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ABSTEIACT 

Trade developed through barter, an institution requiring the double coincidence of 

wants. Fiat money subsequently arose to provide traders with a mechanism for exchange 

in decentralized markets while avoiding the problems associated with commodity 

monies. Currently, every major modem economy uses fiat money and numerous Internet 

economies are developing private fiat monies, yet traditional economic theories, such as 

general equilibrium or Walrasian models, provide little insight. This work develops the 

concept of a coordination equilibrium model, which maintains fiat money's role as a 

medium of exchange. 

The potential instability of fiat money is apparent from observed 

hyperinflationary episodes. Civil unrest and real purchases financed by printing money 

are also associated with hyperinflations. These factors lead to an experimental design 

addressing the stability of intrinsically valueless money. Via controlled laboratory 

experiments, subjects trade fictitious commodities for fiat money in a circular flow 

economy. The experimental results indicate that under a long trading horizon with no 

money creation, fiat money provides a stable medium of exchange and the economy 

realizes almost maximum efficiency, a result consistent with the coordination equilibrium 

model but not with standard economic models. Shortening the trade horizon causes a 

decrease in efficiency. However, the ability to create money leads to hyperinflationary 

trade patterns independent of the horizon. Further, the experimental results demonstrate 

that the collapse is not caused by an increasing money supply but rather the result of 

interference in the real price discovery process. 
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As the party issuing money is often an active participant, this economic instability 

creates a problem in the design of decentralized economic systems. Forcing the monetary 

authority to balance fiscal spending with the level of tax collection is a potential solution. 

Experimental evidence demonstrates that a balanced budget results in a pattern of market 

activity similar to that observed in fiat money economies when the government is 

inactive. This level of trade is achieved by private agents "crowding out" the 

government. Further, this effect is not due to the introduction of inside money, money 

that derives value within the system as tender for tax payment. 
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I. INTRODUCTION 

(Fiat) Money now is the NOTHING 
you get for SOMETHING 

before you can get ANYTHING. 
-Frederick Soddy 1934 

The fact that the use of fiat money developed is not surprising. When trades 

occur sequentially in decentralized markets, as in the naturally occurring economy, 

money serves several vital roles; a medium of exchange, a store of value, and a unit of 

account. Although commodity monies such as gold or silver can satisfy these functions, 

their use is impractical in most modem decentralized economies. Instead economies use 

intrinsically valueless fiat money to serve these roles. Also, the advent of Internet 

commerce serves to further necessitate the use of non-commodity electronic monies. 

Yet, despite its prevalence fiat money presents a challenge to researchers in that its 

existence creates a paradox: money has value if agents are willing to accept it in trade, 

but agents will only accept money in trade if it has value. 

Economic efficiency increases if individuals are able to coordinate transactions 

via a fiat money as opposed to commodity currencies. However, incentive problems 

arise because individuals may not be willing to accept fiat money in exchange for 

valuable goods or services. Therefore, from an economic systems design perspective, 

understanding the properties of fiat money is essential for developing systems by which 

the potential gains from the use of fiat money can be realized. Specifically, one needs to 

know under what conditions fiat money can provide a stable medium of exchange. Also, 

sufficient conditions to cause the destabilization of fiat money should be identified. This 
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allows institutions in which fiat money's role is sustained to be developed for 

decentralized markets. 

Macroeconomic models differ in the degree to which money is involved in the 

economy. General equilibrium or Walrasian models ignore the role of money. Other 

classes of models that are more successful at demonstrating how intrinsically worthless 

currency can serve as a medium of exchange include cash-in-advance, overlapping 

generations, and various game theoretic approaches. However, these models also impose 

unrealistic restrictions on either the trading horizon, information, or trade sequences. 

The absence of the price formation process or even the need for money in most 

macroeconomic theories is due to the centralization of trade present in those models. 

These models suggest that centralized trading could be one way to design institutions that 

allow an economy to achieve high levels of efficiency. However, these models do not 

provide insight into the design of economic systems employing fiat money in 

decentralized markets such as the naturally occurring economy or recently developed 

electronic institutions. 
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ri. THE ROLE OF FIAT MONEY 

n.l A Brief History of Money 

Economic exchange initially occurred through barter. Two individuals would 

trade goods or services if both felt the transaction was beneficial, i.e. there existed mutual 

gains from trade. However, the problem of a lack of double coincidence of wants 

undoubtedly lead to inefficiency in the economy. The creation of commodity money 

helped to solve this problem. Kiyotaki and Wright (1989) show how commodity money 

could arise in a pure barter economy that suffers a lack of coincidence of wants. The use 

of commodity monies allows individuals to engage in more trades in pursuit of utility 

maximization. Traditionally, gold and other precious metals have circulated as money. 

However, there are many other examples of commodity money. According to 

Weatherford (1997) ancient Aztecs used cacao seeds as money, Guatemalans used com, 

and almonds circulated in India. Both salt and rice have served as commodity money 

over relatively large geographic areas. Livestock such as buffalo and cattle have also 

functioned as money. Another commodity, which has served as money, is tobacco. 

Radford (1945) provides an account of a German prisoner of war camp in which 

cigarettes served as money as the prisoners traded rations and other goods and services. 

Chown (1994) and Weatherford (1997) provide more complete accounts of the history of 

money. 

While exchange involving commodity money has many advantages over barter, 

commodity money still presents obstacles to trade. Divisibility is one such problem with 

commodity money. There is no way to halve a cow. This problem is closely associated 
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with the need for standardization of money. To trade in terms of com one must be able to 

weigh the com and assess its quality precisely. A second barrier that commodity money 

presents is mobility. The sheer weight of a commodity money may inhibit some 

transactions. For example, over 46,692 pounds of gold would be required to purchase a 

new Boeing 777-300 at today's prices'. 

The inherent constraints of commodity money led to the development of backed 

or convertible money. The story of the Isle of Yap demonstrates this point. The island's 

currency was massive stones. The stones were too large to be moved, so instead of 

actually changing possession of the boulders, individuals simply exchanged claims on the 

boulders. In the United States a similar pattern of behavior unfolded. Individuals 

deposited gold into the safes of goldsmiths, who in turn issued depositors a receipt. This 

receipt represented a claim on the gold stored in the smithy's safe. A system of exchange 

soon emerged in which these receipts were as accepted as gold in transactions. 

Ultimately, the goldsmiths discovered that people often did not come and withdraw the 

bullion; instead people were content with only the receipt. The loaning out of this 

deposited gold by the goldsmiths was the start of modem banking and the system of 

fi-actionally backed money. Soon the government started issuing certificates on gold and 

silver deposits, eventually monopolizing the money trade in the United States. As the 

economy became accustomed to trading in these certificates, the need for the underlying 

asset diminished. WTien the currency became a true fiat money after the demise of the 

Bretton Woods system, individuals were able to maintain economic activity. 
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Many individuals envision a further development in money, the exclusive use of 

electronic currency. Some see electronic currency as a paperless extension of the current 

monetary system, while others believe that new privately issued monies are on the cyber-

horizon (See England 2000). However, the existence of paper money in the short run is 

certain according to Federal Reserve Chairman Alan Greenspan who said "It took many 

generations for people to feel comfortable accepting paper... It is taking as long to 

convince them that holding money and making payments in ephemeral electronic form is 

as secure..."" 

In reality fiat money is not always stable. Hyperinflations are the most notable 

examples of the instability present in a true fiat currency. Typically hyperinflation 

episodes are periods of time over which extremely large nominal price changes are 

observed. Pearce (1981) typifies this view by defining hyperinflation as a period in 

which prices increase by at least 1000%. In Germany after WWI wholesale prices 

increased by 136,458,333,333,233% between 1914 and 1924. In Austria the retail price 

index increased 24,167% in the three and a half year span starting in January of 1921. 

Starting in the summer of 1945, Hungarian prices increased on the order of 3*10^. Other 

periods of hyperinflation occurred in the colonies during the American Revolution, 

France during the French Revolution, and the Confederacy during the U. S. Civil War. 

Sargent (1986) examines hyperinflations in four European countries following WWI 

from a rational expectations view and finds evidence supporting this model in the data, 

leading him to claim that inflation is a fiscal phenomenon. 
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These episodes of high inflation do not have purely nominal effects. The 

tremendous rate of price change in such periods has a major impact upon the real 

economy. Several aspects of hyperinflation are thus apparent. First hyperinflation is 

inflation, an increase in nominal prices. Further, these price changes are over a specific 

period of time. Finally, the effect of the nominal price changes is to reduce the real 

output of the economy. Therefore, a more appropriate definition of a hyperinflation may 

be that of Spechler (1984): "Price increases so large that erosion of normal claims is 

significant in a short period of time if no compensation is forthcoming through cost of 

life linkages." That is to say, hyperinflation is the situation where prices escalate at a rate 

that outpaces individuals' abilities to make sequential transactions. 

n.2 Theoretical Background 

A vast literature has developed about the use of money. In general equilibrium 

models with rational agents, the economy is completely described by a series of equations 

for transaction demands. The solution to these simultaneous equations eliminates the 

need for a store of value and a medium of exchange, rendering fiat money irrelevant 

(Hahn 1965). The general equilibrium approach to understanding trade does not describe 

the process by which prices are formed and how money circulates within an economy. 

Shubik (1975) refers to this as "sweeping under the carpet" the dynamic process of trade. 

If in fact the economy functioned as in the Arrow and Debreu model then there 

would be no need to model money. However, complete contracting for all future trades 

is impossible, due in part to prohibitive transactions costs associated with operating the 
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markets. Hence, a description of monetary behavior is essential to understanding 

economic activity, both at the micro and macro economic level. To this end many classes 

of models have been developed to demonstrate how intrinsically worthless currency can 

serve as a medium of exchange. These monetary models include cash-in-the-utility 

function, cash-in-advance, overlapping generations, and various game theoretic 

approaches. 

The simplest way in which fiat money has been incorporated into economic 

models is simply to include money balances in the utility function. Sargent (1987) uses 

the familiar Lucas tree problem to demonstrate such behavior. Once money is included 

in the utility function, money is no longer intrinsically worthless. Therefore in a real 

sense incorporating money into an agent's utility forces the money to be a commodity 

money. 

A second approach to money originates with Glower (1967). Cash-in-advance 

constraints can be described as requiring the total value of goods demanded not to exceed 

the amount of money held by a transactor at the beginning of the period. Economic 

behavior in this model can be described as being pursued by a schizophrenic agent. An 

individual brings their money and goods for sale to the market. One side of the agent 

sells the goods. At the same time the other half is using the money brought to market to 

make purchases. Both sides are completely oblivious of each other until after the market 

closes. Granmont and Younes (1972) show the existence of an equilibrium in which fiat 

money has positive value in exchange in a cash-in-advance model. The general cash-in-

advance model has been extended to cover many monetary topics such as asset prices 
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(Svensson 1985) and interest rates (Lucas and Stokey 1987). In these models, holding 

money intertemporally is the only method of purchasing goods in subsequent periods. 

This policy means that individuals cannot use money received in transactions to purchase 

items within the same period. The circulation of fiat money in these works is directly due 

to the infinite horizon assumed by the model. 

Overlapping generations models describe money in an economy with finitely 

lived agents. In such models there are typically two types of individuals, young and old. 

Young agents receive a commodity endowment, which can either be consumed or traded 

to an old agent in exchange for fiat money. Between periods old agents die, young agents 

become old, and new young agents enter the economy. As old agents receive no 

endowment and can only carry money between periods, money circulates in this 

economy so that individuals can smooth consumption across periods. For a description 

of overlapping generations models and applications see Samuleson (1958) and 

McCandless and Wallace (1991). While this approach eliminates the required infinite 

life of the agent, the economy must be infinitely lived, at least with some positive 

probability, in order for the economy not to unravel. If a young agent knows the 

economy is in the final period, then there is no reason to accept money. By backward 

induction no young agent will ever accept money, and the result will be the autarky 

outcome. Experimental work by Marimon and Sunder (1993) has found that when 

people are put into an overlapping generations environment, the developed models 

accurately capture behavior. One should note that the money used in this and other 

overlapping generations experiments is not a true fiat currency. The positive rate at 
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which experimental money was converted into subject payoffs in the last period was 

determined by subjects' predictions of future prices. This method was adopted to be 

commiserate with the continuing of the economy past the last experimental period. 

However, this makes the money not valueless in the last experimental period. Similar 

research has been conducted by Lim, Prescott and Sunder (1994), Aliprantis and Plott 

(1992) and Camera, Noussair and Tucker (2000), who also misidentify their experimental 

currency as being a fiat money. 

The models discussed above all describe behavior as the solution to an agent's 

dynamic optimization problem. All of these models describe equilibrium behavior and 

cannot address disequilibrium behavior. Game theoretic approaches have the advantage 

of describing behavior as contingent on the current behavior of others, whether or not this 

behavior is in equilibrium. Shubik and Whitt (1973) support fiat money in a 

noncooperative setting. However, this model is unsatisfying in that anyone who attempts 

to purchase with fiat money is guaranteed to receive some of the commodity good as the 

acceptance of the money is beyond the control of any agent. 

A more appealing model of trade is developed by Kiyotaki and Wright (1989). In 

their model three types of agents can each produce a different type of good. The 

economy is assumed to suffer from a lack of coincidence of wants. Only bilateral trade is 

allowed and individuals can store goods from one period to the next. As the different 

goods are assumed to have different storage costs, the low storage cost item circulates as 

a medium of exchange. When a fiat money, a fourth good requiring the lowest cost to 

store, is introduced it becomes the medium of exchange under certain parameter 
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conditions. Sethi (1999) demonstrates the evolutionary stability of such equilibria and 

determines that stringent rationality and information assumptions are not required to 

support a medium of exchange in this model. One failure of this model is its inability to 

accommodate services which account for over half of the United States GDP. 

Experimental research has shown that in such environments a good can serve as medium 

of exchange but the overall pattern of trading is not as described by the model (see Brown 

1996).^ Du^ and Ochs (1999) conduct related experiments with similar findings. 

