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Abstract: A proposed approach to avoiding the tragedy of the commons involves a public goods 

scenario in which players may join a coalition whose members contribute to the public good only 

when it is in the best interest of the group as a whole. Theoretical analysis of this scenario 

predicts a constant coalition size, regardless of the number of players vying for the public good.  

Here, a laboratory experiment is proposed to examine the relationship between number of 

players and number of coalition members in a coalition game based on this scenario. Two 

hypotheses will be tested: (1) The number of coalition members is independent of the number of 

players. (2) The likelihood of the formulation of a contributing coalition is independent of the 

number of players. Possible outcomes and their interpretations are discussed. The results will 

have potential applications in devising strategies for increasing contributions to public goods in 

the real world. 

Keywords: public good, international environmental agreement, coalition game, collectively 

rational, self-enforcing 

 

                                                                                                                                                          

 

1. Introduction 

Progress on improving global environmental problems often requires cooperative efforts between 

multiple independent entities. Furthermore, the benefits of these efforts are often non-excludable.  

This presents a problem because it creates a strong incentive for entities to free ride on the efforts 

of others. In the context of global environmental problems, individual countries may benefit 

most by making no effort of their own to cut pollution, while freely enjoying the benefits other 

countries’ efforts. The end result will be an under provision of the environmental public good. 

One possible mechanism to improve the free-riding problems posed by global environmental 

public goods is through the use of a voluntary coalition. Specifically, each entity has the option 

to voluntarily and costlessly join a coalition in which the members of the coalition will 

contribute to the environmental public good when it is in the best interest of the coalition as a 
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whole, and will not contribute otherwise. This provides an opportunity for entities willing to 

contribute to be able to do so provided that enough others are willing to do so to make 

contribution profitable. Without relying on punishment or exclusion of some users from the 

public good, this type of coalition formation can lead to the provision of effort by the joining 

members and an overall increase in the level of environmental quality. This type of voluntary 

coalition formation has been observed by a number of real-world international public goods 

negotiations. For example, the Kyoto Protocol only required 55% percent of parties to ratify for 

the treaty to take effect (UNFCCC). Hence a coalition formation of 55% of the entities was 

required for the public good to be provided. The fact that these voluntary coalitions can increase 

the provision of public good without any form of punishment or exclusion of players from the 

public good makes this mechanism a reasonable approach for the negotiation of international 

public goods provision.  

This type of voluntary coalition game was first proposed by D’Aspremont (1983) and later used 

by Barrett (1994) in the context of international environmental agreements. Barrett, like most 

following coalition models, considers a standard n-player public goods game with the addition of 

a single-stage coalition formation possibility. In his game, players make only one decision; to 

join or not join the coalition. By joining the coalition, a player is bound to contribute when it is 

in the best interest of the coalition as a whole and not otherwise (compliance is assumed). Those 

who do not join the coalition contribute nothing for that round. The game possesses a self-

enforcing coalition size in which some players join the coalition and contribute while the others 

free-ride. This equilibrium coalition size is the minimum integer number of signatories such that 

it is still profitable for the coalition to contribute. Although for most parameter values the self-

enforcing equilibrium coalition size is short of full participation (meaning sub-optimal 
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contribution), all players are better off than in the non-contribution equilibrium posed by the 

standard public goods game. 

An interesting artifact of many voluntary coalition games is that the optimal (maximum 

individually rational) equilibrium coalition size does not depend on the number of players in the 

game. That is, the equilibrium outcome of the game predicts the same number of coalition 

members whether there are five or one-hundred players. The motivation of this paper is test this 

feature by experimentally exploring how the number of player affects coalition formation. 

Specifically, I investigate how the number of players in the coalition game affects (i) the 

likelihood that a contributing coalition is formed, and (ii) the size of the contributing coalition, 

conditional on formation.  

To do so, I run a version of Barrett’s coalition game, while varying the number of players. 

Though there are many iterations of the coalition game, I draw mostly from Barrett’s one-shot 

International Environmental Agreement (IEA) game, in which players’ one choice is whether or 

not to join a coalition that binds them to contribute when it is in the best interest of the coalition 

as a whole to do so.  The version of the game I consider has a marginal benefit of contribution of 

1.5 and cost of contribution of 4. With these parameter values, the model predicts a self-

enforcing equilibrium coalition size (in which no player is better off joining or exiting the 

coalition) of 3. In the experiment, I will run this game with 5, 7, and 9 players. This variation is 

what allows me to test how the number of players affects the likelihood that a coalition of at least 

3 players is formed.  

