orderings, and are allowed to in

teract under a variety of institutions for the purpose of testing tlll'ories of both market 

1 
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and individual bargaining behavior. 

An interest in general equilibrium theory is essential for several reasons, but primarily 

because of its relationship to, and extension of, partial equilibrium analysis, which consti

tutes most of the basis of both applied microeconomics and policy recommendations. 

Experimental testing within such a partial equilibrium framework has proved extremely 

l1seful for verifying most, invalidating a few, and improving many such models. Yet 

these types of strict partial equilibrium situations simply do not exist in the real world; 

the fact is that markets are interrelated. Thus, such a partial equilibrium approach is 

valid only if the true case of multiple related markets can attain equilibrium simultane

ously. In essence, the results of all partial equilibrium experiments are to some degree 

tentative, and contingent upon the validity of the imposed framework. By experimentally 

testing general equilibrium theory, the validity (or lack thereof) of these experiments 

could extend the applicability, and provide a further basis for the acceptance, of results 

obtained within the standard partial equilibrium context. 

Furthermore, two major limitations existing within modern general equilibrium theory 

in fact support the use of experimental techniques as the method of choice for examining 

its status. First, current theory abstracts completely from institutional detail, and is thus 

(loosely) is consistent within many institutions, including those used herein and described 

in detail below. Thus, one objective is simply to determine whether or not all of these 

theory-consistent institutions implement the theory equally well. Second, there is pre

sently insufficient understanding of the actual empirical interrelationships among markets 

to serve as a proper guide for the theory. Therefore, the plan here is to test the "unreal

istic" textbook general equilibrium model; this wiII establish a baseline for future explora

tions of more realistic alternatives, as well as providing insight into the usefulness of such 

textbook theory as a general heuristic. Perhaps most importantly (from a methodological 

perspective), one can begin to learn more concerning the specific implementation issues 
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which arise for these types of general equilibrium experiments. 

It should be noted that general equilibrium theory is commonly regarded as having 

very limited empidcal content; specifically, the theory is held to have few falsifiable 

implications and, because of this, very little explanatory power. For example, Sonnen

schein (1973) has correctly proved that if only the very general and common axioms of 

choice are imposed, then the only logically guaranteed (hence, falsifiable) properties of 

aggregate excess demand functions are continuity and compliance with Walras' Law. 

Hausman (1981), correctly identifies the source of this paucity as the lack of specified 

"initial conditions" in general equilibrium theory. In terms of field data, this limitation is 

correct; most pertinent explanatory variables, such as preferences of individuals, are 

simply not observable. In the laboratory, however, this situation changes dramatically. 

Preferences and other explanatory variables can be directly controlled. As this disserta

tion demonstrates, this approach yields a very large list of falsifiable predictions, thus 

allowing the theory a greatly enhanced potential explanatory status. 

Exercising laboratory control so as to generate falsifiable predictions requires that only 

initial conditions be controlled. In economics experiments this requires inducing prefer

ences and implementing a process or institution perfectly. What must be left uncontrolled 

is the behavior of individuals. This behavior then serves to either falsify of confirm the 

predictions of the theory. For general equilibrium, there are actually two underlying 

behavioral theories that are herein treated as competing hypotheses. First is the standard 

Walrasian model in which traders are assumed to be naive utility maximizers. This implies 

that consumers simply respond to any prices faced by choosing the most preferred com

modity bundle that is affordable. The alternative model, primarily due to Hurwicz (e.g., 

1977), assumes that traders will behave more sophisiticatedly, pursuing a strategy to man

ipulate prices in their favor. This is generically profitable when there are a finite 

number of traders when commodities are divisible and preferences are strictly convex. 
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This strategic behavior requires one to forego short-term gains in pursuit of long-term 

objectives. These alternate models of optimizing behavior--naive price-taking and soph---.......... _-
isticated manipulation--provide a continuing focus in the discussions that follow. 

Dissertation Overview 

To this end, the dissertation explores two separate institutions for exchange in a stan-

dard Edgeworth box environment. The first is a barter process, with very little structure, 

in which binding commitments to trade can be made out of equilibrium, but "consump-

tion" does not occur until the trading process terminates. The second is a Walrasian com-

petitive price system where the experimenter becomes the (fictitious) auctioneer who col-

lects demand data, and adjusts prices according to standard Walrasian rules. This is a 

tatonnement process, and corresponds exactly to "textbook expository" theory. 

Within the experimental setting, two variations of the Walrasian mechanism are used 

to study behavioral differences under alternate information conditions. In the first case, 

both traders are allowed to make any demands they want that are consistent with their 

budget constraints; furthermore, within this first variation there are two distinct institu-

tions. In one instance, subjects are permitted to select commodity bundles within the in-

terior of their budget sets, while in the second there is a specified requirement that the 

budget constraint be satisfied as and equality. For ·this first case, information is symme-

tric but incomplete; each trader knows only his or her own endowment, preferences, and 

budget constraint. The second variation was inspired by the surprising result that several 

offer pairs made within the first treatment violated standard price-taking behavioral 

assumptions; the cause of these responses may well have been attempts at strategic mani-

pulation. In order to more stringently test for this possibility, a second set of Walrasian 

experiments was run, in which one tracler was free to act as before, but the experimenter 

acted as the second trader in a purely price-taking capacity. Further, the first trader was 

informed as to the second tradcr's endowmcnts ancl preferences. Thus, conditions were 
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ideal for the first trader to manipulate against the second. 

The final set of experiments presents results from an r-replication of the first varia

tion of two person experiments described above. As the second variation just discussed 

provides the fullest opportunity for strategic behavior, these replication experiments rep

resent the opposite extreme. By increasing the number of agents, price-taking behavior 

now becomes the only profitable stategy, given that the other traders behave in this fash

ion. Thus, this treatment represents the "limit" of a large-scale economy, where indivi

dual influence over price effectively becomes zero. By" effectively," what is meant is 

that individual successful manipulation is no longer feasible, and subjects must react in 

the myopic price-taking fashion if they are to receive the available gains from trade. 

Clearly, if the subjects were permitted to collude, this result would no longer hold, but as 

communication between agents is forbidden, this is not a viable alternative. 

In summary, treatments are used to study (1) pure barter. (2) a Walrasian process with 

two traders, (3) a Walrasian process with one active trader, for the purpose of identifying 

attempts at strategic market manipulation. (4) a Walrasian process where Walras' Law is 

enforced. and (5) a Walrasian process for a replicated economy where price-taking 

becomes a Nash equilibrium. For all of these treatments the underlying environment 

(endowments and preferences) is held (almost) constant. Where this is not the case. the 

differences are explained. 

Previous Work 

A. The Barter Economy 

The institution of the first set of experiments. in which subjects barter directly over 

the two goods, is intended as a test of somewhat narrow scope; in particular, that of the 

specific Edgeworth box design. In fact. the notion of such an environment is first 

addressed by Smith (1976, pg. 275-6), who writes: 



Let subject traders be given a table listing increasing 
concave currency receipts M(x 1 ,x2) to be paid by the experi
menter for terminal stocks (x J ,X2) of each of two abstract 

. experimental commodities exchanged in an experimental general 
equilibrium market. .. This allows the Edgeworth Box represen
tation of general equilibrium theory to be reproduced exper
imentally. 

6 

Yet one can view these experiments as essentially a two person, sequential bargaining 

game under incomplete information. Had this been implemented as a game of complete 

information, the equilibrium would be clear. The subject moving last should simply wait 

until the final period and offer his or her trading partner the smallest possible incremintal 

gain over the initial endowment, capturing almost all the gains for him- or herself. 

However, under incomplete information the theory is much less clear. Cramton (1985) 

has considered sequential bargaining games for the one good case with incomplete infor-

mation, but his model introduces costs to delaying agreement; that is, the payoffs decre-

ase as the number of offers increases. Hence his results imply that "bargainers who ant-

icipate large gains from trade will be unwilling to delay agreement, and so wiII propose 

attractive terms that the other is likely to accept early ... whereas bargainers expecting 

small gains will prefer to wait for better offers from their opponents" (Cramton (1985), 

pg. 177). Ledyard (1985) has shown that such incomplete information implies that any 

undominated stategy can be supported as a Bayes-Nash equilibrium given a particular set 

of prior beliefs. Within the context of the Edgeworth box, then, theoretically any alloca-

tion within the lens is a feasible equilibrium; it is not even necessary for subjects to 

reach the contract curve. Only the set of points which are worse than the original 

endowment can be considered strictly dominated for any set of prior beliefs. 

Although the theory has little in the way of precise predictions for bargaining under 

incomplete information, experimental work in this ,area has been done; perhaps the most 

well-known series of experiments in this area is a set of four papers, Roth and Malouf 
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(1979), Roth, Malouf, and Murnighan (1981), Roth and Murnighan (1982), and Roth and 

Schoumaker (1983). Harrison and McCabe (1987) provide a fine review of this work, 

and of the evolution of the research program. Possibly the most significant finding of 

these experiments is that when bargainers had full information as to the other's payoffs, 

there tended to be a much more equal split of the surplus than when such information 

was incomplete. This is particularly relevant to my experiments, because (as outlined 

fully in Chapter 2), under the incomplete information environment constructed there is a 

definitely unequal division of the available gains. Two further key points deserve men

tion, distinguishing these previous studies from the experiments reported in this disserta

tion. First, the bargaining process was over a single good (the number of lottery tickets 

offering a given probability of winning a monetary prize), as opposed to the two-dimen

sional framework in which the subjects interact under the design presented here. Hence, 

the design used in these experiments also assumes that subject behavior will comply with 

the Independence and Compound Lottery Axioms of expected utility theory, as well as 

those of standard consume~ theory. In my experiments, the bargaining is not over uncer

tain outcomes, and these axioms need not be invoked. The particular axiom system adh

ered to in the experiments reported herein is described in detail in Chapter 2. Second, in 

the first three of the earlier papers, any agreement reached is immediately Pareto Opti

mal. In the fourth, this is not the case, but there is no provision for re-contracting to 

then reach an efficient outcome; subjects are required to incur this loss. The experiments 

below allow for a series of agreements, offering full opportinity for individuals to capu

rue the entire surplus. 

The scope of my invstigation is centered upon the specific Edgeworth box environ

ment. Despite Ledyard's demonstration that any outcome within the lens can be sup

ported as a Bayes-Nash equilibrium, since Mathematical Psychics the accepted conven

tion is that traders within this environment should cease trading only when all the surplus 
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is exhausted; see for example Newman (1965), Rappaport (1970), and Jones (1980). This 

was my maintained hypothesis,· and it is certainly not falsified by the results of Chapter 

2. 

B. The Walrasiall Tatollllemell/ Ecollomy 

Use of the specific "Walrasian Auctioneer" mechanism within an experimental setting 

has been sparse indeed. Although the actual mechanism as implemented in the experi

ments conducted for this dissertation is outlined fully in Chapter 3, Walker (1972) pro

vides a nice summary of the esential features: there must be only one price for each good 

at a given moment, an information mechanism ~y which this price is transmitted to 

traders, a method of collecting demand and supply data, a rule by which price is adjusted 

based upon excess demands and supplies, and finally, trading is permitted only when 

these demand and supply values are equal at the prevailing price. 

The only experimental test of such a mechanism of which I am aware is that of Pat

rick Joyce (1984). Joyce notes that there are currently existing markets which utilize this 

form of tatonnement mechanism exclusively, such as the London bullion market. Furth

ermore, Walras himself patterned his mechanism "after one that was utilized to set the 

opening price on the Paris Bourse" (Joyce (1984), pg. 416). 

Joyce's work, however, is within a market for a single commodity, intended as an 

extension of previous work on double oral auctions; in particular, Smith's classic (1962) 

paper is cited as the original inspiration. As an institution, the double oral aucton has 

demonstrated a remarkably consistent record of attaining actual competitive equilibrium 

prices and quantities; furthermore, Ketcham, Smith, and Williams (1984) found this 

mechanism to yield systemmatically superior market performance when compared to the 

alternative institution of posted-offer pricing. Smith, Williams, Bratten, and Vunnoni, 

(1982) obtained much the same result with a controlled comparison between the double 

oral auction und the sealed-bid auction mechanisms. Both of these studies nre for a 
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single market. 

Yet the Walrasian tatonnement mechanism had, before Joyce, never been the focus of 

experimental testing. Such a mechanism, Joyce states, "significantly reduces the informa

tion required by buyers and sellers" (Joyce (1984), pg. 419). Smith (1982a) has dealt 

extensively with the concept of the market mechanism itself as an "economizer" of infor

mation in his examination the the Hayek hypothesis. His main finding" that much less 

information than currene conventional belief has held, is necessary for the efficient cap

turing of consumer/producer surplus by traders within the market, is not contradicted by 

the above quote. Rather, Joyce is commenting on the fact that previously tested trading 

institutions (i.e. the double oral aucton, posted offer, posted bid) require that agents on 

either side of the market search out and reach mutually acceptable terms before negoti

ated arrangements may be consummated. Such is not the case within the Wah'asian 

tatonnement mechanism; here, individuals on both sides of the market deal exclusively 

with the auctioneer, and no direct contact exists between them. 

This notion of "information" is an extremely important one, because auctioneer 

mechanisms have the property that agents will have a clear motivation to misinform the 

price-setter (see Vickrey (1961». Of course, this incentive to underreveal true willing

ness to trade is not limited to those institutions utilizing a specific "auctoioneer" mechan

ism. Coursey, Isaac, Smith (1984), for example, in their test of the contestable markets 

hypothesis, recognized the potential gains to buyers from underrevealing demand within a 

posted-offer institution; hence they chose to compare the outcomes in a duopoly setting 

to observed, rather than to theoretically predicted monopolistic quantities exchanged. 

Within Joyce's design the induced supply and demand schedules for a single good are 

symmetric, offering equal incentives to underreveal on both sides of the market; the in

teresting feature of this design is that buyers and sellers are each endowed with one unit 

of the commodity. Hence unclerrevelation of demand or supply illlplies that an agent will 
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be shut out of the market for a given period, since it will involve withholding of the 

single unit which the individual possesses. Such an environment then leads Joyce to 

predict that lithe subjects would attempt to restrict quantity by tacit collusion and then 

would defect when the price moves in their favor" (Joyce (1984), pg. 419). The specific 

test of this hypothesis involves two treatments, one in which buyers and sellers are tog

ether, and a second in which they are segregated; that is, in the second treatment, the in

dividuals of each type are in different rooms. The reason for this is that when the sub

jects are together, there is no way for them to determine whether the other agents are 

buyers or sellers. Each type responds to the offered price by raising a card if he or she 

wishes to buy (or sell) at that price. However, the cards are identical, and the only in

formation one can infer from raised cards is that an even number indicates that the 

markets might clear, while an odd number indicates that this is not possible and prices 

must further adjust. Conversely, when subjects are segregated by type, (and this is 

known), one can infer directly the quantity bid (or offered) at the prevailing price; hence 

the predicted tacit collusion is given a greater opportunity to occur. 

Two major results of these experiments are quite interesting. First, the tatonnement 

mechanism used here is very efficient, averaging over 97% efficinecy (where market 

efficiency here is calculated in the standard fashion-- the percentage of total available 

producer and consumer surplus captured) in both of the treatments. Second, the pred

icted underrevelation does occur, also in both the situation of segregated and non-segre

gated agents. Unexpectedly, however, segregation does not lead to a symmetric change in 

underrevelation; it is the buyers who collude much more efficiently when the two groups 

are separated, managing to keep the commodity price low. Of course, this particular fea

ture has no counterpart in the experiments of this dissertation, as the subjects within my 

design are endowed with two commodities, and only relative prices are announced. 

There is no buyer/seller distinction for comparison, as each is presenting demands to 
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trade the two commodities at the prevailing price ratio. What remain essentially the same 

are the notions of underrevelation, and of attempts by subjects to keep the relative price 

of the good with which they are more heavily endowed high. 

C. Interrelated Markets 

The introduction of this second commodity now creates a direct interrelationship 

between two goods, and experimental testing of such environments is as sparse as that in-

volving the use of t,he Walrasian tatonnement mechanism. Williams, Smith, and Ledyard 

(1985), have conducted a series of eperiments in this area, but the institution utilized is 

the non-tatonnement double oral aucton. Furthermore, as was the case with Joyce's 

work, subjects are designated as either buyers or sellers in each of the two goods. 

Buyers' induced valuations are based upon the combination of each of the goods, A and 

B, possessed via an earnings function f.(A.,B.), which represints a cash payoff to the 
1 1 1 

subjects for the commodity bundle (A., B.); all such profit functions were generated from 
1 1 

a constant elasticity of subltitution specification. Each buyer is then presented with an 

endowment of tokens which he or she uses to purchase quantities of the goods in either 

market. For the sellers, individualized increasing marginal cost arrays are generated for 

the two goods; the parameters are set such that a unique equilibuium exists in each 

market, and this equilibrium satisfies the conditions that (1) all of the units of the two 

goods produced by the sellers are purchased, and (2) there exists no surplus of tokens to 

the buyers. 

The experimental implementation follows precisely that of the double oral auction for 

a single commodity, with the exception that all agents may opt to enter either market at 

any time. Buyers enter bids, and sellers enter offers in the standard method in the 

market in which they are trading. 

The major result of this series of experiments is that it "is clear ... that the CE (com-

petitive equilibrium) has considerable predictive power althounh CE convergence is not as 
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rapid nor as pervasive as in single-commodity (double oral auction) markets with a sta

tionary CE and similarly experienced traders." (Williams, Smith, Ledyard (1985), pg. 12). 

Approximately 45% of all trading periods end with buyers holding the predicted competi

tive equilibrium bundle; however, efficiency is relatively high, as the deviation from this 

is not large. Profits average over 87% of those offerred at the CEo I will later discuss 

the efficiency of the experiments I ran in a similar context. 

Thus, one can see that the use of the Walrasian tatonnement mechanism, and the 

effect of the interrelationships between markets, have received very little attention from 

experimental economists. The experiments reported in this dissertation represent the first 

attempt to combine these two features within a single design. As economists, we are gre

atly occupied with the notion of relative, rather than absolute, prices; the amount of 

money one must pay for a good is of little direct importance to us. We are much more 

concerned with opportunity cost, the fact that the purchase of one good means we must 

buy (relatively) less of another. The experiments which I have conducted attempt to ana

lyze directly this concept, to see within a controlled laboratory setting the true effect of 

altering relative prices upon behavior, while maintaining the stundard Walrasian tatonne

ment institution which we so diligently teach to our students. 



Chapter 2 

BILATERAL EXCHANGE IN A BARTER ECONOMY 

This chapter considers the behavior of subjects within the context of a bilateral 

exchange environment in which there are no externally imposed prices, or exchange 

ratios, over the two goods. Underlying all of the experiments in this chapter, as well as 

those in Chapters 3 and 4, is a single exchange environment. The intention at this point 

is to study alternative allocation mechanisms in a general equilibrium framework. To this 

end, it is desireable to utilize a non-changing environment that conforms to standard the-

ore tical assumptions as closely as possible. 

Any study of consumer choice within such a context should begin with a discussion 

of the axioms necessary to ensure that well-defined preferences in fact exist, and that 

these preferences give rise to "reasonable" economic behavior. It must be noted that 

experimental implementation requires that the choice set, X, facing the subjects be pre-

sented such that the commodity bundles are vectors of integers rather than continuously 

divisible. This requires some accompanying explanation of the axioms described below, 

and this is presented where necessary. That is, the normal axiom systems are presented 

for consumption space X C Rk, where Rk is the non-negative orthant of k-dimensional 
+ + 

Euclidian space. I am working with X C Nk, where Nk is the k-climensional space of 
+ + 

natural numbers (non-negative integers). 

The commonly accepted axioms in consumer choice theory (e.g. as presented in 

Varian (1984» are as follows: 

Axiom I. Completeness: For all x,y in X, either x R y, or y R x, or both. 

13 
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Here, the symbol R means that the first bundle in the relation is at least as preferred 

as the second. 

Axiom Il. Transitivity: For all x, y, and z in X, if x R y, and y R z, then x R z. 

These two axioms are not affected in any way by the necessity to present the goods 

to the subjects in discrete form. 

Axiom Ill. Continuity: For all y in X, {x: x R y} and {x: y R x} are closed sets. (It fol

lows that {x: x P y} and {x: y P x} are open sets, when commodities are perfectly divisi

ble). Here, the symbol P means that the first bundle in the relation is strictly preferred 

to the second. 

This axiom is included as a sufficient, not a necessary condition to rule out certain 

bizarre preference orderings, such as "dipsomaniac preferences" (see Russell and Wilkinson 

(1979». These problems do not arise with a discrete consumption space, and it is cer

tainly possible to design experiments where this type of problem does not exist, which I 

have done. With a discrete space, each of {X€X:x R y}, {X€X:y R x}, {X€X:x P y}, and 

(X€X:y P x} are closed for all y€X. 

Axiom IV. Local NOllsatiatioll: Given any x in X, and any e>O, then there is some 

bundle y in X with IIx-YIi <e such that y P x. 

This axiom is technically infeasible by the discreteness of the commodity bundles. 

However, the design used below does adhere, for the purpose of assuring that utility

maximizing, price-taking demand will exhaust the budget at all times, to Axiom IVa, 

discussed presently, which is stronger than Axiom IV when commodities are perfectly 

divisible. The reason for this will be apparent in the following chapter when prices are 

introduced, and the precise interpretation will be explained in detail then. However, the 

following axiom can be substituted, and all the experimental designs are consistent with 

it. 

Axiom IVa. Weak Alol/otollicity: For all x, y in X, if x»y, then x P y. 
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Here. letting x=(x1• x2 ..... xk). and Y=(Y1• Y2 ••••• yk). then X»Y implies that xi>Yi for 

all i. 

Axiom V. Weak Convexity: Given x t= Y. and z in X. if x R z. and Y R z. then tx + (l-t)y 

R z for all O~t~l. This weak form of convexity admits the possibility of linear segments 

in the indifference curves; again. the case of non-uniqueness of demand is examined in 

the following chapter when it is relevant. 

In the present paper. integer convexity is used. This means that CON(x€X:x R y} in

tersected with the set (X€X:x R y} = (X€X: x R y} for all y€Y. where CON{ } is the 

convex hull. in Euclidean space. of a discrete set. By convex hull. what is meant is the 

smallest convex set which contains the set itself. In summary, then, the axioms which are 

adhered to in this dissertation are (1) Completeness. (2) Transitivity. (3) Weak Monotoni

city, and (4) Integer Convexity. 

Theory of Bilateral Bargailling 

Newman (I965) presents an excellent discussion of exchange in a two-person. two

good environment in which no budget constraint exists. The analysis is presented in 

terms of the standard Edgeworth box design, the main tool utilized in the experiments 

reported in this dissertation. Within such a context, the traders are assumed to have 

preferences characterized by the axioms described above, as well as endowments, which, 

together, determine the dimensions of the box. Furthermore, the preference axioms 

guarantee the existence of indifference sets (or level sets of the utility function), and 

there exists such a set for each individual passing through the initial endowment. These 

sets then define an upper contour set, i.e., a set of commodity bundles that are no worse 

than this endowment, for each trader. It follows that there exists a set of bundles which 

both individuals hold to be no worse than the original endowment, and Newman defines 

this as the trading set determined by the original endowment. This is simply the inter

section of the two "no worse than" sets. Given these initial conditions, the clear result is 
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that a necessary and sufficient condition for trading to occur is that the trading set con

tains at least one allocation other than the initial endowment. 

Mutually beneficial trades are often described in terms of traders' marginal rates of 

substitution, or the rate at which an individual is willing to trade one good for another 

while remaining indifferent between the two bundles. Differences in these rates between 

individuals is one way of characterizing the existence of mutually beneficial trades; no 

such trades exist when the rates are equal. This condition, referred to as Pareto effi

ciency, arises when the indifference curves for both traders are tangent. However, this 

argument rests upon the axioms of strict divisibility, continuity, and strict convexity of 

preferences, as well as differentiablilty of the or indifference curves, all of which must 

be abandoned when commodity bundles are presented in discrete form. Furthermore, 

when preferences are only integer convex, mutually beneficial trades may fail to exist 

even when the (discrete) marginal rates of substitution are unequal. Thus, it is more 

appropriate to examine the question of efficiency in the following alternate fashion, due 

to Newman (1965). 

Definition I: A trade t1, consisting of commodity bundle xA I for one trader, and 

xB1 for another trader, is Pareto-dominated by a trade t2 if 

(i) ( xA2 R xA1 and xB2 R xBI ) and 

(U) (xA2 P xAI or xB2 P xBl) 

Definition 2: A trade t1 is Pareto efficient if there is no trade which Pareto-dominates 

it. 

This concept of efficiency is relevant to my experiments because it makes no refer

ence to the notion of marginal rates of substitution. There is no tangency requirement 

between the two indifference "curves;" yet the fundamental meaning of efficiency--that 

both traders cannot be made better off -- remains unchanged. Furthermore, the necessary 

and sufficient condition for a trade t to be efficicnt--that the trading set defined by t 
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contains only the point t itself and points indifferent to t for all traders--is also unaf

fected by the possibility of linear segments within" the indifference curves, of even in

difference curves comprising a finite number of points. 

The situation of bilateral bargaining under consideration has the property that the res

ulting equilibrium may not be unique; there will generally be many allocations that satisfy 

the condition of efficiency. However, only a proper subset of these represent bundles 

which are at least as preferred as the initial endowment for all traders. Following stan

dard convention (Debreu and Scarf (1963), Newman (1965» this subset of the efficient 

bundles is referred to as the contract curve. Nothing in the preceding discussion makes 

any mention of process by which individuals enact trades. The following section 

describes the manner in which barter interaction between the subjects occurs. 

Experimental Design 

In order to induce preferences over the two goods, x and y, subjects were presented 

with a sheet on which payoffs (valuations) are given for all possible consumption pairs. 

This grid describes a subject's view of the Edgeworth box, but the subjects were not in

formed of this interpretation. The grid is square, with 16 units of each good, making a 

total of 256 different combinations of the two goods available. In the series of experi

ments reported in this chapter, information is symmetric. It is also incomplete and pri

vate, as each individual is aware only of his or her own endowment and valuations. 

However, it is common knowledge that the unknown total amount of each good is con

stant, and so one can easily infer that if he or she is to receive more of one good, the 

other party must surrender some. Despite this, there is no specific instruction prohibiting 

attempts to obtain more of both goods. 

Figure 2.1 shows an example of the grid as it is seen by the subjects. Each combina

tion of the two goods is represented by a square within the overall grid, and the number 
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within the square indicates the monetary value of that combination. It should be noted 

that no subject can have zero of either good, ensuring an interior solution. Therefore, if 

one subject has all 16 units of one good available, the other subject will still have one 

unit; for this reason, the amount of each good which the individuals possess will always 

sum to 17 rather than 16. 

This figure also reveals the first of two major consequences following from the fact 

that the goods must be presented to the subjects in discrete units. The indifference 

curves are not continuous in Euclidean space. In addition, if a line is drawn to connect 

these indifference points, it will be piecewise linear, becoming "flatter" moving to the 

right, and it is in this sense that the "at least as good as" sets are integer convex. 

The second major consequence of presenting the goods in discrete form, apparent 

from Figure 2.2, is that the contract curve itself becomes "thick." This is not problem

matic for the theory, however, and violates none of the previously discussed axioms. 

Furthermore, 72% of the commodity bundles representing gains from trade are off the 

contract curve, offering ample opportunity for trades which are mutually beneficial, and 

yet not Pareto Optimal. 