Neither of these studies employed a true fiat money, instead the money was convertible 

into the real payoff at the conclusion of the experiment. 

The above models with the exception of Shubik and Whitt (1973) require either 

an infinite or an uncertain horizon to support monetary equilibria. Cass and Shell (1980) 

argue that this is a requirement for modeling money. Kovenock and Vries (1996) 

develop a model in which fiat money is accepted in trades in a finite economy. This is 

achieved by the use of "helicopter money," so named for the extensive form tree 

representation. In this environment individuals trade in a known pre-specified order. A. 

key feature is the fact that the neighbor further down the trading chain possesses the good 

desired by a particular individual. What is unknown is who initially held the money and 

hence one's own absolute position in the trading sequence. For example, the trade 

pattern may be persons 1 and 2 then persons 2 and 3 and then persons 3 and 1. 

Alternatively the pattern may be persons 2 and 3 then persons 3 and I and then persons 1 

and 2. The person given the endowment of money is the person who determines the 

realized starting point. The person who receives the money endowment will not 
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complete the final trade in the sequence knowing the end of the game is at hand. If the 

penultimate player knew her position, she would not complete her risky first trade either. 

By backwards induction trade would collapse. By one's position being unknown an 

equilibrium in which all trades but the last are completed can be sustained due to almost 

everyone being willing to accept money since almost everyone else will. As the number 

of participants in the chain increases the probability of being last decreases past a point at 

which the expected gain from accepting money is positive. 

The only real experimental evidence of fiat money's ability to serve as a medium 

of exchange is McCabe (1989). This work shows that a fiat money may be able to serve 

as a medium of exchange. Using controlled laboratory experiments, McCabe (1989) 

implements an economy with three types of agents and two types of bonds that have type 

specific period dividend payments. Subjects can trade bonds via a valueless currency 

between dividend payment realizations. The only theoretical solution in this environment 

for rational agents is to not trade. However, in initial rounds of the experiment subjects 

are able to coordinate and achieve gains from trade. With replication the fiat money is 

observed to unravel as subjects become unwilling to accept the fiat money in later 

rounds. One should note that this experimental framework does impose a cash-in-

advance constraint on the subjects. 

n.3 Coordination Equilibrium Model 

This section develops the concept of a coordination equilibrium model that 

supports trade in a finite horizon fiat money economy. The economy is a standard two 
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good circular flow economy with two types of agents. FIGURE II.3.1 presents a graphic 

representation of this economy. 

FIGURE IL3.1: 
Circular Flow Economy 

^ J A - Market A " \ 
Good A^ ' ̂  ^ Good A 

Type B Type A 

Good B Market B ^ Good B 

Type A agents have a demand for good A and can supply good B. Similarly, type B 

agents demand good B and can supply good A. In market A, type A agents can purchase 

units of good A from type B agents. Market B is similar. Agents of types A and B must 

sell items in order to acquire additional money beyond their endowment with which to 

make purchases. 

First, a standard general equilibrium model is constructed for the economy 

described above, the shortcomings of which yield insight into the coordination model. 

Consider the problem of a type A agent: 

Max25"y(a^,)-|;5-'C,(b.„) + 5''-l('co, "SPX, 
t=I t=l C=1 t=l ^ 

subject to 



- S + S Pb'b.,, £ 0 VTs [ 1,2 NI 
t=l [=1 

a,„b,,>0 Vte{l,2,...,N} 

where a<iit (bsu) is the quantity demanded (supplied) of good A (B) by agent i in period t. 

The vectors ^li and consist of the elements adu and bsit sequentially ordered over the 

trading periods. Vi( ) and Ci( ) denote the value and cost functions respectively of the 

agent. Ci( ) is assumed to be an increasing function with Ci'(O) = 0. N is the duration of 

the monetary regime, cOi is the individual's money endowment, and X is the value of 

money at the economy's termination. 6 is the discount rate; however, since in the 

experiments described later all payoffs are received at the conclusion of the experiment 

without loss of generality 5=1. The two constraints require that agents must hold 

nonnegative money balances at the conclusion of each trading period (a budget 

constraint) and that quantity choices are forced to be nonnegative. A type B agent's 

problem is similar. In the remainder of the paper type B agents are indexed by j. 

The resulting first order conditions for a type A agent are given by the following. 

Vi'(adiN) - - 0CN + 'tJ.'VN = 0 

-Ci'(bsiN) + A.Pb'^ + {!)cn - 0BN= 0 

Vi'(adit) - (|)a+ (t>At= 0 Vte {1,2,...,N-1} 

-Ci'CbsiO + ({)ct - = 0 Vte {1,2,...,N-1} 

Where ({)ct, (!)At, 0bi denote Lagrange multipliers on the budget constraint, the 

nonnegativity of good A, and the nonnegativity of good B respectively at time t. A type 

B agent's problem results in similar first order conditions. These conditions along with 
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market clearin g, i.e. and =X^sit Vte {1,2,...,N}, and the money 

identity, M= ̂  co^ - ^ P,'b,, + + £ P>si. " S ̂bb 
t=l 

•'djt 
t=l 1=1 J 

\ 

VtG{l,2,...,N} 

completely describe the equilibrium prices Pa',...,Pa^,Pb',.-.,Pb^- M represents the total 

money supply of the economy. 

The solution to this system of equations hinges on the value of money. When 

money is backed, A. > 0, none of the constraints are binding, and the result is the familiar 

condition that Pa^ = Vi'(adit)/X= Cj'(asjt)/X and Pb' = Ci'(bsit)/A.= Vj'(bdjt)/?i. In the case of 

unbacked money, ^.=0, the general equilibrium model predicts the autarky outcome. To 

demonstrate this point, consider the agent's problem in the last period, which is identical 

to the one period version of the problem when the endowment equals the money brought 

forward into the trading period. A type A agent's first order conditions become Vj'(adi.NO -

(|)CN + <1)an = 0 and -Ci'(bsi.M) + (t)cN - 0bn = 0. Logically, no agent wants to hold money at 

the end of the period since any remaining money could be converted into the good for 

which the agent has value. Therefore each agent's budget constraint is binding, leaving 

everybody with a zero money balance at the end of the monetary regime, a violation of 

the money identity. To verify by contradiction that no equilibrium exists when the 

budget constraint is not binding, suppose that the budget constraint does not bind. Then 

(j)cN = 0. For a type A agent if bsiw > 0 then (t)BN = 0 => by assumption Ci'(bsiN) = 0 => 

bsiN = 0, a contradiction. If bsiN = 0 then adiN > 
1=1 1=1 

/P,^. For the 

markets to clear, it must be that asjN > 0 for some type B agent j. However, if asjN > 0 then 
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({)an = 0 => Cj'(asjN) = 0 =^> UsjN = 0, a contradiction. Therefore, no equilibrium exists in 

the last period where individuals trade in fiat money in the finite horizon. Iterating this 

process backwards, no equilibrium exists in the finite horizon in which trade occurs. 

The general equilibrium model breaks down because each individual wishes to 

hold no money at the end of the trading horizon. If the economy had M = 0 then the 

markets could clear, but agents would have no way to complete individual transactions. 

This is the sense in which fiat money becomes irrelevant as discussed above. However, 

if the participants in the economy coordinate and agree that each type A (B) agent will 

hold an amount of money equal to a, (Pj) > 0 at the end of the horizon, where 

= M, then the economy can support the maximum efficiency outcome, thus 
• j 

making everyone better off than under autarky. A more informal description of this 

situation is one in which the agents believe that others will trade; giving a rational 

justification for engaging in trade. If multiple agents hold this belief, the system is a self 

fulfilling prophecy. When muldple people A set of prices and a set of supporting ttiS 

and PjS that satisfy market clearing and the first order conditions of the two types 

constitute a coordination equilibrium. 

Definition of coordination equilibrium: a set of prices {Pa',...,Pa'^',Pb',---,Pb'^} along with 

a set of money balances {ai|i£ 1} and {Pj[jG J} where I and J are the set of all type A and 

Type B agents respectively such that: 

1) The Goods markets clear 
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and 

2) M= 

To determine the coordination equilibrium for this model, the maximization problem for 

agent i of type A is now adjusted to include the final money holding parameter. 

f N 
M«2;S"'Vi(a„.)-25-"C,(b„)+5'-'-'?- CO, +ip;b„ ̂  

t=l c=l t=:l 

subject to 

N N 

<b,-SP>».'.+EPXn - « ,so 
t=l 1=1 

CO > - Z P X i . + S P ; b „ £ 0  V T e { l , 2  N - l l  
t=l t=l 

a,,,b,,>0 Vte{l,2,...,N} 

The problem for Type B agents is similarly adjusted. Now in the last period each agent 

spends all excess money. The budget constraint binds forcing 

N-I N-1 

p: = 
P^a-UN - + E - S P;''.,, + 

1=1 1=1 

'^siN 

Definition of Complete Symmetry: 3 a mapping f(*): I —> J that is 1:1 and onto such that 

Vie I, Vi(adit) = Vf(i)(bcif(i)t) = -Ci(bsi[) + y = -Cf(i)(asf(i)t) + Y Vt where y is a constant term. 
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Market clearing and complete symmetry yield that a^iN = bsiN, hence the previous 

equation states that the difference in nominal prices is determined by the amount by 

which agents need to adjust their current money holdings to realize the correct ending 

balance. 

A further refinement that will prove useful in the analysis of the experimental 

results is the notion of a uniform price coordination equilibrium. This is a coordination 

equilibrium where Pa' = Pa and Pb' =Pb Vt. Under this restriction each type A agent must 

satisfy Pa^i - Pb^i < cOi and each type B agent must satisfy Pbbdj - Pa^j < coj. If the agents 

all optimally choose the same quantity, x, of A and B to buy and sell each period, this 

results in the following restrictions on Pa and Pb when cOi = cOj = co: 

(a) Pb > Pa - CO /(xN) 

(b) Pb < Pa + CO /(xN) 

(c) 0 < min (Pa,Pb) < co 

This defines the region where uniform period prices can be supported in a coordination 

equilibrium in a completely symmetric economy. FIGURE II.3.2 plots restrictions (a), 

(b), and (c) thereby identifying this region in price space. 
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Figure II.3.2: Uniform Price 
Coordination Equilibrium Set 
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Note that if each agent of the same type is trading the same number of units and has the 

same endowment and the same ending money balance then ai= a and Pj=P and the result 

is that for a given acceptable a, Pa=Pb + ((jL)-a)/xN or alternatively in terms of P, Pa=Pb + 

(P-co)/xN. 

The uniform price coordination equilibrium is isomorphic to solving the general 

equilibrium model via a call auction that simultaneously solves all markets with fiat 

money serving as the numeraire. However, the essence of money and even the economy 

is the nonsimultaneity of transactions. Therefore, the coordination equilibrium concept is 

a method of generating the general equilibrium model outcome. 



31 

m. EXPERIMENTAL ANALYSIS OF FIAT MONEY AS A MEDIUM 

OF EXCHANGE 

in. 1 Experimental Design 

The real phenomenon of hyperinflation provides an appropriate environment to 

begin an examination of the stability of fiat money in a finite horizon economy as 

described above. Capie (1986) studies many historic incidences of hyperinflation and 

finds three common elements; the use of a fiat money, government spending financed 

through the use of the printing press, and civil unrest. These factors lead directly to an 

appropriate two dimensional design to study fiat money in the laboratory. One dimension 

is the activity level of the monetary body, "government." An active government consists 

of agents with the ability to purchase items through the "printing" of money, while a 

passive government has control of the money's backing. The second dimension is the 

known length of a monetary regime. Civil unrest makes the fiiture leadership of a 

country (economy) uncertain. Hence, the expected duration of the current monetary and 

fiscal policy is shorter in times of civil unrest. A longer monetary regime is associated 

with less civil unrest in the economy. 

III. 1.1 Experimental Economy 

The experimental economy has a circular flow that is extended to include type G 

agents who can create money with which to purchase goods. The experimental economy 

is represented by the graph in FIGURE III. 1.1.1. 
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FIGURE in. l .1 .1:  
Experimental Economy 
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Type G (government) agents, demand both goods A and B and supply neither good. In 

market A, type A and type G agents can purchase units of good A with "tickets", the 

economy's currency, from type B agents. Again, market B is similar. While agents of 

types A and B must engage in selling real goods to acquire additional tickets with which 

to make purchases, type G agents face no such restriction, instead having an unlimited 

supply of tickets"^. 

Market conditions for both market A and market B are symmetric and can be 

characterized by the demand and supply curves depicted in FIGURE III. 1.1.2. 
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FIGURE m. 1.1.2: Supply and Demand per Day 
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The height of the demand curve represents the induced value of a unit of item A(B) in 

cents and the height of the supply curve represents the induced cost of a unit of A(B) in 

cents. The curves are based on the specific forms of Vi() and Ci() used to induce values 

and costs and the case where X = I cent. The market clearing price, $1.50, and quantity, 

15, are readily observable from this figure. More generally, the nominal daily 

equilibrium prices for both goods are 150/X, when A>0. The total surplus is $7.50 in each 

market and is distributed evenly among the five type A and five type B agents in the 

economy. Thus in each trading period type A and type B subjects earn $1.50 in 

equilibrium. However, the units demanded by the government should not be produced in 

equilibrium. As the value of the government's most valued unit is below the lowest cost 

that any seller faces, there is an efficiency loss if the government makes purchases. 