The game’s theoretical prediction that coalition size remains constant as the number of players in 

a public goods scenario increases has interesting implications on the real world. One 
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consequence of constant coalition size is that coalition membership as a percentage of the total 

number of players decreases as the number of players increases. In the real world this might be 

illustrated by differences in proportional coalition membership in public goods settings with few 

actors, a local church for example, versus public goods settings with many actors, such as the 

global environment. An experimental confirmation of the game’s prediction might suggest that 

treaties designed around this type of voluntary coalition framework are more successful at 

gaining a large percentage of signatories when the number of actors is small.  

 

2. Literature Review  

This section first introduces the basic public goods game as the starting point for all work on the 

public goods dilemma, discussing both its theoretical and experimental outcomes. Following is a 

brief review some experimental work that attempts to restructure and improve the public goods 

dilemma. Finally, work done using various coalition games is discussed, with a focus on the 

particular coalition game my experiment is modeled after. 

The Basic Public Goods Game 

A necessary starting point for any restructuring of the public goods dilemma is the basic public 

goods game itself (also known as an n-player prisoners’ dilemma). The basic public goods game 

models the generic public goods dilemma absent intervention. In this game n identical players 

are endowed with resources which they are either able to keep for themselves or contribute to a 

non-excludable, socially beneficial public good. The payoff function for a player is 

πi = A + b(qi + q-i) - qi , 
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where qi is equal to one if player i contributes to the public good and zero otherwise, q-i is the 

sum of contributions by all other players, b is the marginal benefit of contribution, and A is a 

positive constant. The game requires b > 1/n and b < 1. Although total payoff is maximized when 

all players contribute fully, rational self-interest predicts zero contribution by all players. This is 

the case because a player is always better off not contributing and free riding from other players’ 

contributions, regardless of any other player’s actions. This can be seen in the inequality 

A + b(0 + q-i) - 0  > A + b(1 + q-i) – 1, 

where the left side represents player i’s payoff from zero contribution (qi = 0) and the right side 

represents player i’s payoff from contribution (qi = 1). Because the left side is always greater, a 

strategy of zero contribution cannot be profitably unilaterally deviated from and is the dominant 

strategy for every player. 

However, when the standard public goods game is played with human subjects, actual 

contribution almost never matches the dominant strategy predicted outcome of zero. While exact 

contribution levels always differ, most laboratory trials of the repeated public goods game 

observe moderately high contribution levels in the first stages which decline in later stages. Fehr 

and Gächter (2000), for example, found an average initial contribution of 19%, which decayed to 

10% by the tenth round. Although not zero, low experimental contribution levels show that 

attempts to restructure and improve the public goods problem are warranted. 

Punishment Mechanisms to Increase Contributions 

Numerous ingenious adjustments to the public goods game have been devised with the aim of 

boosting and maintaining contribution levels in lab settings. One set of methods allows players to 

punish each other, ideally leading high-contributors to punish low contributors, encouraging 
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higher contribution. Punishment schemes come in many varieties, including costly and costless, 

monetary and non-monetary, second and third party punishment, as well as more exotic schemes. 

Overall, punishment strategies are effective at boosting contribution to the public good, often 

allowing for sustained contribution at or above 90% (Chaudhuri 2010). 

Punishment of low-contributors can be a public good itself, theoretically susceptible to free-

riding problems of its own. However, in experiments players are often willing to punish low-

contributors when it is not in their financial interest. Fehr and Gächter (2000) found that even 

when punishment is costly and “does not provide any material benefits for the punisher” low-

contributors were punished, leading to contribution levels of 58-60% versus the no-punishment 

levels of 10-19%. This concept is reinforced by Carpenter and Matthews (2007), who found that 

players were even willing to engage in costly punishment of players in other concurrent games. 

This result, bolstered by the fact that the punishment was anonymous and one-way from one 

group to another, shows that deliverance of punishment is largely motivated by non-monetary 

incentives. On the other hand, a paper by Anderson and Putterman (2006) shows that punishment 

behavior does have at least some root in economic theory. Remarkably, the paper finds that the 

deliverance of costly punishment follows the law of demand, with players doling out a level of 

punishment inversely proportional to its cost. Another exotic paper, Gürerk et al (2006), allows 

players to move freely between a punishment group and a no-punishment group. Although only 

37% of players joined the punishment group initially, contribution levels of only 14% in the no-

punishment group (versus up to 91% in the punishment group) caused almost everyone to move 

to the punishment group by the final round.  