A final feature of the general design is that the steepness of the subjects' utility func

tions is regularly altered. The reason for this is that motivation for bargaining or strategic 

manipulation (i.e. misrepresentation of preferences) might well depend on the achievable 

gains. 

Figures 2.3 through 2.6 show that this deviation occurs only within the set of points 

which are preferred to the initial endowment. An assumption of minimal rationality 

implies that all trading will occur within this area, and the rapidity with which the mon

etary values rise when the steepness is increased makes it economically impractical to 

alter the payoffs across the entire box. There are four different degrees of steepness. 

Level I has each indifference curve increase by .05 in the northeast direction. In level 2, 
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the first increase is also .05, but the next curve goes up by .10, the next by .15, and so 

on. Level 3 has increases at the rate of .1 0, .20, .30, ... , and level 4 rises by .15, .30, .45, ... 

up to a final increase of $1.80 between two indifference curves. All of these monotone 

transformations in payoffs leave the underlying preference ordering unchanged. Since all 

upper contour sets remain integer convex, the utility functions all conform to the discrete 

version of quasiconcavity. In all the experiments, the nominal units of exchange were 

Experimental Dollars, and subjects were informed of the exchange rate to U.S. dollars in 

the instructions. 

Experimental Procedures 

Subjects were recruited from undergraduate economics classes at the University of 

Arizona. In order to minimize confusion, and facilitate the bargaining process, one sub

ject pair at a time participated in an experiment. Each person was presented with a copy 

of a grid like Figures 2.3-2.6, showing only his or her own payoffs, a set of written in

structions explaining the nature of the bartering procedure and identifying his or her 

endowment, and finally a sheet on which to record the offers made and received. These 

materials are contained in the Appendix. The subjects were separated by a distance suf

ficient to maintain privacy of information. One of the participants was selected, at 

random, to make the first offer. There were no restrictions on this offer, and it could be 

to move to any combination of the goods on the grid, including the current position. 

The offer was recorded, and the monitor then relayed the information to the other parti

cipant. This offer could be accepted or rejected. If accepted, both subjects were in

formed of this fact, and the current position is changed, with each participant now pos

sessing the value of this .new combination rather than that of the initial endowment. This 

is thus a non-tatonnement process and there is no re-contracting. The subject accepting 

then gets the opportunity to make a new offer. If the individual rejects the first offer, 

he or she immeclintelymakcs a counter-offer which is relayed by the monitor to the first 
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person, leaving him or her with the same two options: accept, and then make a new 

offer, or reject and counter-offer. 

A maximum of 16 opportunities to trade, or rounds, exist in each period of the 

experiment. After these have expired, final earnings for the period consist of the value 

of the combinations at which the subjects ended. If no trades have been consummated, 

each person receives the value of the initial endowment. It is not necessary, however, for 

all 16 rounds to be completed. Individuals may vote to end the period at any time, and 

when both have chosen to do so, trading ceases. This, too, is private information 

(accomplished by simply turning over a card which says "END" on one side) to ensure 

that each person arrives at the decision independently. The purpose of this dual stopping 

rule is twofold. First, allowing 16 rounds affords ample opportunity to find the contract 

curve, as well as to reach and then depart from it, if that option is chosen. A rule speci

fying, for example, that trading ends once Pareto Optimality is achieved would artificially 

force compliance with predicted behavior. Second, 16 rounds may be far more than is 

necessary to reach the contract curve. A unanimous consent stopping rule prevents sub

jects who trade quickly to the contract curve from losing interest in the experiment, or 

making irrational trades out of boredom. 

Each experiment consists of at most nine periods. The steepness of the preferences is 

altered in an ABA design. For the first three periods, one subject receives level 2 while 

the other gets levels 1, 3, and 4. In periods 4-6 the situation is reversed, and periods 7-9 

are identical with the first three. This permits analysis of the data to ascertain the effect, 

if any, of increasing payoffs on the effective bargaining strength, or bargaining intensity, 

of the individuals. 

Results 

Subjects in all the experiments described in this chapter were recruited from under

graduate economics classes at the University of Arizona. Experiments were run on eight 
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subject pairs, and each lasted for either a total of nine periods, or two hours, whichever 

came first; in fact, seven of the eight were run the full nine periods, and one lasted only 

seven periods. Therefore, there were 70 total attempts at bartering by the subjects 

Figure 2.7 summarizes these results, showing that realization of all gains from exchange 

was accomplished in 63 of the 70 periods, or 90% of the time. This column is divided 

into two subsets of data. The lower part of the column, labelled "Equal Split" reveals the 

very surprising result that there was an equal (ordina]) split of the surplus only 4 of the 

70 periods, or 5.7% of the time. The remaining 84.3% of the Pareto efficient outcomes 

had an unequal division of the gains from trade. The next three columns describe the 

sources of this inefficiency, as they sum to the remaining 10%. Two of these seven pairs 

(or 2.9% of the total), seen in the column labelled "failure," simply overlooked the oppor

tunity for Pareto improving trades. Interestingly, in one of these cases, the period did 

not last for the full 16 trading rounds, as both subjects voted to end early with a surplus 

remaining; in the other, the subjects actually bartered for the full number of allotted 

rounds and still failed to reach th~ contract curve. The next column is labelled "irra

tional," and this reflects the three periods (or 4.2% of all 70 periods) in which a subject 

actually agreed to accept an offer which provided a lower level of utility 'than the preva

iling current position. However, all of these types of irrational moves occured in the first 

or second period of an experiment. The third category of inefficient final outcomes is 

termed "collusive." This results from the fact that the type of bartering procedure within 

this design can be viewed essentially as a repeated game; here, one subject attempted to 

alternate between offering to "give away" all of both goods in one period, in the hope of 

receiving all of both goods in the next. As the figure shows, this occured in two of the 

70 periods, or only 2.9% of the time, indicating that he was not successful in his attempts 

to do so; that is, he did not find his partner willing to cooperate. Each of these three 

types of "aberrant" behavior is discllssed in more detail below. 
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Experience gained over the course of the experiment appears to be a significant factor 

in determining the speed with which subjects reach the end of a period. Figure 2.8 

shows graphically two relevant and interrelated features: (I) the total number of offers 

which occured in each period, averaged across the eight experiments, and (2) the number 

of offers in each period made prior to reaching the contract curve. Considering first 

feature (1), this shows that, except for very brief rises in periods six and nine, this 

amount decreases monotonically throughout. However, the average number of offers 

necessary to reach the contract curve itself hovers fairly steadily in the range of three to 

four. It would seem, therefore, that experience is necessary more for subjects to ascer

tain that all of the surplus is extracted than it is to find the efficient points themselves; 

that is, they spend much time in the early periods simply making and receiving offers 

which are ultimately rejected. 

Table 2.1 presents a much more comprehensive summary of the final outcomes that 

resulted from the bartering procedure in each of the eight experiments across all nine 

periods. Along the horizontal axis are listed the periods, and the experiments are given 

vertically. Underneath each period are listed two numbers separated by a semi-colon. 

The first of these represents the trading round in which the final offer-acceptance 

occurred; the second number represents the totdl number of trading rounds which 

occured in the entire period. Hence, the difference between the two represents the 

number of offers, and counter-offers which took place in search of further surplus which 

had (in 90% of the instances) already been exhausted. Underneath these numbers is 

shown, for each type subject, «(1) and (2» what was the final position for the individual, 

and below that is given his or her earnings for the period. Consider first the top two 

numbers for each period; the general decrease in the difference between these two ref-

1ects the observed phenomenon of the previous figure where the data were aggregated 

across periods. In every single one of the experiments, the average difference between 
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Table 2.1. Final Outcomes, All Eight Experiments 

EXPERIMENT 2 3 

7: 16 4: 16 7: 14 
_U_L (2) ( 1 ) (2) (1) ( 2 } 

(8,9) (9,8) (8,7) (9,10) (7,7) (10,10) 
2.15 1 .10 1.25 3.50 1 .05 10.70 

4: 16 3: 16 1 1 : 1 1 
2 (1) (2) (q (2) (1) ( 2) 

(9,9) (8,8) (9,9) (8,8) (9,9) (8,8) 
3.00 1.05 3.00 2.30 3.00 3.05 

2:9 1 :6 2:6 
3 {1} (2} (1} (2) (1) (2) 

(7,8) ( 1 0 , 9) (7,8) ( 10,9) (7,7) ( 1 0, 1 0 ) 
1.25 1 .25 1 .25 5.30 1 .05 10.70 

8: 15 9: 12 9: 16 
4 ( 1 ) (2) (1) (2 ) (1) (2) 

( 1 0 , 10) (7,7) (8,8) (9,9) (8,8) (9,9) 
4.65 .90 1 .60 4.40 1.80 6.20 

16: 16 15: 16 2;8 
5 ( 1 ) (2) ( 1 ) ( 2 ) ( 1 ) (2) 

(7,11) ( 1 0,6 ) (8,9) (9,8) (9,8) (8,9) 
2.15 .95 ·2.15 2.15 2.15 3.95 

3: 16 3;9 1 ; 8 
6 { 1 ) (2 } (1} (2 ) ( 1 ) ( 2 ) 

(8,7) (9,10) (7,6) (10,11) (7,6) ( 1 0 , 1 1 ) 
1 .25 1 .25 .80 8.60 .80 12.50 

16: 16 10; 16 1 ; 16 
7 (1) (2 ) ( 1 ) ( 2 ) ( 1 ) (2 ) 

(2,4) (15,13) (5,5) (12,12) (7,6) ( 10, 11 ) 
.25 1. 90 .60 8.85 .80 9.05 

3; 16 6; 16 5; 16 
8 ( 1 ) {2 ) ( 1 ) (2 ) ( 1 ) (2 ) 

(8,8) (9,9) (7,8) (10,9) (7,7) (10,10) 
1 .80 1 .20 1.25 5.0 1 .05 10.70 
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iIi i 2 
( ~ ) 

(7,7) 
... " . ~" 

: ~ ) 

~ .2 J 

I 1 ) 

( 6 ,7) 
.30 

( 1 ) 

2;6 

1 ;4 

8; 10 

(H1, 1") 

1. 35 

~ 1 ) 

(8,9) 
1.: ~ 

.: : ) 
(8,7) 

2;7 

5;8 

( 2 ) 
( 10, 10) 

4.65 

( 2 ) 
(8,8) 
1.80 

( 2 ) 
( 1 1 , 1 0 ) 

5.30 

( 2 ) 
(7,7) 
1 .05 

( 2 ) 
(9.8) 
2.15 

( 2 ) 

(9, 1" ) 
3.50 

14; 16 
(1) (2) 

(8,7) (9,10) 

.~5 3.50 

2; 16 
'1) ( 2 ) 

( 6 ,7) (11,10) 

5 

7;9 
_(_1_)_ 

(7,8) 
1.25 

( 1 ) 

(9,9) 
4.40 

( 1 ) 

(7,7) 
1.10 

( 1 ) 

9; 10 

3 ·1:; , ... 

3;6 

( 10,10) 
7.40 

( 1 ) 
( 1 , 1 ) 

.05 

( 1 ) 

( '2>,6) 
.SO 

2;2 

1; 6 

5;8 

( 2 ) 
~ 10,<) 

3.50 

( 2 ) 
(8,8) 
1.80 

( 1",10) 
4.65 

( 2 ) 
(7,7) 
1 • ~5 

( 2 ) 
{ 16, 16) 

5.05 

( 2 ) 
( 9 , 11 ) 
4.05 

(1) (2) 

(7,7) (10,10) 

1.10 .1.65 

( 1 ) 

(6,8) 
.90 

3; 16 
( 2 ) 

( 1 ) 

(7,7) 
1.2'.5 

f 1 ) 

': 9,9) 
6.20 

(7,7) 
i .25 

( 1 ) 

6 

b~ . , " , I 'U 

4;4 

3;5 

6;9 

(10,10) 
10.70 

( 1 ) 
(7,8) 

.95 

( g, 7) 
.. 70 

6;9 

5;5 

( 2 ) 
( 1", 1 ~ ) 
4.65 

( 2 ) 
(8,8) 

1.80 

( 2 ) 
( 10, 10) 

4.65 

( 2 ) 
(7,7) 
1.05 

( 2 ) 
(H1,<) 
1 . 25 

( 2 ) 
( 9, 10) 

3.50 

10; 13 
(1) (2) 

(7,7) (10,10) 
1.25 4.65 

(7.7) 
~ .25 

7; 16 
( 2 ) 

( 10, 1 " ) 
4.65 
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Table 2.1 .--Continued 

7 S 9 

6:9 5:9 7: 10 
{12 {2} {1) {2} {q (2) 

(7,7) (10,10) (7,7) (10,10) (7,7) (10,10) 
1 .05 7.40 1. 05 1. 35 1 .05 10.70 

3:3 1 : 1 1 : 1 
{12 {2} {1) {2) {1) {2 ) 

(9,9) (S,S) (9,9) (S,S) (9,9) (S,S) 
3.00 1 .05 3.00 2.30 3.00 3.05 

2:5 6:7 4:5 
{12 {2} (12 {2} {12 {2 } 

(6,7) (11,10) (6,7) (11,10) (6,7) (10,11) 
.S0 1.40 .S0 S.60 .S0 12.50 

5:6 14: 15 7: 16 
{12 (2) (1} {2} { 1 ) ( 2 ) 

(10,10) (7,7) (10,10) (7,7) ( 11 ,10) (6,7) 
4.65 .90 4.65 1 .10 5.30 .S0 

4:4 3:6 4:6 
( 1 ) (2) { 1 ) (2} { 1 ) ( 2 ) 

( 1 , 1 ) (16,16) (9,9) (S,S) (9,9) (S,S) 
.05 6.05 1 .20 1. 05 1 .20 1 .05 

1 : 6 1 : 5 3:S 
{12 {2} (12 (2} (1) {2} 

(7,6) (10,11) (7,7) (10,10) (7,7) (10,10) 
.S0 1 .40 1.05 7.40 1 .05 10.70 

15: 1 6 
(1) {2} 

(S,S) (9,9) 
1.S0 1 .20 

1 : 9 2:6 3:5 
{1} {2} {q {2} { 1 ) {2} 

(7,7) (10,10) (7,7) (10,10) (7,7) (10,10) 
1.05 1. 35 1. 05 7.40 1 .05 10.70 
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the two numbers is greater for the first five periods than for the last four; in Experi

ment 7, which lasted seven periods, the average difference for the first four is greater 

than for the last three. Clearly, as the experiments progressed subjects began to realize 

that they had completely realized the gains from trade, and that further bargaining was 

pointless. 

Of particular interest is Experiment 5, the situation discussed previously in which 

there was an (unsuccessful) attempt at co]]usion. This notion first occured to subject type 

1 in period 5; here, he offered all of both goods to his trading partner, and this was 

(naturally) accepted, as her ending position was (16,16), while his was (1,1). In period 6, 

he tried to receive all of both goods, but this attempt was rebuffed, and they then rev

erted to the "normal" non-cooperative bargaining, ending at positions (7,8), and (10,9) 

respectively. He tried this maneuver once again in period 7, offering all of both goods, 

and found her quite willing to comply to this type of bargain, as she was in period 5. 

However, his attempt in period 8 to secure all of both goods failed, and, as the final out

comes for this period and period 9 show, these proceeded ultimately along the non-coo

perative lines found in all other cases of the experiments. 

The two cases of simple failure to capture the full gains mentioned above can be 

found in the fifth period of Experiment 6, and the fifth period of Experiment 8. Con

sidering first the former example, one finds the ending positions for the type 1 and 2 

traders to be (8,6), and (9,11), respectively. The fact is that most of the surplus has been 

captured here. The only remaining mutually beneficial trade would be to combinations 

(7,7),and (10,10). For the type 1 trader this represents an increase from .90 to $1.10, and 

for the type 2 individual, the loss is higher, as he would have earned $4.65 as opposed to 

only $4.05. What is particularly noteworthy is that the period only lasted 6 rounds before 

both agents voted to end it; however, this is the only period of the nine in which they 

overlooked such an opportunity for Pareto improvement. 
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Very much the same situation exists for the subjects in period 5 of Experiment 8. 

Here, the positions are (6,8) and (11,9) for the ,type I and 2 subjects, respectively. 

Again, only bundles (7,7), and (10,10) offer a mutual improvement, and the monetary 

gains would be the same as before. The key difference lies in the fact that these subjects 

reached their ultimate positions after offer 3, and actually continued to bargain for the 

full 16 rounds, never once making an attempt at this Pareto superior position; yet, in 

every single remaining period the ending position is precisely (7,7), (10,10) for the two 

subjects It is as though they were so vexed at having overlooked this in period 5 that it 

became a focal point for the remaining four periods. 

The final category of "aberrant" behavior, that of purely "irrational," or utility decre

asing, trades for at least one subject, is found three times, in period I of Experiment 5 

and the first two periods of Experiment 7. Consider first the example of Experiment 5; 

although the final positions of (7,11) for the type 1 agent, and (10,6) for the type 2 agent 

are indeed well off the contract curve, the key feature of this period is that the subjects 

had, in fact, reached Pareto Optimality previously (specifically, the combinations (7,7) 

and (10,10»; then they proceeded to move away from it. This actually does work to the 

benefit of the type 1 agent, as the move from (7,7) to (7,11) increases his payoff from 

$1.05 to $2.15, but for the type 2 subject, this represents a decrease in value from $1.35 

to the .95 that she received. This can be attributed to an "early period" effect, as can the 

other two examples of such behavior, occuring in periods 1 and 2 of Experiment 7. In 

these cases, the outcomes are (2,4) for the type 1 trader, and (15,13) for type 2 in period 

1, and (5,5) and (12,12) in period 2, obviously highly skewed to the benefit of the type 2 

agent. It must be noted that both of these combinations are, in fact, Pareto efficient, as 

opposed to the previous example of Experiment 5; yet both outcomes represent a payoff 

to the type 1 trader which is less than that of the original endowment. These are the 

only examples of such il'l'ational behavior which can be identified within the set of final 
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outcomes. Discounting Experiment 5 (in which such technically "irrational" behavior can 

be clearly linked to collusion attempts), there were a total of only 12 other such worsen

ing moves in the experiments, with all 12 occuring in the first or second period of an 

experiment. One took place in period 1 of Experiment I, and one occured in each of the 

first two periods of Experiment 4. Interestingly, seven of the remaining nine happened 

prior to the final outcome in period 1 of Experiment 7 just discussed, and the last two 

in period 2 of this same experiment. In period I, I believe this subject acted under the 

mis-conception that her earnings for the period would be the sum of the values of the 

combinations reached throughout; hence, she was accepting offers regularly. However, 

she clearly realized this was not the case when shown her earnings at the end of the 

period, and so her behavior in period 2 is much more mysterious. Perhaps the idea 

simply took time to absorb. Whatever the reason, she did not repeat such mistakes in the 

remaining five periods; nonetheless, the final outcomes of these periods still reveal the 

type 2 trader to be a much superior bargainer. 

This question of relative bargaining strength is a quite important one; as mentioned 

previously, only 4 of the 70 periods across all eight experiments resulted in an equal split 

of surplus, and Table 2.2 , showing the total earnings of each subject in the eight experi

ments, demonstrates very clearly the superior bargaining ability of one agent. The aver

age difference in earnings is an amazing $30.35, ranging from a low of $11.60 in Experi

ment 2 to a high of $45.25 in Experiment 3. It is actually the case that the type 2 agent 

earns more in six of the eight experiments, but the situations facing the two are identical; 

he or she has no advantage, it is simply the case that this subject revealed a stronger 

ability to bargain in these experiments. 

Despite the fact that Table 2.2 clearly shows one subject to be a tougher negotiator 

than is the other throughout the course of any single experiment, I wished to test more 

technically for any possible effect that altering the payoff-steepness levels may have had 



Table 2.2. Total Earnings All Eight Experiments 

EXPERIMENT TYPE ( 1 ) TYPE (2) DIFFERENCE 

$11.00 $47.55 $36.55 

2 $29.80 $18.20 $11.60 

3 $ 9.10 $54.35 $45.25 

4 $42.10 $17.45 $24.65 

5 $11.00 $24.65 $13.65 

6 $ 9.30 $52.90 $43.60 

7 $ 6.75 $33.80 $27.05 

8 $10.20 $50.65 $40.45 

Table 2.3. Effects of Altering Steepness Probit Estimations All Eight 
Experiments 

DESIGN DETERMINANTS TYPE 1 SUBJECTS TYPE 2 SUBJECTS 

CONSTANT 1.45517 1 .65990 
(3.1390) ( .5825 ) 

Stp -.16207 .16611 
(-.8080) (.82623) 

DIFF Stp .16171 -.00190 
(1.3439) (-.0118) 

37 
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on the individuals' relative bargaining strength. In order to perform this, I ran two ord

ered probit analyses. The dependent variable was the proportion of surplus obtained by 

the subject. This could range in the interval [0,1], with intermediate values of .125, .25, 

.375, .50, .625, .750, and .875 because there were nine distinct bundles within the con

tract curve which represented different proportions of captured gains. The independent 

variables were two. First, the steepness level of the subjects utility function. This I felt 

to be the most important, as receiving 100% of the surplus when given level 1 yields 

$1.40 for the subject, while 100% of the gains when given level 4 is worth $12.50; this is 

a substantial difference, and so one might well "stiffen up" when receiving these higher 

levels (the corresponding values for levels 2 and 3 are $5.30, and $8.60, respectively). 

The second explanatory variable is the difference in steepness between the two individu

als' utility functions; despite the incomplete information, it seemed to me that one's trad

ing partner's relative steepness should also have an effect upon one's ability to bargain. 

That is, getting full surplus will be tougher if one's partner also has more to lose by 

giving in. Table 2.3 presents the results of these pro bit analyses for the type 1 and type 

2 subjects. They clearly confirm that these potential explanatory variables had no signi

ficant effect on bargaining ability. Neither of the coefficients for steepness level (STP) is 

significant at any reasonable level of confidence, with very small t-values (given in par

entheses). In fact, the sign for the type 1 subjects is negative, indicating that the proba

bility that extra surplus will be captured decreases as steepness increases; however, the t

value of -.8080 means, of course, that this can effectively be interpreted as zero. The 

same is true for DIFFSTP, the variable measuring the difference in the steepness levels of 

the utility functions. It is very clear that a subject examined his or her payoff grid in 

isolation (from others he might receive in different periods), and attempted to the best of 

his or her ability to get the most value that was possible; more money was simply pre

ferred to less. In other words, all induced utility functions satisfied dominance. 
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The preceding discussion considered the responses of individuals at their final posi

tions, but has said little about the dynamic behavior by which the agents reach these out

comes. In particular, subjects within these experiments find themselves making and 

receiving offers which many times will make themselves better off than they currently 

are. A natural question arising from such an environment is, "Why would an agent ever 

refuse an offer which would result in an increased value for him or herself?" The only 

answer to such a question (that does not violate minimum rationality) is that one must, by 

this rejection, hope to ultimately find a position which is superior to the one refused. In 

order to analyze this possible type of strategic behavior, I have examined the situations in 

which subjects rejected Pareto improving offers, and compared these to the next "current 

positions" which represent an accepted offer. Table 2.4 summarizes these results for the 

eight experiments, differentiating in the data between the type 1 and type 2 subjects. 

Columns 2 and 3 give the total number of times each type of agent rejected a Pareto 

superior offer in that experiment. Although the totals for each column reveal an approx

imately equal split between the two types (35 vs. 30), in five of the eight experiments 

one of the subject types never rejected such an offer; this reflects again the phenomenon 

that there exists a pronounced difference in relative bargaining strength. However, the 

truly astounding result appears in the succeeding four columns, showing, for each subject 

type, the total number of times that the next resulting position was (a) greater in value 

than the one refused, or (b) equal in value to the one refused. Note that there is no 

column (c) which would show a number of times that the next position was lower in 

value, because this actually never occurred. Each and every time a Pareto superior trade 

was rejected, the subject doing so found him- or herself at least as well off for having 

done so. Furthermore, analysis reveals that refusal of such offers led to strictly better 

positions the vast majority of the time; for the type I subjects, this is true in 33 of the 

35 cases, or 94.3% of the time, while in the remaining two instances the subjects end at 



Table 2.4. Individual Strategic Response All Eight Experiments 

# TIMES NEXT ACCEPTANCE 
WAS GREATER THAN OR 

REJECTIONS OF EQUAL TO REJECTED OFFER 
PARETO SUPERIOR OFFER (1) (2) 

EX?3RlMENT ill (2) GREATER EQUAL GREATER 
----

4 13 4 0 11 

2 6 5 6 0 2 

3 0 3 3 

~ 15 0 13 2 

5 3 0 3 0 

6 0 4 4 

7 5 0 5 0 

8 2 5 2 0 5 

TOTALS 35 30 33 2 25 

EQUAL 

2 

3 

c 

0 

0 

5 

AVERAGE BENEFIT 
FRor1 STRATEGIC BEHAVIOR 

(1) (2) 

$ .50 $ 1.45 

$1 .56 $ .21 

$ 6.00 

$2.49 

$1.40 

$ 4.55 

$ .92 

$ .18 $ 2.07 

$7.05 $14.28 

~ 
o 
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precisely the position which was refused in an earlier round. For the type 2 agents, the 

proportions are approximately the same; 25 of 30 rejections, or 83.3% ultimately lead to 

superior positions, while the remaining five lead to the same one. In no case is there 

ever a penalty for such hard bargaining. The final columns of the table show the aver

age monetary benefit accruing from this behavior. This ranges from a high of $6.00 in 

Experiment 3 to a low average of .92 in Experiment 7. 

One would expect that this type of shrewd bargaining should be reflected not only in 

the success of its relative effect on the next accepted offer, but upon the subjects ulti

mate earning potential as well. A comparison with Table 2.2 shows that, indeed, in six 

of the eight experiments in which a subject showed a higher propensity to reject a Pareto 

improving trade, he or she earned the greater amount of money; furthermore, one of the 

two exceptions to this is Experiment 5, in which there was the unsuccessful collusion 

attempt. Here $12.55 of subject 2's total earnings, or almost 51%, resulted from those 

two periods in which she received all of both goods. Thus, the only "true" example of 

one subject out-earning the other without this type of hard barter is Experiment 7, and 

here the type 1 subject engages in four of the five shown rejections of Pareto superior 

offers in period 8, far too late to have the effect revealed in the remaining six experi

ments. 

This effect is, in fact, one of establishing "rights," or expectations to certain outcomes 

(or a reputation for being tough). Perhaps the best example of success in this endeavor is 

that of Experiment 3. Here, the type 2 subject rejected only three Pareto superior moves 

throughout the entire experiment, but by doing so he received $18.00 more than if he 

had accepted those initial offers. The key feature is that two of these rejections came in 

the first two periods of the experiment; in period I he (as seen in Table 2.1) forces 

agreement at combination (I0,9) for himself, and establishes this as his "right." This is 

again his outcome in period 2, ancl in the remaining six periods of the experiments he 
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never receives less than bundle (10,10), actually bartering for more than this in periods 4, 

7, 8, and 9. Precisely the same toughness is demonstrated by subject 1 in Experiment 4. 

Of his 15 rejections of Pareto improvements, the first comes in period 4, and he receives 

combination (10,10); he gets this final bundle throughout the remaining five periods (in 

fact, receiving (11,10) in period 9). However, in each of these periods he is forced to 

refuse a Pareto superior trade at least once, showing that his partner required a little 

more "convincing" than did the subject in Experiment 3. Very much the same arguments 

apply as well in Experiments 1 and 6. 

