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Abstract 
 
 
The Groves-Ledyard mechanism theoretically can solve the "free-rider" problem in public 
good provision. Two questions are of overriding importance in implementing the mech- 
anism. The first is related to the actual Performance of the mechanism in general. The 
second is the choice of a "punishment parameter", 7, which is the only paxameter that is 
available for those that may want to actually use the mechanism. Thus the determination 
of the role of this variable on mechanism Performance is fundamental for any advances 
along the lines of actual implementation. In studying the Groves-Ledyard mechanism, 
we show that the punishment parameter, 7 plays a crucial role in the Performance of the 
mechanism. By using 7 = 1 and 100, we show that under the higher punishment pa- 
rameter, the Groves-Ledyard equilibrium is chosen much more frequently; a higher level 
of the public good is provided and emciency is higher. By examining two behavioral 
models. we show that a higher 7 leads to an increase in the probability of an individual 
choosing a best response predicted by the model. The parameter, 7 alone explains nearly 



 

70% of the data in both the Cournot and the Carlson-Auster behavioral model. We also 
found that convergence to Cournot behavior is faster and more stable under a high 7 
than under a low 7. 
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1 Introduction 
The problem of Cooperation appears frequently in the context of political behavior. The 
need of people to cooperate to finance local schools, city improvements, or police pro- 
tection is a commonly encountered phenomenon. The destructive nature of Cooperation 
failures is clear and discussions of the problem are manifest in cases that range from the 
L.A. riot to the problems in Somalia or in the former Yugoslavia. A widely recognized 
problem for economics and political science has been to explore institutional designs that 
might facilitate Cooperation. 

The problem of institutional design to foster cooperative actions is not an easy one. 
An important part of the problem has been to first attempt to find a normative Standard 
that would foster Cooperation and then secondly to make sure that individual incen- 
tives are aligned with the Standard. It is well understood that the lack of alignment 
between the Standard and the incentive can be a serious inhibitor to Cooperation. The 
prisoner's dilemma, the collective choice problem. the public good Provision problem and 
the tragedy of the commons problem are all good examples. 

The problem of alignment has not been overlooked in the literature. For years a 
fundamental belief was that such an alignment was impossible regardless of the normative 
Standard. That is, it was beüeved that all imaginable normative Standards would suffer 
from the problem. In recognition of this problem the academic course reflected in the 
literature was to avoid a direct confrontation with it. Researchers such as R. Bates 
(1985, 1988) and E. Ostrom (1990) began to search field settings and historical Situation 
to discover how societies have been coping and they have excited the profession with 
reports of the ingenuity of institutional designs invented in the field. However, examples 
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found in the field have tended to contain elements apart from the pure collective problem 
and so the belief about the fundamental impossibility remained. An intuition about both 
the nature of the belief and the depth of the belief is captured by the following quote 
from Paul Samuelson who is summarizing the problem as it is found in the problem of 
public goods: 

 

One can imagine every person in the Community being indoctrinated to 
behave like a parametric decentralized bureaucrat who reveals his preferences 
by signalling in response to price parameters, ... to questionnaires, or to 
other devices. But there is still this fundamental technical difference going 
to the heart of the whole problem of social economy: by departing from his 
indoctrinated rules, any one person can hope to snatch some selfish benefit in 
a way not possible under the self-policing competitive pricing of private goods; 
and the "external economies" or "jointness of demand" intrinsic to the very 
concept of collective goods and governmental activities makes it impossible 
for the grand ensemble of optimizing equations to have that special pattern 
of zeros which makes laissez-faire competition even theoretically possible as 
an analogue Computer, (p.389, "The Pure Theory of Public Expenditure", 
Review of Economies and Statistics, 1954.) 

 

The research world was shocked with the publication of a paper by Groves and Led- 
yard (1977), who produced the outline of a process that demonstrated that the funda- 
mental belief is wrong. The very existence of the Groves-Ledyard process, which will 
be described later in this paper, proves that the proposition advanced by Samuelson 
is simply wrong. In the world of theory at least, there is no logical incompatibility of 
purpose. 