Another swathe of literature examines non-monetary punishment. Masclet et al. (2003) explore a 

very basic form of non-monetary punishment by allowing players to express “disapproval” to 
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one another on a scale of 1-10. This completely psychological punishment mechanism was 

successful at increasing contributions, though contributions decayed much more quickly 

compared to monetary punishments. In the same vein, Bochet et al. (2006) examine three types 

of post-round communication; (1) face-to-face, (2) chat-room and (3) numerical cheap talk. 

Face-to-face communication was found to more effective than chat-room communication, 

generating a maximum of 96% contribution versus 81%. In general, non-monetary punishments 

are more effective when contact is maximized, but are usually not as effective as monetary 

punishment. 

Sorting Mechanisms to Increase Contributions 

Another set of papers examine the use of sorting methods to separate free-riders and non-free 

riders into groups that create distinct public goods. Cinyabuguma (2006) uses an endogenous 

sorting method, allowing players to expel free-riders by majority vote. Expulsion was fairly rare, 

but when it did occur it happened to lowest or second lowest contributor. Even when less than a 

majority vote was attained, the free-rider responded by contributing more. Page et al. (2005) 

utilize another endogenous sorting method in which players are periodically given a list of 

players and their contributions and then given a chance to rank possible future partners. The 

lowest ranked four are separated and put into separate group. Contributions increase compared to 

control group. 

Gunnthorsdottir et al. (2007) examine the effect of exogenous sorting by initially sorting players 

randomly and then either re-matching them randomly, or re-matching them according to level of 

contribution. Contributions were always higher, and decay of contributions slower, in the sorted 

groups compared to random. Gächter and Thöni (2005) confirm this in a similar experiment, 
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finding average contributions of 70% of the social optimum among sorted groups and only 48% 

of the social optimum among random groups.  

Limitations of Punishment and Sorting 

Although successful at boosting contributions, punishment and sorting mechanisms often 

restructure the public goods game in a way that is not feasible in the real world. One can look to 

international climate agreements to see why. First, any method of restructuring that involves 

sorting of players into groups that no longer share the same public good is impossible in the 

context of a pure public goods problem. Truly global public goods, like CO2 abatement are non-

excludable, in that however universally disliked, a country cannot be ‘voted out’ and their free-

riding stricken from the record. Any viable solution to a pure public goods problem must not 

allow parties to be excluded from the public good. 

Punishments offer their own set of difficulties. In a laboratory simulation punishments can be 

automatically subtracted from a punished player. However, in the context of international 

environmental public goods implementing inter-country punishment is much more difficult. 

Even when effective punishment mechanisms exist, punishment does not always promote 

contribution to the public good. Nikiforakis (2008) find an undesired result of punishment; 

retaliatory punishment. Retaliatory punishment occurs when a punished player expends 

resources to punish the original punisher in retaliation, potentially sending them into a feedback 

loop that leaves both players worse off than they would be under the zero-contribution 

equilibrium of the basic public goods game. 

The difficulty of punishment across international lines does not take the need for punishment out 

of the picture. In the context of international climate agreements, parties often have an incentive 
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to promise an abatement level, spurring others to do the same, and then not actually carry out the 

abatement. This incentive makes treaty non-compliance another mechanism for parties to free-

ride. The Montreal and Kyoto Protocols both take measures to enforce compliance, either by 

means of trade sanctions or penalties in the form of reduction in the following period’s emissions 

quota (McEvoy 2009). The success of these measures seems minimal, as evidenced by continual 

interceptions of CFC products which are banned under Montreal as well as the fact that many 

Kyoto signatories are not on track to meeting their abatement commitments (McEvoy 2009). 

Though the topic of non-compliance free-riding is undoubtedly important, it is also complicated. 

In order to focus on the phenomenon of non-participation free-riding we will take treaty 

compliance as given.  

Voluntary Coalition Mechanisms 

This brings us to the International Environmental Agreement (IEA), the coalition game that my 

experiment is based on. The IEA game, coined by Barrett (1994), is a one-shot or repeated game 

in which n identical players make only one decision; whether or not to join the coalition. By 

joining the coalition, a player is bound to contribute when it is in the best interest of the coalition 

as a whole and not otherwise (compliance is assumed in most cases). Those who do not join the 

coalition are committing to contribute nothing for that round. The game possesses a self-

enforcing coalition size in which some players free-ride, but all players are better off than the no-

contribution equilibrium.  