In Experiment 2, although there is the same general result that the type 1 subject did 

refuse more Pareto improving offers (6 vs. 5), the outcomes cannot be as directly associ

ated with this type of behavior. Here, the subjects simply focused immediately upon the 

combinations (9,9),and (8,8) This is the final outcome in every period, the only experi

ment in which such a phenomenon oceured. Finally, in Experiment 8, the general result 

also does not explain the vast difference in earnings. However, I have previously postu

lated that it was these subjects' failure in period 5 to capture all the surplus that causes 

the focusing upon (7,7), (10,10) in the final four periods, which naturally earns more for 

the type 2 subject. That rejection of Pareto improving trades provides no direct insight 

into behavior in this case does lend more credence t,o this previous conjecture. 



Chapter 3 

BILATERAL WALRASIAN TA TONNEMENT EXCHANGE 

This chapter formulates and tests what has become the standard, textbook general 

equilibrium model. Specifically, this involves testing the Walrasian model of price

mediated tatonnement exchange where traders are assumed to be naive (price-taking) 

utility maximizers, and t:'rices are set by a fictitious actor referred to as the auctioneer. 

Interaction occurs only indirectly between traders who present, to the auctioneer, 

demands for goods at prevailing price ratios. If markets do not clear, prices are adjusted 

by the auctioneer, and the traders again respond with demand quantities until there is 

zero excess demand for all goods in the economy. 

The experiments described in this chapter continue with the same two-person, two

good economy discussed in Chapter 2. Subject preferences over the goods are assumed to 

satisfy the same axioms previously set forth; in fact, the valuations induced upon subjects 

are virtually identical to those used in the pure barter environment. The minor 

alterations in valuations that were made are discussed fully in the section on experimental 

design. 

The Walrasian model differs from the barter. model in that an exchange ratio is 

superimposed over the Edgeworth box, effectively limiting the choice set open to a 

subject at any time, by imposing budget constraints. Bilateral exchange within such an 

environment hinges upon the existence of a third entity, commonly termed the 

"auctioneer." The task of setting and adjusting price ratios falls to the auctioneer, as a 

technical method of modelling the fact that prices are set by the anonymous market, 

rather than by individual traders. Since traders act only by responding to prices, the 
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auctioneer must set an initial price ratio. This price level, as stated, limits the commodity 

bundles affordable to each subject, and each subject's choices must be made within this 

new subset of the commodity space. 

The key consequence following from the introduction of the auctioneer is that 

subjects no longer interact directly. Rather, unilateral decisions are made without regard 

to, or even with direct knowledge of, the responses of the other individual. Although the 

axiom of local non-satiation had to be abandoned, it is still the case that utility 

maximizing, price-taking demand will always exhaust the budge\ However, there is no 

logical necessity for subjects to behave in this manner. Therefore, the experiments 

described in this chapter include a treatment in which subjects are permitted to make 

selections of bundles lying below this constraint, and a treatment in which such behavior 

is not allowed. How this influences the precise experimental design is discussed in the 

next section. 

In addition, the theoretical prediction is not simply that a choice will lie along the 

original price ratio presented by the auctioneer; there will be numerous bundles which 

satisfy this condition. Under the assumptions of perfect divisibility of goods, and strict 

convexity of preferences, the optimal bundle will (i) be unique, and (ii) have the 

property that the marginal rate of substitution between the two goods is equal to the 

price ratio. Condition (ii) in fact is precisely the set of first order conditions in the 

utility maximization procedure of standard consurner theory. Given that bundles are 

presented discretely, it is more appropriate to define "optimum" in the following manner: 
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Definition 1: A commodity bundle x in X is said to optimal for the price 

vector p if: 

(i) p . x ~ p . wand 

(ii) x R y for all y in X such that p . y ~ p . w 

where w is the initial endowment, and y is any other affordable commodity bundle. 

This approach to optimality by-passes the notion of marginal rates of substitution and is 

easily applied in the situation where the indifference sets are a finite number of discrete 

points. 

As noted, each subject independently responds with demands to a given price ratio. 

However, there is no reason to assume that these independent demands of the two are 

mutually compatible. For a trade to be consummated, it is necessary that the bundles 

selected by each trader be such that the total demand for each good equal the total 

supply of that good; thi.? is usually referred to as "clearing the markets." The initial 

exchange rate presented by the auctioneer need not clear all markets, but the proof that 

market-clearing prices exist is well-known. However, while the concepts of optimality 

and efficiency are essentially unaffected by the need to present commodity bundles in 

discreet form (that is, one can show that an optimal bundle still exists, and that a trade 

is, or is not, efficient, even when bundles are discreet units), one cannot prove that a 

price vector which clears all markets generically exists under these conditions. This is 

because all the existence proofs (see, for example, Mckenzie (1959), Arrow-Hahn(J971) 

rely on fixed point theorems using the following type of argument. 

Let P={Pl' pz, ... ,Pk} be a vector of k normalized prices, where Pi is normalized by 
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Pi = 
p'i 

--:-"k--=-- for each of k goods, for any initial price vector p' ={P'1' p' 2"'" p' k}' This 

LP'j 
j=1 

k 

implies that L Pi=l, and 

i=1 

is thus contained in the (k-l) dimensional simplex: 

Sk-l = {P' R~: t Pi=l} Thus Sk-l is compact, convex, and connected, and fixed 

1=1 

point arguments can be applied, However, the intent is to obtain a specific fixed point 

* p in Sk-l that generates an equilibrium. To do this requires that the price adjustment 

be based upon the excess demand function, which cannot be continuous on Sk-l if the 

consumption set, X, is discrete. Thus, reattaining continuity requires working within a 

discrete subset of Sk-l, which destroys connectedness. 

Henry (1970) proves the existence of equilibrium prices when some of the goods are 

indivisible, but he still must utilize standard fixed point theorems in his argument. All of 

these arguments merely demonstrate sufficient conditions for the existence of a price 

adjustment rule that has an equilibrium price. It is possible to design an experiment such 

that an equilibrium exists, and to construct a price adjustment rule to achieve it. This is 

the approach that I take in this chapter, and the next, for discrete X. 

Once the existence of a price vector at which price-taking behavior will clear all 

markets has been established, it is important to analyze the method by which it can be 

achieved. This is the adjustment process by which the auctioneer changes the price ratio 

in response to the selections made independently' by the traders. Existence alone is 

insufficient to provide interest because one could (certainly in an experimental setting) 

merely start at this price level. Of course, if subjects did not select the predicted optimal 

bundles, markets might not clear, and in fact this possibility plays an integral part of the 

experimental design. The actual process used by an auctioneer to adjust prices is not 

often given a specific form in theoretical discussions. An exception to this is Varian 
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(1984), where a precise rule, g(p), is stated in order to demonstrate that the fixed point 

* * * (i.e., p such that p =g(p» is, in fact, a competitive equilibrium. Despite the rarity of 

such concrete examples, two general properties, first postulated by Walras, are commonly 

assumed in the theory. The first of these is that the relative prices of goods should rise 

when traders' selections create an excess demand for them, and prices should fall when 

the choices result in an excess supply. The second rule, closely related to the first, is that 

prices should cease to adjust if, and only if, there is no excess demand for any good. 

There are two major behavioral assumptions implicit in the preceding discussion. The 

first is that the traders will always obey Walras' Law, and select commodity bundles on 

the frontier of their available choice set. If this is not satisfied, then one can have 

decisions which result in excess supply of all goods. In such a case, the above general 

rules are insufficient to adjust prices, as one cannot have the relative prices of all goods 

fall simultaneously. Because of this behavioral possibility, it is therefore necessary 

experimentally to reasonably change prices when there is a surplus of all goods. This is 

done on the basis of relative excess supplies, and the precise procedure is explained in 

the next section. 

The second major behavioral assumption is that even individuals who satisfy the 

budget constraint as an equality will always select the optimal bundle available at the 

prevailing price ratio. This is relevant because optimality has been defined only in 

relation to a given price. As the type of tatonnement process used here demands that all 

markets clear before any trading can occur, and traders know this, it is clear that they 

may well be interested in the commodity bundle which they are ultimately going to 

receive rather than the optimal bundle which is "achievable" at any given price. If all 

traders behave in the myopic fashion of selecting ·the optimal bundle for the prevailing 

price, then they will ultimately receive the optimal bundle at the competitive equilibrium 

price. Whether a trader can arrange th inns so that he or she receives a bundle which is 
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preferred to this might depend on the information available to him or her. concerning the 

decisions which the other trader is going to make. The experiments reported in this 

chapter involve two distinct treatments, designed to isolate this information effect. 

Hurwicz (1977) has shown that, in fact, such myopic price-taking behavior is not a 

Nash equilibrium. If there are only a finite number of agents in an economy, then, 

given price-taking by other agents, price-taking is not a best response. By under

revealing demand an agent can manipulate prices and successfully clear markets at prices 

such that the bundle which he or she ultimately receives is preferred. It is worth noting 

that Hurwicz demonstrates that this incentive problem extends far beyond merely the 

competitive mechanism. He proves that it is impossible to devise any system for 

allocating resources that gives individually rational, Pareto Optimal outcomes, in the 

presence of private information, that has the property that no agent can ever improve his 

or her position by ignoring the behavioral rules of the system, given that other agents do 

not ignore these rules. It is worth noting Hurwicz's special treatment of information. 

While expositions of Walrasian theory often assume that preferences are common 

knowledge, Hurwicz assumes preference knowledge to be inherently private. Rather, 

Hurwicz makes a minimalist sufficient full information assumption--that each trader 

dnow the behavior (Le., the offer curve) of all other traders as a group. This does seem 

minimal in order to be able to even contemplate a Nash equilibrium. 

Within the context of a two-pcrson economy, each subject generally has the power to 

unilaterally clear markets at any given price by some misrepresentation of dcmand. 

Naturally, some of these prices will yield bundles which are preferred to the competitive 

equilibrium, and some will produce trades that are worse than it. It is by withholding, or 

underrevcaling, dcmand that subjccts c1car markcts at priccs whcrc thc good with which 

they are more heavily endowcd is relativcly more expensive. This can rcsult in the trader 

rcceiving a bundlc that is preferred to the outcome that would occur at the competitive 
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equilibrium. In this dissertation I refer to the prices and allocations that result from 

myopic maximizing behavior as competitive equilibria. Other market-clearing situations 

are called non-competitive equilibria. 

Information thus plays a key role in determining the ability of a trader to successfully 

manipulate prices. In the first treatment described in the next section, subjects have 

knowledge only of their own preferences and endowments. In such a case, an individual 

wishing to withhold demand will, in general, not have sufficient information to clear 

both markets immediately, even if the other trader is behaving as a price-taker. This is 

because there will be several offers one can make in response to price-taking by a 

trading partner; only one of these results in zero excess demands for both goods. All 

others will cause further price adjustment, although it will potentially be a smaller 

change than would have occurred if both traders had acted as price-takers. Moreover, 

this same situation will hold at each new price. therefore, merely continuing to 

underreveal demand will not necessarily yield successively greater chances of being 

successful; each price is independent of the previous ones in this respect. This limited 

information environment, one would expect, will ultimately produce price-taking 

behavior. However, the approach to interpretation taken here is that either competitive 

or strategic behavior is reasonable, so that each observation is a test between the 

Walrasian and Hurwiczian theories. 

In the second treatment, one subject has full knowledge of both traders' endowments 

and preferences. Furthermore, he or she is informed that the other trader will respond in 

a "robotic" fashion at any given price. This affords the fullest information, and hence 

the greatest opportunity to clear markets at the "best" possible price. The design of both 

sets of experiments is described fully in the next section. 

The underlying purpose of these experiments is to test a stylized theory of the 

possibility of attaining equilibrium in all markets simultaneously. Pcrhnps the most 
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important reason to conduct such a test is the true inter-connectedness which exists 

among markets in any economy. Furthermore, the meaningful welfare properties of 

markets, such as Pareto Optimality, require analysis within a general equilibrium context. 

Such an extensive theory is obviously worth testing, and field data cannot be used 

because individual's preferences intrinsically are unobservable. Further, we do not really 

know how multi-market price adjustment really works. Therefore, the only option for 

this type of test is within a laboratory market where it is possible to control for 

preferences, and specify known price adjustment rules. 

Experimental Design 

A. Walrasiall Exchange with Symmetric Incomplete In/ormation 

Under this design, I continue to use two subjects, who interact in a purely bilateral 

exchange environment. As in the experiments discussed in Chapter 2, each subject has 

knowledge only of his or her own endowments and valuations. The price ratios, of 

necessity, vary in discreet increments. Nine specific prices are used, with the ratio 

(p /p ) ranging from 3 to 1/3. The incremental changes are from 3 to 2, 3/2, 4/3, 1, x y 

3/4, 2/3, 1/2, and finally to 1/3. For the remainder of the dissertation, the ratio (p /p ) 
x Y 

is referred to as p. As mentioned previously, there was a need to slightly alter the 

valuations for the subjects in this section from those used in the barter experiments. The 

reason for this is that the price ratios induce "linear" budget sets upon the grids, and at 

two price levels (p=I/2 and p=2) there would have been multiple optimal consumptions 

for one consumer; thus demand would not be single valued. This would create 

superfluous confusion. Thus, at the price p=I/2, I raised the value of the combination 

(14,9) to equal the value of the next highest indifference set, and at the price p=2, I 

raised the valu~ of the combination (5,9) in the same fashion. This was for the type 1 

trader, whose indifference curves increase to the northeast. For the type 2 trader, the 

symmetric bundles were altered; at price p=I/2, this was bundle (9,5),and at price p=2, 
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this was combiriation (9,14). In doing so, the assumption of weak monotonicity is 

maintained. The choices of which bundle to increase was arbitrary, but the effect was to 

create single valued demand at all price levels. 

The budget constraint naturally limits the bundles that are available to the SUbjects. 

Within this (symmetric information) design there are two subtreatments. In one set of 

experiments subjects are not required to satisfy the budget constraint as an equality, and 

are permitted to select a bundle within the interior of the budget set. Figure 3.1 shows 

the budget sets (price lines) used and Figure 3.2 gives the resulting offer curves. This 

shows that a unique competitive equilibrium exists. In the second set of experiments, 

Walras' Law is imposed; individuals are required to consume 011 their budget constraints. 

Figure 3.3 shows that, just as the indifference "curves" become a finite set of distinct 

points, so does the budget "line," when goods are presented in discrete form. A 

noteworthy feature of the design appears upon consideration of the optimal (price-taking) 

bundles for person 2 (whose indifference curves increase to the southwest) at prices 

p=I/2, 2/3, and 3/4. Consider again Figure 3.2. The optima occur at combinations (9,5), 

(9,6), and (8,7) respectively. These correspond to combinations (8,12), (8,11), and (9,10) 

for person I, whose indifference curves increase to the northeast. For this individual 

(person 1), the marginal rate of substitution of x for y is 1 for 2 between the 

combinations (8,12) and (9,10). Hence these represent two points on the same 

indifference curve. Combination (8,11), a reduction of one unit of y with no 

corresponding gain is x, is therefore of less value than either of the other two. 

Consequently, successful underrevelation of demand at prices p=I/2 or p=3/4 will garner 

for subject 1 the same utility, and underrevelation at the ratio p=2/3 will be worth a 

lesser amount. As the values for each subject are symmetric, the same argument is 

applicable for subject 2's potential manipulation. Prices p=4/3 or p=2 yield equivalent 

utility terms, and slightly greater than at p=3/2. The precise amount of the difference 
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will, of course, depend on the steepness of the utility function. 

The extreme prices of p=I/3 and 3 were not included in the first four experiments 

because these are unnecessary jf both traders exactly reveal demands (i.e., behave in 

accordance with the theory). However, (rare) subject behavior in extreme discord with 

the theory required the introduction of these extreme prices. To fully appreciate the 

need for this, consider the price p=I/2; here, price-taking by individuals I and 2 yields 

demands of (14,9) and (9,5) respectively. This gives and excess demand (of 6 units) for 

good x, and an excess supply (of 3 units) of good y. The price of x relative to y rises, 

and the budget line steepens (the precise adjustment rules are described shortly). 

Furthermore, successful underrevelation of demand by individual 1 (Le., a selection of 

(8,12» will clear the market. However, if trader 1 does not exactly reveal, but even 

underreveals extensively, at (6,13) for example, creates an excess supply of x and an 

excess demand for y. The price of x must fall relative to y rather than rise. This is 

accomplished by moving to the new budget line, p=I/3. At this ratio, subject 2's optimal 

choice is his or her endowment, and 1 cannot underreveal sufficiently to drive the 

relative price of x yet lower. Once again, the argument is symmetric, and at the price 

p=3, subject l's optimal choice becomes his/her endowment. The introduction of these 

prices actually was motivated by the fact that this above situation did occur in the fourth 

experiment, and I was m~de aware of this situation. 

(Yet, even with these extreme prices, very unusual subject choices can result in a 

surplus of x at the extreme price of p=I/3. If subject 2 does not choose his/her 

endowment, and subject 1 underreveals demand, the total demands can, as stated result in 

excess supply of x, and excess demand for y. This very bizarre behavior did occur in two 

periods of the second sub-treatment of this symmetric information environment. These 

periods were omitted from the results because they could not follow the necessary 

Walrasian price adjustment rule that the relative price of a good must rise when choices 
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result in an excess demand for it. This is the hand run analogue of a "crashed" computer 

period in which the program would be unable to adjust prices based upon the pre-set 

rules). 

Furthermore, there is a second factor which was present in the first four experiments 

of the first sub-treatment that required a design change. At the price p=3/4, the optimal 

choice for the type 2 subject is the bundle (8,7); I slightly altered the subjects' valuations 

in order to make this the optimal bundle, because the pre-existing optimum would have 

occurred at the combination (7,8). If I had not altered the situation, there would have 

been multiple competitive equilibria, something not desireable in this first set of 

experiments. This should be distinguished from the previously mentioned valuation 

change designed to assure uniquness of demand. This was necessary for uniqueness of 

the competitive equilibrium. However, given this new optimal combination of (8,7), if 

the type 1 subject is to successfully underreveal demand, he must choose bundle (9,10), 

as this would result in total demands of (17,17), which equals the total supply. Yet 

because of the discreteness of the budget set, by simply writing a budget constraint across 

the type l's grid (i.e. counting down three units of y, and over 4 units of x), this bundle, 

(9,10) is actually unattainable. Since I wished to allow for successful manipulation at all 

prices, I "gave" the type 1 subjects this bundle for the final five experimenis of the sub

treatment, and for all treatments after. As the design is symmetric between subjects, the 

same argument applies at the price p=4/3 for the type 2 subjects, and the were "allowed 

bundle (10,9) at this price, since the optimal price..,taking bundle for the type 1 subjects 

here is (7,8). Thus, the combination (17,17) is attainable at all price via underrevelation. 

Technically, then, the first four experiments of this sub-treatment have a slightly 

different design than do the last five. I therefore treat the nine experiments both as a 

single group and as two distinct sub-groups in evaluating the results, and I examine the 

possible differences these chnnges may have had when nppropriate. 



56 

As mentioned previously, under this design subjects no longer interact directly, as was 

the case in the experiments of Chapter 2. Rather, the experimenter acts as an auctioneer, 

altering prices on the basis of excess demand for and supply of the two goods. It is 

necessary that the specific price adjustment rules satisfy the two major criteria outlined 

in the previous section. First, they should follow the standard hypothesis that AP=f(E~), 

i=x,y, where E~ is the excess demand for the ith good and f'>O. Second Ap=O if and 

only if E~=O for all i. The rules which are implemented are as follows. Given the nine 

possible prices, the Ap indicates a movement among them. 

Rule I Rule II 

Positive Excess Demand Negative Excess Demand 

1 
Ed ~ 7 => Ap=6 

1 
Ed ~ -7 => Ap=-6 

i 
Ed = 5,6 => Ap=5 

i 
Ed = -5,-6 => Ap=-5 

1 
Ed = 4 => Ap=4 i 

Ed = -4 => Ap=-4 

i 
Ed = 3 => Ap=3 

1 
Ed = -3 => Ap=-3 

i 
Ed = 2 => Ap=2 

1 
Ed = -2 => .Ap=-2 

i 
Ed = 1 => Ap=1 1 

Ed = -1 => Ap=-l 

The choice between these two rules is based on the relative magnitudes of excess 

supplies and demands, as explained presently. It is always the case that whenever Walras' 

Law is satisfied, there will be excess demand for one good, and excess supply of the 

other. It is unlikely, hovv'ever, that the absolute values of these will be equal, and this is 

the reason why two rules, one based upon excess demand, the other upon excess supply, 

are used. For example, an excess demand of 6 for good x may be accompanied by an 

excess supply of 3 for good y. Any specific example will usually depend on the 

prevailing price ratio. In such cases the price is adjusted on the basis of the excess 
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supply or demand that is greater in absolute value. For the above example, the price of 

x relative to y would increase by 5 increments. Thus, the relative price of y falls as it 

should, but by more than the surplus of 3 units would indicate if examined alone. 

Naturally, with nine prices there is an upper bound, and if x is already relatively 

expensive, it does become more so, but only to the extent possible. In fact, as explained 

above, this is the reason for the extreme prices of 3 and 1/3. 

The equilibrium price ratio in these markets is p=l. Here, price-taking behavior clears 

both markets and prices do not change. The stopping rule for these experiments requires 

subjects to face a price level twice in succession; if the choices are the same, then the 

period ends, and earnings are given by the value of this bundle. The reason for this 

institutional addition is to allow subjects to depart from the competitive equilibrium, if 

they so choose, rather than forcing them to stop there if they accidentally hit upon the 

competitive equilibrium. Given the difficulty of successfully manipulating the offer 

curve in this limited information environment, I did not wish to abruptly terminate 

attempts to do so if they inadvertently led to price-taking behavior in one round; with 

the rule used, results which appear to be non-strategic stand a much greater chance of 

proving to be non-strategic if the choices are repeated. 

As mentioned above, in one of the treatments within this symmetric, incomplete 

information environment, subjects are allowed to make choices within the interior of the 

budget set. This procedure is potentially problematic, as it creates a possibility that 

excess supply can exist in the markets for both goods. To account for this eventuality, I 

developed the following rules based upon the relative excess supplies. Note that, in 

effect, this is just a special case of the above-stated rule that the excess demand that is 

largest in absolute value determines the direction of price change, but now the magnitude 

of price change is dependent on the relative sizes of excess supplies. 
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Rule III 

Excess Supply of Both Goods 

1) IE~I > IE~I => Ap (via Rule II above) using IE~I - IE~I 

2) IE~I > IE~I => Ap (via Rule II above) using IE~I - IE~I 

3) IE~I = IE~I t= 0, A,=l; change up or down randomly decided. 

Thus, if E~ = -4,and E~ = -2, (or IE~I=4 and rE~I=2), the price of x will fall relative 

to y because the surplus of x is greater. Furthermore it will fall based upon the 

difference in absolute values. I did not simply use the number which is greater in 

absolute value as I did in the original Rules I and II because this would place no weight 

whatsoever on the fact that there is a surplus of y. The situation of identical excess 

supplies is handled by randomly altering the price either up or down one place. It would 

be inappropriate to have zero adjustment, since this should occur only when all markets 

clear. It should be noted that Rule III comes into play Dilly when Walras' Law is not 

imposed, and is not voluntarily obeyed. 

The starting prices for any period always alternated between p=I/2 and p=2. These 

are equidistant, in opposite directions, from the equilibrium price. Figure 3.4 shows an 

example of the price p=2/3 as it appeared in the experiments for treatment la. As with 

all prices, the budget constraint "steps" across the box in order to clarify completely for 

the subjects which are the permitted bundles. As the endowments are (15,2) for one 

subject, and (2,15) for the other, these starting prices are beneficial to the subject who is 

flush in the more expensive good. Both subjects make choices over the feasible budget 

set, and these are reported to the experimenter. The excess demands are calculated, and 

prices are adjusted according to the rules specified. Participants are then presented with 

a grid reflecting this new price level. Choices are made again, and the process is 
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repeated. As Figures 3.5 and 3.6 show, four adjustments are necessary to reach 

equilibrium when both subjects act as pure price-takers; this is true at both starting 

prices. 

A maximum of 12 iterations can occur in any period. If equilibrium is not reached, 

then the period ends, and final earnings for each subject are the valuations of the initial 

endowment. The experiments consist of at most nine periods, and the steepness of the 

utility function is altered in an ABA design identical to that of Chapter 2 experiments. 

B. Walrasiall Exchange with Asymmetric Information 

Without getting too far into the results, the first set of Walrasian experiments resulted 

in frequent cases of non-price-taking behavior. Unfortunately, the data do not allow a 

clear ascription of these outcomes to attempted strategic manipulation. 

Thus, a third set of experiments was designed to check for strategic intent. In 

addition, in this set of experiments, the design followed that of the second treatment 

described in the previous section, in that subjects were required to obey Walras' Law. 

Here, the experimenter substitutes for one of the subjects, behaving uniformly as a 

price-taker. Further, the "real" trader is informed of (i) both sets of endowments, (ii) 

payoffs for both agents, and (iii) the fact that the "opponent trader acts as a price-taking 

maximizer. This allows him or her to predict responses with precise accuracy, making 

strategic manipulation as easy as possible. Thus, it is possible to discriminate between 

Walrasian price-taking and Hurwiczian manipulation. Once again, the price adjustment 

rules, preferences, and endowments were unchanged. Here, the steepness level of the 

utility functions were altered in the following way. In periods I -3, the "live" subject 

received level 2, and in periods 4-6, level 3, and in periods 7-9 levell, while the 

"robotic" price taker received levels 1, 2, and 3 in that order in periods 1-3, 4-6, and 

7-9. 
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Subjects in all experiments were recruited from undergraduate economics classes at 

the University of Arizona. Within the first informational treatment, that of symmetric 

information, there were, as previously noted, two sub-treatments. In the first, in which 

subjects were not required to satisfy the budget constraint as an equality, nine 

experiments were run, each lasting a maximum of nine periods, or two hours, whichever 

came first. Table 3.1 shows the final price ratio in each experiment across all the 

periods, as well as the number of iterations which occurred during the period. In three 

of the nine experiments (2, 5, and 7), the competitive equilibrium price was reached in 

all nine periods. In Experiment 1, it was reached in eight of the nine periods, failing to 

do so only in the first period. Conversely, only Experiment 3, which lasted six periods, 

never converged to the competitive equilibrium price in any period. Only the first 

period in this experiment, however, was such that the markets failed to clear after the 

full 12 price adjustments. In all other periods, a non-competitive equilibrium obtained. 

Experiment 9, it will be noted, lasted only three periods. This unusual occurance 

happened because I inadvertently recruited a subject who did not speak English with any 

reasonable degree of proficiency; it therefore took much of the two hour time period 

simply to explain the instructions. I considered eliminating the data, but I did not 

because I believe that she finally did understand the mechanism involved, and the three 

periods which did occur are therefore valid. Nonetheless, I wish to include this 

explanation. 