The Groves-Ledyard mechanism formulates a particular allocation-taxation scheme 
such that individuals find it in their self-interest to reveal their true preferences for 
the level of public goods provided. Furthermore, the resulting level of public goods 
provided would be Pareto optimal, i.e., it would be the same as if individuals had been 
"indoctrinated to behave like a parametric decentralized bureaucrat" described in the 
quote by Samuelson. In other words, the Groves-Ledyard (hereafter shortened as GL) 
mechanism provides a set of incentives for individuals to reveal their true demand for the 
public goods. So, at certain critical points in the evolution of the cooperative agreement 
the incentives of individuals become perfectly aligned with the "normative Standard". 

Now the example produced by Groves and Ledyard is definitely a paper process. It 
exists only on the pages of a journal, but its importance should not be underestimated. It 
might be possible to take the idea of a process discovered by Groves and Ledyard, refine it, 
make it operational and put it to use as an actual political/economic process that solves 
fundamental social problems. Thus the problem of the alignment of normative Standard 
with incentives would be solved by a working example. The institutional design problem 
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would have evolved to its next logical step. That possibility motivates the research 
reported in this paper. 
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The research strategy is to observe the behavior of the process in the context of the 
simple situations that can be created in a laboratory and assess its Performance relative 
to what it was created to do and relative to the theory upon which its creation rests. Such 
Observation requires that the process be developed in the context of an actual decision 
problem faced by real (not imaginary) people who have real incentives. The formal 
concepts of strategy and Information must be given life in terms of the rights that people 
have to take actions in the context of a decision process and also in terms of Information 
that is within the grasp of human perceptions. 

Two questions are of overriding importance. The first is related to the actual Per- 
formance of the GL mechanism in general. The second is the role of a "punishment 
parameter", 7, which is the only parameter that is available for those that may want 
to actually use the GL mechanism. Thus the determination of the role of this variable 
on mechanism performance is fundamental for any advances along the lines of actual 
implementation. 

 
The second question about the relationship between this "punishment" factor and 

the degree to which the ultimate decisions of the process are in conformance with the 
normative Standard, which in this case is measured by System "efficiency", which will be 
developed at length in the paper. In other words, the GL mechanism is actually a family 
of mechanisms. depending on the choice of this punishment parameter1. For practical 
implementation of the mechanism, we need to know how the Performance of the System 
will respond if this punishment parameter is increased or decreased. Theory does not 
address this question except to suggest that if this particular type of punishment is "too 
high" the process will not respond at all. Such testing of the sensitivity of the different 
GL mechanisms under different parameters has not been performed. 

The paper is organized as follows: section 2 reviews the theoretical features on the GL 
mechanism. Section 3 reviews previous experimental works on the GL mechanism, with 
comparisons of our proposal to the other experimental designs. In section 4, we describe 
this experimental design - the environment, the process and the procedures. Section 
5 gives a descriptive summary of data and some preliminary results. and then presents 
different behavioral models and their predictions to our data. In this section we also 
presents a logit analysis to identify and discuss the impact of the different parameters on 
the behaviors of the subjects. Section 6 concludes the paper. 
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3   Previous Implementation 
 
There have been two groups of experiments with mechanisms that were motivated by 
the Groves-Ledyard mechanism. Vernon Smith (1979) did two sets of experiments, using 
a simplified version of the mechanism which only balanced the budget in equilibrium, 
i.e., one needs to know the equilibrium in order to balance the budget. The complete 
GL mechanism balances budget both on and off the equilibrium path. The punishment 
parameter was set to be one. 

Harstad and Marresse (hereafter shortened as HM) (1978,1979, 1981) had two sets of 
experiments motivated by the GL mechanism. The first set experiments did not satisfy 
balanced budget: they used the Smith parameters, but with a different process - the 
Seriatim process2. Their second set of experiments was a computerized version with the 
balanced budget on and off the equilibrium path. 