Barrett’s model, like most coalition models, predicts the optimal (largest) equilibrium coalition 

size to be the minimum integer number of signatories such that it is still profitable for the 

coalition to contribute. From this, he finds that for many parameter values the IEA game does not 
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substantially improve upon the non-cooperative outcome. When the marginal social benefit of 

contribution is large more players are able to free-ride and the optimal equilibrium coalition size 

is small, leading to minimal global benefits. When the social benefit of contribution is small 

optimal equilibrium coalition size is larger, however the global benefit is stunted by a small 

marginal benefit of contribution. In short, the model predicts that IEAs become less effective at 

gaining coalition members when the benefit of contribution is great. 

Though Barrett’s model has rather grim predictions for moving away from the non-cooperative 

outcome, he does not verify them experimentally. McEvoy (2009) runs a similar model to 

Barrett’s in a lab setting with the aim of determining whether players opt out of voluntary 

coalitions until the optimal equilibrium coalition size is reached. He allows players to choose to 

opt out of the coalition in real-time, giving each player immediate knowledge of other players’ 

decisions. Among other things, he finds that when the difference in payoffs between coalition 

members and free-riding members is large, players quickly drop out of the coalition, “forcing the 

remaining undecided agents to bear the cost of participating in the coalition” (McEvoy 2009). 

This experimental outcome closely matches the theoretical predictions outlined by Barrett.  

A number of other papers do not take compliance as given, devising costly enforcement 

mechanisms to counter non-compliance free-riding. McEvoy (2009) predicts theoretically that 

costly coalition-financed enforcement limits the circumstances in which a coalition can be 

supported, but that when a coalition does form, membership is generally greater than in the 

assumed compliance. This is due to the fact that costly enforcement increases the minimum 

number of members necessary for a coalition to profitably contribute, and thus form. McEvoy 

also finds out that under some circumstances costly enforcement can increase aggregate welfare, 

although only for non-coalition members. McEvoy (2010) revisits these theoretical predictions, 
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finding that they do not hold experimentally. Counter to the theoretical prediction, he finds 

contributions to be much lower when costly enforcement is introduced than in the assumed 

compliance case. The necessarily larger coalition sizes of the costly-enforcement case occurred 

much less often, and when they did form non-compliance was significant. These findings 

indicate that the usefulness of coalitions in boosting contributions is dependent on parameter 

values, but that the experimental and theoretical results do not always agree.   

 

3. The Voluntary Coalition Model 

In this section, I introduce the voluntary coalition model around which the experimental design is 

based, and then I will characterize the equilibria of the model and discuss some of the relevant 

theoretical implications of the model. In presenting the model, I adopt the notation used in 

McEvoy (2009).  

The voluntary coalition game is an extension of a linear public goods game, which models the 

generic public goods dilemma absent intervention. In this game n identical players are endowed 

with resources which they are either able to keep for themselves or contribute to a non-

excludable, socially beneficial public good. The payoff function for a player i is given by 

πi(s) = A + b(qi + q-i) - cqi, 

where  is equal to one if player i contributes and zero otherwise,  is the total contributions 

made by n-1 other players, b is the marginal social benefit of contribution, c is the cost of 

contributing, and A is a positive constant. When b < c and nb > c this game represents an n-

player prisoner’s dilemma, in which all players have a dominant strategy of contributing nothing. 

Because there exist levels of contribution in which all players are better off than in this non-
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cooperative equilibrium, there is incentive to form a voluntary coalition which increases 

contributions to the public good. 

This brings us to the coalition variation of the game in which each of the n-players 

simultaneously decide whether or not to join the coalition. Let s ≤ n denote the number of players 

who decided to join the coalition. After the coalition formation, it is simply assumed that each of 

the n - s non-joining members do not contribute to the public good. Each of the s members of the 

coalition will contribute to the public good if it is collectively rational to do so. That is, the s 

members will all contribute when their payoff to contributing is higher than non-contributing, 

assuming the other n-s members do not contribute. This leads to the following payoff functions 

for each of the members of the coalition and non-members, as a function of whether the coalition 

contributed to the public good: 

The payoff to a coalition member is 

πc(s) = A + bs – c, when bs > c (the coalition contributes) 

 

πc(s) = A, otherwise. 