Figure 3.7 presents a summary of the information in Table 3. I, breaking the data 

down into three major categories. The first of these represents periods in which the 

markets cleared at the competitive equilibrium; furthermore, there are two subsets to this 

category. The first is "pure" price-taking behavior by both individuals. In order to 
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Table 3.1. Treatment 1a. Ending Prices - All Nine Experiments (Number of Iterations Necessary) 

PERIOD 

EXPERIMENT 1 2 3 4 5 6 7 8 __ 9 

P=3/4* P=1 P=1 P=1 P=1 P=1 P= 1 P=1 P=1 
( 12) (5) (4) (5) (7) (5) (8) (4) ( 12) 

2 P=1 P=1 P=1 P=1 P=1 P=1 P= 1 P=1 P=1 
( 6) (5) (5) (4) (4) (4) (4) (3) (4) 

3 P=4/3* P=4/3 P=4/3 P=3/2 P=3/2 P=3/2 
( 12) <.11 ) (3) ( 11) (5) ( 12) 

4 P=1 P=1/2 P=1 P=3/4 P=1 P=1 P=1 
(3) (2) (5) (4) (6) ( 10) (3) 

5 P=1 P=1 P=1 P=1 P=1 P=1 P=1 P=1 P=1 
(5) ( 11) (8) ( 11 ) ( 1 0) ( 11 ) (5) (5) ( 11 ) 

6 P=3/4* P=1 P=1 P=3/2* P=1* P=1 P=/2* 
( 12) (5) ( 12) ( 12) (12) (9) ( 12) 

7 P=1 P=1 P=1 P=1 P=1 P=1 P=1 P=1 P=1 
(6) ( 11) (5) ( 11) (8) (6) (6) (4) (9) 

8 P=3/2* P=3/2 P=3/4* P=2 P=1* P=3/2 P=4/3* 
( 12) (9) ( 12) (6) ( 12) (10) (12 ) 

9 P=1 P=3/4* P=2/3 
( 11) ( 12) (7) 

* NO MARKET CLEARING PRICE 
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satisfy this criterion, both subjects reacted in a myopic price-taking fashion, and the 

period ended after only five rounds; that is, the four adjustments necessary to reach the 

equilibrium price, and the fifth iteration in which D.p=O, and subjects must repeat their 

choices. This actually occurred in only nine of the 66 total periods, of 13.6% of the 

time. However, in 44 of the 66 periods, or 66.7% of the total, the market does clear at 

the competitive equilibrium eventually. This remaining set is labelled "mixed" on the 

figure, as it represents a final competitive equilibrium price which was reached via a 

combination of price- and non-price-taking behavior. Attempts to strategically 

manipulate the offer curve are generally, although not wholly, unsuccessful. In 11 of the 

66 periods, or 16.7% of the total, the market cleared at a price other than the competitive 

equilibrium. However, six of these represent cases where a subject overreveals demand; 

the other trader, by price-taking, clears the markets at a price less advantageous for the 

manipulator than is the competitive price. Yet five of these six instances occurred with 

the same subject (Experiment 3 in Table 3.1, in periods 2 through 6). The remaining 

five non-competitive ending prices resulted from "proper" manipulation. 

There are three price levels on either "side" of the equilibrium, and the benefit derived 

by moving to one of these depends on the steepness of the utility function. Table 3.2 

shows the potential for gains from manipulation for the four steepness levels. The gains 

from manipulation are the same for prices symmetric around the equilibrium price; that 

is, they are the same for p=2 or 1/2, p=3/2 or 2/3, or p=4/3 or 3/4. Of course, at all 

the price ratios such that p>l, the benefit is to the type 2 individual, as the steeper price 

line increases the size of his or her budget set. For the prices such that p<l, the gains 

from manipulation accrue to the type 1 trader. As was explained in the previous section, 

the extra payoff is the same for p=2 and p=4/3 (for the type 2 trader) because of the 

shape of the indifference curve, and the same is true at p=I/2 and p=3/4 for the type 1 

individual. Of the five. cases where sllccessful manipulation occurrecJ, three were by an 
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Table 3.2. Potential Gains from Manipulation 

r. Monetary Terms 

LEVEL OF STEEPNESS 

2 3 4 

PRICE 

P = 2, 1/2 $ .10 $.95 $1.70 $2.55 

p = 3/2, 2/3 $.05 $.45 $.80 $1.20 

P = 4/3, 3/4 $ .10 $.95 $1 .70 $2.55 

II. Percentage Terms 

LEVEL OF STEEPNESS 

2 3 4 

PRICE 

P = 2, 1/2 8.7% 37.3% 47.2% 51.0% 

p = 3/2, 2/3 4.3% 17.6% 22.2% 24.0% 

p = 4/3, 3/4 8.7% 37.3% 47.2% 51.0% 
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agent whose uti11ty function was relatively steeper than was the opponents'. Nonetheless, 

the rarity of this occurance indicates that, as in the case of pure barter, altering the 

steepness has relatively little effect upon subject behavior. Finally, in 11 of the 66 total 

periods, there was no market clearing price after all 12 rounds; interestingly, this is 

precisely the same number of times in which the market cleared at a non-competitive 

equilibrium. 

Figure 3.8 shows the average deviation from the equilibrium price in percentage terms 

among those periods in which there was a market clearing price. Specifically, as the 

price p=1 is the competitive equilibrium, a maximum deviation of 100% is assigned to the 

extreme prices of p=3 and p=I/3; the remaining six prices diverge symmetrically from 

the equilibrium by 67%, 50%, and 44%, as calculated in the following manner. Given the 

nine prices of 3, 2, 3/2, 4/3, 1, 3/4, 2/3, 1/2, and 1/3, the deviation is calculated from 

left to right, always compared to 1 first. For example, the ratio (4/3)/1 is 4/3, and the 

ratio 1/(3/4) is also 4/3. This is then compared to the maximum deviation of 3 (or 

100%); as 4/3 is 44% of 3, the price ratios 4/3 and 3/4 both represent a 44% deviation 

from equilibrium. It was necessary to calculate this way, because a direct calculation 

from the equilibrium wO'Jld give a different deviation depending upon which direction 

one moved from it. That is, 4/3 is 33% greater than I, but 3/4 is only 25% less. 

Furthermore, if I had calculated solely on the basis of the number of increments away 

from p=l, this would have ignored the fact each incremental shift is not of the same 

magnitude. Thus, the method of calculation used captures both the symmetry and the 

variation involved in the deviation from the equilibrium price. 

As Figure 3.8 reveals, the mean price for well-behaved periods never deviated from 

the equilibrium by more than 23.0%, which occurred in period 4; this is less than the 

single incremental shift of 44%. Furthermore, in periods 1, 7, 8, and 9, the price never 

deviated at all. Figure 3.9 shows the average number of rounds which occurred in each 
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period of the experiment (out of a maximum of J2). There appear to be significant 

turning points in the graph. The first of these occurs at period 4, where the average 

number of rounds jumps from 6.8 in period 3 to 8.0 in period 4. This (period 4) is the 

period in which the type 1 individual receives a new steepness to his or her utility 

function for the first time. In periods 1-3, he or she had gotten level 2. In period 4, 

this becomes level I. T:-.e type 2 subject has been receiving different levels throughout, 

and the "shock" value is not the same. Because of this, it is quite possible that the type 1 

agent will feel more "exploration" in period 4 is necessary. The second turning point 

appears in period 8, .and the third in period 9. The drop in period 8 is most likely 

caused by an experience factor; the subjects have now seen all the steepness levels, and 

are very familiar with the procedure. On the other hand, I believe it is this very 

familiarity which is responsible for the jump to an average of 8.5 rounds for period 9, 

the highest average of any period except the first. As period 9 is commonly known to be 

the last period, there ma:1 be some final attempt to take advantage of this last chance to 

manipulate the system. Subjects may feel comfortable enough with the design that there 

is no fear that equilibrium will fail to be reached. 

The preceding discussions have centered on interpretations of the data at equilibrium 

points, competitive or otherwise. Given the design of the experiments, the majority of 

decisions were made prior to achieving equilibria, and, in fact (it was hoped), in quest of 

just such points. Figure 3.10 begins to consider the choices of the subjects in 

disequilibrium as well as equilibrium situations. In particular, this figure deals with the 

behavior of the type 1 subjects. These data show, on a period-by-period basis, the 

percentage of time the subjects (across all experiments) exactly reveal demand, 

underreveal demand, or overreveal demand. These three possibilities are mutually 

exclusive and exhaustive, so in each of the nine periods the pcrccntnees will sum to one 
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hundred. It is clear, first of all, from the graph that price-taking behavior predominates 

to a very strong degree, and, furthermore, this effect appears to increase over the course 

of the nine periods. Such behavior is at a minimum in period 1,. and occurs only in 

40.5% of the 79 iterations which occurred in the first period of the nine experiments. In 

contrast, overrevalation occurs 32.9% of the time, and underrevalation 26.6% of the time. 

Price-taking does show turning points in periods 3, 4, 7, and 9, but these seem to be of 

successively smaller magnitudes; the general trend is apparently toward greater and 

greater proportions of price-taking behavior. In this symmetric, incomplete information 

environment, one must attribute this to learning behavior; successful underrevalation is 

not a generally viable expectation, and one would expect attempts to achieve this to 

lessen as the periods progress. Finally, the drop in demand revelation seen in period 9 

corresponds well with the increase in the average rounds per period observed in the 

previous figure, 3.9. This final exploration seen in this figure should be, and is, 

accompanied by the effect here in Figure 3.1 O. 

What is particularly surprising within this figure are the graphs representing the 

percentage of times in which subjects over- and underreveal demand. The two 

possibilities seem to represent an approximately equal split of the non-price-taking 

behavior. In order to provide a statistical test of this hypothesis, the U-test of Wilcoxan, 

Mann, and Whitney was performed. This (following the procedure described in Sachs 

(1984), pg. 293) tests against the following alternative hypothesis: the probability that "an 

observation from the first population is greater than an arbitrary observation from the 

second population does not equal 1/2". The asymptotic efficiency of this test is 

approximately 95% of that found when a t-test is used; furthermore, because of the large 

data sets, an assumption of a normal distribution was permitted. For this case, the 

resulting z statistic was found to be .1681, indicating that the hypothesis that these values 

are lIot equally likely to be the same can be rejected at any reasonable level of 
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significance. As underrevalation is the key to clearing markets at prices superior to the 

competitive, and overrevalation can never be beneficial to a subject, this virtually random 

choice appears to to be confounding; however, these data are, of course, aggregated, and 

the behavior of individual subjects within this context is discussed shortly. 

Figure 3.11 presents the data in precisely the same fashion for the type 2 subjects, 

and demand revelation is once again clearly the choice in the vast majority of cases. 

However, unlike the case for the type 1 subjects, there does not appear to be the same 

general upward trend. Furthermore, there seems to be a significantly higher proportion of 

price-taking throughout the entire nine period range by these type 2 subjects. This 

intuitive interpretation is supported by the rank-sum test which yields a z value of 2.252, 

indicating that the hypothesis that exact revelation frequencies in these two groups of 

experiments have an equal probability of being the same can be rejected at a confidence 

level of 99%; this is of particular interest, as the situation facing the the two types of 

subjects is completely symmetric, and there should not be this significant difference in 

proportion of price-taking behavior. Demand revelation begins relatively high, at 84.8%, 

and stays in this range through period 3. There is a drop in period 4, to 70.3%, and this 

is accompanied by an increase in both under- and overrevalation of demand, and by 

approximately the same degree for each. As these are the type 2 subjects, it is hard to 

attribute this to a new steepness level to the utility function, because, as mentioned, they 

have been receiving different levels through the first three periods as well. However, the 

drop in price-taking occurring in periods six and seven is accompanied almost exclusively 

by a jump in underrevalation, something potentially successful. Yet analysis of Table 3.1 

again shows this not to b~ the case; in these two periods (6 and 7) the markets cleared in 

13 of the 15 opportunities to do so; however, in II of these 13, the clearing occurred at 

the competitive price. This indicates that this jump in underrevalation of demand did 

not result in successful manipulation, and reversion to price-taking behavior ultimately 
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took place, something to be expected in this incomplete information environment. 

Finally, in periods 8 and 9, demand revelation dominates to its greatest degree, and this, 

too, is reflected in Table 3.1, which shows that markets clear at the competitive 

equilibrium in all eight instances. 

As was discussed, among type 1 subjects, non-price-taking behavior takes the form of 

both over- and underrevalation with no significant difference between the two. Here, an 

interesting feature emerges; a visual inspection would indicate that underrevelation 

dominates for the type 2 subjects. Yet this is due to the fact that, when it is greater, it 

is proportionately much larger, particularly in periods 6 and 7. Actually, overrevelation 

dominates in period 9, and in periods 3 and 8, the values are the same. Hence, the 

results of the rank-sum test yield a z statistic of .5668, indicating that one can accept the 

hypothesis that these values are significantly different at only a 72% confidence level, 

well below any accepted standard. Nonetheless, a discussion of the period 9 effect is 

certainly of interest. I have explained these period 9 effects previously as being due to 

"exploration" by subjects now familiar with the procedure; hence this type of response is 

confusing, as it would appear to be contradictory to behavior expected by somewhat 

sophisticated subjects, and I cannot explain it. 

As I noted in the previous section, there was a minor difference between the design 

of the first four experiments and the last five of this sub-treatment. I wish to consider 

the potential effects of this difference in terms of revelation, because my analysis of the 

data shows over- and underrevelation to be the measure in which these effects are 

highlighted. In particular, Figures 3.11a and 3.11 b show the data in the same way as 

Figure 3.11 (for the type 2 subjects), now broken down into the two sets of experiments. 

The major feature readily apparent is that the previously discussed jump in 

underrevelation of demand in periods 6 and 7 is due almost exclusively to Experiments 

5-9 (Figure 3.1 1 b). This is to be expected, since the potential for successful manipulation 
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now exists at the price p=4/3. This difference is in fact confirmed by the rank sum test, 

which shows that the hypothesis that the underrevelation by the type 2 subjects within 

these experiments does not differ from that of the type 2 subjects in Experiments 1-4 

can be rejected at the 95% confidence level (z=1.76). Yet, this has been seen (across the 

nine experiments) as not having been ultimately successful, and observation of Table 3.1 

again shows this is still true when only these five experiments are considered. In five of 

the eight opportunities for the market to clear in these periods, it does so at the 

competitive equilibrium. The only non-competitive market clearing price is p=3/2, 

occurring in period 6 of Experiment 8, and this was equally possible in experiments 1-4. 

In period 7 of Experiments 6 and 8, the market simply fails to clear, supporting again 

the conclusion that this underrevelation is simply not fruitful; that is, in Experiments 1-4, 

which Figure 3.11a shows have no tendency toward underrevelation, the market clears at 

the competitive price in six of seven instances, or virtually the same proportion. Thus, 

there is no real difference in outcome, but there does appear to be more futile "searching" 

in the final five experiments. For the sake of co~pleteness, it must be noted that one 

can also reject the hypothesis that exact revelation is the same in both sets of experiments 

(z=2.03), as well as the hypothesis that overrevelation does not differ (z=1.94) for these 

type 2 subjects. 

This difference in behavior among the type 2 subjects between these sets of 

experiments has no appa:-ent counterpart among the type I subjects. Figures 3.1lc, and 

3.lld break these data down in the same fashion for type I traders. Comparison with 

Figure 3.10 (which aggregates across the nine experiments) shows precisely the same 

upward trend in exact demand revelation, as well as the same virtually-equal propensity 

to under- or overreveal demand in both sets of experiments. This is supported by the 

rank sum statistics, which show that one cannot reject the hypotheses that there is no 

difference in exact revelation (z=.353), underrevelation (z=.260), or overrevelation (z=.08) 
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for these type I subjects between the two subsets of experiments. 

These above figures aggregate data across individuals on a period by period basis. 

Table 3.3 presents data on a subject-by-subject basis. In particular, it shows, for each of 

the nine experiments, the percentage of times that each subject (of each type) behaved as 

a price-taker, as well as the proportion of such responses across both subjects. Below the 

experiment number in each column is the total number iterations which occurred in that 

experiment. In general, these proportions of price-taking are very large, reflecting the 

previous observation that demand revelation is the selection of choice. Perhaps the most 

surprising feature of the table is, again, that the type 2 subjects appear to price-take 

much more often than do the type I subjects. This fact appeared in the previous figures 

where the data were aggregated across subjects, but the extreme difference within the 

subjects is unexpected, again because the situation facing each is completely symmetric. 

Table 3.4 shows the by-subject responses when behavior was non-price-taking, 

breaking this into the categories of over- and underrevalation of demand. The final row, 

the totals, again reflects the fact that type I subjects were less likely to price-tuke. 

Further analysis of this table shows that the subjects of Experiment 8 were the least 

likely to price-take (as a pair), and this is reflected in Table 3.1 which shows that 

markets cleared at the competitive equilibrium in only one of eight periods; furthermore, 

this two-sided refusal to price-take resulted, in three of eight periods, with no market 

clearing price at all. Perhaps the most interesting effect is that of Experiment 3, in 

which the type I subject overrevealed demand a full 61.1% of the time, and markets 

cleared at non-competitive equilibria in five of the six periods; as is to be expected, he 

was penalized for such behavior, as the final price ratio in all five of these periods 

exceeded one, and hence was beneficial to the type 2 subject who exactly revealed over 

94% of the time. 
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Table 3.3. Percentage Price-Taking, All Subjects, All Nine Experiments 

EXPERIMENT SUBJECT TYPE SUBJECT TYPE 2 TOTALS 

79.0 9CL 3 84.7 
n=62 

2 97.4 79.5 88.5 
n=39 

3 13.0 94.4 53.7 
n=54 

4 54.5 87.9 71 .2 
n=33 

5 90.9 90.9 90.9 
n=77 

6 48.6 25.7 37.2 
n=74 

7 86.4 80.3 83.4 
n=66 

8 37.0 47.9 42.5 
n=73 

9 13.3 100.0 56.7 
n=30 

57.8 77.4 67.6 



Table 3.4. Percentage Non-Price-Taking, All Subjects, All Nine 
Experiments, Treatment 1a 

SUBJECT TYPE 1 SUBJECT TYPE 2 TOTALS 

EXPERIMENT U.R. O.R. U.R. O.R. U.R. 

11.3 9.7 0.0 9.7 5.7 
n=62 

2 0.0 2.6 20.5 0.0 10.3 
n=39 

3 25.9 61 .1 1.9 3.7 13.9 
n=54 

4 42.5 3.0 3.0 9.1 22.8 
n=33 

5 2.6 6.5 0.0 9.1 1 .3 
n=77 

6 25.7 25.7 27.0 6.8 26.4 
n=74 

7 10.6 3.0 7.6 12. 1 9.1 
n=66 

8 23.3 39.7 37.0 15. 1 30.1 
n=73 

9 43.3 43.3 0.0 0.0 21 .7 
n=30 

TOTALS 20.6 21.6 10.8 7.3 15.7 
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O.R. 

9.7 

1.3 

32.4 

6.1 

7.8 

16.3 

7.6 

27.4 

21 .7 

14.5 
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The other extremes are nicely represented by experiments 2, 5, and 7, which show 

the lowest proportion of non-revelation; in each of these experiments the markets clear 

easily at the competitive equilibrium in all nine periods. Finally, in Experiment I, also 

with combined under- and overrevalation of less than 10%, the competitive price is 

reached in all except the first period. 

The preceding discussions have centered on ipterpretations of the aggregated data 

within two major groups; first across subjects on a period-by- period basis, and second 

within experiments on a by-subject level. While these have proved instructive for 

discerning definite general trends in behavior, one would wish to more completely 

analyze the data by making full use of each response in relation to what is hypothesized 

to be the major explanatory variable of behavior--the prevailing price ratio. In order to 

accomplish this, a specific form of logit analysis is used; in particular, this is a 

trichotomous logit estimation, and follows the method described in Aldrich and Nelson 

(1984). 

Define the following variables: 

° if subject exactly revealed demand at iteration t 

D t = 1 if subject underrevealed demand at iteration t 

2 if subject overrevealed demand at iteration t 

PRICE
t 

= relative price ratio at iteration t 

These three possibilities, (D t) are the dependent variable, and the analysis relates the 

probability of each being chosen to the current price ratio in the following manner. One 

of the dependent variables is selected to be the base, and the estimated coefficients relate 

the relative probability that each of the others will be selected as the explanatory 

variable, price, changes. In these experiments, the maintained hypothesis is one of 

demand revelation. This value (0 to) is therefore used as the base, and the coefficients 

determine the relative probabilities that subjects will (I) underrcvcal (0(1), and (2) 
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overreveal (D
t
=2) compared with exact revelation. 

Table 3.5 presents the results of these estimates for the type I and type 2 subjects 

across the nine experiments, with a total of 508 observations. Consider first the type 1 

subjects for alternative (I), the probability that an agent will underreveal, relative to 

exact revelation; here the coefficient for price is negative, at -1.9075, and highly 

significant, with a t-value of -3.449. This clearly indicates that as the price ratio 

decreases, and the size of the subjects' budget set increases, there is a significant 

tendency to underreveal demand, in order to clear the markets at the favorable price. A 

weaker hypothesis, with which these data remain consistent, is that subjects still realize 

that underrevelation will keep the price ratio low (and hence their budget set large), even 

though they cannot actually clear markets by doing so. In fact, the result demonstrated 

previously, that the markets clear so often at the competitive equilibrium indicates that 

subjects are unsuccessful at underrevelation, and do eventually revert to price-taking 

behavior. 

Alternative (2), measuring the relative probability of overrevelation as compared to 

exact revelation shows the price coefficient to be positive and significant; this is harder to 

explain, as overrevelation is not beneficial. It is possible that a sophisticated subject 

would not wish to price-·take even at these higher prices (in case his trading partner is 

underrevealing), yet this overrevelation would simply force prices to move less and less to 

his benefit; thus, this behavior remains enigmatic. 

However, this same inconsistency does not appear when the type 2 subjects are 

considered; here the price coefficient under alternative (1) is positive and significant, as 

expected, indicating the strong tendency to underreveal as their budget sets increase; 

furthermore, there is no significant effect under alternative (2). These subjects do not 

overreveal more relative to exact revelation, as the price moves against them. This is, of 

course, consistent with the previously observed phcnomcnon that these subjects simply 
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Table 3.5. Do Relative Prices Affect Decisions? Treatment 1a 

SUBJECT TYPE SUBJECT TYPE 2 

ALTERNATIVE ALTERNATIVE 

DESIGN DETERMINANTS (1) (2 ) ( 1 ) ( 2 ) 

CONSTANT -.000123 -1.7995 -4.2028 -1.7260 
(-.00352) (-5.924) (-9.762) (-3.787) 

PRICEt -1.9075 .6626 1 .8494 -.46381 
(-3.449) (2.781 ) (6.114) (-1.069) 

N 508 508 508 508 
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price-take more often in general. 

Table 3.5a now considers possible differences which may have existed between the 

first four experiments and the final five. For Experiments 1-4, once again the type 1 

subjects show a very significant tendency to underreveal (relative to exact revelation) as 

their budget set increases, as the price coefficient under alternative (1) is negative with a 

t-statistic of -4.743; interestingly, the "contradictory" result found when all nine 

experiments were considered--that these subjects also overrevealed more relative to exact 

revelation--disappears when the data are disaggregated in this way. The t-value of 1.292 

for the price coefficient under alternative (2) is not significant at any standard level of 

confidence. For the type 2 subjects, no such inconsistency was found previously, and in 

these experiments precisely the same result appears. The price coefficient is positive and 

significant under alternative (1), and insignificant under alternative (2). 

Examining Experiments 5-9 shows the major important difference arising from this 

disaggregation. The type 1 subjects show no significant tendency to underreveal relative 

to exact revelation as their budget set increased, as the t-statistic of -.7362 under 

alternative (1) is very small; furthermore, the inconsistency reappears here, as there is a 

significant relative tendency to overreveal as the budget set decreases; this is shown by 

the positive and significant coefficient under alternative (2). What is particularly 

surprising is that this is the set of experiments in which underrevelation does have the 

greater chance of benefit. However, the type 2 subjects continue to demonstrate their 

consistent compliance with predicted behavior. They significantly underreveal more as 

their budget set increases, shown by the positive price coefficient under alternative (I), 

and they show no significant change in behavior with regard to overrevelation. 

Treatment 1 b 

In this sub-treatment, subjects are required to satisfy the budget constraint as an 

equality. In this group, six experiments were run, each lasting a maximum of either nine 
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Table 3.5a. Do Relative Prices Affect Decisions? 

EXPERIMENTS 1-4 

SUBJECT TYPE 1 SUBJECT TYPE 2 

ALTERNATIVE ALTERNATIVE 

DESIGN DETERMINANTS ( 1 ) ( 2) ( 1 ) (2 ) 

CONSTANT 2.6922 -1.678 -6.065 -1 .802 
(3.5175 ) (-2.995) (-5.182) (-1.936) 

PRICEt -4.299 .5788 2.5319 -.9338 
(-4.743) (1.292) (3.374) (-.9954) 

N 188 188 188 188 

...... 
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Table 3.5a.--Continued 

EXPERIMENTS 5-9 

SUBJECT TYPE 1 SUBJECT TYPE 2 

ALTERNATIVE ALTERNATIVE 

DESIGN DETERMINANTS (1) (2) (1) ( 2) 

CONSTANT -.9248 -1 .887 -3.67 -1 .610 
(-2.269) (-5.108) (-7.753) (-3.062) 

PRICEt -.2688 .7263 1 .718 -.3254 
(-.7263) (2.523) (5.016) (-.6612) 

N 320 320 320 320 
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periods, or two hours, whichever came first. Table 3.6 shows the final price ratio for 

each experiment across the periods. The number of price iterations that occurred within 

a given period is also shown. In none of the six experiments was the competitive 

equilibrium price reached in every period; it was reached in seven of nine periods in 

Experiments 4 and 5, including the final six in Experiment 4, and the last five in 

Experiment 5. As with the previous sub-treatment, there was one experiment, in this 

case 2, in which the competitive equilibrium price was never reached. Here, in two of 

the six periods, the markets failed to clear. 

Figure 3.12 is analogous to Figure 3.7 ,breaking the data down into the same three 

major categories. The first of these, in which the market clears at the competitive 

equilibrium shows that "pure" price-taking, occurs in 14% of the total periods. This is 

almost exactly the same as the 13.6% occurring in the first sub-treatment. The key 

difference is in the total proportion of times that the market clears at the competitive 

equilibrium; here, the "mixed" category adds another 26%, for a total of 40%. Non

competitive equilibria are reached 48% of the time. This is opposed to 66.7% and 16.7% 

for the previous cases. In the previous situation,' the entire budget set was permitted, 

allowing for much greater freedom of choice; a natural consequence of this is that 

disequilibrium choices will simply stand a much smaller chance of meshing, and hence 

clearing markets. Subjects will be less able to successfully underreveal because any 

choice within the interior of the budget set cannot clear markets. It would appear that 

subjects in the first sub-treatment revert to price-taking because of the smaller chance of 

successful underrevalation. A closer examination of the actual outcomes that occurred in 

these 24 instances of non-competitive market clearing prices reveals two interesting 

features. First, in only five of these 24, or 20.8% of the timo, did such an outcome 

result from overrevelation of demand at a price less advantageous than the competitive, 

and furthermore, all five occurred in Experiment 8; un interesting sidelight is that in four 



Table 3.6. Treatment 1b. Ending Prices-All Six Experiments (Number of 
Iterations) 

PERIOD 

EXPERIMENT 2 3 4 5 6 7 8 9 

P= 1 P= 1 P=3/4 P= 1 P= 1 P=2 P=3/4 P=2 P=2 
(4) (5 ) (4) (5 ) (5 ) (2) (5 ) (2) (3) 

2 P=1/3* P=3/4 P=3/4 P=3/4 P=3/4 P=4/3* 
( 1 1 ) ( 12) ( 12 ) (4) (7) ( 11) 

P=3/4* P=3/4 P=4/3 P=1/2 P=1/2 P=3/4 P=3/4 P=2/3 P=1/2 
( 11 ) (8) (5) (7) (2) (3) (3) (3 ) (2) 

4 P=3/4 P= 1 P=3/4 P=1 P=1 P=1 P=1 P=1 P=1 
(6 ) (6 ) (3) ( 11 ) (7) ( 5) ( a» ( 6 ) (4) 

5 P=1 P=1 P=3/2* P=1/3* P=1 P=1 P=1 P= 1 P= 1 
(5 ) ( 5) ( 1 1 ) ( 1 1 ) ( 10) ( 6) (5 ) (8) ( 10) 

6 P=3* P=1/3 P=4/3 P=3/2 P=1 P=3/4 P= 1 P=3/2 
(12 ) z(3) ( 4) (5) (7) ( 10) (7) (3) 

*NO MARKET CLEARING PRICE 
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of these five instances, the type 1 subject overrevealed demand, and in one of the 

periods (2), the type 2 subject overrevealed while the other price-took. One can note 

that this period 2 phenomenon actually occurred at price p=I/3. This is the only case in 

any experiment where the market cleared at an extreme price; here the subject actually 

earned less for the period than the initial endowment. This is one other reason why the 

stopping rule required a replication of choices after the market cleared. Here the subject 

actually repeated a choice which he knew would yield less than the endowment; as stated 

above, this is the only case where such "irrational" behavior occurred, and the subject 

learned because he did not repeat his mistake. 