In order for agents to trade, money is introduced into this economy. Agents can 

buy and sell items through double auction institutions^ operating simultaneously in each 

market by posting willingnesses to buy or sell in units of tickets. Each trading period is 
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referred to as a "day". Tickets circulated in the economy for a pre-specified commonly 

known number of days. The duration of the monetary regime is denoted as a "week". At 

the beginning of a week, all type A and B subjects were given an endowment of co 

tickets. As they traded, their balances reflected the prices of their transactions. Recall 

that only type G subjects were allowed to hold negative ticket balances at any point, that 

is spend in excess of their endowment. Ticket balances carried forward to successive 

days in the week until after the completion of the last trading day at which time 

remaining ticket balances were converted into monetary payoffs. Thus when the 

exchange rate is positive, tickets are a commodity or backed money, but when the rate 

was set to zero the currency is a pure fiat money. As an endowment of tickets represents 

a loan from the experimenter, the $US value of the endowment was deducted from 

subjects' payoffs at the end of the week. The loan equaled A. x co and, hence, was 

identical for all type A and B agents each week. Type G agents did not have a loan 

repayment as they were not endowed with money, instead they could create money at a 

cost of X per unit. 

The two dimensions of the experimental design are the duration of the monetary 

regime and the presence of a government who controls the printing press. The duration 

of the monetary regime was altered by changing the number of days in a week. In this 

research, a short-lived regime lasted two days, while a monetary regime operating 

without civil unrest endured for 8 days. In the absence of an active government, only the 

five type A and five type B agents conducted trade in the economy. A government who 

had the ability to create tickets in order to finance expenditures, was introduced into the 
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economy by including two additional subjects, each demanding two units in each market. 

Further, the existence of the government agents was common knowledge to all 

participants. During the experiments no references were made to governments, the 

printing press, or money to avoid any influence from preconceived notions the subjects 

may have about these institutions. Experiments with two additional levels of government 

activity were conducted to serve as benchmarks for determining the stability of fiat 

money. Complete experiments using only backed money were conducted to serve as a 

baseline for the performance of fiat money. Also, experiments in which the economy 

experienced exogenous growth in the money supply in the absence of an active 

government were conducted to separate the two effects of government spending: money 

growth and the destruction of the real price discovery process. As the existence of 

subjects who could create money was common knowledge in the active government 

treatment, the possibility that the money supply could grow was also common knowledge 

to maintain parity between the two treatments. Common knowledge in both cases was 

achieved by the experimenter reading aloud an announcement in the interval immediately 

preceding the trading week in which the treatment was first implemented in the session. 

APPENDIX A includes copies of these announcements. 

in. 1.2 Experimental Protocol 

A total of twenty computerized experiments were conducted at the Economic 

Science Laboratory at the University of Arizona. TABLE III. 1.2.1 gives the date, time 

and treatment for each session. 
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TABLE in. 1.2.1: Session Information 

Session Date Time Treatment 

1 11/19/99 1:00 p.m. Long Horizon Fiat Money 

2 12/2/99 1:00 p.m. 
Short Horizon 
Active Government 

3 1/20/00 4:00 p.m. 
Long Horizon 
Active Government 

4 1/26/00 10:00 a.m. 
Long Horizon 
Active Government 

5 2/4/00 1:00 p.m. Long Horizon Fiat Money 
6 2/9/00 10:00 a.m. Short Horizon Fiat Money 

7 2/9/00 5:30 p.m. 
Short Horizon 
Active Government 

8 2/24/00 6:00 p.m. Short Horizon Fiat Money 
9 2/24/00 6:00 p.m. Short Horizon Fiat Money 
10 2/25/00 8:00 a.m. Short Horizon Backed Money 
11 3/1/00 5:30 p.m. Long Horizon Backed Money 

12 7/19/00 8:30 a.m. 
Long Horizon 
Exogenous Money Growth 

13 7/18/00 1:00 p.m. 
Long Horizon 
Exogenous Money Growth 

14 8/31/00 10:00 a.m. 
Long Horizon 
Exogenous Money Growth 

15 11/21/00 3:00 p.m. 
Long Horizon 
Active Government 

16 11/29/00 1:00 p.m. Long Horizon Fiat Money 

17 11/29/00 5:30 p.m. 
Short Horizon 
Active Government 

18 1/11/01 4:00 p.m. Balanced Budget 
19 1/18/01 5:00 p.m. Balanced Budget 
20 2/7/01 5:00 p.m. Balanced Budget 

Participants were all students at that institution and were paid a show-up fee for 

participating in addition to the salient payoff. Each computerized experiment ran for a 

total of four hours over the course of two calendar days. Hour one was devoted to 

computerized instructions and worksheets to ensure comprehension. Copies of these 



37 

handouts are presented in APPENDIX B. The remaining hour of calendar day 1 was 

devoted to a training session in which subjects participated in a series of one day weeks. 

Initial weeks consisted of only one market while later weeks had both markets running 

simultaneously. During the training session subjects experienced ticket redemption 

values varying between .25 and 2 US cents per ticket. The second calendar day consisted 

of subjects rereading the directions and then participating in the actual experiment. In 

every session the initial weeks consisted of two days with the value of a ticket set equal 

to one cent, ^ = 1. All sessions quickly converged towards equilibrium. Therefore each 

session had the same initial conditions and the impact of the various treatments can be 

interpreted as deviations away from equilibrium. This is consistent with the historic 

sequence of events concerning the endogenous conversion to fiat money observed in the 

naturally occurring economy as discussed above. After each calendar day subjects 

completed an exit survey to allow for identification of problems in the computer interface 

or with subjects that might have made the data suspect. No such concerns arose based on 

the survey responses. APPENDIX C contains copies of these exit surveys. 

At the conclusion of the experiment subjects were paid in private the show-up fee 

for both calendar days and their earnings from the training session and the actual 

experiment. More subjects than were necessary for the actual experiment on calendar 

day two were recruited and trained. This eliminated the problem associated with not all 

subjects returning for the remainder of the session thereby forcing the actual experiment 

to be cancelled. The subjects who participated in the actual experiment on day two were 

randomly selected from the set of subjects that 1) showed up on time on day two and 2) 
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did not lose money in the training session with backed money. As the focus of this 

research is to understand fiat money's ability to circulate as a medium of exchange and 

not the double auction's ability to serve as an institution for coordinating decentralized 

markets in a circular flow economy, this practice is appropriate. While the ability to earn 

non-positive payoffs may affect subject incentives, this possibility was controlled by 

summing the subjects earnings across the experiment, i.e. period losses were deducted 

form future and/or previous earnings across both the training session and the actual 

experiment. 

III.2 Training Sessions 

The training sessions occurred after subjects had completed the computerized 

directions and the written comprehension handouts (See APPENDIX B). In each of these 

sessions subjects participated in a series of ten backed money regimes each enduring for 

one trading day. The market conditions depended on the number of subjects who 

attended the training session. However, in eveiy case the equilibrium price was $1.50 or 

in nominal terms 150/A,. A minimum of twelve or fourteen subjects was required for the 

non-active government or active government training sessions respectively to ensure that 

the requisite number of subjects could participate on calendar day 2. A maximum of 

eighteen people could participate on the first calendar day of the experiment. 

In the first four backed monetary regimes, only market A was active, that is 

subjects had either values or costs for good A depending on type but no one had values or 

costs for good B. In the first two market A only weeks, the value of each red ticket was 
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set to one, i.e. A. = 1. In the remaining two market A only weeks the exchange rate was 

changed to X = .5. Weeks five through seven involved only market B. As subjects' types 

were randomly assigned each calendar day but held constant within calendar days, every 

subject experienced single markets as both a buyer and a seller. The first two market B 

only weeks again had an exchange rate of >>. = I, but the third market B only regime had 

an exchange rate of A, = 2. The remaining three training session regimes employed both 

markets and had exchange rates of ^ = 1, I, and .25 chronologically. 

By varying the exchange rate in the training phase of the experiment, behavior 

observed when money becomes unbacked can be attributed to expectations about the 

intrinsically valueless currency and not simply an exchange rate movement. The 

convergence of the double auction to the competitive outcome has been well documented 

by previous researchers as described above. As subjects maintained the same position in 

the training phase one would expect that prices would converge to 150/X with a few 

repetitions of the market in light of this previous work. Observed training behavior 

indicates that prices do converge to 150 in the X = 1 environment, but when the exchange 

rate changes the nominal prices experience price stickiness followed by increased 

volatility before again converging to the nominal equilibrium. FIGURE 111.2.1 graphs 

this phenomenon. 



FIGURE in.2.1: Nominal Prices 
from Training in One Market 
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A similar pattern is discemable in two markets regimes in the training sessions 

demonstrated in FIGURE 111.2.2. 
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in.3 Liquidity 

In order to achieve a circular flow economy in which individuals needed to sell 

one good in order to purchase the demanded good, the money liquidity of subjects was 

restricted. Specifically, money endowments are set such that type A and B subjects were 

not endowed with enough money to complete the equilibrium number of purchases at the 

equilibrium price when money was backed. This restriction forces the experimental 

economy to not adhere to a cash-in-advance constraint as agents must use money 

acquired in the current period to achieve equilibrium. 

In the two-market environment, such as in the actual experiment or the last phase 

of the training session, subjects were endowed with co = 400/X red tickets. As shown 

above, type A and B agents should spend 450/A, red tickets in equilibrium daily in the A > 

0 case. Witli fiat money the endowment of type A and type B agents was set at co = 400. 

This endowment level is the same as in the regime immediately preceding the 

introduction of fiat money as each actual experiment began with money backed at a rate 

of A,=l. 

Unlike the two-markets circular flow economy, where type A and type B agents 

could increase their money balances by selling in one market, in the one-market training 

weeks buyers could not acquire more money with which to purchase goods. Therefore, 

in these one-day one-market economies endowments were increased to co = 600/X, thus 

avoiding liquidity problems which would prevent the equilibrium outcome from 

occurring. This follows as 600/^ > 3 x 150/A.; recall that 3 is the equilibrium quantity per 
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agent and 150/A. is the equilibrium price. Throughout the experiment the loan repayment 

was set equal to X x co, the $US value of the monetary endowment. 

III.4 Government Activity Treatments 

The level of activity undertaken by the monetary agent is a major component of 

an economy. The monetary agent determines the backing of the currency and the growth 

rate of the money supply. In current naturally occurring economies, most monetary 

agents employ a fiat money. Generally, the money supply is not fixed but rather 

increases through both fractional banking systems and direct purchases of goods and 

services. To determine how the monetary agent's behavior impacts the stability of an 

economy's medium of exchange it is imperative to discriminate among the effects of 

each of these factors. 

in.4.1 Backed Money 

Backed money provides individuals with a medium of exchange in which each 

transaction can be evaluated and the risks associated with future acceptance mitigated. 

This environment eliminates the role of the monetary agent since money cannot be 

arbitrarily created. That is, the money supply is limited to the existing amount of the 

intrinsically valuable commodity. Therefore, conducting experiments with backed 

money provides a benchmark by which to evaluate other treatments with varying levels 

of government activity. 
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111.4.2 Fiat Money 

Fiat money allows an economy to fully utilize its commodities and hence 

increases the potential level of output. When a commodity is used as money, less of the 

good can be used as a commodity. For example, gold coins cannot be used in jewelry. 

However, this type of money requires that individuals have confidence in the future 

acceptance of the money. Monetary bodies often attempt to reinforce this confidence by 

requiring the acceptance of the money for public transactions. 

Experimentally, the objective of this treatment is to determine if fiat money can 

serve as a stable medium of exchange in a decentralized economy. As described above, 

economic theory indicates that fiat money should unravel in the finite horizon 

experimental economy. Therefore, to give fiat money its best chance to succeed, the 

other actions of the monetary agent which cause changes in the money supply are 

controlled by not introducing a type G subject and instead exogenously imposing an 

unbacked monetary system. 

111.4.3 Active Government 

By printing money and trading this money for real goods, the monetary agent or 

government, can cause other agents to lose confidence in the medium of exchange. 

These purchases also crowd out private consumption thereby limiting the gains from 

exchange that would be possible even if the money remained stable. In naturally 

occurring economies, the actions of the monetary body are typically limited to avoid 

exactly this result. The purpose of conducting experiments under this treatment is to 
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determine if in fact monetary behavior can create the real effects associated with an 

economic collapse or at the extreme, a hyperinflation. Therefore, a monetary agent is 

introduced in this treatment. Type G subjects can print money and purchase over twenty 

five percent of the equilibrium volume of goods. The unbacking of the money remains 

out of control of the subjects and is again imposed exogenously. 

1II.4.4 Exogenous Money Growth 

In the active government treatment, when a type G agent purchases goods there 

are two distinct changes from the fiat money treatment. First, the prices at which type G 

agents transact represent an increase in the money supply. The second effect is 

government's participation in the price discovery process. Specifically the monetary 

agent who does not face the same constraints as the other subjects can alter the prevailing 

market prices introducing more complexity into the decision processes of type A and B 

agents. Therefore, to establish how these two changes account for differences between 

the fiat money and active government treatments a treatment in which the money supply 

increases during the trading horizon but the monetary agent does not make market 

decisions is implemented. As in the fiat money treatment, all aspects of the monetary 

agent are beyond subjects control and no type G agents are present in the economy. 

III.5 Experimental Results 

There are several measures of the performance of an economy. The three most 

familiar are the price deviations from the equilibrium level, the number of contracts, and 
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the level of efficiency. FIGURE III.5.1, HGURE m.5.2, FIGURE ni.5.3, and FIGURE 

in.5.4 contain the daily average nominal contract price for sessions in which the total 

money supply is fixed (backed money long horizon, backed money short horizon, fiat 

money long horizon, and fiat money short horizon respectively) while FIGURE III.5.5, 

HGURE in.5.6, and FIGUEIE III.5.7 contain the same information for the sessions in 

which the money supply varied (exogenous growth of money, active government long 

horizon, and active government short horizon respectively). 