 

The payoff to a non-coalition member is 

 

πnc(s) = A + bs, when bs > c 

 

 πnc(s) = A, otherwise 

It follows from the above payoff functions that the coalition will contribute only when it is 

collectively profitable assuming zero contribution from non-coalition members. Contribution is 

considered profitable when a coalition member’s payoff from collective contribution is greater 
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than the cost of contribution, c. In terms of the parameters, signatories will contribute when bs > 

c, which can be simplified to s > c/b. We will call s > c/b the coalition’s contribution constraint. 

The coalition game described above has a unique equilibrium coalition size, s*, that is strictly 

internally and externally stable. For a coalition size to be internally and externally stable it must 

be the case that no coalition member could do better by leaving the coalition and no non-

coalition member could do better by joining the coalition. The value of this equilibrium coalition 

size is the minimum integer number of signatories such that the contribution constraint is 

satisfied.  

 s* = min s | A + bs – c > A = min s | s > c/b. 

A closer look at the external and internal stability requirements reveals how we arrive at s*. 

A coalition is externally stable if a non-coalition player would prefer not to join the coalition. 

This is true when the payoff from free riding is greater than the payoff from contributing the 

coalition-determined amount. A player is better of not joining the coalition if and only if the 

coalition’s contribution constraint, s > c/b, is still satisfied without that player as a coalition 

member. Externally stability requires 

 πnc(s) > πc(s + 1), 

where πnc(s) is the payoff to a non-coalition member given s coalition members and πs (s +1) is 

the payoff to a coalition member given s + 1 coalition members (i.e. the non-member becomes a 

member). 
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On the other hand, a coalition is internally stable if a coalition member would be worse off by 

exiting the coalition. This is the case when, as a result of leaving the coalition, the constraint 

would no longer be satisfied. Internal stability requires 

 πc(s) > πnc(s - 1). 

For both requirements to be satisfied, it follows that s* is the minimum integer number of 

signatories such that the contribution constraint, s > c/b, is satisfied. In this equilibrium, the 

payoff to a coalition member is A + bs – c and the payoff to a non-coalition member is A + bs. 

This equilibrium outcome can be reached by any strategy set such that the expected number of 

signers is s*. There are  pure strategy Nash Equilibria in which s* players play join while all 

other players play not join. Additionally, there are infinitely many mixed strategy Nash 

Equilibria in which all players put some probability on join and not join such that the expected 

number of signers is s*. 

Figure 1: Payoffs for coalition and non-coalition players dependent on size of coalition. 
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Additional equilibria outcomes exist where s is at least one short of being the minimum integer 

number of signatories necessary for coalition contribution. In this case a non-coalition member 

cannot unilaterally join the treaty and satisfy the contribution constraint, making his payoff ‘A’ 

regardless of his coalition-joining decision. Alternately, a coalition member has no incentive to 

drop out because her payoff is ‘A’ either way. Because no player can profitably deviate from 

such a coalition size, any such situation is a Nash Equilibria outcome. Again, there are infinitely 

many strategy sets that could lead to these equilibrium outcomes.  

Interestingly, this game predicts equilibrium s values that depend on c and b, but not n. Given a 

marginal benefit of contribution, the number of signatories should remain constant regardless of 

the number of players. However, while an increase in n has no effect on coalition size, it has a 

large positive effect on the potential gain from cooperation. In other words, full contribution with 

large n would generate an average per player profit that far exceeds the IEA predicted per player 

profit. Full contribution with a smaller n, on the other hand, might produce average per player 

profits that are only marginally larger than the per player profit predicted by the IEA model. This 

conjecture is illustrated using hypothetical b and n values below. For simplicity, A = 0. 

Figure 2: Profit, potential profit, and shortfall as the number of players varies. 

 

The above case illustrates that although the highest potential (full contribution case) per player 

profit becomes larger as n increases, players do not reap much of this potential profit in the IEA 

model because s* remains constant. Here, the average player in the n = 5 case falls only 6.66% 

short of full contribution profit, while the average player in the n = 20 case falls 66.66% short of 

c b n s*  πjoin πnot-join avg π, s = s* π, s = n Shortfall Shortfall (%) 

1 .3 5 4 1.2 2.2 1.4 1.5 0.1 6.66 

1 .3 20 4 1.2 2.2 2.0 6.0 4.0 66.66 
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full contribution profit. This observation has real world implications for public goods production 

cases that resemble this model. Theoretically, IEA games, while an improvement over the 

unstructured public goods game, become less effective at reaching maximum potential per player 

profit as n increases. This is prediction could have meaningful implications on real world public 

goods scenarios where the number of players, and thus resulting gain from cooperation, is large. 

