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Abstract: We propose a five-player common-pool resource (CPR) game with endogenous 

coalition formation. We show that the level of extraction from the CPR depends on the size of 

each coalition that is formed and on the final coalition structure. These predictions are tested in 

a laboratory experiment. We consider two treatments: dictator vs. veto. In the dictator treatment, 

at each stage of the coalition formation game, a randomly chosen player imposes the coalition 

size and selected members cannot refuse to become a member. In the veto treatment, players 

have the right to refuse joining the current coalition if they want to and make counter-proposals. 

We observe that the formation of the grand coalition is more frequent in the dictator treatment. 

However, with the repetition of the coalition formation game, the grand coalition becomes more 

frequent under both treatment, and past experience of a grand coalition increases the likelihood 

that the current coalition structure is the grand coalition. Finally, the possibility to form coalitions 

is beneficial at reducing CPR extractions, compared to the singleton structure, in both treatments.  
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1. Introduction 

 

Over the last fifty years the tragedy of the commons (Hardin, 1968) changed scale: climate 

change, biodiversity losses and global exhaustion of minerals witness these change of scale. 

Designing appropriate policies for addressing such global issues requires first that countries agree 

to cooperate. For instance, countries need to agree on the level of carbon emissions, the level of 

fish stock that can be captured, or the list of species to protect. While global agreements that are 

ratified by all countries are rare, there is an increasing number of “partial agreements” among a 

few countries (Nordhaus, 2015). For instance, groups of countries take initiatives by making 

agreements to curb global warming (e.g. the UN framework convention on climate change) or to 

restore biodiversity at the global scale (e.g. UN biodiversity convention1).  

 

An important question is therefore whether such agreements among a limited number of 

countries, are capable of reaching a sustainable path of exploitation of common pool resources 

(CPR thereafter) at the global scale. The case of the Kyoto Protocol for the climate 

resource/public good offers a disappointing illustration of a failure. Are there ways to design 

international agreements that could lead to a sustainable path of CPRs exploitation? According 

to cooperative game theory, such outcome is possible only under universal adherence, i.e. 

efficient outcomes require the grand coalition to be formed. When several smaller coalitions co-

exist, free riding and inefficiencies usually arise as demonstrated by the large theoretical 

literature on coalition formation (see, Hart and Kurz (1983), d'Aspremont et al. (1983), Barrett 

(1994), Carraro and Siniscalco (1993), Bloch (1995, 1996), Hoel et al. (1997), Ray and Vohra 

(1999, 2001),  Funaki and Yamoto (1999, 2014), Nordhaus (2015), Finus and McGinty (2019)). 

Interestingly, in the case of CPRs, Funaki and Yamato (1999) showed that a key reason for the 

coexistence of several small coalitions, is the nature of the expectations of the members of a 

coalition (the insiders) regarding the coalition formation by outsiders. If insiders hold 

“pessimistic expectations” about outsiders’ coalition decisions (i.e. outsiders make the worst 

possible choice for insiders) the grand coalition is formed. On the other hand, if insiders have 

                                                 
1 The US have not signed the convention. 
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“optimistic expectations” (outsiders make coalition decisions that are favorable to the insiders), 

the core is empty and the grand coalition cannot be reached.  

 

Experimental evidence of inefficient coalition formation was provided by Thoron et al. (2009) 

in the context of a public good game. They showed, both theoretically and experimentally, that 

asymmetric coalition structures frequently emerge, in which a small coalition free rides on a 

larger one. Experiments on the provision of a public good, with endogenous coalition formation, 

have also been carried out by Ehrhart and Keser (1999), Ahn et al. (2008, 2009) and Brekke et 

al. (2011), leading to a similar finding of inefficiency. Little is known however, in the case of 

CPRs exploitation. In contrast to pure public goods, CPRs are characterized by rivalry, which 

may accentuate the tension among players, and therefore provide sharper incentives to cooperate. 

We are aware of only one (unpublished) paper by Chavez et al. (2021) that studies, theoretically 

and experimentally, the relation between the size of coalitions and monitoring costs in CPRs. 

The fundamental issue of the effectiveness of the formation of coalitions to prevent the over-

exploitation of CPRs, has however not yet been addressed by the experimental literature2.  