Second, in four of the 24 cases, or 16.7% of the time, markets cleared as a result of 

underrevelation by both subjects, and in fact all of these instances were also in the same 

experiment, periods 2-5 of Experiment 2. Here, the prevailing price ratio is p=3/4, and 

the presented demands are (6,12) and (11,5) by the type 1 and 2 subjects respectively; 

thus, total demand is (17,17), and the markets clear. What is noteworthy is that, although 

this price ratio is ostensibly beneficial to the type 1 subject given "proper" manipulation, 

this severe form of underrevelation, coupled with the other subject also underrevealing, 

clears the markets at values to both subjects which are less than they would have 

received at the competitive equilibrium. These are the only examples of such bilateral 

underrevelation which occur. 

The remaining 15 instances of non-competitive market clearing prices, or 62.5% of 

the total, result from "proper" manipulation, and examination of the effect of the 

steepness of the utility function on a subject's ability to manipulate, shows once again 

that this effect is not significant. In 8 of the 15 cases of successful underrevalation, or 

53.3% of the total, the steepness level of the manipulator was actually less than that of 

the other trader. Finally, in 6 of the 50 periods, or 12% of the total, markets failed to 

clear. 
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Figure 3.13, analogous to Figure 3.8, shows the average deviation from the 

competitive equilibrium, in percentage terms, across the six experiments on a period by 

period basis. These data reflect the difference that appears between the two sub

treatments; the first of these clears at the competitive equilibrium much more often than 

at other prices (66.7% vs. 16.7%), while the second clears slightly more often away from 

the competitive equilibrium than at it (48% vs. 40%). Despite this, there is actually only 

one period, 3, in the second sub-treatment in which the average deviation is equal to one 

full increment from the competitive, 44%. In fact, in period 3, there is not a single 

experiment in which the markets clear at the competitive price, the only period in which 

this is true in any of the experiments within this treatment. Perhaps the most telling 

feature of all is that the maximum deviation in the first sub-treatment is 23.0%, 

occurring in period 4. In only three of nine periods in the second treatment are 

deviations less than this, i.e. periods 1, 5, and 7. 

Figure 3.14 shows the average number of rounds per period over all six experiments. 

As with the first sub-treatment, there is the slight jump in period 4, where the type 1 

subject receives a new steepness level of his or her utility function. However, the rise 

here is less, increasing only from 6.5 rounds in period 3 to 7.2 rounds in period 4. 

Furthermore, there is no second jump to the data, as the average decreases monotonically 

from period 4 onward. The indication is one of clear learning behavior; it is perhaps the 

fact that less exploration is necessary that accounts for the absence of an increase in the 

number of rounds in period 9. With the very large choice set in the first sub-treatment, 

one cannot be sure that he or she has not inadvertently overlooked a superior choice. 

Once the process is understood, and market clearing assured, there is increased incentive 

to explore. In this treatment the set of acceptable bundles is smaller, and is thus much 

more easily analyzed by subjects, and further searching may not be deemed necessary. 
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Figures 3.15 and 3.16 now consider the data for all situations during the experiment, 

including those prior to achieving equilibria; in particular, these show the percentage of 

times in each period in which the subjects exactly reveal, underreveal, and overreveal 

demand, aggregated across the six experiments. Two features of Figure 3.15, which gives 

the data for the type 1 subjects, are immediately apparent. First, it shows that only in 

two periods (1 and 3) within these two-person experiments is it true that (in the 

aggregate) price-taking behavior does not dominate the other two possibilities. In fact, in 

period 1, demand revelation occurs less often than do either over- or underrevelation. A 

comparison with Table 3.6 shows that such non-revelation is not particularly successful, 

as the markets never clear in three of the six experiments within this period, and this is 

the only period in which this occurs more than once; furthermore, of the three 

experiments in which markets do clear, they do so at the competitive equilibrium twice. 

Therefore. this would seem to be a "first period" learning effect. This hypothesis is 

" 

supported by the second immediately apparent feature of this graph, the fact that 

demand revelation generally increases across the nine periods. There are, however, two 

drops, the first in period 3, and the second in period 6. Analysis of Table 3.6 shows that 

this reduction in price-taking in period 3 does result in markets clearing at non-

competitive equilibria in five of the six experiments (while in the other, Experiment 5, 

they do not clear at all). 

What is especially clear is that, although price-taking definitely predominates by 

period 7, it does so to a lesser degree than has been seen in any of the previous 

experiments; furthermore, it appears clear that underrevelation dominates overrevelation. 

This "eyeball" observation is supported by the rank-sum test which demonstrates that the 

hypothesis that the proportion of underrevelation of demand does not differ from 

overrevelation can be rejected at a confidence level of 99%. And, as Figure 3.16 shows, 

these subjects have found willing trading partners in the type 2 subjects, who exactly 
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reveal the vast majority of the time. Here, the rank-sum test gives the very high z 

statistic of 3.0002, allowing an acceptance of the hypothesis that these proportions of 

demand revelation differ between subject types with a confidence level of 99%. The 

only period providing an exception to this is the sixth, in which there is a large drop in 

such behavior; however, this does not have an ultimate result of successful manipulation, 

as only in the first experiment do the markets clear at a price ratio greater than one. 

Significantly, the non-revelation fails to take the consistent form observed among the 

type 1 subjects. Once again, the rank-sum test run yields an extremely low z statistic 

allowing one to reject the hypothesis that these proportions of non-revelation differ at a 

confidence level of over 99%. This is particularly true in the early periods. 

Table 3.7, which shows the data on a by-subject basis demonstrates the same general 

trend observed in the previous figures. In four of the six experiments, the type 2 subject 

reveals demand more frequently, and in one the percentages are the same. Only in 

Experiment I is the situation reversed, and the benefit of such behavior is clear. In 

periods 6, 8, and 9 the type 2 subject manages to clear markets at a price ratio of p=2. 

However, even here the type 1 subject also manipulates successfully (in periods 2 and 7). 

In Experiment 5, there is actually a precisely equal proportion of price-taking occurring 

by both subjects; furthermore, it is at the relatively high proportion of 80.6%. Not 

surprisingly, then, the markets clear at the price p=l in seven of the nine periods (while 

in the other two they do not clear at all). Much the same effect appears in Experiment 

4, showing the highest total combined price-taking, of 82.8%. Here, too, markets clear at 

the competitive equilibrium in seven of the nine periods. However, in this case, the type 

1 subject does price-take to a lesser degree, and this is reflected in the two remaining 

periods (l and 3), in which the ending price of p=3/4 is beneficial to this agent. 

A further instructive breakdown of the data is found in Table 3.8 which divides non

revelation into two categories. Experiment 3 is of particular interest viewed in this light; 



Table ').7. Percentage Price-TaJring, All Subj ects, All Six Exper iments, 
Treatment 1b 

EXPERIMENT SUBJECT TYPE SUBJECT TYPE 2 TOTALS 

85.7 71 .4 78.6 
n=')5 

2 14.0 35.1 24.6 
n=57 

') 22.7 100.0 61.4 
n=44 

4 67.2 98.3 82.8 
n=58 

5 80.6 80.6 80.6 
n=72 

6 37.3 60.8 4·9.1 
n=51 

TOTALS 51.3 74,4 62.9 
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Table 3.8. Percentage Non-Price-Taking, All Subjects, All Six 
Experiments, Treatment 1b 

SUBJECT TYPE 1 SUBJECT TYPE 2 TOTALS 

EXPERIMENT U.R. O.R. U.R. O.R. U.R. 

14.3 0.0 28.6 0.0 21.5 
n=35 

2 73.7 12.3 50.9 14.0 62.3 
n=57 

3 47.7 29.5 0.0 0.0 23.9 
n=44 

4 22.4 10.3 0.0 1 .7 11 .2 
n=58 

5 8.3 1 1 . 1 6.9 12.5 7.6 
n=72 

6 25.4 37.3 13.7 25.5 19.6 
n=51 

TOTALS 32.0 16.8 16.7 9.0 24.4 
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14.8 
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subject type 1 underreveals demand a full 47.7% of the time, while his trading partner 

responds purely as a price-taker. The result is that markets clear at prices less than one 

in each of the final eight periods. In Experiment 2, in which the percentage of price

taking by both subjects is actually at its lowest level, only 26.4%, one finds that this non

revelation is reflected most often by underrevelation by both. This is, in fact, the 

previously discussed experiment in which markets do clear as a result of bilateral 

underrevela tion. 

Once again, in order to make the fullest possible use of the data, the same logit 

analyses described previously are run for the subject responses within this sub-treatment. 

The variables D
t 

and PRICE
t 

are defined as before: Table 3.9 shows the results of these 

estimations for the type 1 and type 2 subjects. For the type 1 subjects, the price 

coefficient under alternative (1) is negative, and significantly so. These subjects are 

showing a marked tendency to underreveal relative to exact revelation as the price ratio 

decreases; however, as in Treatment la, this subject type also shows a definitive trend 

toward overrevelation (alternative (2» as the prices increase; this remains puzzling, as 

they can only decrease their budget sets by such responses. 

For the type 2 subjects, once again there is no such inconsistency, as in Treatment la. 

Under alternative (1), we find that the coefficient is positive and significant. These 

subjects clearly wish to keep the price ratio high, as seen by their tendency to 

underreveal (relative to exact revelation), as price increases. Furthermore, there is simply 

no significant tendency to overreveal as price changes, as it should be. This is seen by 

the insignificant coefficient under alternative (2). 

Treatment 2 

Within this treatment, that of asymmetric information, eight experiments were run; 

each lasted the maximum 9 periods, and Table 3.10 shows the final price ratio in each 

period over the eight experiments, as well as the number of iterations necessary to 
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Table 3.9. Do Relative Prices Affect Decisions? Treatment 1b 

SUBJECT TYPE SUBJECT TYPE 2 

ALTERNATIVE ALTERNATIVE 

DESIGN DETERMINANTS (1) ( 2) (1) (2) 

CONSTANT 1 .003 -2.2671 -2.9477 -2.3080 
(3.1210) (-5.822) (-7.830) (-5.437) 

PRICEt -1.5601 0.87684 1.1314 0.2585 
(-4.8005) (3.367 ) (4.378) (.7419) 

N 317 317 317 317 



Table 3.10. Treatment 2, Ending Prices-All Eight Experiments (Number 
of Iterations) 

PERIOD 

EXPERIMENT 2 :3 4 5 6 7 8 9 

P=1 P=1 P= 1 P=1 P=1 P=1 P=1 P=1 P=1 
(5) (5 ) (5) (5) (5 ) (5) ( 5 ) ( 5 ) (5 ) 

2 P=1 P=1 P=1* P=1 P=1 P=2/3 P=3* P=2/3 P=1 
(4) ( 12) ( 12 ) ( 5 ) ( 10) (5) ( 11 ) (7 ) ( 1 1 ) 

P=1/2 P=2/3 P=1/2 P=2/3 P=1/2 P=2/3 P=1 P= 1 P=1/2 
(2) (3) (2) (;5) (2) (3) ( 4) (5 ) (2) 

4 P=1 P=1 P=1 P=1 P=1 P=1 P=1 P=1 P=1 
(4) (6) (7) (5 ) (4) ( 5) ( 1 1 ) ( 11) (8) 

5 P=1/2 P=3/4 P=3/4 P=3/4 P=3/4 P=1/2 P=1/2 P=1/2 P=1/2 
( 10) (6) (4) ( 6 ) (6) (5 ) (2 ) (3 ) (2) 

6 P=1/2 P=2/3 P=1/2 P=2/3 P=1/2 P=2/3 P=2/3 P=2/3 P=1/2 
(2) (5) (2 ) ( 5) (2) ( 9 ) (8) ( 12) (2) 

7 P=1/2 P=2/3 P=1/2 P=2/3 P=1/2 P=2/3 P=1/2 P=2/3 P=1/2 
(2) (3) (2) (3) (2) (3) (2) (9 ) (2) 

8 P= 1 P=3/4 P=1/2 P=3/4 P=1/2 P=3/4 P=1* P=3/4 P=1 
(4) (3) ( 2 ) (3) (2) (4 ) ( 1 2) (3 ) ( 6 ) 

*NO MARKET-CLEARING PRICE 
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achieve that price. In two of the eight experiments (1 and 4), the competitive 

equilibrium price was reached in each of the 9 periods. In fact, in Experiment 1, the 

subject behaved as a price-taker in every iteration in every period. Although this was 

not true in Experiment 4, this was the only other experiment in which the subject made 

no use of the asymmetry of information. In Experiment 2, the final price is the 

competitive price in five of the nine periods; this is the only other experiment in which 

this price prevails in the majority of periods. Experiments 5, 6, and 7 never clear the 

markets at the price-taking equilibrium in any period. 

Figure 3.17 again breaks the data into the three main categories. "Pure" price-taking 

behavior occurs in 18.1 % of the total number of periods; this is actually a greater 

percentage than either of the two previously discussed sub-treatments. However, the 

market ultimately clears at the competitive equilibrium in only 27 of 72 periods, or 37.5% 

of the time, less than either of the two previous cases (but closer to 1 b). It would appear 

that if subjects are going to price-take in this environment, they do it from the outset. 

The market clears at non-competitive prices in 42 of the 72 periods, or 58.3% of the total 

cases. It is here that the effect of asymmetric infoI:mation is clearest. In all 42 of these 

instances, the non-competitive price is a result of successful underrevelation of demand. 

There is no point where a subject clears markets by overrevealing. Once again, the 

steepness of the utility function appears to have virtually no effect. In 28 of the 42 

cases, or 66.7% of the total, the subjects' utility function is relatively less steep than is 

the "robotic" price-taker's with whom they are trading. A final key difference is the 

small number of times in which the market failed to clear--only 4.1 %, or 3 of the entire 

72 periods. Given that one participant was always a price-taker, and the other ,had full 

information, this is not surprising. 

Figure 3.18 shows the deviation from the equilibrium price, in percentage terms, on a 

period-by-period basis across the eight experiments. Only in period 3 is there deviation 
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greater than one full increment, but there is much more constant proximity to this level 

across all the periods than in either of the sub-treatments discussed before; furthermore, 

in seven of the nine periods, the percentage deviation is greater in this treatment than in 

Treatment 1 b (excepting only the earlier periods of 2 and 4), and it is greater in all nine 

periods than it is in Treatment 1 a. 

Analysis of Figure 3.19, which shows the average number of iterations which 

occurred in each period of the experiment, gives perhaps the clearest example of the 

effect of altering the steepness levels of the utility functions found in any of the 

experiments. In period 7, this number jumps to 6.9; this is the period in which subject 

receive the lowest level, and gains from manipulation are at their smallest amount, only 

8.7%. Subjects here may have felt free to "experiment" to the fullest to find possible 

gains from manipulation; this is true despite having ascertained that there was very little 

chance for success. Previously, I have explained increases in period 9 as this type of 

effect. Here, however, within this full information environment, it is natural to assume 

that less experience is necessary in order to understand the mechanism, and this is 

particularly accentuated by the fact that subjects here are facing a "robotic" price-taker. 

This effect appears to continue through period 8, as the average iterations remain at 6.9, 

and it drops to 4.8 in period 9. Apparently, by period 9, the subjects have virtually 

mastered the situation; in fact, in four of the eight experiments, there are only two 

iterations necessary, the absolute minimum. The individuals clear markets immediately at 

the price p=I/2, and repeat their choices at once. 

Figure 3.20 now aggregates data using decisions over all price adjustments which 

occur in each of the eight experiments, showing the percentages of times subjects exactly, 

under, and overrevenled demand. As with the first period in Treatment I b., exactly 

revealing demand is not the dominating strategy. More surprisingly, this is the only 

period in which this is the case. Within this full information environment, I expected 
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Table 3.11. Percentage Price-Taking and Non-Price-Taking: Treatment 2 

PERCENTAGE NDN-PRICE-TAKING 

EXPERIMENT PERCENTAGE PRICE-TAKING U.R. D.R. 

100.0 0.0 0.0 
n=45 

2 58.4 18.2 23.4 
n=77 

3 42.3 57.7 0.0 
n=26 

4 83.6 4.9 11 .5 
n=61 

5 20.4 77.3 2.3 
n=44 

6 14.9 44.7 40.4 
n=47 

7 21 .4 64.3 14.3 
n=28 

8 33.3 48.7 18.0 
n=39 

TOTALS 46.8 39.5 13.7 
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underrevelation to be the clear strategy of choice, but it reaches its peak in period one, 

accounting for 54.5% of the decisions; furthermore, the rank-sum test indicates that the 

hypothesis that the proportions of exact revelation and underrevelation can assume equal 

values can be rejected at a confidence level of 99%. Yet this type of aggregation can be 

misleading, and while it was clearly not so in the first two sub-treatments, it is here to 

some degree. As mentioned, in all 42 (of 72) periods in which markets cleared at non

competitive equilibria, they did so at prices superior to the competitive. Thus, despite 

the dominance of demand revelation in the aggregate, subjects made judicious use of 

underrevelation when engaging in this type of behavior, and received from it the full 

benefit. 

The full effect of simple aggregation is perhaps most clearly demonstrated in Table 

3.11 which shows the data on a subject-by-subject basis. There were two experiments, 1 

and 4, in which the markets cleared at the price p=1 in all nine periods. Note that the 

subjects in these experiments price-took 100%, and 83.6% of the time, respectively, far 

and away the highest proportions observed. In Experiment 2, this price was the final in 

five of the nine periods, and here price-taking is at the next highest total, 58.4%. At the 

other extreme are Experiments 5 and 7, in which the agents price-took only 20.4% and 

21.4% of the time; furthermore, their non-price-taking behavior was vastly more often of 

the form of underrevelation. In consequence, they cleared markets at prices less than one 

in all nine periods. Of particular interest is Experiment 6. This subject price-took only 

14.9% of the time, and the cleared the markets at p<1 in all nine periods. What is 

noteworthy is that his non-price-taking is virtually evenly split bet\veen over- ancl 

underrevelation of demand; clearly his underrevelation was used more expertly, as he 

managed to always receive its benefits while never falling prey to the penalties of 

overrevelation. 
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Table 3.12 presents the results of the logit estimations run in the same fashion as for 

the previous two sub-treatments, and the variables for D
t 

and PRICEt remain as defined 

before. These subjects all represent the "type 1" subjects of the previous cases, as the" 

robotic" price-taker was of the type 2 variety. The remarkable consistency among these 

types of subjects remains upon analysis of the table. There is the same extremely marked 

tendency to underreveal (relative to exact revelation) as the price ratio decreases, seen by 

the very significant negative coefficient for PRICE
t 

under alternative (1). However, the 

tendency to relatively overreveal as price rises is also highly significant, with a t-value of 

4.654. One can say here, however, that such overrevelation did not have a deleterious 

effect, because of the previously mentioned result that the subject never cleared the 

markets at prices greater than one, something which improper non-revelation would 

cause. However, this non-beneficial overrevelation remains a puzzle. 
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Table 3.12. Do Relative Prices Affect Decisions? Treatment 2 

ALTERNATIVE 

DESIGN DETERMINANTS ( 1 ) ( 2 ) 

CONSTANT 3.9960 -2.6930 
(7.873) (-7.186 ) 

PRICEt -5.2798 1.0263 
(-8.226) (4.654) 

N 367 367 



Chapter 4 

WALRASIAN EXCHANGE IN A REPLICATED ECONOMY 

The experiments discussed in this chapter consider the extension of the standard 

Walrasian model of exchange when the number of traders is increased beyond two. 

Specifically, this involves replicating the number of individuals of each type from one to 

three, giving a total of six traders in the market. For each type, the subjects' 

endowments and induced valuations are identical with those of Chapter 3. The design of 

the experiments in the previous chapter permitted an analysis of subject responses to 

conditions under which price-taking behavior was not a Nash equilibrium. This was 

tested under two distinct informational treatments. In one case, the information available 

to subjects about the benefits of strategic behavior was much greater than in the other; in 

both cases, some degree of non-price-taking behavior was observed, but an increase 111 

information given to the subjects had a very significant effect on their ability to 

manipulate prices successfully. 

As was noted in Chapter 3, Hurwicz (1977) has demonstrated that price-taking 

behavior is not a best response when other agents in the market follow that strategy. 

Nonetheless, economists typically proceed as if people clo behave in this fashion, 

particularly when the number of individuals in an economy is large. Roberts and 

Postlewaite (1976) have shown that such and assumption is reasonable, as they 

demonstrate that the benefits which one individual can derive by acting strategically go 

to zero as the number. of participants becomes large. By increasing this number to six, I 

have created an experimental design that represents the effective limit of such an 

economy. This increase :11 the number of ngcnts does not mean that no single consumer 

J1B 
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can affect prices in any degree. It docs, however, create a situation in which no one 

person can unilaterally clear markets by underrevealing demand at a price superior to the 

competitive price, giv.en that the other five traders behave as price-takers; therefore, 

price-taking behavior is now a weak Nash Equilibrium. Because the consumption space 

is discrete, it has been possible for me to create, with only six traders, the condition that 

Roberts and Postlewaithe get to hold only as a limit result, i.e. zero gains to unilateral 

manipulation. Yet markets can clear at other prices if more than one agent acts 

strategically, and (as discussed fully in the section on results), this did, in fact occur on 

more than one occasion. This is al1 the more surprising in that communication among 

agents is forbidden, minimizing the possibility that coalitions can form. Furthermore, the 

information available to subjects in the design of the experiments is identical to that of 

the first treatment in the previous chapter. That is, it is partial and incomplete, and 

under this environment, even in the two-person economy, successful manipulation was 

relatively rare. In order to test only for the effects of increasing the number of agents to 

this "effectively infinite" number, it was necessary to maintain all of the other essential 

features of the design of the Chapter 3 experiments. The only changes that occurred are 

those which follow from the simple replication of the economy. 

Experimelltal Design 

By increasing the size of the economy from one agent of each type to three, the total 

quantity of each good available in the economy also increases, from 17 units to 51. The 

same nine price ratios, varying from 1/3 to 3, were used in this series of experiments; 

however the price adjustment rule was altered slightly, because the increase in the 

quantities of goods changes the magnitude of the excess demands when each consumer 

presents his or her offers to the auctioneer. The specific price adjustment rules lIsed are 

as follows, where, once again, b.p indicates a movement among the nine possible prices. 



Rule I 

Excess Demand 

1 
Ed ~ 21 => .c:.p=6 

1 
15 ~ Ed ~ 20 => ilp=5 

i 
13 ~ Ed ~ 14=> .c:.p=4 

1 
7 ~ Ed ~ 12 => .c:.p=3 

4 ~ E~ ~ 6 => .c:.p=2 

1 ~ E~ ~ 3 => .c:.p=1 

Rule II 

Excess Supply 

i 
Ed ~ -21 => ilp=-6 

-15 > El > -20 =>t:.p=-5 - d-

-13 > El > -14 => ill)=-4 - d-

- 7 > El > -12 => .c:.p=-3 - d-
i 

- 4 > E > - 6 => .c:.p=-2 - d-
1 

- 1 ~ Ed ~ - 3 => .c:.p=-1 
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Once again, .c:.p=O if and only if the excess demand for each good is zero, and the 

magnitude of price change is determined by the largest absolute value of excess demand 

or supply. 

The interaction is still between the traders and the experimenter, acting us the 

auctioneer. Each of the six subjects submits offers to the experimenter, who calculates 

the excess demands and adjusts the prices accordingly. As subjects were required to 

obey Walras' Law in this series of experiments, there was no need for an additional price 

adjustment rule to be used in the event of an excess supply of all goods. Also, if all 

subjects acted as price-takers, the competitive equilibrium would be reached in four 

iterations, as in Chapter 3. 

However, because there were more agents, the logistics of the experiment were more 

complicated, and it was only possible to run for a maximum of six periods in each 

experiment. The steepness of the subjects' utility functions was altered in the following 

way. In periods 1-3, the type I subjects received level 2 while the type 2 subjects 

received level 3. In periods 4-6, this was reversed; and periods 7-9 were identical to the 

first three. All other essential aspects of the design were left unchanged. 
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Results 

Subjects in all of the experiments within this chapter were recruited from 

undergraduate courses at the University of Arizona. Six experiments were run, each 

lasting a total of either six periods, or two hours, whichever came first. Table 4.1 shows 

the ending price which occurred in each period of the experiment, as well as the number 

of iterations which were required to achieve that price. Figure 4.1 presents a summary 

of these results, breaking the data into the same three categories as used in Chapter 3, 

and it is perhaps more instructive to examine this overview first. Unlike the two-person 

experiments, there was no instance of "pure" price-taking behavior in any period by all 

the subjects, as all 50% of the cases in which the market clears at the competitive 

equilibrium are as a result of a mixture of price- and non-price taking behavior. Given 

the three-fold increase in the number of participants, this is not terribly surprising. In 

14.7% of the periods there is (repeated) zero excess demand at some non-competitive 

price ratio, and the markets clear at this price. Dut the most striking overall difference 

between this and the two-person economy is the vast number of periods, 35.4(Yu, in which 

the markets never clear. Non-price-taking cannot be advantageous in this economy, but 

this was apparently not easily learned by a significant proportion of the subjects, as they 

continued to fail to price-take, even when doing so was detrimental to their payoffs. 

Furthermore, this demonstrates the extreme sensitivity of a tatonnement procedure to the 

behavior of a single individual; it only takes one person to throw the markets into 

disequilibrium. This is notably distinct from either double oral arction or posted-price 

market experiments where a single "deviant" trader is usually shut out of the market, and 

with no discernable consequence to the market as a whole. Examination of the data on a 

closer level, as revealed in Table 4.1, can shed some light on the particular patterns of 

behavior that are revealed. 