 

4. Experimental Design and Hypothesis 

The following experiment is designed to test empirically whether coalition size in the coalition 

game described in the previous section is independent of the number of players, as characterized 

in equilibrium. To do so, I consider a between groups design with three treatments. All three 

treatments play the coalition game that corresponds to: A = 4 (positive constant), b = 1.5 

(marginal benefit of contribution), and c = 4 (cost of contribution). With these parameter values, 

the model predicts an equilibrium coalition size, s*, of 3 [s* = min s | s > c/b]. However, each of 

the three treatments varies in terms of the number of players n and correspond to: n = 5, n = 7, n 

= 9. Using these three treatments, I plan to test the following two main hypotheses: 

H1: The coalition size is equal across the three treatments 

H2: The likelihood of the formulation of a contributing coalition is equal across the three 

treatments. 

To test these hypotheses, subjects in each treatment will play the game for 10 rounds with 

random re-matching between rounds. Random re-matching is done to ensure that the same n 
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people are never in the same group more than once. This keeps the game one-shot, lessening the 

probability that players pursue repeated game strategies that are not accounted for in the model. 

Each treatment will be conducted in the lab separately, with 2n subjects in the lab at one time. 

This allows two n-sized sized groups to play concurrently with random re-matching of players 

between rounds. This means the lab will be utilized on six separate occasions, twice for each 

treatment. The total number of subjects will be 84 (5*2*2 = 20 for n = 5, 7*2*2 = 28 for n = 7, 

9*2*2 = 36 for n = 9).  This will yield a total of 120 independent group-level observations (40 

per treatment group), measured as coalition size. There will be 840 individual-level observations 

total, measured as player’s decision to join or not join in a particular round. 

The experiment will be run in the Economic Science Laboratory (ESL) at the University of 

Arizona using undergraduate students recruited from the ESL database. Players will be 

compensated $5 for showing up and paid the game-determined amount for one of their ten 

rounds chosen at random. One experimental dollar will be worth $1 USD. All earnings will be 

paid in cash once the experiment is over. Subjects will play the game on computers in separate 

cubicles using Z-Tree software specifically designed for the experiment. At each cubicle there 

will be a subject disclosure form as well as a printed sheet of the game’s instructions. Once all 

subjects are seated, a proctor will read the instructions aloud.  

The instructions used will be a slightly adapted version of those used in McEvoy (2009). Players 

will be told that they will be making the same decision in each round (to join or not join the 

coalition), that all other players face the same decision, as well as the number of players in their 

group. Subjects are then told the meaning of join and not join in the context of that treatment’s 

parameter values. Specifically, they will be told that not join entails automatic zero contribution 



18 
 

and that join entails contribution when ‘s* - 1’ or more other players join and zero contribution 

otherwise. (Players will be told the numerical value of ‘s* -1’.) How a player’s decision and the 

decisions of others affect payoffs will be summarized in a table. 

Figure 3: Subject payoff table for n = 5 treatment group. 

# other players in coalition 0 1 2 3 4 

Your earnings if in coalition 4 4 4.5 4.5 4.5 

Your earnings if not in coalition 4 4 4 8.5 8.5 

 

Once players have read the instructions they will complete a short quiz that tests their 

understanding. The quiz will ask participants to use the table to decipher what their payoff would 

be given the number of other players in the coalition and whether or not they have joined the 

coalition. Those who answer incorrectly will be presented with the quiz repeatedly until they 

answer correctly. Then 10 rounds of the game will commence. Following, players will be 

presented with a table that summarizes their total payoffs and converts them to actual dollar 

payouts. A proctor will then pay each player in cash at each cubicle, receiving a signature from 

the participant when payment is given. The entire process should take about 45 minutes. 

Experiment Logistics  

With groups of size n = 5, 7 and 9 playing 10 rounds and each treatment with 2n players run in 

two separate sessions there will be 84 different participants and a total of 840 individual-level 

and 120 group-level observations. Players will be paid randomly for one of the ten rounds they 

play, with each experimental dollar equal to $1. The parameters in the game are set so that 

subjects are expected to be earning, on average, about $15 per hour (including the $5 show-up 
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payment). The table below shows the range of projected payouts for the experiment in USD, 

taking into account that probability of a payoff from a particular round is 0.1. The show up 

payment of $5 for all 84 players will be $420 and is not included in this chart. 