 

In this paper, we study a common pool resource game (CPR) with endogenous coalition 

formation. We rely on a theoretical model of endogenous coalition formation in the spirit of Ray 

and Vohra (1999, 2001), to derive equilibrium predictions for different population sizes. In each 

stage of the game, one of the players is selected to be the proposer. The proposer’s task is to form 

a coalition by choosing a coalition size. He can choose any size, from the singleton to the number 

of players that are not yet a member of an existing coalition. Besides the proposer, members of 

the potential coalition are randomly selected among players who are not yet a member of an 

existing coalition. We consider two treatments: the dictator treatment and the veto treatment. In 

the dictator treatment, the proposer makes a binding decision: players who are selected to become 

a member of the coalition cannot refuse. In contrast, in the veto treatment, selected members of 

the standing coalition are simultaneously asked to accept or reject the proposal. If all of them 

accept, the coalition is definitely formed and a new proposer is designated to form the next 

coalition. If at least one of the prospective members rejects the offer, the proposal is cancelled. 

                                                 
2 Coalition formation games have however been extensively studied for CPR issues, in particular for the case of 

fisheries (e.g. Pintassilgo, P. (2003), Pintassilgo et al. (2010), Chavez et al. (2018), Chavez et al. (2021)) and in a 

more general framework by Funaki and Yamoto (1999, 2014). 
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One of the prospective members who rejected is then designated to make a new proposal. The 

process of coalition formation goes on until all players are assigned to a coalition. The resulting 

structure can be any partition of the set of players, ranging from the collection of singletons to 

the grand coalition. Once the coalition structure is determined, all players are informed about the 

size of their own coalition as well as the sizes of all other coalitions. Then, each coalition chooses 

a common extraction level from the CPR. In the dictator treatment the proposer imposes the same 

level of extraction to each member of the group. In the veto treatment, in each coalition, each 

member announces a level of extraction. The smallest extraction level is selected as the common 

level in each coalition.  

 

We test our predictions based on a laboratory experiment. We consider player sets with 5 

participants. The unique non-cooperative equilibrium, assuming a tie-breaking rule that favors 

the largest coalition, is the grand coalition of the five players. Our results show that the possibility 

to form coalitions lowers resource extraction for all coalition structures compared to the singleton 

structure. Subjects in the dictator treatment are more likely to form the grand coalition, than 

subjects in the veto treatment. Intuitively, this result might be driven by more coordination 

difficulties in the veto treatment. Formation of a grand coalition fails even if just one out of the 

five players hesitate and deviate from doing so. This is not the case for the dictator treatment 

where coalition formation is imposed by only one decision-maker. As a result, subjects under 

veto power tend to have larger aggregate group extraction of the resource. Nonetheless, this 

finding is mitigated by a learning effect where those in the veto treatment who experienced 

forming grand coalitions in the past increase their probability of staying in a grand coalition. At 

the individual level, we observe that individual extractions are lower in larger coalitions, 

whatever the coalition structure and the treatment, as predicted.  

 

Our behavioral findings have pertinent implications on the global commons. There is 

unsustainability of global agreements due to coordination frictions, especially if one powerful 

country can veto policy. Integral as well is provision of sufficiently large economic incentives to 

cooperate in resource conservation. 

In section 2 we introduce our theoretical framework. Section 3 presents the coalition formation 

game. In section 4 we describe the experimental design. Section 5 is devoted to our experimental 

results and section 6 concludes.  
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2. The model 

 

2.1 Common-pool resource extraction game 

Let ),,( Xxwu iii
 be the utility of player 𝑖 = 1, … , 𝑛, where 𝑤𝑖 is his endowment and xi his 

appropriation effort. We note 𝑋 = ∑ 𝑥𝑗
𝑛
𝑗=1  the group’s aggregate extraction effort. We assume 

that total extraction is a quadratic function of the appropriation effort, , as in 

Walker et al. (1994). As long as players are isolated, i.e. they do not belong to a coalition, their 

share of the total extraction depends only on their relative effort. Player i’s share of the resource 

is therefore equal to 
 𝑥𝑖

𝑋
. With these hypotheses, his utility is given by expression (1): 

                                          2)(),,( XX
X

x
xwXxwu i

iiiii   ,                                 (1)                                    

where  is the marginal return of the private activity.  

We consider a symmetric game, i.e. all players have the same endowment and the same utility 

function. Players who belong to a coalition divide equally the coalition’s payoff. This means that 

they make the same effort and get the same reward. A coalition of size s invests Xs and receives 

a share 
X

Xs  of the output. The utility of player i who belongs to a coalition of size s is therefore 

given by (2): 

                                         21
)(),,( XX

X

X

s
xwXxwu s

i                                          (2) 

with Xs = s . x (i.e. each member of the coalition of size s makes the same extraction effort, x). 