 
 

[Table 1 about here] 
 
 
Table 1 summarizes the main differences of the Smith, HM and our experimental 

designs. The two Smith experiments and Harstad-Mirresse (1) do not satisfy the balanced 
budget constraint off the equilibrium path, so what they studied was not the actual GL 

2To be discussed later in this section. 
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mechanism. Harstad-Mirresse (2) use the complete version of the mechanism, and with 
different punishment parameters and number of subjects. We argue that changing the 
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punishment parameters and number of subjects simultaneously, as was done in Harstad- 
Mirresse (2), do not allow one to study the exact impact of the two parameters; besides, 
the magnitude of changes are so small, that its effects would be very difficult to discern 
in a lab environment. Indeed, the effect of parameters are not discussed in Harstad and 
Marresse (1981). Neither experiments addressed the role of the punishment parameters 
in the Performance of the mechanism. 

Another important difference between our implementation and the previous attempts 
lie in the processes used. Both the Smith process and the Seriatim process requires 
unanimity, which might add unwanted complexity to the static GL mechanism. They 
have the common shortcoming of involving too much cheap talk and manipulation. Since 
the subjects are only paid when agreements are reached, they need not be responsible 
for each decision they make. From our pilot experiments using the Smith process (See 
Appendix B) and Banks, Plott and Porter (1987), unanimity was found to decrease the 
efficiency of the System. Therefore, we discard these two processes and use a completely 
different process in this experiment. 
 
 

4   Testbed Environment 
The testbed environment reflects both technical and theoretical considerations. A major 
consideration of any field application is that the process of the public goods provision 
cover the cost of the public good. Thus we want to study only the processes that satisfy 
the balanced budget property under both conditions of "equilibrium" and "disequilib- 
riurrT. In addition we are interested in the infiuence of the magnitude of the punishment 
parameter. These considerations taken together with the technilogical problems that 
they cause motivated an experimental design in which the size of the economy is fixed 
(the number of agents) and the punishment parameter is varied. The economic envi- 
ronment, the institutional process and the experimental procedures are discussed in the 
sections below. 
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This process differs from other processes. Subjects are paid for each decision, so 
all messages involve commitment and are communicated with incentives in the process. 
Theoretically there is less incentive for cheap talk. Thus, the cheap talk effect should be 
reduced. 
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periods and converted them to dollar payments. The conversion rate was announced at 
the beginning of the experiments and was written on the blackboard for their attention. 
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5.3   Logit Analysis: Incentives and Choice Behavior 
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6 Conclusions 
 
On paper the Groves-Ledyard mechanism solves the free rider problem that has been 
the cornerstone of the problem of public goods provision. The research reported here 
demonstrates that if the process is made operational through an implementation called a 
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'"periodic process", then in a simple but real environment the promise of the theory can 
be realized. 

5See Ledyard 1993 for a more rigorous treatment. 
6See Fiorina and Plott (1978) for an example in which two public goods are involved. 
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Your redemption value for the two units would be 4000 and your payoffs would be 
computed by substracting your individual expenditures from this amount. If 3 units 

Appendix A. Experiment Instructions 
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were provided. the redemption value would be determined by the redemption values of 
the first and second unit plus the redemption value of the third unit, that is, 

 
2500 + 1500 + 1000 = 5000. 
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Each unit of the project costs _____ francs. Hence, total cost for a project is ______ times 
the project size. Your expenditure toward the total project cost for a trial is determined 
from your decision and the decisions of all others. Note that the redemption values can 
be negative. Your expenditures can also be negative. That is, rather than paying for the 
project you are paid. 

 
Your individual decisions will influence both the final level of the project chosen by 

the group and your individual expenditures on the project. Recall, your payoffs from the 
experiment will be the difference between the redemption values (positive or negative) 
that are determined by the level of the project chosen and your individual expenditures 
(positive or negative). These will be explained in turn. 

Project level determination (X) Each period each individual will choose a pro- 
posed addition (x) to the Status quo of zero provision. This proposed addition can be 
any amount ranging from ____to ___ . These amounts will be added together to get the 
total of proposed additions (X).  This total is the project level that will be chosen. 