Figure 4: Projected Experiment Cost 

n  
s < c/b 

π /player 

s < c/b 

Total π, 4n players 

s = s* = 3 

π /player 

s = s* = 3 

Total π, 4n players 

s = n 

π /player 

s = n 

Total π, 4n players 

5 4.00 80.00 6.50 130.00 7.50 150.00 

7 4.00 112.00 6.79 190.00 10.50 294.00 

9 4.00 144.00 7.17 258.00 13.50 486.00 

TOTAL  $336.00  $578.00  $930.00 

 

The above table shows that given no successful coalitions (s < c/b) in all 120 rounds the total 

cost of the experiment would be $336 + $420 = $756.00. This is the lowest possible cost to run 

the experiment. Given the IEA predicted coalition size of 3 in all 120 rounds the total cost would 

be $578 + $420 = $998. This is a more likely estimate of price. Given complete coalition 

participation in all 120 rounds the total cost would be $930 + $420 = $1350. This is the highest 

possible cost and is very unlikely given previous experimental results. I expect the total cost to 

lie somewhere near the model-predicted value of $998.  

 

5. Potential Results and Discussion 

Although the experiment has not yet been run, it is possible to categorize the types of results that 

could be realized and discuss their implications. First, true and false values of H1, that coalition 

size is equal across the treatments, will be analyzed. Then, the values of H2, that the likelihood 

of the formulation of a contributing coalition is equal across the three treatments, will be 

analyzed conditional on the values of H1. This leads to six separate analyses.  
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Hypothesis 1 

H1 True: 

A weak or zero relationship between average coalition size and group size would indicate that 

hypothesis 1 is true and would provide an experimental support of the model’s prediction that 

coalition size remains constant as the number of players varies. This would suggest that the 

average player places a probability of joining a coalition, p(join), that is inversely proportional to 

the number of players so that the number of coalition members remains constant as number of 

players varies. This would correspond to p(join) = c/n (where c is a constant) or p(join) = s*/n in 

the case that the constant coalition size is the optimal equilibrium predicted value. One possible 

mechanism for a p(join) that is inversely proportional to n is that as the number of players 

increases, players recognize that there are more potential contributors (meaning responsibility to 

contribute is more diffuse), and act accordingly by adjusting their probability of joining the 

coalition. Inversely, this mechanism also explains why a given coalition size is maintained even 

when the number of players is small. In a broader sense, a finding that coalition size is not 

responsive to number of players implies that similar real world public goods scenarios with many 

players will be unsuccessful at reaching a high proportion of coalition membership. Since the 

potential gain from contribution becomes higher as the number of players increases, constant 

coalition size implies that players fall farther short of maximum payoff in public goods scenarios 

involving many players. (This implication is summarized in table 1.)  

H1 False: 

On the other hand, a finding that coalition size does not remain constant across treatments would 

provide evidence counter to hypothesis 1 and the model’s prediction of constant coalition size. If 
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average coalition size varies and the relationship is constantly increasing or decreasing, we may 

be able reject hypothesis 1 and provide support for an alternate hypothesis. A positive 

relationship between number of players and coalition size suggests that an increasing number of 

players choose not to free-ride as coalition size increases (assuming coalition size > s*). A 

negative relationship implies that a greater number of players choose to free-ride as coalition size 

increases. Both of these situations could have implications on the way a player’s probability of 

joining a coalition is related to level of diffusion of responsibility to join a contributing coalition. 

In either case, some players are not acting in their individual best-interest and the model’s 

prediction that the average player joins a coalition with p(join) = s*/n does not hold.  

That coalition membership is not predicted by the model provides opportunity for alternate 

hypotheses. One potential explanation is that coalition membership is a constant proportion of 

the total number of players. This would be supported by a linear relationship between n and the 

number of coalition members (more treatments would be necessary to verify linearity). Such a 

relationship implies that coalition situations with many players secure the same proportion of 

coalition members as those with few.  

If the relationship between n and coalition size is not clearly increasing or decreasing we may 

reject hypothesis 1. Fluctuating coalition size across treatments could indicate a more complex 

response to changes in diffusion of responsibility to contribute as group size changes. However, 

with only three treatment groups it would be impossible to properly identify the relationship. In 

this case, it is enough to simply reject hypothesis 1. 