In the standard game, players do not have the possibility to form coalitions, i.e. 𝑠 = 1. The 

symmetric Nash equilibrium level of individual extraction is therefore 𝑥∗ =
𝛼−𝜃

(𝑛+1)𝛽
. In contrast 

the socially optimum individual extraction is equal to the lower level, 𝑥̂ =
𝛼−𝜃

2𝑛𝛽
< 𝑥∗. In the next 

subsection we show that the possibility to form coalitions leads to lower levels of equilibrium 

extraction.  

2.2 Optimal and equilibrium extraction 

 

2)( XXXF  
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In order to determine the equilibrium structure of the coalition formation game, let us define 

isu  player i’s utility when the size of the coalition he belongs to is si. Player i’s utility not only 

depends on the size of his own coalition, but also on the size distribution of all coalitions. This 

is written as expression (3): 

                                  𝑢𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝑠𝑖 [𝜃(𝑤 − 𝑥𝑖) +

𝑥𝑖

𝑋
(𝛼𝑋 − 𝛽𝑋2)],                       (3) 

in which m is the total number of coalitions and sk, (k = 1,…,m), is the size of coalition k. 

 

Player i’s utility can be rewritten as expression (4):  

 

                       𝑢𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑠𝑖(𝑤 − 𝑥𝑖) + 𝑠𝑖𝑥𝑖(𝛼 − 𝛽 ∑ 𝑠𝑘𝑥𝑘

𝑚
𝑘=1 )                         (4)                             

 

The first order condition of the optimal (uniform) group contribution is: 

                          0)()( 



iiii

i

s
xsXss

x

u
i                                                                                          (5) 

which leads to: ii xsX 




 )(
 

Summing the m equations we obtain: 

                                         𝑚 [
(𝛼−𝜃)

𝛽
− 𝑋] = ∑ 𝑠𝑖

𝑚
𝑖=1 𝑥𝑖 ⇔ 𝑋 = 𝑚

(𝛼−𝜃)

𝛽(𝑚+1)
                                   (6) 

and finally: 

                                                          
i

i
sm

x
)1(

)(








                                                               (7) 

From expression (7) we can see that player i’s extraction effort is decreasing in the number of 

coalitions (m) and in the size of the coalition he belongs to (si).   

Substituting X and xi in player i’s utility function leads to expression (8):  

             𝑢𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑠𝑖 (𝑤 −

(𝛼−𝜃)

𝛽(𝑚+1)𝑠𝑖
) + 𝑠𝑖

(𝛼−𝜃)

𝛽(𝑚+1)𝑠𝑖
(𝛼 − 𝛽𝑚

(𝛼−𝜃)

𝛽(𝑚+1)𝑠𝑖
)               (8) 

Which simplifies to: 

 

                                    𝑢𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑠𝑖𝑤 +

(𝛼−𝜃)2

𝛽(𝑚+1)2
                                                 (9) 
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The utility of player k who belongs to a coalition of size si is obtained by dividing by si to obtain: 

                             𝑢𝑘/𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +

(𝛼−𝜃)2

𝛽(𝑚+1)2𝑠𝑖
                                       (10) 

Two extreme cases are worth considering: the structure of singletons (m = n with 𝑠𝑖 = 1, ∀𝑖) and 

the grand coalition (m =1 with 𝑠 = 𝑛). In the structure of singletons 𝑠𝑖 = 1, ∀𝑖. Player k’s utility 

is: 𝑢𝑘(𝑤, 𝑥, 1,1, … ,1) = 𝜃𝑤 +
(𝛼−𝜃)2

𝛽(𝑛+1)2, where 
(𝛼−𝜃)

𝛽(𝑚+1)
 is the Nash extraction level. Therefore for 

the coalition structure (1,1,…,1), the total extraction is 𝑋∗ = 𝑛
(𝛼−𝜃)

𝛽(𝑛+1)
= 𝑛𝑥∗. On the other hand, 

with the grand coalition player k’s utility becomes: 𝑢𝑘(𝑤, 𝑥, 𝑛) = 𝜃𝑤 +
(𝛼−𝜃)2

𝛽(2)2𝑛
, where 

(𝛼−𝜃)

2𝛽𝑛
= 𝑥̂  

is the Pareto optimum extraction level. Therefore, if the grand coalition is formed, the total 

extraction is 𝑋̂ = 𝑛𝑥̂. 

3. Coalition formation game with veto power 

We assume that the coalition formation game is played according to the following rules. In each 

step, a player who does not yet belong to a coalition, is randomly selected to be the proposer. 