Table 4.1. Treatment. Ending Price 5. All Six Experiments (Number of 
Iterations) 

PERIOD 

EXPERIMENT 1 2 1 1. 2- 6 

1 . P=1* P=1 P= 1 P=1 P=4/3* P=1 
( 11) (3) ( 5) (4) ( 1 1 ) (3) 

2. P=2/3* P=4/3* P=1 P= 1 P=3/4 P= 1 
( 11) ( 11) (3) (3) ( 6 ) ( 5 ) 

3. P=3/4* P= 1 P= 1 P= 1 P=1 P= 1 
( 11) (3) (5 ) (5) (8) (3) 

4. P=1* P=4/3* P=4/3 P=3/4 P=4/3 
( 12 ) ( 11) (8) (4) (8) 

5. P=1 p= 1 P=1* P= 1 P= 1 P= 1 
(7) ( 12 ) ( 12) (8) ( 10) ( 5) 

6. P=1* P=3/2 P=4/3* P=2/3* P=2/3* 
( 12 ) ( 6 ) ( 1 1 ) ( 1 1 ) ( 11) 

* NO MARKET CLEARING PRICE 
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As can be seen, there was no experiment in which the markets cleared at the 

equilibrium price in all periods; this is true despite the fact the price p=l is a weak Nash 

equilibrium. In Experiments 3 and 5 this price is reached in five of the six periods, and 

in both cases the other period hns no market clearing price. In Experiment 3, the failure 

to equilibriate occurs in the first period, after which the subjects settle into a fairly stable 

routine of price-taking behavior. Only in period 5 of this experiment does it take more 

than five (i.e., 8) price adjustments to achieve equilibrium. In fact, in this period the 

equilibrium is first achieved after only five adjustments also, but in the fifth iteration, 

one subject fails to price-take. He overreveals demand, and the price adjusts "against" 

him, so he reverts back to price-taking behavior, and in iteration 8, when he faces the 

competitive equilibrium price for the second time, he does not repeat the action of 

iteration 5. In Experiment 5, it is period 3 in which markets do not clear; here the final 

price is actually p=l, but one subject (a type 1) overreveals demand, and disequilibrntes 

the markets. 

The other extreme occurs in Experiment 6, in which markets never clear at the 

equilibrium price. In fact, only in period 2 do they ever clear at all. It is interesting 

that in the first period, subjects do reach the equilibrium price in round 11; however, in 

round 12 (commonly known to be the last round), when this price is again presented, one 

subject (a type 2) does not repent his choice, and the markets do not clear. This is 

particularly strange, but I assumed it to be a "first period" effect ancl would not be 

repented. In period 2, the markets cleared at a non-competitive price of p=3/2; however 

such a phenomenon was never again to be repeated throughoLlt the remainder of the 

experiment. In fact, there was never again a chance to achieve any type of equilibriulll, 

as the choices never cleared both markets, something which is, of course, necessary in 

order to get a price repitition. 
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This same type of phenomenon also occurred in Experiment 4. In round 11 of the 

first period, the markets cleared at the equilibrium price, but not as a result of price

taking behavior by all subjects. Rather, one subject (a type 1) overrevealed demand, and 

another, (a type 2) underrevealed demand, leading to zero excess demands for both goods. 

During iteration 12, both of these subjects repeated their choices, but a third subject (a 

type 1) altered his choice, again throwing the markets into disequilibrium. This was 

perhaps unsettling to the group, and in period 2 the markets once again did not 

equilibrate. However, they did in periods 3, 4, and 5, but never at the competitive 

equilibrium price. The remaining two experiments, 1 and 2, also achieved some market 

clearing price in four of the six periods. 

The periods which are of particular interest are those four in which there is group 

interaction resulting in the markets clearing at a non-competitive equilibrium price. 

These are period 5 of Experiment 2, and periods 3; 4, and 5 of Experiment 4. Table 4.2 

summarizes these results. Consider first the fifth period of Experiment 2. The actual 

choices made by the subjects are given in the first two columns, three for the type 1 

subjects and three for the type 2. From the totals, one can see that there are 51 units of 

each good demanded, clearing both markets. The last two columns show what would be 

the demand revealing choices under the price p=3/4. There would be 30 + 24 = 54 units 

of x demanded, for an excess demand of 3 units, and 27 + 21 = 48 units of y demanded 

for an excess supply of 3 units. The price adjustment rule would raise the price of x 

relative to y by one increment to p=1. What has occurred is that two of the type 1 

subjects, Ia and Ic, have exactly revealed ancl two of the type 2 subjects, 2a ancI 2c, 

have overrevealed, and this results in the market clearing demand of 51 units of each 

good. (Note that overrevelation for the type 2 subjects involvC's a choice of more of y 

than at exact revelation, and less of x. This is because these subjects are rich in good x 

in their endowments, and so will be trading x for y. The reverse situation is true for the 
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Table 4.2. Non-Competitive IV1arket Clearing Prices 

SUBJECT CHOICES DEMAND-REVEALING CHOICES 

TYPE1 TYPE2 'rYPE1 TYPE2 

EXPERIMENT 2 1a)(10,9) 2a)(7,8) 1a)(10,9) 2a)(8,7) 
PERIOD 5 
ITERATION 6 1b)(9,10) 2b)( 8, 7) 1b)(10,9) 2b)(8,7 ) 
P=3/4 

1c)(10,9) 2c)( 7,8) 1c)(10,9) 2c)( 8,7) 

TOTALS: (29,28) (22,23) (30,27) (24,21 ) 

EXPERIMENT 4 1a)(7,8) 2a)(10,9) 1a)(7,8) 2a)(9,10) 
PERIOD 3 
ITERATION 8 1b)(7,8) 2b)( 10,9) 1b)(7,8) 2b)( 9,10) 
P=4/3 

1c)(8,7) 2c)( 9,10) 1c)(7,8) 2c)( 9,10) 

TOTALS: (22,23) (29,28) (21,24) (27,30) 

EXPERIMENT 4 1a)(10,9) 2a)(7,8) 1a)(10,9) 2a)(8,7) 
PERIOD 4 
ITERATION 4 1b)(9,10) 2b)(7,8) 1b)(10,9) 2b )(8, 7) 
P=3/4 

1c)(10,9) 2c)(8,7) 1c)(10,9) 2c)( 8,7) 

TOTALS: (29,28) (22,23) (30,27) (24,21 ) 

EXPERIMENT 4 1a)(7,8) 2a)(10,9) 1a)(7,8) 2a)(9,10) 
PERIOD 4 
ITERATION 8 1b)(7,8) 2b)( 10,9) 1b)(7,8) 2b)( 9,10) 
P=4/3 

1c)(8,7) 2c)( 9,10) 1c)(7,8) 2c)( 9,10) 

TOTALS: (22,23) (29,28) (21,24) (27,30) 
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of Experiment 3, and 3, 4, and 6 of Experiment 2), the prIce is actually p=l, but not 

entirely as a result of price-taking behavior by all subjects. In two of these periods (3 of 

experiment 3, and 4 of Experiment 2), four of the subjects respond as price-takers, and 

it is two of each type, presenting demands of (8,9) by the type 1 subjects and (9,8) by 

the type 2's. However, one subject of each type overreveals demand by one unit, with 

the type 1 offering bundle (9,8), and the type 2 offering bundle (8,9). In this fashion, 

the sum of demands equals the sum of supplies, and the markets clear in spite of this 

non-price-taking behavior. In contrast, in periods 3 and 6 of Experiment 2, all type I 

subjects reveal demand at p=l, but two type 2 subjects, 2a, and 2c, do not. Rather, 

subject 2a presents a demand for bundle (10,7), and subject 2c for bundle (8,9); in doing 

so there are again 51 demanded units of each good and the markets clear at the 

prevailing price. 

Perhaps the most interesting outcome occurs in period 2 of Experiment 6. As noted, 

these subjects never learned to price-take within the allotted time, and in five of the six 

periods there was no market clearing price after all 12 iterations. Yet in period 2 the 

market clears at p=3/2, and does so in the following remarkable fashion. I have 

emphasized that underrevelation by a single agent can never be beneficial, but in this 

period five of the subjects exactly reveal demand at this price ratio of p=3/2. This 

represents offers of (6,9) for the type 1 subjects, and (9,11) for the type 2's. Thus, these 

five subjects have total demands of (6,9) times 3 plus (9, II) times 2, or (36,49). The 

final type 2 subject in this period actually presented a demand of his initial endowment 

of (15,2). Thus, the total (x,y) combination was indeed (51,51), and the markets cleared. 

This was extremely beneficial to the price-taking type 2 subjects, as at p=3/2, the price 

is very much in their favor; the final type 2 subject has inadvertently "sacriCiccd" himself 

by his extreme underrevelation of den~ancl. He docs not do this again, however, and 

such a phenomenon was unique in all the expC'I"iments. 
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Figures 4.2 and 4.3 now present an analysis of the data frol11 the more comprehensive 

angle of including decisions 'made at the disequilibrium, as well as at the equilibrium, 

positions. In particular, Figure 4.2 shows the aggregate behavior of the type 1 subjects 

on a period-by-period basis across all six experiments. In each pei'iod, the graph shows 

the percentage of times subjects exactly revealed demand, unederrevealed demand, and 

overrevealed demand at each prevailing price level. As is clearly demonstrated, price

taking behavior predominates by a wide margin in each period. Furthermore, there 

appears to be significant learning behavior, as such price-taking increases almost 

monotonically throughout the course of the periods. It begins at a low of 66.7% in 

period 1 and ends in period 6 at 91.7!Vo. The only turning point in the graph occurs in 

period 4, in which there is a slight drop in price-taking, to 82.8%, from 86.4% in period 

3. However, this number rises again in period 5 to 84.0%, and then reaches the 

maximum of 91.7% in period 6. The interesting feature of this drop in period 4 is that it 

is accompanied by an increase in overrevelation, not underrevelation, of demand, from 

6.0% in period 3 to 10.5%. As has been noted, underrevalation cannot be advantageous 

when practiced by a single agent, and overrevelation can never be advantageous. Thus, 

examination of the two lower graphs is particularly surprising, as it reveals that 

overrevelation actually occurs more frequently than does unclerrevelation in four of the 

six periods; the only exceptions are periods 3 and 6. The differences are quite small, 

however, and it appears that those instances of non-price-taking among type I subjects 

are split quite evenly between over- and underrevelation. Of course, these data are 

aggregated, and the behavior of particular subjects within this context is examined 

shortly. 

Figure 4.3 shows the data in the same fashion for the type 2 subjects. Once again the 

clearly dominant response is price-taking behavior, and again this increases across the six 

periods with the exception of a single turning point in period 2. Ilere, price-taking 
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drops to 63.1 % of the total from 73.4% in period 1, and this decrease is followed by a 

steady climb across the remaining periods to a maximum of 100% in period 6. 

Furthermore, the drop in period 2 is accompanied by the "expected" increase 1I1 

underrevelation of demand to 24.6% from 13.0% in period 1. Equally important, among 

type 2 subjects the percentage of underrevelation of demand is almost always greater than 

that of overrevelntion. The only exception to this is in the very first period; here, 

overrevelation accounts for 13.6% of the 192 decisions, while underrevelation accounts for 

13.0%--a very slight difference indeed. And, of course, in period 6, 100% of the choices 

are pure revelation, so over- and underrevelation are the same, at 0.0% However, as 

with Figure 4.2, both of these responses still constitute quite a small percentage of the 

total across the six periods. 

While these figures aggregate across periods, Table 4.3 presents an analysis of 

individual subject behavior across the six experiments; in particular, it shows the 

percentage of times that individuals responded as price-takers when presented with a 

given price ratio. Below each numbered experiment in the very first column is the total 

number of price iterations which occurred in that experiment. Perhaps the most striking 

feature of these results is the near-equal percentage of times in which the type 1 and the 

type 2 subjects exactly reveal demand at a given price (78.6% vs. 71.8%). In fact, the 

type 2 subjects respond as price-takers less often than do the type I subjects, in marked 

contrast to the two-person experiments of the previous chapter, in which they price-take 

significantly more often than do the type 1 subjects. Furthermore, this is not an artifact 

of aggregation (Le., a situation in which one experiment has very little price-taking by 

the type 2 subjects). In four of the six experiments, the type I subjects respond as 

price-takers more frequently. Experiment 4 provides the smallest total percentage of 

price-taking by all six subjects, occurring only 54.5% of the time. Not surprisingly (as 

seen in Table 4.1), in this experiment the equilibrium price of p=1 is never reached in 
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Table 4.3. Percentage Price-Taking, All Subjects, All Six Experiments 

SUBJECT TYPE 1 SUBJECT TYPE 2 TYPE 
+ 

TYPE 2 

EXPERIMENT ~ 1b -1..£ TOTAL 2a 2b 2c TOTAL TOTAL 

59.5 100.0 91 .9 83.8 78.4 81.1 97.3 85.6 84.7 
n=37 

2 62.9 35.9 92.3 63.7 43.6 84.6 30.8 53.0 58.4 
n=39 

3 97.1 74.3 88.6 86.7 91.4 71.4 94.3 85.7 86.2 
n=35 

4 81 .4 58.1 44.2 61 .2 9.3 44.2 90. 1 47.9 54.5 
n=43 

5 83.3 88.9 92.6 88.2 94.4 100.0 100.0 98.2 93.2 
n=54 

6 66.7 96.1 100.0 87.6 82.4 45.1 52.9 60. 1 73.9 
n=51 

TOTALS 78.6 71 .8 
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any of the periods. In contrast, in Experiment 5, the six subjects combine for a total of 

93.2% price-taking behavior across the 54 price adjustments, and this is reflected in the 

fact that markets clear at the competitive equilibrium in five of the six periods of the 

experiment. 

In Experiment 3, the other experiment in which the competitive price is reached in 

five of the six periods, the total percentage of price-taking is at its second highest level, 

86.2%. In Experiment 2, in which the six agents price-take only 58.4% of the time (the 

second lowest total), the competitive equilibrium is actually reached in three of the six 

periods. However, in the first two periods, no market clearing price is reached at all, 

indicating that a learning process is occurring at these stages. In contrast, in Experiment 

6, the markets fail to clear in four of the five periods; here (despite the larger percentage 

of price-taking behavior-- 73.9% vs 58.4%), subjects never learn the advantage of 

behaving as price-takers, and are forced to accept only the initial endowments in these 

four periods. This (as mentioned previously) does underscore the sensitivity of such a 

tatonnement procedure to the behavior of individual agents, as there is actually 100% 

price-taking behavior by subject lc and 96.1% price-taking behavior by subject lb. 

Such responses cannot be effective without the tacit "cooperation" of the other traders in 

the market, something clearly lacking, particularly for subjects 2b, 2c, and lao 

As is clear from the preceding discussion, price-taking behavior, while certainly not 

the exclusive response, does constitute the majority of decisions (although more so for the 

type 1 individuals). For comparison, however, Table 4.4 shows the percentage of times 

that individuals did not behave as price-takers, and breaks this general category into each 

of the two possible types. The two columns indicating the totals reflect the feature that 

there is surprisingly little difference between uncler- or overrevelation of demand. For 

the type I subjects, underrevelation occurs an average of 9.8% of the time, while 

overrevelntion happens in 11.5% or the cases. Among the type 2 subjects, the 



Table 4.4. Percentage Non-Price-Taking, All Subjects, All Six 
Experiments 

SUBJECT TYPE 1 

1a 1b 1c TDTAL 

EXPERIMENT U.R. D.R. U.R. D.R. U.R. D.R. U.R. D.R. 

1:3.5 27.0 0.0 0.0 0.0 8.1 4.5 11 .7 
n=37 

2 10.3 20.5 8.5 2.6 2.6 5.1 17.2 17. 1 
n=39 

3 0.0 2.9 11 .4 14.3 5.7 5.7 5.7 7.6 
n=35 

4 14.0 4.7 27.9 14.0 25.6 30.2 22.5 16.3 
n=43 

5 0.0 16.7 7.4 3.7 3.7 3.7 3.7 8.1 
n=54 

6 1:3.7 19.6 0.0 3.9 0.0 0.0 4.6 7.8 
n=51 

9.8 11 .5 

U.R. : SUBJECT UNDER REVEALED DEMAND 
D.R. : SUBJECT DVERREVEALED DEMAND 

134 
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Table 4.4.--Continued 

SUBJECT TYPE 2 

2a 2b 2c TOTAL 

EXPERIMENT U.R. O.R. U.R. O.R. U.R. O.R. U.R. O.R. 

10.8 10.8 8.1 10.8 2.7 0.0 7.2 7.2 
n=37 

2 43.6 12.8 7.7 7.7 20.5 48.7 23.9 23.1 
n=39 

3 0.0 8.6 20.0 8.6 0.0 5.7 6.7 7.6 
n=35 

4 72.1 18.6 46.5 9.3 2.3 7.0 40.4 11 .7 
n=43 

5 1 .9 3.7 0.0 0.0 0.0 0.0 0.6 1 .2 
n=54 

6 5.9 11 .8 31.4 23.5 17.6 29.4 18.3 21.6 
n=51 

16.1 12.1 

U.R. : SUBJECT UNDER REVEALED DEMAND 
O.R. : SUBJECT OVERREVEALED DEMAND 
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percentages are slightly higher reflecting their lower propensity to demand-reveal; here, 

the totals show 16.1 % underrevelation, and 12.1 % overrevelation. 

The previous discussion aggregates data in two major fashions; first, across subjects 

on a period-by-period basis, and second on a by-subject basis across the six experiments. 

While that is instructive for discerning general trends in behavior, I wished to more 

completely analyze the data ill the same way as I did in Chapter 3. In order to 

accomplish this, the trichotomous logit estimation is used, following the method described 

in the previous chapter. 

Once again, the following variables are defined. 

o if subject exactly revealed demand at iteration t 

D t= I if subject underrevealed demand at iteration t 

2 if subject overrevealed demand at iteration t 

PRICE
t
= relative price ratio at iteration t. 

These three possibilities for D t are the dependent variables, and the analysis relates 

the probability of each being chosen at the current price ratio in the manner described in 

Chapter 3. As before, the value (Ot=O), representing exact revelation is used as the base, 

and the coefficients determine the two alternatives: (I) the relative probability that 

subjects will underreveal (Ot=I), and (2) the relative probability that subjects will 

overreveal demand (Ot2), compared with exact revelation. Table 4.5 presents these data 

across the six experiments for the type I and type 2 subjects. There were a total of 777 

observations, and one can see that the naive hypothesis of attempting strategic behavior, 

while assuming one's trading partners are behaving as price-takers, is strongly supported 

by the results. Considering first the type I subjects, the first coefficient for PRICE
t 

is 

highly significant (t=-4.590), and furthermore it is negative, at -1.9272. As the price 

ratio decreases, the type I budget set incrc:lses, and it is at these lo\\'er priccs that the 
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Table 4.5. Do Relative Prices Affect Decisions? 

SUBJECT TYPE 1 SUBJECT TYPE 2 

ALTERNATIVE ALTERNATIVE 

DESIGN DETERMINANTS (1) (2) ( 1 ) (2) 

CONSTANT -.30048 -2.3518 -2.6569 -1.0275 
(-.76998) (-7.6320) (-9.5734) (-3.1168) 

PRICEt -1.9272 .36580 .98889 -.75948 
(-4.590) (1.4846) (4.6432) (-2.3837) 

N 777 777 777 777 
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type 1 subjects could (as a group) expect to clear markets at prices superior to the 

competitive. In addition, the second coefficient for PRICE
t 

is not significant at any 

reasonable confidence level. This indicates that as price increases above 1, there is no 

significant impetus to overreveal demand, and this is also expected. Precisely the same 

compliance with predicted behavior occurs among the type 2 subjects. The coefficient 

for price is positive under alternative (J), and very highly significant, with a t-value of 

over 4.64. This indicates that as price increases, and hence so does the budget set of the 

type 2 consumers, there is a strong tendency to underreveal demand. What is surprising 

is the significance, among these subjects, of the coefficient under alternative (2). Here, 

subjects also show a higher relative probability of overrevealing demand as prices 

increase, something that cannot be beneficial. 

I interpret these logit estimations as follows. Subjects certainly understand that they 

can influence prices by their choices, and furthermore, that they can increase the size of 

their respective budget sets by "proper" non-price-taking; however they cannot 

(unilaterally) clear the markets at prices superior to the competitive price by doing so. 

As seen in Figure 4.1, 50% of the periods ultimately end at the competitive equilibrium, 

and 35.4% complete all 12 iterations without clearing at all. Thus, the lesson that 

reversion to price-taking behavior is "necessary" is learned approximately one-half of the 

time, and when it is not, subjects must, in general: accept the initial endowment. As is 

emphasised in the next chapter, this highlights a major potential defect of the Walrasian 

price-adjustment mechanism for resource allocation: if any traders fail to abide by the 

model's assumption of price-taking behavior, either by mistake or in an attempt to 

strategically manipulate tl-oe system, the mechanism may fail to work at all. This, of 

course, results in maximal inefficiencies and foregone gains from trade. 



Chapter 5 

COMPARISONS ACROSS TREATMENTS AND CONCLUSION 

The preceding three chapters have attempted to provide a first step in the use of 

experimental methods to analyze (i) the effect of an interrelationship between the markets 

for two goods upon the behavioral response of individuals, and (ii) (in Chapters 3 and 4), 

the performance of the (primarily) pedogogically-based Walrasian tatonnement mechanism 

of price adjustment, where the ultimate exchange of goods between traders occurs after 

the markets for both goods have cleared. 

Chapter 2 has a predominant focus on a barter economy and, it should be re-empha

sized, the trading between agents is characterized by a direct contact bargaining institu

tion, and any mutually agreeable trades may be consummated; hence, the sum of dem

ands must automatically equal the sum of supplies, and there can be no excess of either 

good at any time. However, one can think of a rejected offer as one in which an 

"excess" of goods is demanded by the trader making the offer. Following the introduc

tion of prices, which induce a budget constraint on consumers, the interaction between 

subjects is indirect. Here, offers are forced to be consistent with the prevailing budget 

set, and the experimenter acts as the "auctioneer," adjusting prices on the basis of excess 

demands and supplies. 

The major results may be summarized succinctly in the following way. Using the 

fundamental notion of Pareto optimality, the overwhelming majority of subjects interact

ing within a pure barter setting achieved such efficiency. Furthermore, instances of in

efficiency occurred either (1) in the very early periods of an experiment, or (2) as the 

direct result of attempts at strategic collusion. Within the context of the Walrasian 

1:31) 
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tatonnement economy, there was a noticeable difference in ability to successfully mani

pulate prices, depending on (i) whether subjects were allowed to make choices within the 

entire budget set, or were forced to choose bundles which satisfied this constraint as an 

equality, and (ii) the information made available to subjects. I attribute the first differ

ence primarily to the vastly greater number of feasible bundles which existed for subjects 

in the former case. It was· simply more probable that an agent attempting to strategically 

underreveal demand in the latter case, where Walras' Law was enforced, would select a 

combination of goods which cleared the markets when his or her trading partner behaved 

in a price-taking fashion. I reached this conclusion because the information available to 

both subjects in each of these situations was precisely the same; hence the only difference 

between these treatments was the size of the available choice set. The conclusion that 

non-competitive market clearing prices resulted from purposeful manipulation was only a 

conjecture. However, the results of logit analyses run on choices made at all points dem

onstrated a significant tendency for subject to underreveal demand (relative to exact 

revelation) at those prices that would maintain for themselves the largest possible budget 

set. Thus, it seemed to me that there were indeed clear attempts to strategically manipu

late prices, and that lack of success in this endeavor was due to lack of information con

cerning the other agent's responses. 

In order to more rigorously test this conjecture's validity, (point (ii) above) a set of 

experiments was run in which information was not symmetric. Here, the very clear 

result was that this information asymmetry had the predicted effect on a subject's ability 

to successfully clear markets at prices superior to the competitive equilibrium. Finally, 

the set of experiments in which price-taking behavior was the only (unilaterally) rational 

strategy (Le., the replicated economy of Chapter 4) revealed surprising result that such a 

necessity of response is much harder for subjects to grasp in the experimental setting 

than my ex-ante beliefs had led me to expect. Over 35% of the periods under this 
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design ended with no market clearing price, which is much higher than any of the previ

ous treatments. 

Cross Treatment WeI/are Measure 

What has been noticeably lacking from the consideration of the results thus far has 

been a systemmatic analysis across all the treatments of Chapters 2, 3, and 4. In order to 

provide the first type of such an analysis, I have chosen to use a particular type of utili

tarian welfare measure. The specific measure of welfare that I now use to analyze the 

results across all treatments is the total value of the bundles received by the subjects. 

Furthermore, the payoff to agents at the competitive equilibrium outcome (which is 

always the combination (8,9) for the type 1 subjects, and the combination (9,8) for the 

type 2 subjects) is designated as a welfare level of 100%, and the subjects' total payoff, 

or welfare is related to thjs. Given this measure, there are two features that must be 

mentioned. First, the relative steepness levels of the subjects' utility functions is a key 

factor in determining the payoff which is represented by this competitive equilibrium. 

For levels 1-4, these values are $1.10, $2.15, $2.90, and $3.95 for the barter experiments, 

and $1.15, $2.55, $3.60, and $5.00 for the price experiments (with the difference being 

due, as explained in Chapter 3, to the necessity of slightly altering the indifference sets 

for the price experiments in order to ensure uniqueness of (I) demand at all prices and 

(2) the competitive equilibrium). Thus, the level of steepness which each subject 

received determines the payout at this competitive equilibrium, with the sum of the two 

applicable values being representative of total subject welfare of 100%. The second 

important feature of this efficiency measure is tha~ the level of welfare at the competi

tive equilibrium (although assigned a value of "100%,,), wiII not represent the maximum 

total payoff to both subjects which can occur. The reason for this is, once again, the 

difference in relative steepness levels of the utility functions which the individuals pos

sess. More precisely, a given deviation from the competitive equilibrium will be of clif-
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ferent benefit depending upon the relative steepness. For example, successful underreve

lation of demand by an individual receiving level 4 will add more value to his or her 

payoff than will be lost by the other agent (who p,rice-takes) at a non-competitive price 

when he or she has a lower steepness level. The same argument applies equally well to 

the case of pure barter. The subject who receives the higher steepness level will receive 

more benefit from securing agreement "further up" the contract curve. 

Table 5.1 shows the welfare levels for all treatments, as well as the mean welfare for 

each treatment. These are weighted means because there were generally a different 

number of periods for each experiment. Thus, the welfare totals at the bottom of the 

page weight the measure by the number of periods (given in parentheses below the 

experiment) divided by the total number of periods for that experiment. Interestingly, the 

highest total welfare for a treatment was for the barter experiments, at 128.0%. This is 

due primarily to the fact that this was the only treatment in which there never failed to 

be agreement reached between subjects; that is, there is no period in any experiment in 

which subjects were forced to accept only the initial endowment. In fact, there was no 

experiment in which subject welfare was ever under 100%, underscoring once again the 

fact that one agent was clearly the superior bargainer; thus even when the subject who 

bartered more efficiently had the lower steepness level in one period, he or she more 

than made up for it in another, and the net effect was to capture more surplus than the 

competitive equilibrium afforded. Of course, almost always trading to a Pareto efficient 

outcome helps to increase the surplus-based efficiency measure. 