Hypothesis 2 
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Although hypothesis 1 gives us a good idea of whether coalition size and number of players are 

related in general, it does not provide information on variability of coalition size. For instance, it 

is possible for two treatment groups to possess the same average coalition size, with one 

treatment securing the minimum contributing coalition in every round and the other fluctuating 

between small and large coalitions across rounds. In the realm of real world coalition scenarios, 

differences in reliability of forming a successful coalition as group size changes could be 

significant. Hypothesis 2 addresses this reliability, posing that the likelihood of the formulation 

of a contributing coalition (corresponding to s  3) is equal across the three treatments. Four 

different possible outcomes can be reached, depending on the truth values of hypothesis 1 in 

conjunction with hypothesis 2. 

H1 true and H2 true: 

In this case, the number of coalition members remains constant as n varies and all three treatment 

groups are equally as likely to form a contributing coalition. Thus, the model’s prediction that 

the number of players has no effect on coalition formation supported in two dimensions.  

H1 true and H2 false: 

Here, average coalition membership remains constant across treatments, however, likelihood of 

forming a contributing coalition varies. This outcome is interesting in that all variation in the 

likelihood of successful coalition formation can be attributed to variance in coalition size (from 

round to round) within each treatment group. For instance, average coalition size held constant, 

treatment n = 5 may secure a coalition of size 3 in every round, treatment n = 7 could fluctuate 

between coalitions of size 2 and 4, and treatment n = 9 could fluctuate even further, leading some 

groups to secure a contributing coalition size more reliably than others. It would be especially 
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interesting to find an increasing or decreasing relationship between treatment size and probability 

of forming a contributing coalition. A decreasing relationship would infer decreased reliability of 

forming contributing coalitions as n increases. This increased volatility may be explained by 

players experiencing greater difficulty in hitting the equilibrium coalition size in larger groups. 

Intuitively, players may adjust their p(join) from one round to the next to settle on a particular 

coalition size and errors in these adjustments could be magnified by many players doing the 

same, leading to greater volatility in coalition size in larger groups. This interesting explanation 

would require another experiment to test. 

H1 false and H2 true: 

This outcome indicates varying average coalition size varies across groups and constant 

likelihood of forming a contributing coalition. This result could be explained by a number of 

unforeseen hypotheses. Interestingly, the previously posed alternate hypothesis to H1 (in which 

coalition size is proportional to the number of players) could correspond to this outcome. For 

example, if average coalition size for each treatment was determined by 2/n (rounded up to the 

next integer) we would find coalitions of size 3, 4, 5 for treatments n = 5, 7, 9 respectively. This 

would violate H1, while allowing H2 to be true. Again, further testing would be necessary to 

confirm anything beyond the two main hypotheses. 

H1 false and H2 false: 

Here, both average coalition size and the likelihood of forming a contributing coalition are not 

constant across treatments. This result indicates fairly strongly that the model’s predictions do 

not hold experimentally and that players behave differently in this type of coalition game. 

Further experimentation would be needed to provide alternate explanations for the results. 
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6. Concluding Remarks 

Although experimental results are needed to draw conclusions regarding the two main 

hypotheses, the background research completed in writing this paper provides insight into a 

broader question: Are voluntary coalitions viable solutions to global public goods dilemmas? As 

is the case with most economic questions, there are two sides to the story. 

On one hand, voluntary coalition frameworks provide only marginal improvement over the basic 

public goods case. Depending on the parameters, a self-enforcing, contributing coalition may not 

exist or may only contain two or three members. In cases where the number of actors is large 

(and thus the potential gain from cooperation large), coalitions fall further short of full-

contribution payoffs. This has negative implications for the provision of global public goods, 

where the number of actors is large. Ironically, coalitions become larger when the potential gain 

from cooperation is smaller. 

Despite these issues, it is notable that voluntary coalition games allow for public good provision 

even in the presence of free-riding. This is a major improvement over the basic public goods 

case, in which the threat of free-riding removes all possibility of contribution. Although free-

riders benefit disproportionally in coalition game equilibrium, all players benefit over the zero-

contribution basic public goods case. Additionally, coalition games can achieve public good 

provision without violating individual self-interest, relying on punishment, or the exclusion of 

some players from the public good.  

However, as is the case with all game theoretic models, this coalition game is a very simplified 

model of the complex way in which humans interact in real life. Human behavior rarely 

conforms to theoretical predictions.  Therefore, a proper approach should involve both 
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theoretical analysis and experimental testing. The proposed experiment adds another layer of 

depth to the public goods literature and could provide a basis for developing coalition games that 

have a chance of being successful when applied to real-world public good problems. 
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