FIGURE in.5.1: Quantity Weighted Average Contract Prices 

by Session in Long Horizon Backed Money 
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FIGURE in.5.2: Quantity Weighted Average Contract Prices 

by Session in Short Horizon Backed Money 
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FIGURE in.5.3: Quantity Weighted Average Contract Prices 

by Session in Long Horizon Fiat Money 
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FIGURE in.5.4: Quantity Weighted Average Contract Prices 
by Session in Short Horizon Fiat Money 
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FIGURE III.5.5: Quantity Weighted Average Contract Prices 
by Session in Exogenous Growth of Money 
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FIGURE in.5.6: Quantity Weigiited Average Contract Prices 
by Session in Long Horizon Active Government 
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FIGURE in.5.7: Quantity Weighted Average Contract Prices 
by Session in Short Horizon Active Government 
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In the fiat money long horizon treatment the nominal prices remain level throughout the 

experiment, FIGURE III.5.3. The result is identical to both durations of backed regimes, 

which also maintain constant prices throughout the experiment, FIGURES in.5.1 and 

III.5.2. When the monetary horizon is short, nominal prices do begin to increase, but 

only after participants experience the termination of multiple fiat regimes, FIGURE 

III.5.4. In contrast, when an active government prints money to finance expenditures, 

nominal prices experience tremendous increases, sometimes in the range of 2,000% 

between trading periods, FIGURES 111.5.6 and III.5.7. This nominal behavior is 

comparable to historical field data reported above. 
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The prices observed in die experiment are consistent with coordination 

equilibrium model. In fact, when subjects have not experienced the end of multiple fiat 

regimes, the uniform price coordination equilibrium model accounts for the observed 

behavior. FIGURE III.5.8 and FIGURE 111.5.9 compare the observed prices with the 

region of potential coordination equilibrium prices for the uniform price coordination 

model in the long and short horizons respectively. This region is defined by equation (a), 

(b), and (c) in section 11.3. 
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FIGURE ni.5.9: Weekly Average Prices 
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typically close to one, which would result from coordination on co. The data clearly 

demonstrate that in terms of the price level, fiat money is as stable as backed money 

when there is a long horizon and no government spending. The existence of an active 

government that can print money leads to a rapid inflation and an inability to achieve a 
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unbacked. TABLE 111.5.1 shows the total number of trades each day, averaged across 

sessions within the same treatment. 

TABLE in.5.1: Average Number of Contracts 
Comparison by Treatment Averaged by Session 

Day Backed 
Money 
Long 

Horizon 

Backed 
Money 
Short 

Horizon 

Fiat 
Money 
Long 

Horizon 

Exogenous 
Money 
Growth 

Fiat 
Money 
Short 

Horizon 

Long 
Horizon 
Active 

Government 

Short 
Horizon 
Active 

Government 

I 22 29 21 19 24 24 21 
2 25 31 23 23 27 25 22 
3 25 30 25 24 26 26 22 
4 24 33 25 24 26 25 22 
5 24 32 21 20 20 25 20 
6 24 30 20 23 18 27 20 
7 26 29 18 24 19 28 22 
8 26 31 19 20 15 25 17 
9 25 29 23 17 18 28 20 
10 27 30 22 13 15 24 14 
11 27 29 26 15 18 21 11 
12 26 30 22 15 16 14 3 
13 29 30 27 17 18 22 
14 29 29 24 17 14 15 
15 30 29 26 19 16 5 
16 29 30 23 16 9 2 
17 29 27 22 
18 28 29 15 
19 28 28 21 
20 28 28 12 

The first four market days of each session employed backed money at a rate ^ =1. 

Recall that thirty units is the equilibrium quantity under backed money and in the 

symmetric coordination model. Again, a pattern is discemable where fiat money serves 

as medium of exchange allowing agents to coordinate and complete the same desired real 

transactions as in the backed money regimes. This ability is hampered by a short horizon 

potentially due to the repeated experience with the end of fiat money regimes. In the fiat 
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money environment, some participant is made strictly better off by selling fewer items in 

the last day, hence the coordination equilibrium is not a Nash equilibrium, however, the 

economy does not appear to fiilly unravel with experience. The presence of a 

government causes a sudden and dramatic collapse in the number of contracts 

independent of the duration of the monetary regime. 

While real world data allow a measure of nominal prices and the volume of trade, 

the laboratory has the advantage of also revealing the efficiency of the economy. As 

efficiency measures the achieved gains from trade, this measure of performance can be 

argued to be the most important of the three. The maximal attainable surplus in die 

economy can be calculated as twice the surplus of one of the symmetric markets. Each 

market's surplus is graphically represented in FIGURE III.1.1.2 as the area below the 

demand curve and above the supply curve. The achieved surplus in the economy can be 

calculated by adding the value net of cost for each unit traded. Equivalently, the 

achieved surplus is simply the summation of profits across all agents. In the event of 

backed money, trades at nominal prices different from the theoretical prediction represent 

a transfer of surplus between to agents. FIGURE III.5.10, FIGURE III.5.11, FIGURE 

in.5.12, FIGURE III.5.13, FIGURE III.5.14, HGURE III.5.I5, and FIGURE III.5.16 

show the percentage of achieved surplus by day in the economy for the backed money 

long horizon, backed money short horizon, fiat money long horizon, fiat money short 

horizon, exogenous growth, active government long horizon, and active government 

short horizon sessions respectively. 
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FIGURE in.5.10: Daily Market Efficiency 
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FIGURE in.5.II: Daily Market Efficiency 
by Session in Short Horizon Backed Money 
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FIGURE in.5.12: Dafly Market Efficiency 
by Session in Long Horizon Fiat Money 
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FIGURE III.5.16: Daily Market Efficiency 
by Session in Short Horizon Active Government 
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The same pattern of performance is again present. Both backed money regimes 

and the fiat money long horizon regime attain high levels of efficiency, over 90% and 

80% respectively, throughout the experiment, FIGURES III.5.I0, III.5.11, and III.5.I2. 

Again, a fiat money short horizon regime destabilizes the economy slightly, with 

efficiency around 65%, FIGURE III.5.I3. This reduction is minor when compared to 

efficiency in the presence of an active government, which is exclusively within 15 

percentage points of 0% after the first few trading days involving fiat money, FIGURES 

IU.5.15andIII.5.I6. 
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Efficiency analysis of the treatments without endogenous money growth is 

straightforward. However, the market conditions employed in this experiment are 

admittedly such that any trade by the government involves efficiency reductions. It is 

this fact that allows observed efficiency to be negative overall. Further, the level of 

government values somewhat arbitrarily determines the absolute size of the loss. 

Therefore, a more appropriate measure of the economy's performance is that of private 

efficiency. This rate is calculated as the percentage of potential surplus available, once 

the units purchased by the government are removed firom the market, that individuals in 

the economy actually achieve. Formally, the adjusted potential surplus is calculated by 

first removing from the supply curve the steps associated with units traded with type G 

agents. Then this adjusted supply curve is compared to private demand. This adjusted 

achieved surplus is calculated as the value net of cost for each unit traded between type A 

and B agents. Private efficiency is bound between zero and one and is directly 

comparable to the efficiency calculations for the other treatments, which also denote 

private efficiency. FIGURE III.5.17 graphs the adjusted efficiency for the endogenous 

money growth sessions in the long horizon. FIGURE III.5.18 reports the same 

information for the short horizon sessions with this level of government activity. As is 

evident from these figures, even after adjusting for this crowding out by the government, 

the previous comparisons still hold. 



64 

CO 

is 

0) c 
"5 "g 

° E 
.2 N 

O DC 
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FIGURE III.5.18: Daily Adjusted Private Efficiency 
by Session in Short Horizon Active Government 
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The impact government spending has on the economy is quite clear; prices 

escalate while trade volume and efficiency plummet. However, the results presented thus 

far do not identify the cause of this hyperinflation. There are two effects that an active 

government has on the economy. One is the increase of the money supply caused by the 

use of the printing press. The second effect is the government's free riding on the price 

discovery process for the real underlying economy. To distinguish between these two 

plausible causes of hyperinflation another series of experiments was conducted in which 

the money supply grew during the week. Instead of money being introduced via 

government expenditures, each agent's money holdings were increased daily by a 
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multiplier consistent with the observed rate of increase in the money supply in the active 

government treatment. The exogenous growth treatment was introduced in the long 

horizon only, since this duration provided the greatest separation between the presence 

and absence of an active government. Therefore, the rate of growth in the money supply 

equaled the average realized rate in the two active government long horizon sessions that 

preceded the first exogenous growth session, see TABLE III.1.2.1. 

The experimental results indicate that money growth is not the cause of the 

collapse in trade volume or efficiency. However, the increase in the money supply does 

generate an inflationary episode with respect to nominal prices. TABLE [n.5.2 presents 

the average daily contract price, trade volume, and market efficiency for the long 

duration backed money, fiat money, exogenous money growth and active government 

sessions. 
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TABLE in.5.2: Comparison of Long Horizon Regimes 
Average Price and Market Efficiency Across Sessions 

Day 

Backed 
Money 

Fiat 
Money 

Exogenous 
Money 
Growth 

.Active 
Government 

Day 
Avg. 

Nominal 
Price 

Market 
Eff 

Avg. 
Nominal 

Price 

Market 
Eff. 

Avg. 
Nominal 

Price 

Market 
Eff 

Avg. 
Nominal 

Price 

Market 
Eff 

1 150 90% 152 79% 148 84% 148 87% 
2 148 95% 140 92% \ 147 91% 146 93% 
3 149 96% 146 90% 149 89% 149 89% 
4 152 95% 143 92% 146 86% 149 93% 
5 151 91% 171 79% 153 77% 160 30% 
6 1 149 94% 146 67% 155 83% 182 26% 
7 148 97% 166 71% 159 75% 250 13% 
8 149 97% 168 75% 162 70% 334 7% 
9 135 96% 167 84% 202 66% 725 2% 
10 j 149 99% 171 80% 242 51% 2659 12% 
11 1 150 98% 170 87% 847 58% 5177 12% 
12 149 94% 200 83% j 2159 64% j 7985 0% 
13 148 99% 180 92% 308 68% 5759 3% 
14 150 99% 186 86% 602 62% 1 9043 3% 
15 150 82% 240 92% 1157 64% 9999 9% 
16 150 100% 280 79% 2712 61% 9999 4% 
17 148 98% 
18 1 149 98% 
19 150 99% 1 
20 150 99% 1 

The first four market days of each session employed backed money at a rate A = I. 

From this table it is evident that the collapse in efficiency and volume are not the result of 

a nominal phenomenon, rather underlying activity drives the results. 

In order to maintain the economy, individuals must use fiat money to conduct 

trades in the one real market in this economy, units of good A for units of good B. 

Completing real trades introduces a second layer of complication in the economy; not 

only do individuals have to determine nominal prices for both goods, but also the correct 

relative prices of the goods. This additional level of complication causes intra-period 

nominal price variance that is larger than standard double auctions auction experiments. 
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even when money is backed. The nominal prices of the double auction institution can be 

converted into real bids and asks to explore the real price discover process. The nominal 

bid in market A represents a willingness to spend money for good A, while the nominal 

ask in market B represents a willingness to sell good B for money. Therefore, the ratio of 

the ask in market B to the bid in market A represents the willingness to purchase good A 

with units of good B. Similarly, the determination of the asking price for good A in 

terms of good B is the ratio of the bid in market A to the ask in market B. 

The price discovery process is depicted in FIGURE 111.5.19, FIGURE III.5.20, 

FIGURE III.5.21, and FIGURE 111.5.22 for the four long horizon regimes; under backed 

money, during a fiat money session, when there is exogenous growth, and in the presence 

of an active government respectively. 
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FIGURE in.5.20: Real Bids and Asks 
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As evidenced by these figures, when money is backed participants are actively seeking 

out the real price. Recall that the equilibrium relative price is one when money is backed. 

In the absence of an active government, when subjects have experience trading in fiat 

money, the price discovery process is similar to the simpler backed money situation. 

This result is true for both the fiat money and exogenous growth. Recall that when 

money is unbacked, the coordination equilibrium price is not required to be one, rather 

any nonnegative nominal price ratio subject to liquidity constraints can support such an 

equilibrium. The double auction itself serves as a mechanism for the coordination of 

prices and hence identifies supporting a and p parameters. However, when the 

government is active the process breaks down, as nominal prices no longer convey 

information about relative prices and coordination, since one type of agent cannot 

complete real trades. Once the government is active in the price discovery process, the 

institution no longer is able to serve as a coordination mechanism. The real bids and asks 
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presented in FIGURES IIL5.19-III.5.22 demonstrate this point. This free-riding on price 

discovery by the active government is what results in a virtual autarky. 

When there is no active government, type A and B agents can use the double 

auction to serve as a commitment to engage in trade. Also, since nobody in this 

environment can short money, no participant can free ride on the price system. Therefore 

each bid or ask conveys information about the real prices of the goods and the 

coordination equilibrium. An active government is sufficient to destroy trade in this 

environment, as the government cannot commit to sell and instead can only crowd out the 

private economy. The result is the lack of ability to coordinate among the agents. This 

conclusion is consistent with previous results reported by Kurzban et al. (2000) that show 

voluntary contribution mechanisms can support the cooperative outcome when 

individuals can observe the smallest contribution of a group member and are committed 

to their current level of contribution. 

in .6 Quantitative Support 

To support the claim that fiat money is stable and that active government behavior 

financed by an increase in the money supply causes the real economy to collapse the 

following analysis is offered. 

III.6.1 Non-Parametric Analysis 

A priori there is no theoretically motivated reason to believe that fiat money will 

allow the economy to achieve higher efficiency than a backed medium of exchange. 
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Therefore the question of interest is the relative efficiency position of the exogenous, 

endogenous, and no money growth treatments. To test that the level of efficiency 

associated with fiat money exceeds the endogenous money growth adjusted efficiency 

level while still remaining below the backed money baseline, a Spearman rank test is 

calculated based on the hypothesized ranking of the sessions and the observed average 

daily efficiency across sessions within the treatment.^ TABLE 111.6.1.1 shows the 

average private efficiency as well as the hypothesized ranking for each treatment. 