For the case of asymmetric information, there are two numbers in the column; the 

one in parentheses will be discussed shortly. Here, the welfare level drops to 89.1 %. As 

noted previously there were two experiments, I and 4, in which there was no attempt at 

strategic behavior, and these show the mean welfare levels of 100%. In all other cases, 

there were some instances of successful manipulntion; however, these generally resulted in 



Table 5.1. Percentage Welfare. All Treatments 

TREATMENT 

ENTIRE BUDGET BUDGET CONSTRAINT 
ASYMMETRIC SET PERMISSABLE SATISFIED AS EQUALITY REPLICATED 

EXPERIMENT BARTER INFORMATION (TREATMENT la) (TREATMENT lb) ECONor1Y 

130.3 100.0 (100.0) 93.7 96.7 74.3 
(9) (9) (9) (9) (6) 

2 111 .5 82.8 ( 91.9) 100.0 45.9 74.6 
(9) (9) (9 ) (6) (6) 

3 141 .0 90.2 (121.4) 90.9 87.6 87.7 
(9 ) (9 ) (6) (9) (6) 

4 137.7 100.0 (100.0) 103.1 95.9 74:5 
(9 ) (9 ) (7) (9 ) (6) 

5 106.9 81.1 (126.8) 100.0 84.9 87.6 
(9 ) (9) (9) (9) (6) 

6 136.5 84.9 (122.3) 65.1 104.6 41.8 
(9 ) (9 ) (7) (8) (6) 

7 122.1 84.9 (122.8) 100.0 
(7) (9 ) (9) 

8 136.7 89.1 (121.6) 64.7 
(9 ) (9 ) (7) 

9 68.0 
(3) 

WEIGHTED 
MEAN 128.0 89. 1 (1 1 3 .4) 90.2 88.0 74.4 
WELFARE (70) (72 ) (66) (50) (34) 

!-' 
.t::. 
W 
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mean values of less than 100% because the active trader had, overall, the lower steepness 

level more often. Hence, his gains were less than the losses of the "robotic" trader over 

the competitive equilibrium. The number in parentheses is in this column because there 

was only one paid subject; this shows the average gains, in percentage terms, derived by 

this one trader over the price-taking equilibrium. Note that in five of the six remaining 

experiments there was successful strategic behavior; thus, the mean benefit from this is 

clear, highlighting once again that steepness levels had a very small effect on behavior. 

Only Experiment 2 has no increase to the paid subject over the competitive equilibrium, 

and this is because he failed to clear markets in two periods (3 and 7), and was forced to 

take only the initial endowment as payment. The period-by period results for all treat-
\ 

ments are presented shortly. 

Surprisingly, Treatments 1 a and 1 b show virtually the same mean welfare levels, of 

90.2%, and 88.0%, respectively, despite the behavioral differences which did occur (as 

outlined previously in Chapter 3). However, only Treatment la had any experiments 

with measures of exactly 100%, as there were three experiments, 2, 5, and 7, in which 

the competitive equilibrium was the only ultimate outcome. This was not the case in 

Treatment lb, in which the price p=l was never the ending price in all periods. Non-

etheless, there was much less variance in this treatment, as only in Experiment 3 was the 

welfare level below 50% for the entire experiment. Finally, and not surprisingly, the 

lowest total subject welfare level was for the replicated economy; in fact, this was the 

only treatment in which no experiment had a measure equalling at least 100%, with 

Experiment 3 yielding the highest total level of 87.7%. This is not surprising because a 

necessary condition for exceeding a value of 100% is either successful manipUlation, or 

price-taking when the members of the other type overreveal demand. Since manipulation 

in this treatment is virtually impossible, it is to be expected that values greater than 100% 

should not occur frequently; what is surprising is the low values which are observed. 
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Once again this demonstrates the difficulties subjects had in understanding the rationality 

of behaving as price-takers. This is particularly apparent in Experiment 6, in which 

welfare is at only 41.8%, as five of six periods failed to achieve any market clearing 

price. 

This table gives only the total welfare levels across the experiments. A more in depth 

look is provided by Tables 5.2 through 5.6, which show these measures on a period-by 

period basis across the five treatments, as well as the mean welfare for each period. For 

the case of the barter economy (Table 5.2), this shows that the highest mean value occurs 

in Experiment 3, at 141.0%. Note here that only in periods I, 6, and 7 is the level below 

100%; it is here that subject 2, the superior bargainer, has received the "flatter" payoff 

function. He also does in period 5, but combinations (10,10), and (7,7), stili yield a 

slightly greater than 100% welfare level. Period 7 is of particular interest, as total wel

fare is at only 67.7% of the competitive equilibrium. Here, subject 2 receives level 2, 

and subject 1 levell, with the outcome being (10,10), and (7,7) respectively. This com

pares to period 3, where the value is at 192.6% simply because the steepness levels are 

reversed, with subject 2 getting levell, and subject 1 level 2. Bargaining ability is unaf

fected' as the outcomes are precisely the same, (10,10) for subject 2, and (7,7) for subject 

1. Comparing periods 6 and 9 yields the same conclusion; here, in period 6 subject 2 

receives level 2, and subject 1 level 4, with outcome (10,10) and (7,7) yielding an effi

ciency of 96.7%. In period 9, with reversed steepness, the outcomes are virtually the 

same, (11,10), and (6,7), and efficiency jumps to 218%. Precisely the same pattern 

appears in Experiments 6 and 8 (with subject 2 the superior bargainer), and Experiment 

4, with subject 1 the superior bargainer). Experiment 2, as noted previously has (9,9) 

and (8,8) as the only outcome in all periods. Experiment 5 is also interesting because this 

included the unsuccessful attempt at collusion. This is (possibly) portended in periods 2, 

3, and 4 in which there was exactly equal (ordinal) split of surplus. Nonetheless, this 



Table 5.2. Percentage Welfare, Compared to Competitive Equilibrium; Barter Experiments 

PERIOD 

EXPERIMENT 2 3 4 5 6 7 8 9 MEAN WELFARE 
100.0 110.4 192.6 129.1 110.5 97.7 167.3 73.8 192.6 130.3 

2 124.6 105.0 99.2 92.3 122.8 131 .1 124.6 105.0 99.2 111 .5 

3 76.9 129.7 192.6 187.7 113.9 96.7 67.7 186.1 218.0 141 .0 

4 170.8 118.8 1 31 . 1 73.8 167.3 192.6 170.8 113.9 100.0 137.7 

5 95.4 100.0 100.0 100.0 120.8 100.0 141 .9 102.3 102.3 106.9 

6 76.9 186.1 218.0 136.9 98.0 85.2 67.7 167.3 192.6 136.5 

7 66.1 187.1 161 .5 136.9 113.9 96.7 92.3 122.1 

8 92.3 129.7 192.6 187.7 98.0 96.7 73.8 167.3 192.6 136.7 

1\1EAN I'lELF ARE 100.4 133.4 161 .0 130.6 118.2 112.0 113.3 .. 130.8 156.8 128.0 

f-' 
~ 
GI 



Table 5.3. Percentage Welfare; Compared to Competitive Equilibrium; Asymmetric Information 

PERIOD 

EXPERmENT 2 3 4 5 6 7 8 9 MEAN WELFARE 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100. " 

2 100.0 100.0 26.0 100.0 100.0 84.2 69.6 66.2 100.0 82.8 

3 117.6 83.3 71.5 112.6 100.8 80.6 100.0 100.0 45.3 90.2 

4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

5 117.6 86.3 71 .5 129.5 100.8 29.9 91.3 58.1 45.3 81.1 

6 117.6 83.3 71.5 112.6 100.8 80.6 91 .3 60.8 45.3 84.9 

7 117.6 83.3 71. 5 112.6 100.8 80.6 91.3 60.8 45.3 84.9 

8 100.0 86.3 71.5 129.5 100.8 86.1 69.6 58.1 100.0 89.1 

MEAN \"ELF ARE 108.8 9O.3 72.9 112. 1 100.5 8O.3 89.1 75.5 72.7 89.1 

...... 
~ 
--.) 



Table 5. 3a. Percen~age of Gains from Manipulation; Asymmetrical Information 

PERIOD 

EXPERIMENT 2 _3_ 4 5 6 7 - 8 9 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

2 100.0 100.0 31.4 100.0 100.0 122.2 69.6 104.3 100.0 

3 137.3 117.6 137.3 122.2 147.2 122.2 100.0 100.0 108.7 

4 103.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

5 137.3 137.3 137.3 147.2 147.2 108.7 108.7 108.7 108.7 

6 137.3 117.6 17.3 122.2 147.2 122.2 104.3 104.3 108.7 

7 137.3 117.6 137.3 122.2 147.2 122.2 108.7 104.3 1089.7 

8 100.0 137.3 137.3 147.2 147.2 147.2 69.6 108.7 100.0 

MEAN GAINS 118.7 115.9 114.7 120.1 129.5 118.1 95.1 103.8 104.4 

MEAN GAINS 

100.0 

91.9 

121.4 

100.0 

126.8 

122.3 

122.8 

121 .6 

113.4 

I-' 
.I:>. 
en 



Table 5.4. Percentage Welfare; Compared to Competitive Equilibrium; (Treatment 1a) 

PERIOD 

EXPERIMENT 2 3 4 5 6 7 8 9 MEAN WELFARE 

43.2 1Ql0.Ql 1 QlQl.Ql 10Ql.Ql 1 QlQl.Ql 1 QlQl.Ql 1QlQl.0 1 QlQl.Ql 1 QlQl.Ql 93.7 

2 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1QlQl.0 10Ql.Ql 10Ql.Ql 1 QlQl.Ql 1Ql0.Ql 

3 43.2 106.5 116.6 132.4 8Ql.5 66.2 9Ql.9 

4 1 QlQl.Ql 137.4 1 QlQl.Ql 84.6 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 

5 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 

6 43.2 1 QlQl.Ql 1 QlQl.Ql 43.2 26.Ql 1 QlQl.Ql 43.2 65.1 

7 1 QlQl.Ql 1QlQl.0 1 QlQl.Ql 1 QlQl.Ql 1QlQl.Ql 1QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 1 QlQl.Ql 

8 43.2 91.9 21 .2 164.9 26.Ql 62.3 43.2 64.7 

9 1 QlQl.Ql 26.Ql 77.9 68.Ql 

MEAN ''/'ELF ARE 74.8 95.8 9Ql.6 1Ql3.1 79.Ql 91 .1 83.8 1 QlQl.Ql 1 QlQl.Ql 9Ql. 1 

f-' 
.t:. 
Ul 



Table 5.5. Percentage Welfare; Compared to Competitive Equilibrium (Treatment 1 b) 

PERIOD 

EXPERIMENT 2 _3_ 4 5 6 7 8 9 MEAN WELFARE 

100.0 100.0 76.8 100.0 100.0 58.9 121 .6 100.8 112.0 96.7 

2 26.0 40.4 .56.8 54.5 43.2 45.9 

3 43.2 86.2 136.4 58.1 100.8 119.9 121 .6 71.5 58.9 87.6 

4 86.2 100.0 76.8 100.0 100.0 100.0 100.0 100.0 100.0 95.9 

5 100.0 100.0 21 .2 43.2 100.0 100.0 100.0 100.0 100.0 84.9 

6 43.2 79.5 135.1 90.2 100.0 135.1 100.0 153.6 104.6 

f-IEAN WELFARE 66.4 84.4 83.9 74.3 92.5 92.9 108.6 105.2 92.7 88.0 

~ 
Ln 
o 
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Table 5.6. Percentage Welfare; Compared to Competitive Equilibrium; 
Replicated Economy 

PERIOD 

EXPERIMENT 2 3 4 5 6 MEAN WELFARE 

26.0 100.0 94.0 100.0 26.0 100.0 74.3 

2 26.0 26.0 93.8 94.0 118.7 87.2 74.6 

3 26.0 100.0 100.0 100.0 100.0 100.0 87.7 

4 26.0 26.0 87.0 118.7 114.6 74.5 

5 100.0 100.0 26.0 100.0 100.0 100.0 87.6 

6 26.0 104.9 26.0 26.0 26.0 41.8 

MEAN WELFARE 38.3 76.2 71 .1 89.8 80.9 97.5 74.4 
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potential cooperation did not progress into successful collusion. 

Table 5.3 shows these data for the asymmetric information treatment. Again, in two 

experiments (1 and 4), there is no attempt at manipulation; in three experiments (5, 6, 

and 7), all nine periods reveal strategic behavior; in periods 1, 4, 5, this value is over 

100%, these being the periods in which the active trader received the higher steepness 

level. These values were used to provide precise comparability across treatments, but do 

not present the fullest possible description of behavior, as they include loss of value to 

the "robot." Table 5.3a, thus gives the gains which the paid subjects actually obtained on 

a period-by period basis. For 42 of the 45 periods in which there was non-price-taking 

behavior (93.3%), there is positive gain to the live trader; the only exceptions to this are 

periods 3 and 7 of Experiment 2, and period 7 of Experiment 8, in which the subject 

failed to clear the markets after the full 12 iterations. 

Tables 5.4 and 5.5 show data for the two-person symmetric information cases; as 

noted, the mean subject welfare levels are very close, although price-taking behavior 

appears more often in Table 5.4, and this has been discussed in Chapter 3. Of particular 

interest is Experiment 2 in Table 5.5. Here, welfare is below 100% in every period; yet 

the market does clear in four of the six (i.e. 2-5). This, also as discussed in Chapter 3, 

represents the four cases in which both subjects underrevealed demand, and markets 

cleared at payoff levels less than those of the competitive outcome for both agents. Once 

again, however, steepness levels appeared to be of no importance, as they favored subject 

type 1 in two of the periods, and subject type 2 in the other two. 

Finally, for the replicated economy, efficiency in a period is virtually always at either 

100% (representing a price of p=l), or 26.0% (representing no market clearing price). 

However, period 3 of Experiment 1, and periods 3, 4, and 6 of Experiment 2, are of in

terest, because here the competitive price was reached, yet price-taking was not practiced 

by all agents (as discussed in Chapter 4); this must result in loss of welfare, because any 
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non-price-taking choice (at any price) yields "myopic" loss of utility. This can only be 

beneficial when compared to what one ultimately would receive at a manipulated out

come other than at the competitive price. Since these three periods had such non-price

taking behavior precisely at the competitive price, the inevitable result is some loss of 

welfare, and this ranges from 6% to 10.8%. Non-competitive market clearing prices can 

either decrease or increase these values; as the table shows, there was an increase in four 

of the five periods in which this occurred, and a decrease in only one, period 3 of 

Experiment 4. 

Cross Treatment Pareto E/ /iciellcy Measure 

The preceding discussion on the welfare levels to subjects is important, as it presents 

a measure which is derived directly form payoffs to subjects. This measure is thus com

parable to the surplus-based efficiency measures commonly used in single-market experi

ments, but only in a technical sense. Here, the welfare measure is inately ordinal, and 

thus somewhat arbitrary. However, a more standard comparison is also available for use 

in analysing the results across treatments; in particular, the notion of Pareto efficiency is 

invoked in Table 5.7, presenting data over all treatments, on the percentage of times the 

final outcome was on the contract curve. The final row weights these percentages in the 

same manner as was done for the welfare levels above, and the number of periods in 

each experiment is given. As was the case for the previous measure, the barter experi

ments show the highest mean percentage of outcomes which are Pareto efficient; in fact, 

this value of 90.0% has been extensively analyzed in Chapter 2. 

The remaining four columns reveal similar Pareto efficiency measures for the treat

ments characterized by price-mediated exchange. Of the nine possible prices, three 

potentially cleared markets at commodity bundles on the contract curve. The first of 

these is the competitive equilibrium price, p=l; furthermore, the price p=3/4 can also 

yield Pareto Optimal allocat ions. Successful unclerrcvelation by the type I agent here 



Table 5.7. Percentage of Final Outcomes on the Contract Curve: All Treatments 

ASYMHETRIC ENTIRE BUDGET BUDGET CONSTRAINT REPLICATED 
INFORHATION SET PERMISSABLE SATISFIED AS EQUALITY ECONor-1Y 

EX?=:RHENT BARTER (TREAT]\1ENT 2) (TREATf1ENT 1 a) (TEATf'ENT 1 b) (TREATMENT 3) 
100.0 100.0 88.9 66.7 50.0 
( 9) (9) (9 ) (9) (9) 

2 100.0 55.6 100.0 0.0 16.7 
(9) (9) (9) ( 6 ) (6) 

3 100.0 22.2 83.3 lr4.4 83.3 
(9 ) ( 9 ) (6) ( 9 ) (6) 

4 100.0 100.0 85.7 100.0 60.0 
( 9 ) ( 9 ) ( 9 ) (9 ) (5) 

:; 66.7 44.4 100.0 77.8 83.3 
(9 ) ( 9 ) (9 ) (9 ) (6 ) 

6 88.9 0.0 42.9 50.0 0.0 
(9 ) (9 ) (7) (8) (5) 

7 71.4 0.0 100.0 
(7) (9 ) ( 9 ) 

8 88.9 66.7 0.0 
( 9) (9 ) (7) 

9 33.3 
(3) 

vlEIGHTED 
MEAN 90.0 48.7 80.7 60.0 49.9 I-' 

PERCEHTAGES V1 
.p.. 
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facing a price-taking type 2 individual results in the outcomes (9,10) and (8,7), (for total 

demands of (17,17», and is on the contract curve. As the design is symmetric, the same 

argument applies at the price p=4/3. Here, it is the type 2 agent who can successfully 

underreveal demand. 

Column 3 of Table 5.7 shows the results for the asymmetric information treatment. 

Experiments 1 and 4 again show the price-taking behavior of these individuals. Yet, the 

low total of 48.7% reflects the fact that there was much successful manipulation, and 

when it occurred, it was often at the "flat" prices of p=I/2 or 2/3. Experiments 6 and 7 

never cleared markets at Pareto efficient outcomes, as these "flatter" prices resulted in 17 

of the 18 periods of these two experiments. In one period (7 of Experiment 7), as men

tioned, the subject failed to clear markets, and received only the initial endowment. This 

happened twice in Experiment 2, and contributes to the low total efficiency of 55.6%, as 

he actually price-took in five of the nine periods. 

Unlike the situation described by the welfare measure, there is a large difference in 

Pareto efficiency between Treatments Ia (showing a relatively high total of 80.7%), and 

Treatment 1 b (showing a lower level of 60.0%). The high level in Treatment la is due in 

part to Experiments 2, 5, and 7 which cleared markets at p=I in all nine periods, and 

Experiment 1, which did so in eight of nine periods. Only Experiments 6 and 8 show 

low totals; Experiment 6 had subjects who failed to clear markets in four of seven peri

ods, but did so at p=1 in the remaining three. In contrast, Experiment 8, which also had 

market clearing prices in three of its seven periods, cleared at the steep price of p=3/2 

(twice), and p=2 (once). As discussed previously, Treatment 1 b never cleared at p=l in 

all periods of any experiment; however, in Experiment 4, it did so in seven of nine peri

ods, with the remaining two clearing at p=3/4, also yielding Pareto efficient outcomes. 

Perhaps the most interesting case is that of Experiment 2, with no outcomes on the con

tract curve. Here, markets did clear in fOllr of the six periods, and rtt price p=3/4. Yet 



156 

this occured as the result of underrevelation by both subjects, as the final outcomes were 

(6,12), (II,S) for the type I and 2 agents respectively--off of the contract curve, and 

therefore contributing to the lower total Pareto efficiency measure. 

For the replicated economy, total Pareto efficiency is at its next to lowest level, only 

49.9%. This is because all six agents must receive allocations on the contract curve in 

order to satisfy this criterion. Thus, Experiment 1, which cleared at price p=l in four of 

six periods, did so in period 3 with two agents off the contract curve. Similarly, in 

Experiment 2, all three competitive equilibrium prices had this property; interestingly, the 

only period of this experiment which was Pareto efficient cleared at the price p=3/4. 

This was also the case in Experiment 4, where three of five periods cleared away from 

the competitive price, at. p=4/3 (twice) and p=3/4 (once), and yet all agents were on the 

contract curve. Experiments 3 and 5 represent the opposite extreme', as both cleared in 

five of six periods at p=l, with all agents price-taking. Finally, Experiment 6 never 

cleared markets in five of six periods, and did so at p=3/2 in period 2. 

Cross Treatment Measures of Distances from Competitive Equilibrium and from tile COIl

tract Curve 

This preceding discussion has been in terms of standard Pareto Optimality. While this 

is a well-accepted and recognized measure of efficiency, it has the property that an allo

cation simply is, or is not, efficient. One might wish to further analyze the data to 

examine the question of "how" inefficient outcomes may be; in particular, Table 5.8 

attempts to answer this question by measuring the mean distance of the final allocations 

from the competitive equilibrium, and Table 5.9 measures the mean distance from the 

contract curve itself. The metric used is the standard Euclidean norm, and the data are 

presented for all experiments across the five treatments. Again, the number of periods 

for each experiment is given below these values. Note that the distance from the con

tract curve can never exceed the distance from the competitive equilibrium because this 



Table 5.B. Distance of Final Allocation From Co~petitive Equilibrium (r1etric is Standard Euclidean 
Norm) 

ENTIRE BUDGET BUDGET CONSTRAINT 
ASYMT1ETRIC INFORNATION SET PERMISSABLE SATISFIED AS EQUALITY REPLICATED 

EXPERHiENT B.~?TER (TREATT·jENT 2) (T?EATMENT 1a) (TREATHENT 1a) ECONOMY 

1.B 0.0 1 . 1 1 .3 3.4 
(9 ) (9) (9) (9 ) (6) 

2 1 .0 2.6 0.0 5.7 3.B 
(9 ) (9 ) (9) (6) (6 ) 

3 2.3 2.0 3.6 2.B 1.7 
(9 ) (9 ) (7) (9 ) (6 ) 

4 2.0 0.0 .71 .31 5.0 
(9 ) (9 ) (7) (9 ) (5) 

5 3.0 2.3 0.0 2.2 1 .7 
(9 ) (9 ) (9) (9 ) (6) 

6 2.2 2.4 5.7 3.3 B.7 
(9 ) (9 ) (7) (B) (5) 

7 3.2 2.6 0.0 
(7) (9 ) (9) 

B 2.0 2.4 6.6 
(9 ) (9) (7) 

9 4.0 
(3) 

vEl GHTED 
r':EAN 2.2 1 .B 2.2 2.4 3.9 
DISTANCE (70) (72) (66 ) (50 ) (34) I-' 

VI 

"" 



Table 5.9. Distance of Final Allocation From Contract Curve (Metric is St~~dard Euclidean Norm) 

ENTIRE BUDGET BUDGET CONSTRAINT 
ASYMMETRIC INFORMATION SET ?ERmSSABLE SATISFIED AS EQUALITY REPLICATED 

EXPERIMENT BARTER (TREATHENT 2) _ JTB~ATMENT 1 a) (TREATi1ENT 1 b ) ECONOMY 

0.0 0.0 1 . 1 .73 3.4 
(9) (9 ) (9) (9 ) (6) 

2 0.0 2.5 0.0 5.7 3.4 
(9 ) (9 ) (9) (6) (6) 

3 0.0 1 .4 1.8 1.9 1.7 
(9) (9 ) (7) (9 ) (6) 

4 0.0 0.0 .31 0.0 4.0 
(9 ) (9) (7) (9 ) (5) 

5 2.0 1 .8 0.0 2.2 1.7 
(9 ) (9 ) (9) (9) (6 ) 

6 . 11 1.8 5.7 1.9 8.5 
(9 ) (9 ) (7) (8) (5) 

7 1.0 1.8 0.0 
(7) (9 ) (9) 

8 0.0 1.6 6.1 
(9 ) (9 ) (7) 

9 3.8 
(3) 

\'lEIGETED 
NEAN .37 1 .3 1.9 1.9 3.7 
DISTA!iCE (70) (72) (66) (50) (34) ...... 

VI 
co 



159 

allocation is on the contract curve. 

As seen in Table 5.8, the barter experiments are the shortest mean distance from the 

contract curve, with a value of .37. However, Table 5.9 shows that they are a distance of 

2.2 from the competitive equilibrium. Given the design, there is no reason for the com

petitive allocation to be achieved, as it has no special status among the efficient outcomes. 

In fact, the competitive equilibrium would represent an equal (ordinal) split of the 

surplus, and this has been seen to occur quite infrequently. 

The most surprising result appears in the asymmetric information case, which Table 

5.8 shows is the shortest mean distance from the competitive equilibrium (1.8). Addition

ally, Table 5.9 shows it to be second only to the barter experiments in distance from the 

contract curve (1.3), despite the successful manipulation that occured. The reason for this 

is that in 69 of the 72 periods, subjects cleared the markets. When this does not occur, 

and subjects must accept only the initial endowment, this is a distance of 9.9 from the 

competitive equilibrium (which is also the nearest point on the contract curve). 

This effect is seen clearly in Table 5.8. In Experiments 6 and 8 in Treatment la, 

markets failed to clear in four of the seven periods. This drives the mean distance value 

up despite the presence of Experiments 2, 5, and 7, which cleared at p=1 in all periods. 

Much the same cause exists in Treatment I b via Experiment 2. As there were no experi

ments here which cleared at p=1 in all periods, this effect is not mitigated in this treat

ment as it was by Experimetns 2, 5, and 7 of Treatment la. Hence, the mean distance 

from the competitive equilibrium is greater for Treatment I b, although the difference is 

not as large as was seen when simple Pareto efficiency was used as the measure. Inter

estingly, as Table 5.9 shows the distance from the contract curve is the same for both 

treatments. For the replicated economy, the effect of no market clearing price is at its 

strongest, and this is true in both Tables 5.8 and 5.9. This is particularly evident in 

Experiments 6 and 8, and to a lesser degree in Expcrimetns I ancI 2. Again, only Exper-
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iments 3 and 5, which cleared at p=l via price-taking by all subjects show low values for 

both of these distance measures. 

COIle/usion 

The textbook general equilibrium model which has been tested here is of necessity an 

abstraction from the "real" world; this is partly true because our understanding of the true 

interconnectedness of markets is so limited. Hausman (1981, pg. 354) claims that "abst

ract general equilibrium theorists have shown us tIiat were the world much simpler than 

it is or ever will be, we could use our laws to explain in principle how economies work." 

The purpose of using experimental methods within the laboratory setting is precisely 

because it affords the opportunity to create environments which conform to these neces

sary abstractions; that is, it allows the testing of such theories on their own terms. The 

unknowable features (such as underlying preferences and the particular price adjustment 

mechanisms) may be created, and responses observed within the controlled setting. Per

haps an even more fundamental notion, also addressed by Hausman, is that no true eco

nomies are ever in what may be termed a state of equilibrium. How, then, can we find 

theories which concern themselves with proving the existence of equilibria as haying 

valid explanatory power? Again the answer lies in the use experimental settings, where 

we can create situations corresponding exactly to those described in the models them

selves; I believe Hausman himself invites and sanctions the use of such methods precisely 

because he claims that current general equilibrium theories cannot be regarded as possess

ing explanatory power as they lack a particular condition that is necessary for application, 

and may be summarized as follows: the statements concerning the initial conditions of 

the situation to be explained must be either true or approximately true; furthermore, 

those which are not true must be insignificant, and we must have some knowledge con

cerning the manner in which this falsity may be of consequence. The lack of knowledge 

of any "initial conditions" in a real world settinr" then, is what Hausman deems fatal for 
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the ability of general equilibrium theories to be considered explanatory, and it is the abil

ity of controlled laboratory experiments to provide this necessary condition which makes 

them the ideal place to begin such a test of these theories. 

Would such a controlled setting satisfy Hausman? I believe that he would concede 

that the current general equilibrium theories have been shown to have explanatory power 

within the laboratory; it seems less likely that he would conclude that they can now be 

considered equally valid in explaining the real world. Smith (1982), has addressed pre

cisely this question in terms of his often misunderstood precept of "parallelism." The key 

feature of this notion is the fact that results from the behavior of individuals tested in 

"laboratory micro economies apply also to non laboratory microeconomies where similar 

ceteris parabis conditions hold" (Smith (1982b), pg. 936). Thus, both Smith and Hausman 

are aware of the importance of similar conditions for the extension of laboratory results 

to the real world; it is certainly true that we can never fully know initial conditions of 

nonlaboratory general equilibrium environments. Yet this is not fatal, nor even seriously 

problematic, for the importance of the results of the experiments reported here, because, 

as Hausman notes, his major objection to the theory itself is simply that, "in the case of 

general equilibrium theories, we cannot apply the theory." (Hausman, (1981), pg 353). 

These experiments represent a first step in actually attempting to do just that--apply the 

theory. 