Level of individual expenditures (c) The level of your individual expenditures 
depends upon your individual proposed addition (x),  the proposed additions of other par- 
ticipants (S) and the variability among the proposed additions of the other participants 
(o).  The actual formula is somewhat cumbersome7, so a table that summarizes all of the 
relevant information will be used instead. 

Payoff Table The payoff table will summarize both the redemption value of the 
level of the project chosen and the level of individual expenditures that you will incur 
depending upon the choices of additions that you and other participants make. This 
table is a rather large table contained in your instructions. The following example will 
demonstrate how you read it. The numbers in the example are completely arbitrary and 
in general have no relationship to the actual table that you will be using. The purpose 
is only to help you to understand how to read the real table. 
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The example table consists three relevant numbers. The first number is the sum of 

the additions chosen by the other participants. This number is located in the upper left 
corner of a table. Since it is a sum it is denoted by S .  To Start, find the example table 
for which S ,  the sum of the additions of others, is equal to 13. The top row of the table 
lists the possible choices that you might make for your own proposed addition, x. The 
amounts that you have as options in this example range from -5 to -1-5. Of course these 
might differ from the options that might exist on the real table. 

The left column of the table contains measures of the variability of the proposed 
additions of the other participants, o. This variability measure refiects how scattered the 
additions of others are. For example if all of the other participants give the exact same 
number then there is no scatter at all and the variability is zero. Suppose that everyone 
gives a different number but all numbers differ very little, then the scatter is low as is the 
measure of variability. As a shorthand we will use the term variance for this measure 
of variability of the additions of other participants. 

 
Suppose that S  is 13 and that the variance (of the additions of others) is 3.46. If 

you chose a proposed addition equal to -2 then your payoff is 67. That is, your payoff is 
determined by the sum of the additions of others, the variance and your own addition. 
Each entry of the table is your payoff that corresponds to your choice and the choices of 
the other participants. The payoff could have been calculated from the formulas. Since 
S  is 13 and you choose -2 the project level chosen is 11. The redemption value for 11 
units would then be determined and the individual expenditures would also be computed 
by formula and substracted. The table does all of these calculations for you. 

 
Another example might be useful. Suppose S  is 16, variance is 9.67 and your proposed 

addition is 5 .  The example table indicates a payoff of -409 that you would get from such 
a pattern of decisions. 

 
It is crucial that you go check your payoff tables before and after each decision. As 

you can see that your choice, x, decides which column you will end up; the others' choices 
decide which table and which row of that table you will end up. 

 
There will be 30 trials for each experiment. The first 5 trials of each experiment will 

be practice trials. You will not be paid for these practice trials. Starting from the 6th 
trial, you will be paid for each decision you make. 
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Your file includes a record sheet at the last page of each set of experiment, for you to 
record the results of each trial. At the end of each trial, you should record your proposed 
addition, x, in the first row; the sum of proposals of others, 5, in the second row; the 
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variances of others, o, in the third row; and your net payoff, P ,  in the fourth row. 
 
Feel free to earn as much cash as you can. Are there any questions? 
 
Computer Instructions At the beginning of each trial, you are free to enter any 

proposed addition, x ,  between —2 and 6, and then press the F-10 key to send it to 
the central Computer. If you want to send a negative number, enter the number first 
and then the negative sign. If you would like to change your selection, use the Back 
Space key to delete the selection, and then enter your new selection. Now go ahead and 
enter a number. Notice if you enter a number out of the —2 and 6 range, the Computer 
will tell you that your choice is out of range and you need to change your selection. 
Now everybody please use the Back Space key to erase your choice, and then type in 
a negative number by typing the number first and then the negative sign. Now please 
press the F-10 key and then confirm it by typing y. Once you confirm your choice by 
typing y, you cannot change your choice anymore. After everyone sends their choices, 
the computer will calculate the sum of proposals of others, 5, the variances of other 
members, o, and your corresponding payoff for this trial, P, and send these numbers to 
your screen. This process will be repeated on each trial. Now go ahead and record the 
result of the first trial to the first column of your record sheet. 
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Appendix B. The Pilot Experiments 
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