TABLE III.6.L1: Average Private Efficiency by Treatment 

Treatment Average Private 
Efficiency 

Hypothesized 
Rank 

Backed Money Long Horizon .963125 1.5 
Backed Money Short Horizon .962917 1.5 
Fiat Money Long Horizon .822969 4 
Exogenous Money Growth .665648 4 
Fiat Money Short Horizon .651417 4 
Active Government Long Horizon .504707 6.5 
Active Government Short Horizon .461069 6.5 
Private efficiency is determined by the value of trades between Type A and Type B 
agents achieved as a proportion of the gains possible once the units purchased by Type 
G agents are removed from the economy. 

The Spearman rank test statistic is .945 which has a p-value < .005, hence the null 

hypothesis that the theoretical ranks are as in TABLE IIL6.1.1 cannot be rejected. 

Further evidence for the claim that the three treatments with fiat money and no 

endogenous money growth support more economic activity than active government 

regimes is given by the following. Again, treating the average daily private efficiency for 

each treatment as the level of observation the Wilcoxian rank Sum test, the Wald-

Wolfowitz test and the Kolomgorov-Smimoff test all reject at the 10% confidence level' 
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the null hypothesis that there is no distributional difference in the level of private 

efficiency between the active government treatments and the remaining five treatments. 

Similarly if the backed money treatments are isolated for comparison with the monetary 

regimes that employ fiat money, the three tests again reject the null that the treatment 

categories result from the same population. This provides evidence that while backed 

money leads to the highest levels of efficiency, fiat money in the absence of an active 

government generates more efficiency than when an active government is present. 

A second question of interest is the effect of the duration of the monetary regime. 

Comparing average daily efficiency across horizon treatments, the following pattern 

arises. The short horizon results in a lower average efficiency for each of the three 

government roles in which both horizons were studied (see TABLE III.6.1.1). Also, the 

long horizon with exogenous growth has a higher average efficiency than the short 

horizon with fiat money and no growth. Due to this dispersion, each of the three 

nonparametric tests (WRS,WW,KS) fail to reject the null hypothesis that the two 

distributions are generated by the same population. The p-value for each of these tests is 

above .20. 

Due to the small number of observations comparisons could never be rejected at 

standard levels if these data were compared across government roles for a particular 

horizon or vice versa. To address this question the analysis turns to parametric 

techniques. 



74 

III.6.2 Parametric Analysis 

The time series associated with each treatment is independently modeled as 

nt = a + prit-i + 5St+ £[ where ITt denotes the efficiency at time t, St is a dummy variable 

indicating the first trading day of a new monetary horizon^, and et is assumed to be a 

random variable iid N(0,cr). Multiple sessions conducted under a specific treatment are 

all assumed to evolve according to the same process and are pooled for estimating 

parameter values. Each treatment is allowed to evolve differently and to have a different 

variance term, cr. TABLE 111.6.2.1 reports the estimation of the model parameters for 

each of the seven models, one for each treatment pooled across sessions in that treatment. 

TABLE III.6.2.I: Parametric Time Series Models by Treatment 

Estimated Model: nt=a +3ni.i+5St+et 
n, denotes private efficiency at time t and St is a dummy indicating a re.gime's initial period 

Treatment 

Backed 
Money 
Long 

Horizon 

Backed 
Money 
Short 

Horizon 

Fiat 
Money 
Long 

Horizon 

Exogenous 
Money 
Growth 

Fiat 
Money 
Short 

Horizon 

Active 
Government 

Long 
Horizon 

Active 
Government 

Short 
Horizon 

a 1.1067* 
[0.001] 

0.7422* 
[0.013] 

0.4884* 
[0.001] 

0.2307* 
[0.014] 

0.2700* 
[0.005] 

0.0928 
[0.310] 

0.0781 
[0.416] 

P 
-0.1488 
[0.601] 

0.2410 
[0.391] 

0.3871* 
[0.023] 

0.6288* 
[0.000] 

0.4636* 
[0.001] 

0.6912* 
[0.000] 

0.6502* 
[0.000] 

5 -0.0032 
[0.918] 

-0.0224 
[0.184] 

0.0264 
[0.571] 

0.0189 
[0.708] 

0.1331* 
[0.000] 

0.1471 
[0.101] 

0.0689 
[0.278] 

Number Of 
Observations 

16 16 34 36 40 34 24 

a/(l-3) 
Estimated 
Point of 

Convergence 

0.9633 0.9779 0.7968 0.6215 0.5034 0.3007 0.2232 

p-value for 
MBG Test 

[0.761] [0.898] [0.380] [0.357] [0.905] [0.416] [0.390] 

Except for the number of observations, numbers not in brackets indicate point estimates, while 
numbers in brackets are the p-values associated with a test of the null hypothesis. In the case of the 
parameter estimates for a, P. and 5 the null hypothesis is that the parameter is zero versus the two-
sided alternative. * indicates a rejection of the null at the 5% significance level. MBG stands for 
Modified Breusch Godfrey test which has the null hypothesis. Ho: no autocorrelation in residuals. 
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The point estimate of the convergence of each series is calculated as cc/(l-P).^ The 

relative positions of these steady state values for each series are similar to the rankings of 

the average daily efficiencies reported above, hence all of the above analysis conducted 

on average efficiency would lead to the same conclusions if conducted with these point 

estimates instead. Also reported in TABLE in.6.2.1 are the p-values associated the 

modified Breusch Godfrey test'° which asks if the coefficient on et.i is different from 

zero in a linear regression of Ct on Flu, St, en. and a constant term, where et is the time t 

residual from the estimated model. Therefore, based on this test, the hypothesis that there 

is no autocorrelation in the residuals cannot be rejected for each of the treatments.^' 

To determine the convergence properties of each treatment, three hypothesis tests 

were conducted. One hypothesis tested is that the sequence converges to zero. This is 

equivalent to an a of 0 in the model. Based on the p-values associated with a reported in 

TABLE in.6.2.1, only in the two active government sessions can the null hypothesis that 

a=0 not be rejected at the 5% significance level. A second hypothesis tested is that the 

series is a constant term plus white noise. Assuming the sequence is a constant term the 

maximum likelihood of estimate of that constant term is the average observed efficiency 

under the treatment, which is reported in TABLE in.6.1.I. Likelihood ratio tests 

comparing the sum of squared residuals with and without the restriction imply that at the 

5% significance level the null hypothesis of a constant series cannot be rejected for either 

of the two backed treatments but for the remaining five treatments the null hypothesis can 

be rejected. The test statistics and associated p-values are reported in TABLE in.6.2.2. 
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TABLE in.6.2.2: Hypothesis Tests of Convergence Properties 

Treatment Backed 
Money 
Long 

Horizon 

Backed 
Money 
Short 

Horizon 

Fiat 
Money 
Long 

Horizon 

Exogenous 
Money 
Growth 

Fiat 
Money 
Short 

Horizon 

Active 
Government 

Long 
Horizon 

Active 
Government 

Short 
Horizon 

Series Converses to Full Efficiency: a/( 1-3 ) =1 Restricted Model : n,-i= 3(n..,-1 )+5Sr+£i 
Unrestricted 
Estimate of 

a/(l-3) 
0.9633 0.9779 0.7968 0.6215 0.5034 0.3007 0.2232 

Sum of 
Squares 

Unrestricted 
Model 

0.029 0.012 0.306 0.396 0.430 1.242 0.470 

Sum of 
Squares 

Restricted 
Model 

0.043 0.013 0.419 0.504 0.866 1.642 0.700 

Likelihood 
Ratio Test 
Statistic 

6.066 1.212 10.719* 8.740* 27.992* 10.056* 9.560* 

P-value 0.014 0.271 0.001 0.003 0.000 0.002 0.002 
Series is Constant: 3 = 0 and 5 = 0 Restricted Model: n[=a +e, 

Unrestricted 
Estimate of 

a 
0.9631 0.9629 0.8092 0.6656 0.6514 0.5373 0.4796 

Sum of 
Squares 

Unrestricted 
Model 

0.029 0.012 0.306 0.396 0.430 1.242 0.470 

Sum of 
Squares 

Restricted 
Model 

0.030 0.014 0.380 0.705 0.713 2.36 0.930 

Likelihood 
Ratio Test 
Statistic 

0.369 2.529 7.036* 43.278* 20.214* 23.119* 16.302* 

P-%'aIue 0.832 0.282 0.030 0.000 0.000 0.000 0.000 
In testing that the series converges to one the test statistic has a x" distribution with 1 degree of 
freedom. In test that the series is constant the test statistic is distributed X'with 2 degrees of freedom. 
* indicates a rejection of the null at the 1% significance level. 

The third hypothesis tested is that private efficiency converges to 1 or 

equivalently that 0(/(l-(3) = I. This point of convergence is well defined as the Modified 

Breusch Pagan test demonstrates that P 9^: 1. To conduct this test a shortened regression 
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was conducted in which the restriction was imposed. Using a likelihood ratio test, the 

hypothesis of convergence to 100% efficiency cannot be rejected at the 1% significance 

level for either backed money treatment. For the remaining treatments the hypothesis can 

be rejected for ail standard significance levels. These results are also reported in TABLE 

in.6.2.2. 

This analysis demonstrates that fiat money in a long horizon regime with no 

growth in the money supply and both long and short horizons with backed money provide 

stable mediums of exchange in an economy converging to a high level of efficiency, 

= 80%, = 96%, and = 100% respectively. No growth short horizon fiat money regimes 

and long horizon exogenous growth regimes can sustain economies allowing efficiency 

to converge to more than 50% of the potential surplus. In contrast, economies with an 

active government collapse, converging to zero efficiency. 

The above parametric analysis examines the time path of private efficiency within 

a given treatment.^" To compare the relative impact of various treatments, more complex 

parametric models are required. Two models that are appropriate for addressing this 

topic are the linear mixed effects model and the Tobit model. 

The linear mixed effects model is a combination of fixed and random effects. 

This model treats the difference between two treatments as being a fixed level. Each 

session is also considered to include an effect, specific only to that session, randomly 

drawn from an underlying distribution of session effects. The following functional form 

of a linear mixed effects model was estimated: 
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Eff - J = a + 5j. + Pji;(Longj) + p,^(Govp + P3C(Gov f] Longj) + p^i;(Growthj ) + 

p5^(lnitialj.,) + Pg^CInitial fl Gov.,) + p7i;(lnitial H Long ) + 

Ps^(Initial H Gov fl Long^ ^) + p,^(Initial fl Growth) + Sj ̂  

The error terms are assumed to have an AR(1) process within session. is the private 

efficiency in session j at time t. ^ denotes an indicator function that is one if the term in 

parentheses is true for the j,t observation. Long, Gov, and Growth refer to sessions with a 

long horizon, active government, and exogenous money growth respectively, while 

o denotes a session with both properties. Initial refers to period t being the trading day in 

which a new monetary regime is introduced. Note that the indicator function for (Growth 

r\ Long) was omitted as no sessions were conducted with both exogenous money growth 

and a short horizon. Table III.6.2.3 reports the values of the estimated model. 
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TABLE in.6.2.3: Mixed Effects Model Estimation 

Estimated Model: nj,t=a +Pi (Long) + P? (Gov) + P3 (Gov n Long) 
+ P4 (Growth) + Ps (Initial) + P6 (Initial 0 Gov) 
+ Pt (Initial n Long) + Ps (Initial n Gov 0 Long) 
+ Pg (Initial 0 Growth) + ej.t 

ej.t= pej,t+ Ut where Ut ~ iid N(0,cr) 

Parameter 
(Independent Variable) 

Coefficient 
Estimate 

Standard 
Error 

Degrees of 
Freedom 

t statistic p-value 

a (Constant) 0.6506 0.072 165 9.0412 0.0000 
Pi (Long) 0.1821 0.104 10 1.7464 0.1113 

Pz (Gov) -0.1284 0.111 10 -1.6011 0.2730 

P3 (Gov 0 Long) -0.1650 0.153 10 -1.0774 0.3066 
P4 (Growth) -0.1341 0.106 10 -1.2675 0.2337 

Ps (Initial) 0.0795 0.027 165 2.9451 0.0037 
Pe (Initial n Gov) -0.0564 0.044 165 -1.2794 0.2026 
P7 (Initial 0 Long) -0.0470 0.056 165 -0.8401 0.4021 

Ps (Initial n Gov 
n Long) 

0.1097 0.082 165 1.3349 0.1837 

P9 (Initial n Growth) -0.0475 0.069 165 -0.6845 0.4946 

Estimate of AR(1) Process in the Error Structure; ej.t=.73ej .t-l+Ut 

rij.t denotes the private efficiency in period t of session]. Long, Gov, and Growth denote 
treatments that have a long horizon, an active government, and exogenous money growth 
respectively. Initial denotes a period in trading day in which money was initialized, a 0 b is a 
dummy variable that is one if a=l and b=l. Reported p-values are associated with testing that 
the coefficient is zero against the two-sided alternative. 

The estimation of the mixed effects model shows that across treatments there is a 

positive boost in efficiency in the first trading day in which money is reinitialized. 

However, this boost does not depend on the specific monetary regime that is in place as is 

evidenced by the high p-values associated with Pe, P?, Ps, and Pg. This finding indicates a 

robust willingness of individuals to attempt trade. Of marginal significance are the 

duration of the economy (p-value of 0.1113 in a two-tailed test), the presence of an active 
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government (p-value of 0.1365 in a one-tailed test), and the exogenous money growth (p-

value of 0.1169 in a one-tailed test). Further, the interaction of an active government and 

a long horizon lowers efficiency at a marginally significant level (p-value of 0.1533 in a 

one-tailed test). Taken together these results lead to the same conclusions as the 

treatment specific analysis presented above. Specifically, the Fiat Money Long Horizon 

treatment achieves the highest level of efficiency of any non-backed money regime. 

Short Horizon Fiat Money and Exogenous Money Growth economies attain similar levels 

of efficiency at a level greater than that reached when an active government is present. 