In attempting such an application, I have repeatedly appealed to two theoretical 

viewpoints which are central to my experiments. The first is due to I-Iurwicz, who has 

demonstrated that myopic price-taking behavior, when the economy consists of a finite 

number of agents, is not a best Nash response when price-taking is practiced by the 

other agents in the economy. The second, due to Roberts and Postlewaite contends that, 

as the economy grows large, the benefits a single agent may derive via strategic behavior 

go to zero, thus rendering the Walr-asian asslImption of price-taking consistent with soph-
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isticated, not merely naive optimization. The experiments of Chapter 3 offer agents real 

gains from non-price-taking behavior, and do so under two distinct informational treat

ments; hence these attempt to provide a test of Hurwicz's conjecture. In Chapter 4, there 

are zero gains to unilateral manipulation, and the implication of Roberts and Postlewaite 

is that price-taking should prevail. Figure 5.1 shows the percentage of times subjects 

exactly revealed demand across the four treatments characterized by price-mediated 

exchange. This figure would appear to provide (qualitative) support for both conjectures. 

Price-taking behavior in the replicated economy (labelled "REP") dominates that of the 

other three treatments in every period (except the second, where it is slightly lower than 

that of Treatment la.). Fruthermore, the lowest percentage of price-taking occurs in 

every period in the asymmetric information treatment; it is here that the conjecture of 

Hurwicz is given its strongest "chance" to succeed. The difference in price-taking 

between treatments la and 1 b is not significant, as a rank sum test yields a z-value of 

.88, indicating that one can reject the hypothesis that these values are not equal at a con

fidence level of only 81 %. In these treatments the information available to subjects is the 

same. 

Qualitatively (or, perhaps more precisely, "relatively"), then, these results appear to 

support the theoretical implications. However, even in the asymmetric information treat

ment, pric-taking is never below 40% in any period, and it is above 50% in five (2, 4, 5, 

8, and 9). Similarly, in the replicated economy, price-taking never reaches 100%, and it 

is below 80% in five of the six periods. Thus, a strong assumption of myopic price

taking behavior is falsified by the results, as is a strong assumption of sophisticated stra

tegic behavior. 

Yet, perhaps the mos important result of my experimetns is one which has been 

found to be equally compelling in single-market experiments, and that is that institutions 

matter. The Walrasian tatonnement mcchanism requires that all markcts clear before any 



163 

o 

0 * <l 0) 

D / / \ ..---

0:::: D~ \ 
I-

* 
Z (f) *~\ 
0 I- 0 
H Z o~ /'/? co 

I- wo:::: 
~([ 2:1- 0 

'-.J I- 0 

IDW a:: o 0 * <l LO 
f---l 

n 0::: 

w> W 

\ X / w 
(LW Ct: D-

:=JCt: I-

O*~\ 
"f 

~O (f)(\J HZ (f)o::: LL([ 
~I-2:: o 0 * <l 

W U <l \j II 0 ([ 

OJ * <l 

CL l\~ w 
0:::: o 0 ;1E<l 

0 

0 
0 0 0 0 0 0 0 0 0 0 0 
0 OJ CD r---. CO LD -q C'; N 

~SNOdS~~ ~881N~J~~d 



164 

trading may occur. Thus, despite Figure 5.1, showing this very high percentage of price

taking among subjects in the replicated economy, markets clear in this treatments only 

64.8% of the time. The notion that price-taking will translate directly to exchange does 

not hold unless this behavior is absolute. As was discussed in Chapter 4, this appears to 

be the major defect of this Walrasian tatonnement institution. 

Clearly, much further investigation is necessary within this type of general equili

brium context; there are two major areas which appear to be natural extensions. The 

first concerns the emphasis I have placed upon the interconnectedness of markets as a 

key feature of my work. While the inclusion of a second good provides a first step in 

understanding the potential of simultaneously attaining equilibrium in multiple markets, 

the addition of a third good will create a much greater degree of complexity. It will 

require abandoning of th~ Edgeworth box design, and necessitate the use of "marginal" 

changes in valuations as amounts of each good change. A second extension is perhaps 

even more important; the use of a tatonnement mechanism requires that equilibrium be 

reached before any trades may be completed. This is potentially the most unrealistic fea

ture of the standard textbook model, and implementation of non-tatonnement procedures 

would not have this requirement. Williams, Smith, and Ledyard (198'5) have created such 

an environment using the double oral auction institution, but within the Edgeworth box 

context there are existing non-tatonnement mechanisms. One of these, the Edgeworth 

process, requires only that offers of both agents at existing price ratios provide utility in

creasing trades for both agents. This can be implemented within the current design, 

allowing the endowments to change on the basis of the offer which is the shortest Eucli

dean distance from the previous set of commodity bundles, (or the extent of trade is det

ermined by the short side of the market). Furthermore, this parallels closely the barter 

experiments of Chapter 2 already conducted; in doing so, this process opens up the entire 

contract curve once again as potential equilibria, and now under a price-mediated system 
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of exchange, rather than limiting the price-taking equilibrium to a single point. 

Indeed, this notion of multiple competitive equilibria itself is a valuable extension of 

the reported work. With very minor design changes, one can create a variety of equili

bria, some of which are stable, some not; in addition, there is no absolute need for the 

design to include any competitive equilibrium whatsoever. Banks; Ledyard, and Porter, 

(1987) have shown that when no competitive equilibrium exists in the market for a single 

good, the results are surprisingly different from the standard case; price fluctuates in an 

extremely unpredictable manner, and corresponding results within a multiple market set

ting would be of great interest. 



APPENDIX: EXPERIMENTAL INSTRUCTIONS 

THE BARTER ECONOMY 

INSTRUCTIONS 

This is a study of decision making. The funding for this study has been provided by 

various research groups. By carefully following these instructions and making good deci

sions, you can earn a considerable amount of money which will be paid to you in cash at 

the end of the experiment. 

As a participant in this study, you will be given an endowment of two goods, x and 

y. These two goods are represented on the large grid with which you have been pre

sented. This large grid has been sub-divided into squares, and each square indicates a 

different combination of the two goods. The amount of good x in any square is found 

by starting at the left-hand edge of the box and moving horizontally to the right. Thus, 

counting out five squares in this direction means you have counted out five units of good 

x. Similarly, the amount of good y in any square is found by starting at the lower edge 

of the box and movi.ng vertically up. Thus, counting up four squares in this direction 

means you have counted four units of good y. Therefore, each square in the box repre

sents a unique combination of some amount of good x and some amount of good y. To 

aid you in determining this combination, the lower edge of the box has been numbered 

to indicate the amount of good x, and the left-hand edge of the box has been numbered 

to indicate the amount of good y. 

The Endowment 

Please notice that there is a number printed within each of the squares. This number 

represents a sum of money, and this is the amount of money that this combination of the 

two goods is worth to you. The numbers in the squares arc in units of Experimental 
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Dollars, and for the purpose of this experiment, one U.S. dollar is equal to 

______ Experimental Dollars. 

To begin, we are giving you the following endowment: 

UNITS OF GOOD X: ______ _ 

UNITS OF GOOD Y: ______ _ 

This combination of the goods is represented by a square in the box, and hence is 

worth a particular sum of money. Please find the square associated with this combina

tion, and write the value to you of this square in the space below. 

VALUE OF ENDOWMENT ________ _ 

Moving From Square to Square 

You have now found the square representing this combination of the two goods which 

you currently own. At every point during the experiment, you will have one, and only 

one combination of the two goods (Le. you will be "in" only one square at a time). You 

will, however, in each period of the experiment have opportunities to 

move to different squares within the box. This will be accomplished in the following 

manner. There are two participants in the experiment. The other participant has a grid 

similar to your own with squares representing combinations of the two goods, but with 

possibly different endowments and valuation numbers. Immediately prior to the experi

ment, one of you will be selected at random to begin first. This person will then exam

ine his/her grid, and select a square (different combination of the two goods) to which 

he/she would like to move. This square is then shown to the monitor, and recorded on 

the record sheet provided. The square has a corresponding square on the other partici

pant's grid, and the monitor will relate this offer by indicating this corresponding square 

to him/her. After a new square is selected the other participant has two options: 

(1) He/she may accept the offer. If this option is exercised you will each have 

moved to a new square, and the number within the square represents your new currrent 
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earnings for this period. Once this happens, the process begins again. However, this 

time, the offer is made by the other person. 

(2) He/she may reject the offer, and select a different square to which he/she would 

rather move than the one indicated. If this option is exercised, no move is made, and 

current earnings are still those of the original square. This new square is recorded and 

indicated to the monitor who will relate it to the first person. 

This person then has precisely the same two options; that is, he/she may: (a) Accept 

the offer the counter-offer, meaning a movement is made, and current earnings have 

changed. This person accepting then continues the period with a new offer. (b) He/she 

may reject the counter-offer, in which case no move is made, and currrent earnings do 

not change; a new counter-offer is made instead. 

Please note that the total amount of the two goods is constant throughout the experi

ment. 

Ending Periods 

Each period of the experiment will consist of rounds in which ----------------
you may move. You will have one minute to examine the grid at each time before 

making your decision. If you allow the minute to expire without an explicit decision, 

this will be construed as a decision to remain at the current square, and the monitor will 

repor,t it as such. You may of course make an explicit decision to remain at the current 

square at any time during the experiment if you wish to do so. Following the completion 

of all rounds in any period, you will end in one of the squares. The ----------

number in this square will represent your total earnings for this period. 

There is, however, a way to end the period before all ______________ rounds are 

finished. At any time during a period you may vote to end the period immediately; that 

is to stop at the current position. If both you and the other participant vote to do so the 

period will end at that time. The voting is secret, however, and if you vote to end the 
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other participant will not be informed of this fact. Similarly, if he/she votes to end, you 

will not be informed. Thus, you will each reach your decision independently. You have 

been provided with a card which says END on one side. In order to vote to end, simply 

turn the card so that this side is face up. 

The entire experiment will consist of _______ periods, and your total earn-

ings for the experiment will be the sum of your earnings for each of the 

_______ periods. 

Summary of Instructions 

1. You and the other participant each have combinations of two goods represented by 

squares within the large grid. 

2. The value to you of any combination is given by the number within the square. 

3. You are beginning the experiment with a particular combination of the two goods 

(i.e. "in" a particular square). 

4. The total amount of each good is constant throughout the experiment. 

5. You and the other participant will each have alternating opportunities to offer to 

move to different squares within the grid, and these offers may be accepted or rejected 

at any time. 

6. Movement to another square in the grid occurs only after an offer has been 

accepted. This movement then results in current earningss for the period being the 

numbcr listed in the square. 

7. Each period will consist of at most ------ rounds, or opportunities to 

move. The period will end when: 

(1) all ______ rounds are completed 

(2) both people have votcd independently to end the period. 

8. Total earnings for any period are given by the value of the square in which you 

end the period. 
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This is a study of decision making. The funding for this study has been provided by 

various research groups. By carefully following these instructions and making good deci

sions, you can earn a considerable amount of money which will be paid to you in cash at 

the end of the experiment. 

As a participant in this study, you will be given an endowment of two goods, x and 

y. These two goods are represented on the large grid with which you have been pre

sented. This large grid has been sub-divided into squares, and each square indicates a 

different combination of the two goods. The amount of good x in any square is found 

by starting at the left-hand edge of the box and moving horizontally to the right. Thus, 

counting out five squares in this direction means you have counted out five units of good 

x. Similarly, the amount of good y in any square is found by starting at the lower edge 

of the box and moving vertically up. Thus, counting up four squares in this direction 

means you have counted [our units of good y. Therefore, each square in the box repre

sents a unique combination of some amount of good x and some amount of good y. To 

aid you in determining this combination, the lower edge of the box has been numbered 

to indicate the amount of good x, and the left-hand edge of the box has been numbered 

to indicate the amount of good y. 

The Endowment 

Please notice that there is a number printed within each of the squares. This number 

represents a sum of money, and this is the amount of money that this combination of the 

two goods is worth to you. The numbers in the squares are in units of Experimental 

Dollars, and for the purpose of this experiment, one U.S. dolbr is equal to 
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______ Experimental Dollars. 

To begin, we are giving you the following endowment: 

UNITS OF GOOD X: ______ _ 

UNITS OF GOOD Y: ______ _ 

This combination of the goods is represented by a square in the box, and hence is 

worth a particular sum of money. Please find the square associated with this combina

tion, and write the value to you of this square in the space below. 

VALUE OF ENDOWMENT ________ _ 

You have now found the square representing this combination of the two goods which 

you currently own. You will have, in each period of the experiment, up to 

opportunities to move to another square within the box. This will be accom-----
plished in the following manner. Please notice that there is a heavy black line separating 

the grid into two portions. You may submit an offer to move to any square that is below 

and to the left of this black line. This is done by writing, on the "offer slip," the units 

of good x, units of good y, and value of the square to which you would like to move. 

There are two participants in this experiment. The other person has a grid similar to 

your own. He/she wHl also submit an offer on a slip and the 111onitor will collect both 

slips. Based upon the offers which each of you make, the monitor will give you a new 

grid with the same numbers and endowment, but with the black line having possibly 

moved. If the black line has moved, then the squares to which you may move will of 

course be different. 

Given this new set of squares, each of you will submit a new offer and the process 

begins again. 
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This will continue until one of two things happens: 

(i) Based upon your offers you receive the SAME GRID (i.e. the black line has not 

moved) twice in a row, and you each then make the same offer again, or 

(ii) You each make a total of offers and never receive the same grid twice in a 

row and follow with the same offer. 

If (i) occurs, then your total earnings for the period will be the number written in the 

square which is your final offer (i.e. the one you make twice in a row). 

If (ii) occurs, your total earnings for the period will be your initial endowment. 

The entire experiment will consist of periods, and your total earnings for ----
the experiment will be the sum of your earnings for each of the periods. 

We will run one practice trial with no real payoffs, so that you may see how the 

experiment operates. 

Summary of Instructions 

1. You and the other participant each have combinations of two goods represented by 

squares within the large grid. 

2. The value to you of any combination is given by the number within the square. 

3. You are beginning the experiment with a particular combination of the two goods 

(Le. "in" a particular square). 

4. You and the other participant will each submit offers to move to another square 

anywhere below and to the left of the black line. 

5. Based upon these offers you will receive another grid on which the black line 

MAY have moved. Then you will submit another offer. 

6. This continues until you either receive the same grid twice 111 a row and follow 

with the same offer, or until 12 offers have been submitted. 



7. Earnings for each period are either: 

i) the final offer if it has been given twice in a row after the black 

line has not moved, or 

ii) the endowment if all 12 offers expire. 

8. Earnings for the entire experiment are the sum of the earnings for each 

of the ___ periods. 

DO YOU HAVE ANY QUESTIONS? 
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This is a study of decision making. The funding for this study has been provided by 

various research groups. By carefully following the.se instructions and making good deci

sions, you can earn a considerable amount of money which will be paid to you in cash at 

the end of the experiment. 

As a participant in this study, you will be given an endowment of two goods, x and 

y. These two goods are represented on the large grid with which you have been pre

sented. This large grid has been sub-divided into squares, and each square indicates a 

different combination of the two goods. The amount of good x in any square is found 

by starting at the left-hand edge of the box and moving horizontally to the right. Thus, 

counting out five squares in this direction means you have counted out five units of good 

x. Similarly, the amount of good y in any square is found by starting at the lower edge 

of the box and moving vertically up. Thus, counting up four squares in this direction 

means you have counted four units of good y. Therefore, each square in the box repre

sents a unique combination of some amount of good x and some amount of good y. To 

aid you in determining this combination, the lower edge of the box has been numbered 

to indicate the amount of good x, and the left-hand edge of the box has been numbered 

to indicate the amount of good y. The reason that some squares are outlined in black 

will be explained shortly. 

The Endowment 

Please notice that there is a number printed within each of the squares. This number 

represents a sum of money, and this is the amount of money that this combination of the 

two goods is worth to you. The numbers in the squares arc in units of Experimental 
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Dollars, and for the purpose of this experiment, one U.S. dollar is equal to 

. _____ Experimental Dollars. 

To begin, we are giving you the following endowment: 

UNITS OF GOOD X: ______ _ 

UNITS OF GOOD Y: ______ _ 

This combination of the goods is represented by a square in the box, and hence is 

worth a particular sum of money. Please find the square associated with this combina

tion, and write the value to you of this square in the space below. 

VALUE OF ENDOWMENT ________ _ 

You have now found the square representing this combination of the two goods which 

you currently own. Y'{)u will have, in each period of the experiment, up to 

opportunities to move to another square within the box. This will be accom-----
plished in the following manner. Consider now the squares which are outlined in black. 

You may submit an offer to move to any square that is outlined in black. This is done 

by writing, on the "offer sheet," the units of good x, units of good y, and value of the 

square to which you would like to move. 

There are two participants in this experiment. The other person has a grid similar to 

your own. He/she will also submit an offer on a sheet and the monitor will collect both 

sheets. Based upon the offers which each of you make, the monitor wiII give you a new 

grid with the same numbers and endowment, but with the squares outlined in black 

having possibly moved. If the squares outlined in black have moved, then the squares to 

which you may move will of course be different. 

Given this new set of squares, each of you will submit a new offer and the process 

begins again. 
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This will continue until one of two things happens: 

(i) Based upon your offers you receive the SAME GRID (i.e. the squares outlined in 

black have not moved) twice in a row, and you both then make the same offer again, or 

(ii) You each make a total of ___ offers and never receive the same grid twice in a 

row and follow with the same offer. 

If (i) occurs, then your total earnings for the period will be the number written in the 

square which is your final offer (i.e. the one you make twice in a row). 

If (ii) occurs, your total earnings for the period will be your initial endowment. 

The entire experiment will consist of ____ periods, and your total earnings for 

the experiment will be the sum of your earnings for each of the periods. 

Summary of Instructions 

1. You and the other participant each have combinations of two goods represented by 

squares within the large grid. 

2. The value to you of any combination is given by the number within the square. 

3. You are beginning the experiment with a particular combination of the two goods 

(i.e. "in" a particular square). 

4. You and the other participant will each submit offers to move to another square 

which is outlined in black. 

5. Based upon these offers you will receive another grid on which the squares out

lined in black MAYbe different. Then you will submit another offer. 

6. This continues until you either receive the same grid tv.'ice in a row and follow 

with the same offer, or until 12 offers have been submitted. 

7. Earnings for each period are either: 
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i) the final offer if it has been given twice in a row after the squares outlined in 

black have not moved, or 

ii) the endowment if all 12 offers expire. 

8. Earnings for the entire experiment are the sum of the earnings for each 

of the periods. ---

DO YOU HAVE ANY QUESTIONS? 

'. 
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INSTRUCTIONS 
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This is a study of decision making. The funding for this study has been provided by 

various research groups. By carefully following these instructions and making good deci

sions, you can earn a considerable amount of money which will be paid to you in cash at 

the end of the experiment. 

As a participant in this study, you will be given an endowment of two goods, x and 

y. These two goods are represented on the large grid with which you have been pre

sented. This large grid has been sub-divided into squares, and each square has been 

further sub-divided into two triangles. We w.ill consider the meaning of the upper and 

lower triangles shortly, but for now please consider only the squares individually, and 

note that each one represents a different combination of the two goods. The amount of 

good x in any square is found by starting at the left-hand edge of the box and moving 

horizontally to the right. Thus, counting out five squares in this direction means you 

have counted out five units of good x. Similarly, the amount of good y in any square is 

found by starting at the lower edge of the box and moving vertically up. Thus, counting 

up four squares in this direction means you have c;ounted four units of good y. There

fore, each square in the box represents a unique combination of some amount of good x 

and some amount of good y. To aid you in determining this combination, the lower edge 

of the box has been numbered to indicate the amount of good x, and the left-hand edge 

of the box has been numbered to indicate the amount of good y. 

The Endowment 

Please notice that there are two numbers printed within each of the squares, one in 

the upper trinngle, and one in the lower tri:1I12Ie. These numbers represent sums of 
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money. Consider first the number in the LOWER triangle. This number represents the 

amount of money that each combination of the two goods is worth to you. 

To begin, we are giving you the following endowment: 

UNITS OF GOOD X:. ______ _ 

UNITS OF GOOD Y: ______ _ 

This combination of the goods is represented by a square in the box, and hence is 

worth a particular sum of money. Please find the square associated with this combina

tion, and write the value to you of this square in the space below. 

VALUE OF ENDOWMENT ________ _ 

Now consider the number in the upper triangle. This number also represents a sum 

of money; this money, however, belongs to the experimenter. The decisions you make 

will be influenced by the money belonging to the experimenter in the following manner. 

Notice that certain of the squares are outlined in blue. You will have the opportunity to 

suggest a movement from the endowment square to anyone of the squares which is out

lined in blue. This is acclJl11plished by writing, on the "Offer Sheet," the units of good x, 

units of good y, and value of the square to which you would like to move. Similarly, the 

experimenter will select a square to which he would suggest a move. However, the 

experimenter will always follow one particular rule when selecting a square. The decision 

you make will have NO effect upon the decision made by the experimenter. Based upon 

the decisions made, you will receive a new grid with the same numbers and endowment, 

but with possibly different squares being outlined in blue. Given this new grid, you will 

again submit an offer to move. Of course, if the squares outlined in blue are different, 

then the squares to which you may move will be different also. 
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This process will continue until one of two things happens: 

(i) based upon your offers, you receive the same grid (i.e. the same squares nre out-

lined in blue) twice in a row, and you make the same offer again, or 

(ii) you make a total of ____ offers, and never receive the same grid twice in a 

row. 

If (i) occurs, then your total earnings for the period will be the number written in the 

lower triangle of the square which is your final offer (i.e. the one you make twice in a 

row). 

If (ii) occurs, your total earnings for the period will be your initial endowment. 

The entire experiment will consist of ____ periods, and your total earnings for 

the experiment will be the sum of your eamings for each of the periods. 

We will run one practice trial with no real payoffs, so that you may see how the 

experiment operates. 

Summary of Instructions 

1. You have some combination of two goods represented by squares within the large 

grid. 

2. The value to you d any combination is given by the number within the lower tri-

angle in the square. 

3. The value to the experimenter of any combination is given by the number within 

the upper triangle in the square. 

4. You are beginning the experiment with a particular combination of the two goods 

(. "." . I ) I.e. 111 a partIcu ar square. 

5. You and the experimenter will each submit offers to move to anyone of the 

squares which is outlined in blue. 
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6. The decision you make will in NO WAY influence the decision of the experi

menter. 

7. Based upon these offers you will receive another grid on which the squares out

lined in blue May have moved. Then you will submit another offer. 

6. This continues until you either receive the same grid twice in a row and follow 

with the same offer, or until 12 offers have been submitted. 

7. Earnings for each period are either: 

i) the final offer if it has been given twice in a row after the blue 

squares have not moved, or 

ii) the endowment if all ____ offers expire. 

8. Earnings for the entire experiment are the sum of the earnings for each 

of the periods. 

DO YOU HAVE ANY QUESTIONS? 
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This is a study of decision making. The funding for this study has been provided by 

various research groups. By carefully following these instructions and making good deci

sions, you can earn a considerable amount of money which will be paid to you in cash at 

the end of the experiment. 

As a participant in this study, you will be given an endowment of two goods, x and 

y. These two goods are represented on the large grids with which you have been pre

sented. These large grids have been sub-divided into squares, and each square indicates a 

different combination of the two goods. The amount of good x in any square is found 

by starting at the left-hand edge of the box and moving horizontally to the right. Thus, 

counting out five squares in this direction means you have counted out five units of good 

x. Similarly, the amount of good y in any square is found by starting at the lower edge 

of the box and moving vertically up. Thus, counting up four squares in this direction 

means you have counted four units of good y. Therefore, each square in the box repre

sents a unique combination of some amount of good x and some amount of good y. To 

aid you in determining this combination, the lower edge of the box has been numbered 

to indicate the amount of good x, ancl the left-hand edge of the box has been numbered 

to indicate the amount of good y. 

You have each been given nine of these grids; they are numbered 0-8, and they are 

identical, except that each one has different squares outlined in black. They are identical 

in the sense that the numbers within the squares are the same for each of the nine grids. 

The reason that some squares are outlined in black will be explained shortly. 
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The Endowment 

Please turn now to the grid which is labelled 7, and consider the number printed 

within each of the squares. This number represents a sum of money, and this is the 

amount of money that this combination of the two goods is worth to you. The numbers 

in the squares are in units of Experimental Dollars, and for the purpose of this experi-

ment, one U.S. dollar is equal to _______ Experimental Dollars. 

To begin, we are giving you the following endowment: 

UNITS OF GOOD X: ______ _ 

UNITS OF GOOD Y: ------------
This combination of the goods is represented by a square in the box, and hence is 

worth a particular sum of money. Please find the square associated with this combina

tion, and write the value to you of this square in the space below. 

VALUE OF ENDOWMENT ________ _ 

You have now found the square representing this combination of the two goods which 

you currently own. You will have, in each period of the experiment, up to 

opportunities to move to another square within the box. This will be accom------

plished in the following manner. Consider now the squares which are outlined on black. 

You may submit an offer to move to anyone of tJie squares which are outlined in black. 

This is done by writing, on the "offer sheet," the units of good x, units of good y, and 

value of the square to which you would like to move. 

There are several participants in this experiment. Each has a grid similar to your 

own. They will also submit an offer on a sheet and the monitor will collect all the 

sheets. Based upon the offers which all of you make, you may, or may not be asked to 

turn the. pages to another grid. If you are asked to tlll'n the pages, the monitor will 
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inform you of the number (0-8) of the grid to which you should move. If you do move 

to another grid, the squares which are outlined on black will, of course, be different. 

Given this new set of squares you will all make a new offer and the process begins again. 

If, based upon all your offers, you do not move to another grid, you will all make 

offers again using the same grid. This, in fact is the way the process ends. When, based 

upon the offers you make, you use the same grid twice in a row, and follow with the 

same offer, the period is over, and you receive the amount of mOI~ey written in the 

square which is your final offer. However, if, based upon your offers you never use the 

same grid twice in a row for all _____ rounds, the process will end, and you will 

receive only the value of the initial endowment. 

To summarize: 

You will make offers to move fl"Om your initial endowment to one of the squares 

outlined in black until one of two things happens: 

0) Based upon your offers you receive the SAME GRID (i.e. the same squares are 

outlined in black) twice in a row, and you all make the same offer again, or 

(ii) You all make a total of ___ offers and never receive the same grid twice in a 

row and follow with the same offer. 

If 0) occurs, then your total earnings for the period will be the number written in the 

square which is your final offer (i.e. the one you make twice in a row). 

If (ii) occurs, your total earnings for the period wiII be only your initial endowment. 

The entire experiment will consist of periods, and your total earnings for ----
the experiment will be the sum of your earnings for each of the periods. 

Summary of Instructions 

1. You and the other participants all have combinations of two goods represented by 

squares within the lnrge grid. 
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2. The value to you of any combination is given by the number within the square. 

3. You are beginning the experiment with a particular combination of the two goods 

(Le. "in" a particular square). 

4. You and the other participants will all submit offers to move to another square 

which is outlined in black. 

S. Based upon these offers you may, or may not be asked to turn the pages to another 

grid. Then you wiII submit another offer. 

6. This continues untii you either use the same grid twice in a row and follow with 

the same offer, or until 12 offers have been submitted. 

7. Earnings for each period are either: 

i) the final offer if it has been given twice in a row after the black 

squares have not moved, or 

ii) only the endowment if all 12 offers expire. 

8. Earnings for the entire experiment are the sum of the earnings for each 

of the periods. 

DO YOU HAVE ANY QUESTIONS? 
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