Private efficiency is necessarily bounded between one and zero. The mixed 

effects model does not incorporate this censoring, and hence may bias the estimation of 

series that approach either boundary. As demonstrated in the treatment specific analysis, 

the hypothesis of convergence to zero cannot be rejected for either active government 

treatment, potentially making the mixed effects estimation understate the negative impact 

of an active government. To explore tliis possibility a Tobit model, which can account 

for two-sided censoring, was estimated. The independent variables again include 

dummies for the treatments and monetary initialization as well as the appropriate 

interaction terms. The set of independent variables was extended to included lagged 

efficiency and the interaction of lagged efficiency and the treatment variables. Table 

III.6.2.4 contains the econometric results. 
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TABLE in.6.2.4: Tobit Model Estimation 

Estimated Model: n*j,[ = a +Pi (Long) + Pi (Gov) + ^3 (Gov n Long) + 34 (Growth) 
+ Ps (Initial) + Ps (Initial n Gov) + P7 (Initial 0 Long) 
+ Ps (Initial r\ Gov Long) + Pg (Initial r\ Growth) 
+ Pio (LagEff) + Pii ( LagEff x Long) 
+ P12 ( LagEff X Gov) + P13 ( LagEff x (Gov n Long)) 
+ Pi4 ( LagEff x Growth) + Sj.t 

ni.= • 

' o i f n i < o  

n'jj otherwise 
- iid N(0,cr) 

Parameter 
(Independent Variable) 

Coefficient 
Estimate 

Standard 
Error 

Test 
Statistic 

p-value 

a (Constant) 0.2700 0.110 2.447 0.0144 

31 (Long) 0.2184 0.207 1.056 0.2910 

32 (Gov) -0.1919 0.138 -1.390 0.1647 

33 (Gov n Long) -0.2370 0.232 -1.022 0.3068 

34 (Growth) -0.2577 0.205 -1.255 0.2094 

35 (Initial) 0.1331 0.043 3.130 0.0017 

36 (Initial n Gov) -0.6418 0.069 -0.928 0.3535 

3? (Initial n Long) -0.1067 0.075 -1.431 0.1523 

p8 (Initial Pi Gov 
o Long) 

0.1893 0.110 1.724 0.0848 

39 (Initial o Growth) -0.0075 0.086 -0.087 0.9306 

3io(LagEff) 0.4636 0.151 3.078 0.0021 

3ii(LagEff xLong) 0.1865 0.204 0.912 0.3616 

3i2( LagEff X Gov) -0.0766 0.262 -0.292 0.7706 

3i3(LagEffx(Gov 
n Long)) 

0.1614 0.312 0.516 0.6056 

3i4( LagEff X Growth) 0.2418 0.265 0.911 0.3624 

Coefficient (p-value) of Lagged Residual for Modified Breusch 
Godfrey Test. Ho: No autocorrelation in the residuals: 

-0.1950 
(0.1395) 

rij.! denotes the observed private efficiency in period t of session j, while ITj., denotes the underlying 
process generating private efficiency. Long, Gov, and Growth denote treatments that have a long 
horizon, an active government, and exogenous money growth respectively. Initial denotes a period in 
trading day in which money was initialized. LagEff is the private efficiency of the previous market 
day. a n b is a dummy variable that is one if a=I and b=l. ax b is the element by element product of 
a and b. Reported p-values are associated with testing that the coefficient is zero against the two-
sided alternative. TTie upper and lower censoring limits were one and zero respectively. 
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The results of the estimation again lead to the previously drawn conclusions. 

Monetary initialization generates a surge in private efficiency. With at least marginal 

significance, the longer the horizon the greater the level of private efficiency, the 

presence of an active government reduces private efficiency. Long Horizon Fiat Money 

attains the highest level of efficiency. Exogenous Money Growth and Short Horizon Fiat 

Money are associated with similar levels of efficiency, and the active government 

treatments produce the lowest levels of efficiency. 

Lagged efficiency is a highly significant component of current period efficiency. 

Therefore, conclusions based on the Tobit model are only valid if there is no 

autocorrelation in the residuals. Due to the inclusion of the lagged dependent variable as 

an independent variable, the Modified Breusch Godfrey test was again conducted. The 

results of this test indicate that the residuals associated with the Tobit estimation do not 

have autocorrelation, see TABLE in.6.2.4. 

Anecdotal evidence also exists that supports the claim that an active government 

leads to extremely low private efficiency. The smaller number of trading days within 

these active government sessions was endogenously determined. All experimental 

sessions were designed to last twenty trading periods. Some sessions were forced to end 

before all periods occurred due to time constraints; however, in some of the active 

government sessions the shortened time was the result of subject upheaval. In one 

extreme case a subject caused a scene demanding to leave after repeated periods of little 

trade volume and hence low profits. This is consistent with the famous quote by John 

Maynard Keynes (1920) that "There is no subtler, no surer means of overturning the 
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existing basis of society than to debauch the currency." To avoid similar incidents in 

subsequent active government sessions, once the economy collapsed, various other 

regimes designed to restabilize the economy were implemented. These policies are 

considered in the next chapter. 
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EV. STABILIZATION PROCEDURES 

The apparent incompatibility of an active government and stable fiat money 

creates a problem for macroeconomics and functioning economies. The role of the 

government in a notional economy is admittedly far more complex than depicted in this 

research. However, the underlying principles in this study are present in real world 

economies. Hence the ability to stabilize trade in the presence of an active monetary 

authority is a key concern of economics. Bomberger and Makinen (1983) discuss the 

stabilization of the Hungarian economy in 1946. Components of this program included 

introducing a new currency, reforming the tax system, and requiring the government to 

deposit gold in order to borrow money from the central bank. Three stabilization policies 

were addressed directly in this study; issuance of new monies, implementation of an 

inside money, and the enforcement of a balanced government budget. 

IV. I New Monies 

Several countries have implemented new fiat currency in trying to stem 

hyperinflation. For example, the German government issued new marks in exchange for 

old marks in an attempt to stabilize the economy after WWI. On the November 20, 1923 

the new Rentenmark was exchanged at a rate of 1 trillion to 1 for the old Reichsmark 

(Chown 1994). The failure of such a measure to stabilize trade is not surprising in light 

of this experimental research showing that fiat money is not the direct cause of 

instability, but rather a conduit. In terms of this experiment, each new week was a new 

monetary regime. Therefore, repeatedly new fiat currencies were issued to replace 
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existing currencies in the experiments. The experimental results, as evident from 

FIGUEIE III.5.6, FIGURE m.5.7, FIGURE in.5.15, FIGURE in.5.16, FIGURE ni.5.17, 

FIGURE III.5.18, clearly indicate that simply issuing a new fiat currency will not 

stabilize the economy. Intuitively, a new currency is not sufficient to stop hyperinflation 

without an accompanying change in monetary policy. This reasoning is consistent with a 

rational expectations approach; if nothing real has changed, people will not adjust their 

expectations about the future or their behavior. 

A second method of introducing a new currency is to revert to backed or 

intrinsically valuable money. In Experiment 7 the monetary regime reverted to a backed 

money for one two day week. The result was a jump from —5% efficiency in the last fiat 

regime to 88% under the backed regime. RGURE IV. 1.1 shows this extended time 

series of daily market efficiency. 



86 

1.00 

0.80 

3 >s 
& ̂  0.60 
CO 

"to ^ 

FIGURE rV. 1.1: Efficiency for Restabilization 
via Backed Money by Session 

o 2 0.40 
o .c 
S O <D 
tr .N 
g « 0.20 Q. 
O CD 
t; cr 

Q_ 

0.00 

-0.20 

Return 
to 
Backed i 
Money 

Trading Periods 

This is not surprising since, as discussed above, backed money eliminates the risks 

associated with trade. Due to the strong reversion in this session, the high efficiency 

found in the initial phase of all sessions, and the attained levels of output in the baseline 

backed money sessions, more support of the stability of backed money is unnecessary. 

Backed money will stabilize economic activity. 

IV.2 Inside Money 

Inside money has value within an economic system in that it represents a claim on 

assets. Specifically, inside money was implemented in the experimental economy by the 
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use of a flat tax. When applicable. Type A and B agent had to pay taxes, x, at the end of 

the week in tickets. Failure to pay the x = 250 ticket tax resulted in the loss of 50% of the 

earnings from the week. Therefore, when a tax was levied on the economy, tickets 

became an inside money preventing the confiscation of real assets. In contrast to the 

backed money stabilization policy's success, inside money appears not to be a sufficient 

means of stabilization. The monetary regime immediately following the reversion to a 

backed money in session 7, FIGURE IV.i.i used an inside money. The economy 

immediately collapsed, achieving an efficiency of -6%. Similar results were observed in 

sessions 3, 4, and 17 in which the monetary regimes were of various durations. In these 

sessions inside money was introduced after the observed hyperinflation. The impact of 

the internally valuable money was negligible as is demonstrated in HGURE IV.2.1. 
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IV.3 Balanced Budget 

A balanced budget forces the government to only spend an amount of money 

equal to the present value of future tax collection, in effect restricting the monetary agent 

to behave in a semi-responsible manner. Sargent (1986) shows that in a rational 

expectations framework a balanced budget can sufficiently limit government actions to 

the point of making money stable. However, the previously discussed experimental 

results are not capable of providing insight into this question. Hence, another set of 
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experiments in which the government agent is constrained to not run deficits were 

conducted. 

IV.3.1 Experimental Design for Balanced Budget Treatment 

In order for the government to finance expenditures with tax revenue the 

government must first implement a tax policy. Two distinct methods of taxation are a flat 

or poll tax on individual private agents, previously discussed in the inside money section, 

or alternatively via a percentage tax based on either sales or income. While the latter 

maybe more common in practice, most economic theory is not concerned about the 

method by which taxes are collected, but rather the level of tax revenue (see for example 

Sargent 1986, 1987). Given the absence of insight provided by the literature with respect 

to tax collection, a flat tax was operationalized as this policy is more comparable to the 

preceding experiments and can be implemented in a straight forward manner. 

Type G agents must be endowed with the money before they are able to 

complete transactions. A flat tax policy has the advantage of being accurately 

forecastable, which is not possible with a percentage tax scheme. With a percentage tax 

there is uncertainty about the amount of tax revenue. As discussed above, even when 

money is backed there is variation in prices and profits across weeks. To ignore this 

uncertainty introduces more noise into the results confounding treatment comparisons. 

There are multiple ways to eliminate the uncertainty; however, each method introduces 

additional confounding factors. Under a percentage tax, type G agents could be 

permitted to spend up to the accumulated level of tax revenue generated in previous 
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trading days within a week, but such a system eliminates the government from the first 

trading day. Alternatively, tax collection could be a percentage of the previous week's 

activity. This leads to agents facing a dynamic problem across weeks, which was not 

present in the other sessions. Also, the question of when to start the tax collection arises 

with a percentage tax across weeks. Should taxes be collected in the last backed money 

week of the initial phase when the money and its value are still directly linked or in the 

second week of fiat money thus removing the government from the economy when fiat 

money is initially introduced? 

In the experimental economy a flat tax of x = 250 tickets is levied on each of the 

five type A and type B agents with a penalty parameter of a 50% reduction in the agent's 

week's profits for failure to comply with the tax payment. These parameters are identical 

to those used to study inside money in the previous section, which can now serve as a 

baseline for estimating the impact of the balanced budget requirement. Each of the two 

type G agents receives 1,250 tickets, half of the total tax revenue, IOt, at the beginning of 

the trading week. Unlike the active government sessions, type G agents in this treatment 

cannot spend more tickets than this initial endowment. Because, the government can 

spend money that will subsequently be collected in taxes, the effective money supply is 

no longer 4,000 tickets as in the fiat money sessions but rather 6,500 tickets. 

Due to liquidity concerns, attention is restricted to the short horizon in analyzing 

the effects of a balanced budget. As supply and demand conditions are again 

characterized by FIGURE III. 1.1.2, each government agent demands four units daily. In 

the short horizon, each type G agent collects enough tax revenue to satisfy demand 
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spending 150 tickets per unit throughout the week. Recall that 150 is the equilibrium 

price level in the initial backed money weeks, X = 1, and has also been demonstrated to 

be a focal point for setting nominal prices in the fiat money treatments. By contrast, to 

allow the government this same capability in the long horizon requires the government to 

collect more than twice the base money supply in the form of tax revenue. 

The experimental economy and protocol are as in the other treatments except for 

the limited amount of money available to type G agents. The set of prices that can 

support an uniform price coordination equilibrium are obtained by replacing co with co — x 

in FIGURE II.3.2. When the type G agents were introduced into the economy, an 

announcement was read aloud to make the existence of the balanced budget government 

common knowledge. A copy of this announcement is included in APPENDIX D. 

IV.3.2 Experimental Results for Balanced Budget Treatment 

The measures of economic performance of an economy; the number of trades, the 

average nominal price, and the level of efficiency, are reported in TABLE IV.3.2.1. 



92 

TABLE IV.3.2.1: Market Performance with Balanced Budget Treatment 
Average Number of Contracts, Average Nominal Price, and Average Market Efficiency Across 

Sessions 

Day 
Balanced Budget Inside Money 

Day 
Number of 
Contracts 

Nominal 
Price 

Market 
Efficiency 

Number of 
Contracts 

Nominal 
Price 

Market 
Efficiency 

I 22 148 84% 
2 24 143 91% 
3 23 148 88% 
4 1 24 147 92% 
5 24 164 34% 
6 24 164 28% 
7 23 188 22% 
8 18 246 23% 
9 24 268 41% 
10 16 358 44% 
11 20 395 39% 
12 15 582 46% 
13 1 19 518 33% 8 9999 5% 
14 17 752 56% 3 9999 10% 
15 19 627 62% 16 8721 6% 
16 ! 19 702 54% 12 9695 18% 
17 19 617 53% 19 7579 12% 
18 18 792 70% 8 9999 15% 

1 0 0% 
20 1 5 9999 2% 

* indicates no price information for tiiat trading period even though subjects did participate in the 
trading day. The first four market days of each session employed backed money at a rate A. =1. 

Also listed in this table are the same measures for the trading days employing inside 

money discussed in section IV.2. Graphically, FIGURE IV.3.2.1 and FIGURE IV.3.2.2 

give the average nominal price by session and the average adjusted private efficiency by 

session respectively. 



93 

FIGURE IV.3.2.1: Quantity Weighted Average Contract Prices 
by Session in Balanced Budget 
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FIGURE IV.3.2.2: Daily Adjusted Private Efficiency 
by Session in Balanced Budget 
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While the economies experience a sudden decline in performance associated with the 

initial implementation of fiat money as did every previously reported session involving 

fiat money, the path of adjusted efficiency does not continue to fall and approach zero as 

occurred in the active government sessions. The pattern of adjusted efficiency is similar 

to the outcome in the exogenous growth and short horizon fiat money sessions except that 

the balanced budget sequences dip lower before stabilizing. Yet, by the last trading 

periods, the adjusted efficiency and even the overall efficiency are in the same 

neighborhood as the exogenous growth and short horizon fiat money treatments. 

Econometric analysis also supports the conclusion that the implementation of a 

balanced budget does avoid the hyperinflation associated with an active government. 
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The results of estimating the time path of adjusted private efficiency are reported in 

TABLE IV.3.2.2. The hypothesis that efficiency converges to zero (one) can be rejected 

at the five percent significance level. While the sequence is not a constant term, p-value 

< .001, the point estimate of convergence is 55% of private surplus. This is similar to 

point convergence of 50% for the short horizon fiat money treatment and 62% for the 

exogenous money growth treatment. 

TABLE IV.3.2.2: Parametric Time Series Estimation for Balanced Budget Treatment 

Estimated Model: nt=a +3nt-i+5St+et 
n, denotes private efficiency at time t and S, is a dummy indicating a regime's initial period 

Parameter Coefficient 
Estimate 

Standard 
Error 

Test Statistic p-value 

a 0.2185 0.088 2.476 0.017* 

3 0.6026 0.116 5.189 0.000* 
5 0.0927 0.041 2.262 0.029* 

Estimated Point of Convergence: oc/(l-P) = 0.5498 

Number Of Observations = 42 

p-value for Modified Breusch Godfrey Test = 0.157 

Null Unrestricted Restricted Likelihood p-value 
Hypothesis Sum of 

Squares 
Sum of 
Squares 

Ratio Test 
Statistic 

Series 
Converges to 0.677 0.970 15.100 0.000* 
1 a/(l-3) = 1 

Series is 
Constant 0.677 1.190 23.757 0.000* 
3 = 5 = 0 

The alternative hypothesis is two sided in each test reported. The test conducted on each 
parameter estimate is for the null hypothesis of equality with zero. In testing that the series 
converges to one the test statistic has a x' distribution with 1 degree of freedom. In test that 
the series is constant the test statistic is distributed x" with 2 degrees of freedom. * indicates 
a rejection of the null at the 5% significance level. 

TABLE rv.3.2.3 contains the estimation of a mixed effects model conducted to 

compare the balanced budget treatment with the previously discussed experimental 



96 

sessions. The coefficient on balanced budget is = .2, which is significantly greater than 

zero in a one tailed test, as the p-value is .0451. Therefore, the thirteen percentage point 

loss from an active government is more than offset by the enactment of a balanced 

budget. That is the economies in the balanced budget sessions actually outperform the 

economies in the short horizon fiat money treatment. 

TABLE IV.3.2.3: Mixed Effects Model Estimation with Balanced Budget Treatment 

Estimated Model: nj-.t=a +Pi (Long) + P2 (Gov) + P3 (Gov 0 Long) + ^4 (Growth) + 
P5 (Initial) + Pe (Initial n Gov) + P? (Initial n Long) + 
Ps (Initial n Gov n Long) + P9 (Initial n Growth) + 
Pio (Balanced Budget) + Pu (Initial 0 Balanced Budget) 
+ £j.t 

ej,t= p£j^+ U( where Ut ~ iid N(0,cr) 
Parameter 

(Independent Variable) 
Coefficient 

Estimate 
Standard 

Error 
Degrees of 
Freedom 

t statistic p-value 

a (Constant) 0.6499 0.068 206 9.4561 0.0000 

31 (Long) 0.1821 0.099 12 1.8283 0.0925 

32 (Gov) -0.1280 0.106 12 -1.2089 0.2500 

Ps (Gov r\ Long) -0.1642 0.146 12 -1.1221 0.2838 

34 (Growth) -0.1340 0.101 12 -1.3259 0.2096 

Ps (Initial) 0.0795 0.027 206 2.9756 0.0033 

Pe (Initial n Gov) -0.0563 0.044 206 -1.2930 0.1974 

P7 (Initial n Long) -0.0470 0.055 206 -0.8490 0.3969 

p8 (Initial n Gov 
n Long) 

0.1099 0.081 206 1.3538 0.1773 

P9 (Initial n Growth) -0.0472 0.069 206 -0.6893 0.4914 

3io (Balanced Budget) 0.1938 0.105 12 1.8430 0.0902 

Pi I (Initial ni Balanced 
Budget) 

0.0290 0.043 206 0.6712 0.5028 

Estimate of AR(1) Process in the Error Structure; e ij.t=.72ei.t-i+u 

rij.t denotes the private efficiency in period t of session j. Long, Gov, and Growth denote treatments 
that have a long horizon, an active government, and exogenous money growth respectively. Initial 
denotes a period in trading day in which money was initialized, a b is a dummy variable that is one 
if a=l and b=l. Reported p-values are associated with testing that the coefficient is zero against the 
two-sided alternative. 
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None of the previously drawn conclusions from estimating a mixed model are changed 

by incorporating the balanced budget sessions into the analysis and in fact the 

significance of several of the findings marginally increases. 

The explanation as to why this restriction on the active government leads to such 

high performance in the economy lies with the nominal price behavior. The government 

is sufficiently liquid in this environment to completely satisfy its demand at the prices 

that prevail in the government's absence. The purchase of the eight units that the 

government values represents a 30% reduction in the potential private gains from trade 

relative to the situation in which there is no government. As the government participates 

in the markets and bids against private agents the nominal prices begin to increase. This 

is reflected in the high percentage growth in average nominal prices observed in the first 

five unbacked trading weeks in FIGURE IV.3.2.1. Facing price p with an amount of 

money cOg, the government can purchase at most int(C0g/p) where int(*) is the greatest 

integer function. As nominal prices increase there is a decrease in the number of units 

the government can purchase with a fixed amount of money. When nominal prices reach 

625 the government can only purchase a total of four goods which represents a private 

surplus reduction of 8% to a total private surplus of $13.80 for the trading day. At a 

nominal price of 792, the average price observed in the last trading day across the three 

balanced budget sessions, the reduction in private efficiency is only 4% reduction in 

private surplus due to the government. 
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Essentially, this is a situation in which the private agents are able to "crowd out" 

the government. The success of these economies is due to this endogenous elimination of 

the government. As discussed previously, when fiat money is circulating in the economy, 

the nominal prices are irrelevant, only the relative prices matter. Nominal prices are 

limited only by the level and distribution of the endowment of money. By virtue of being 

in this crowded position the monetar>' authority has the incentive to create money so that 

it can be active in the economy. Therefore, this stabilization technique is viable in the 

long term only if the government's voluntary self removal from the economy is credible. 

Anecdotal evidence about this incentive to create money exists from the non-

market behavior of the laboratory subjects. In the balanced budget sessions, the subjects 

in type G roles were not able to complete many transactions and hence earned a low 

monetary payoff and ultimately became visibly upset. In response to the exit survey 

question pertaining to trading at a nominal price of 200, see APPENDIX C page 2 

question 2, one student in the government role replied: "Yes, but no one did because they 

have no brains. We all could have made money, but now it was just a waste of time." 

Of course, these private agents actually made more money than their counterparts in the 

active government sessions. Another balanced budget government subject simply wrote 

"NO ETJN WHEN TIX WORTH ZERO!!!" (sic) across the top of their exit survey. 

A balanced budget session which was not included in the above analysis 

resulted in market efficiency levels above 80% in the last eleven trading days. In this 

session two subjects, one type A and one type B, withdrew from the markets in which 

they were buyers and instead were only active as sellers. Hence, as the government 
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began purchasing units it did not have to compete with active private buyers. As the 

government introduced money these subjects essentially removed it form circulation and 

as a result the nominal prices remained as stable as the nominal prices in the fiat money 

sessions. In essence, the two government agents and these two private agents acted 

together as a type A and a type B agent completing real trades. The result of this is that 

the two private subjects went bankrupt, losing more money than they had accumulated 

over the previous trading weeks of the experiment. 

Bankruptcy creates a methodological problem in experimental economics. Once 

a subject has a negative earnings in the experiment there is a loss of control over the 

subject's incentives as monetary losses cannot be extracted from the subject. This 

truncation of payoffs may lead subjects to make decisions that they would not otherwise 

undertake. For example, a subject may take on a risk trying to make a large gain in an 

attempt to receive a positive payoff since the downside of the risk is limited to zero. 

Alternatively, people may decide to costlessly incur additional payoff losses in order to 

provide other subjects with real payoff gains. Due to the loss of control and the fact that 

these two subjects answered questions on the exit survey in a way that indicated that they 

did not understand how their decisions translated into payoffs the results of this session 

were not considered a measure of the performance of a balanced budget economy. 

IV.4 Competing Currencies 

With the adoption of the European monetary union, competing currency is 

another method of stabilizing monetary systems that has recently received much 
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attention. There are two categories of competing monies; multiple distinct fiat currencies 

each circulated by different governments and multiple mediums of exchange 

simultaneously circulating within a country. The former description of competing 

currency is common in the real world and has received considerable attention in the study 

of international trade. In this case, if a government expects that trade will gravitate 

towards more stable currencies, then a government has the incentive to self impose 

behavioral restraint so as to ensure future credibility and trade potential in the economy. 

However, as Tullock (1975) points out, "... use of inflation for revenue automatically 

generates revenue opportunities for others." Internal competing currencies present a 

different set of issues. This type of competition is between more and less intrinsically 

valuable monies. Greshem's Law postulates that bad money will drive out good money. 

While related research typically focuses on the historic bimetallism debate^^, the 

implication is that individuals will tend to use fiat money over backed money when both 

are acceptable in transactions. Experimental evidence indicating the validity of 

Greshem's Law includes Camera, Noussair and Tucker (2000) who find that a pseudo-

fiat money does drive another medium of exchange out of circulation when the pseudo-

fiat money is rate-of-retum dominated. 

The market effects of currency selection in the presence of an active government 

or private monetary agents is a question that warrants future work. There is historical 

evidence that such systems of competing monies can create a stable trading environment. 

Selgin (2000) discusses the cause for the end of the "wildcat banking" period in the 

United States. Also, hyperinflations are one set of circumstances that can give rise to 
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competing monies. As the old money loses its store of value and acceptance in trade, 

individuals may revert to barter, commodity money, or alternative privately issued fiat 

money. 
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V. SUMMARY 

Fundamentally, economics is the study of how individuals engage in trade. 

Through exchange agents are able to reach mutually beneficial outcomes. Initially, these 

activities were limited to barter, a situation where each party is willing to give up a good 

in its possession in exchange for the other's good. A problem arises when the two agents 

lack a double coincidence of wants and instead need a larger number of participants to 

complete a sequence of trades in order for the individuals to increase utility. Money 

arose as a mechanism for solving this problem, by allowing trades to occur sequentially 

in decentralized markets. 

Numerous commodities, such as gold and silver, have served as money. While 

commodities can function as money by serving as a medium of exchange, a store of 

value, and a unit of account, a commodity's use as money prevents it from being used as 

a commodity thus reducing overall efficiency. Fiat money, money that has no intrinsic 

value, can reduce this inefficiency but only if it provides a stable medium of exchange 

defined as a money that 1) allows constant relative prices to be maintained and 2) enables 

a high percentage of the potential gains from trade to be realized. 

Fiat money is an enigma in traditional economic theory. Many models of the 

economy ignore the sequential nature of trade and the process by which nominal prices 

are formed. The general equilibrium approach categorizes outcomes as the solution to a 

series of simultaneous equations representing each agent's demand. The model assumes 

that economic activity is conducted as if every agent is centralized and trading 

simultaneously as though a single multi-good call auction coordinated all economic 



103 

activity. When economic models do incorporate money, such as in the overlapping 

generations model, the result is that fiat money unravels under a finite horizon. Since the 

money is worthless at the conclusion of trading there is no reason incur a real cost by 

exchanging a good for worthless money at that point in time. By backwards induction no 

agent will ever accept the money. 

In reality fiat money circulates in many economies including national economies, 

Internet markets, intemal business allocation systems, and "local currency" economies. 

However, as evidenced by historic hyperinfiationary episodes, fiat money can become 

unstable. Tnerefore, an understanding of the circumstances that lead to this instability is 

imperative if such hyperinflations are to be avoided. Historical studies of hyperinflations 

find three common factors, the use of fiat money, a high level of civil unrest, and the 

government's use of the printing press to finance the expenditure of goods and services. 

A series of twenty laboratory experiments were conducted to understand how the 

horizon, a proxy for the level of civil unrest, and the level of government activity impact 

an economic system. The findings of these experiments are summarized as follows. 

Backed Money Long Horizon: 

1) Nominal prices remain at the equilibrium level. 

2) The economy converges to full efficiency. 

Backed Money Short Horizon: 

1) Nominal prices remain at the equilibrium level. 

2) The economy converges to full efficiency. 
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Fiat Money Long Horizon: 

1) Relative prices remain at the equilibrium level. 

2) Nominal prices remain constant. 

3) The economy converges to 80% efficiency. 

4) After an initial drop in output the economy gradually recovers. 

Fiat Money Short Horizon: 

1) Relative prices remain at the equilibrium level. 

2) Nominal prices tend to increase with replication. 

3) The economy converges to 50% efficiency. 

4) After an initial drop in output activity remains constant. 

Active Government Long Horizon: 

1) Relative prices experience increased volatility. 

2) Nominal prices experience rapid growth. 

3) Private efficiency converges to 0%. 

4) Trade volume is often close to zero. 

Active Government Short Horizon: 

1) Relative prices experience increased volatility. 

2) Nominal prices experience rapid growth. 

3) Private efficiency converges to 0%. 

4) Trade volume is often close to zero. 
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Exogenous Money Growth: 

1) Relative prices remain at the equilibrium level. 

2) Nominal prices experience rapid growth. 

3) The economy converges to 62% efficiency. 

4) After an initial drop in output activity remains constant. 

The results of these experiments demonstrate that fiat money can provide a stable 

medium of exchange. However, when an agent has the ability to free ride on the system 

by printing money with which to make purchases, the economy experiences a 

hyperinflation. Further, this collapse is demonstrated to be the result of the corrosion of 

the real price discovery process and not simply the result of an increasing money supply. 

Observed behavior is consistent with the concept of a coordination equilibrium, which is 

also developed in this work. This equilibrium concept demonstrates that in a general 

equilibrium framework if each agent is willing to hold money then the agents can realize 

the gains from trade using a stable fiat money. 

The monetary body's actions lead to instability in the economy. Therefore, 

credible restraints have to implemented in the system in order to maintain an economy's 

vitality when the economic organizer, a nation's government, a business's management, 

or the host of a website, is potentially active. Two successful restraints are the use of 

backed or commodity money and the requirement of the monetary agent to operate with a 

balanced budget. While backed money leads to stability, this necessarily creates 
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efficiency losses as described above. A balanced budget requirement generates economic 

activity that can be summarized as follows. 

Balanced Budget: 

1) Nominal prices initially increase as the government bids against 

private buyers. As the government's budget begins to bind, nominal 

prices stabilize. 

2) Relative prices are volatile initially as the government crowds out 

private agents but regain the equilibrium level as private agents 

eventually crowd out the government. 

3) Private efficiency converges to 55%. 

4) After an initial drop in output private activity remains constant. 
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VI. CONCLUSION 

Individuals are able to coordinate and achieve a high percentage of the gains from 

trade using fiat money as a medium of exchange in finite horizon decentralized markets. 

Further, the price level, trade volume, and market efficiency are comparable to 

economies using commodity money. The coordination equilibrium model predicts this 

stable behavior. While repeated experience with the termination of a fiat money regime, 

such as in the short horizon, results in a lower level of efficiency, the economy remains 

active when compared to the no trade prediction of the standard general equilibrium 

model. 

An active government results in a hyperinflation, roughly similar to patterns of 

historic field data. This collapse in the real economy is not due to the increasing money 

supply but instead caused by the corruption of the price discovery process. This price 

discovery system serves as a coordination mechanism. An active government free rides 

on this process to the point where individuals are unable to complete real trades, one 

good for another. The result is a virtual autarky outcome, as would be predicted by the 

standard general equilibrium theory for a finite horizon fiat money regime. However, 

nominal price increases are due to the increased money available in the economy. 

Fiat money can be viewed as a form of a public good. All individuals have a 

dominant strategy to defect and not hold money. However, if each agent pursues this 

strategy the society as a whole is worse off then if all agents pursue the coordination 

equilibrium. What is observed in these experiments is that individuals are willing to 



108 

attempt cooperation. The ability of others to destroy the coordination determines the 

ultimate success of this cooperation. 

The implications of this research are that the monetary agent in a fiat money 

economy must credibly be able to impose self-restraint. Without such restraint, the 

monetary system will collapse, as individuals will no longer be able to conduct real trades 

via the market institutions involving money. One solution to this problem is the 

separation of the fiscal concerns from the monetary agents of an economy, thereby 

forcing the spending agent of the government to have access to a limited amount of 

money. This approach has been used often in the case of national economies. When 

such a solution can be credibly implemented, the private sector raises nominal prices, 

thus reducing the monetary agent's ability to participate in the economy. This crowding 

out by the private agents enables the economy to achieve levels of efficiency that are 

similar to that observed in the absence of an active government. However, this separation 

does not ultimately solve the conflict as the government is now inactive and has the 

incentive to create money. In this situation or in the case of shinplasters such as Internet 

monies where this policy may not be credible to market participants an alternative 

mechanism must be developed. Assuming agents prefer to trade using a stable medium 

of exchange, competition among monetary agents for market participants could induce 

die required self-restraint, thereby allowing the government to be active in an economy 

with a stable fiat money. 
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ENDNOTES 

1) Boeing listed a price of $192.5 million on their website, 
www.boeing.com/commerciaI/prices/index.html on April 7, 2000. At 14:30:22 Eastern 
Daylight Time on that same date, the ask price of gold was listed at $280.70 per troy 
ounce on www.kitco.com/goldlive.html. 

2) Alan Greenspan's speech to the National Automated Clearing House Association, Los 
Angeles, California, April 2000. 

3) It should be noted that the Kiyotaki and Wright (1989) model is typically described 
with an infinite horizon; however, an uncertain finite duration is sufficient to generate the 
results. Experimental work by Brown (1996) employed an uncertain termination. 

4) This design is an extension of preliminary work reported in McCabe (1987). 
However, the current work differs from this earlier work in several significant 
dimensions. The earlier work consisted of only one horizon and had no government 
agents. Also, this work has thicker trading markets and a larger number of trading 
periods in an experiment. Another, potentially significant difference is that the current 
study is computerized, thereby increasing consistency across sessions and controlling 
experimenter bias. 

5) A double auction institution was employed due to its demonstrated success in 
achieving equilibrium in other market situations. See Smith and Williams 1982, 
Ketcham, Smith and Williams (1984) and Williams, Smith, Ledyard, and Gjerstad. 

6) As every session began with backed money, only data from the experimental weeks in 
which the treatment were in effect are considered in this analysis. 

7) 90% is the highest confidence level that these tests can provide with this number of 
observations. 

8) Based on public goods experiments with voluntary contribution mechanisms that 
routinely find individual contributions increase when a new public good is introduced 
even though contributions decrease as the same public good is repeated, the first day of a 
new monetary regime may be expected to generate an efficiency boost. See Marwell and 
Ames (1985) and Isaac and Walker (1998). 

9) Due to lagged dependent variables in the set of regressors the estimates are biased, 
however, the technique does generate consistent estimates. 

10) The commonly employed Durbin-Watson test for autocorrelation has a potential bias 
towards finding no autocorrelation when lagged values of the dependent variable are 
included as an independent variable. See Greene (1997). 

http://www.kitco.com/goldlive.html
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11) Based on the graphical representation of the data there is no cause to believe that any 
of the sequences exhibits a unit root. 

12) Analysis could also have been conducted based on models that incorporated observed 
efficiency in the initial days through techniques such as smoothing splines. Since, there 
is no evidence that sessions differed by treatment in the periods prior to the treatment 
implementation this was considered unnecessary. 

13) This debate continues into the electronic economy of the Internet. E-gold.com 
currently hosts an on-line trading institution in which the electronic money can be backed 
by gold, silver, platinum or palladium. 
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APPENDIX A: MONEY GROWTH ANNOUNCEMENTS 

Active Government Announcement: 

There are two subjects who are buyers in both markets. These subjects have values for 

both good A and good B and do not sell either item. Further, these subjects can create 

and use any amount of tickets to purchase goods. 

Endogenous Money Growth Announcement: 

Between days within the same week, your ticket holdings may change. The number of 

tickets that you hold as well as the number held by everyone else may be multiplied by a 

number. This number will be the same for each person. The effect of this will be 

reflected in the "Ticket Holdings" section of your screen. 
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APPENDIX B: COMPEIEHENSION HANDOUTS 

Market Transactions Handout 

Examples of Transactions: 
This sheet presents some examples of transactions that could occur in this experiment. In each example, 
you buy or sell a unit and determine the profits you receive from the transaction. If at any point you have a 
question raise your hand and someone will come to you. Once you are finished reading, please work the 
examples on the ne.xt page 

Example I: You buy a unit of Good A for 200 Red Tickets. 
Suppose your Value for this item is 200. (remember that values are in cents) 

If the value of 1 Red Ticket in cents is 1, your profits are calculated as follows: 
200 cents - (200 red tickets* I cent / red ticket) = 200cents - 200 cents = 0 cents = SO profit 

If the value of 1 Red Ticket in cents is 2, your profits are calculated as follows: 
200 cents - (200 red tickets* 2 cent / red ticket) = 200cents - 400 cents = -200 cents = -S2 profit 

If the value of I Red Ticket in cents is .5, your profits are calculated as follows: 
200 cents — (200 red tickets* .5 cent / red ticket) = 200cents — 100 cents = 100 cents = S1 profit 

Example 2: You buy a unit of Good B for 444 Red Tickets. 
Suppose your Value for this item is 300. 

If the value of 1 Red Ticket in cents is I, your profits are calculated as follows: 
300 cents — (444 red tickets* I cent / red ticket) = 300cents — 444 cents = -144 cents = -S1.44 profit 

If the value of I Red Ticket in cents is .5, your profits are calculated as follows: 
300 cents - (444 red tickets* .5 cent / red ticket) = 300cents - 222 cents = 78 cents = S0.78 profit 

If the value of 1 Red Ticket in cents is .25, your profits are calculated as follows: 
300 cents - (444 red tickets* .25 cent / red ticket) = 300cents - 111 cents = 189 cents = S 1.89 profit 

Example 3: You sell a unit of Good A for 100 Red Tickets. 
Suppose your Cost for this item is 150. (remember that costs are in cents) 

If the value of 1 Red Ticket in cents is I, your profits are calculated as follows: 
(100 red tickets* I cent / red ticket) - 150 cents = lOOcents — 150 cents = -50 cents = -S0.50 profit 

If the value of L Red Ticket in cents is 2, your profits are calculated as follows: 
(100 red tickets* 2 cent / red ticket) — 150 cents = 200cents - 150 cents = 50 cents = SO.50 

If the value of I Red Ticket in cents is 3, your profits are calculated as follows: 
(100 red tickets* 3 cent / red ticket) - 150 cents = 300cents - 150 cents = 150 cents = S1.50 profit 
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In order to make sure that you understand how tickets work, please work through the following examples: 

1) The value of 1 Red Ticket in cents is 1. You Accept an Ask of 300 Red Tickets for Good A. Your 
value for the item is 175. What is your profit in cents? 

2) The value of 1 Red Ticket in cents is 2. You Accept a Bid of 200 Red Tickets for Good A. Your cost 
for the item is 250. What is your profit in cents? 

3) The value of 1 Red Ticket in cents is.5. You Accept an Ask of 300 Red Tickets for Good A. Your 
value for the item is 175. What is your profit in cents? 

4) The value of 1 Red Ticket in cents is 1. Someone Accepts your Bid of 300 Red Tickets for Good B. 
Your value for the item is 200. What is your profit in cents? 
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Screen Comprehension Handout 

Market A 

Red 
Tickats 

Ask Price 

[Accept 
I Bid 
Bid Pnca 

Create ; 
Ask ! 

Cost of A YourTrensacoons 
100 SQld31QR H 
200 soidHOR n 
300 S 

Market B 

Red 
TTckats 

Ask Price 

Accept 
Ask I 

Bid Price 

Creole { 
Bid I 

YooargaSuver 
Value Gt B YourTransacaons 

AQO bouqht300R 
200 
100 

Time 
Remaining 

in Market 
(Seconds) 

0^^ 
Remaining 

in Week 

Payoff for Current Da/ | 

P^roff in Current Week 

P^'Off in &^eriment \~ 

Amount of Loon F 

Market Transactions Record 

Previous Trodes in Day 
Most 
Recent 

MICTA: 
Red 

MKTB: 
Red 

Type ^Tickets on hand Value o( 1 Ttcket in cents 
P-5C 550 5 

Type 
MktA 0 
MktS 0 



Earnings From Trar^actions In Previous Da/ 
Weeks Earnings oi the Begining of the Previous 000 

TotolVolue of Goods Bought 

Total Cost of Goods Sold 

Weeks Earnings atthe End ofthe Previous Day • 

Red Ticket Transactions in Previous Day 
Red Ticket Holdings at the Begining of the Previous AQQ 

Total Aquired in Transactions 

Total Spent in Transactions • 

Red TicketHoidingsatthe End of the Previous 0^ • 

Current&cchangeRateforRedTIckets x 

TotalValueofCurrentRadTIcketHofdings • • 

Profits in Week 

Weeks Earnings atthe End ofthe Previous Oey 

Total Value of Current Red Ticket Holdings 

Weeks ^fits Through Previous Day 
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APPENDIX C: EXIT SURVEYS 

Survey Completed After Training Session, Calendar Day 1 

Please answer the following questions; 
1. What part of the instructions did you find the most difficult? 

2. What features of the decision problem were important in determining your decision? 

3. Now that the experiment is over would you change you decisions? Please explain. 

4. Did you understand the income statement? Do you know how your earnings were 
calculated based on your decisions? 
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Survey Completed After Fiat Money, Active Government, Endogenous Growth, and 
Balanced Budget Sessions, Calendar Day 2 

Please answer the following questions; 
1. What was your strategy when the exchange rate was 0? 

2. Would you have nnade money if you bought and sold two units at a price of 200 
tickets when the exchange rate was 0? 

3. Were the directions clear about the ticket tax? What was your strategy when the tax 
was imposed? 

A flat rax was introduced in sessions 5,6, and 7 in latter trading weeks. However, subjects 
in every session were equally informed about the existence of aflat tax in all 
experimental sessions reported in this dissertation. 
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Survey Completed After Backed Money Session, Calendar Day 2 

Please answer the following questions; 
1. What was your strategy when the exchange rate was 1? 

2. Would you have made money if you bought and sold two units at a price of 200 
tickets when the exchange rate was 1 ? 
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APPENDIX D: BALANCED BUDGET ANNOUNCE^ffiNT 

Balanced Budget Announcement; 

There are two subjects who are buyers in both markets. These subjects have values for 

both good A and good B and do not sell either item. Further, these subjects are given a 

fixed amount of tickets to purchase goods. 
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