The proposer chooses a coalition size. If only one player is left, i.e. the proposer himself, he has 

no choice but to choose a singleton. If two players are left, he can choose a coalition of two or a 

singleton. If p players are left, he can choose any coalition size between 1 and p. If he decides to 

form a singleton, the coalition is immediately formed. If he chooses a coalition of size m, with 1 

< m ≤ p, the candidate members of the coalition (the responders) are randomly selected among 

the players that are not yet assigned to a coalition. We consider two rules for the responders: the 

dictator procedure (D) and the veto procedure (V). Under the D procedure, responders have no 

say: they are assigned in an authoritarian manner. Under the V procedure, the responders can 

decide to accept or to reject the proposer’s offer, i.e. to accept or to reject to be a member of the 

proposed coalition. If at least one of the responders rejects the offer, the coalition is not formed 

and one of the responders who rejected the offer is randomly selected to become the next 

proposer. This process goes on until all players are assigned to a coalition. Once a coalition is 

formed it is definite. Multiplicity of equilibria can arise when a player is indifferent between two 

coalitions, either as a proposer or as a responder. In order to avoid such outcome, we assume a 

tie-breaking rule: if a player is indifferent between two coalition sizes, he selects the largest size. 

Of course, in the experiment, we cannot guarantee that subjects will adopt such a rule. However, 

from a theoretical point of view, assuming a tie-breaking rule simplifies the demonstration by 
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preventing the multiplicity of equilibria. We nevertheless address the issue of multiplicity of 

equilibria in the discussion.  

To simplify the presentation of the equilibrium outcome, we always consider that player i is the 

proposer and player k one of the responders. We derive the proposer’s (player i) and the 

responders’ (player k) best responses in each possible subgame. A subgame corresponds to a 

number of remaining players. In our experiment we consider populations of 5 players. We shall 

therefore derive the equilibrium solution for n = 5. We denote player k’s utility if he accepts 

player i’s proposition of a coalition of size si as follows:  

                                       𝑢𝑘/𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +

(𝛼−𝜃)2

𝑠𝑖𝛽(𝑚1+𝑚2+1)2,                                (11) 

 

where m1 is the number of coalitions already formed before player i makes a new proposal and 

m2 is the number of additional coalitions resulting from player i’s decision. We proceed 

recursively, by considering the number of remaining agents that are not yet a member of a 

coalition. If only one player remains unassigned, he has no choice but form a singleton. In all 

other cases, there are several options that we discuss below. We will use the notation kP to 

designate a k player coalition.  

3.1 Two players are left (p = 2) 

If only two players remain, there are two possibilities: player i can propose a coalition of two (m2 

=1 and si =2) or a singleton (m2 = 2 and si =1). If he chooses to stand alone, the remaining player 

has no other option than to form a singleton. Both player k’s utility and player i’s utility are 

therefore defined as follows: 

(i) 2P coalition:  

                             𝒖𝒌/𝒔𝒊
(𝒘, 𝒙; 𝒔𝟏, … , 𝒔𝒎) = 𝜽𝒘 +

(𝜶−𝜽)𝟐

𝟐𝜷(𝒎𝟏+𝟏+𝟏)𝟐                               (12) 

(ii) Singleton :  

                                          𝑢𝑘/𝑠1
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +

(𝛼−𝜃)2

𝛽(𝑚1+2+1)2,                                (13) 

If player i proposes a 2P coalition, the remaining player (i.e. player k) accepts if 2(𝑚1 + 2)2 <

(𝑚1 + 3)2. If n = 2 the inequality is satisfied and the 2P coalition is formed. For n > 2, since m1 

is a strictly positive integer, the opposite inequality holds and player i chooses the singleton.  
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3.2 Three players are left (p = 3) 

Player i can choose to stay alone, form a 2P coalition or a 3P coalition. Let us determine the 

utility corresponding to each possibility.  

(i) Singleton :  

If player i decides to form a singleton, from subgame p = 2 we know that the two remaining 

players will also form singletons. Therefore, player i’s utility will be:      

                                             𝑢𝑘/1(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

𝛽(𝑚1+3+1)2
                     (14) 

 

(ii) 2P coalition:  

If player i decides to form a 2P coalition, the remaining player will stand alone. Therefore, player 

i’s utility will be: 

                                          𝑢𝑘/2(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

2𝛽(𝑚1+2+1)2                              (15) 

(iii) 3P coalition : 

The 3P leads to:  

                           𝒖𝒌/𝟑(𝒘, 𝒙; 𝒔𝟏, … , 𝒔𝒎) = 𝜽𝒘 +
(𝜶−𝜽)𝟐

𝟑𝜷(𝒎𝟏+𝟏+𝟏)𝟐                          (16) 

If n = 3 (i.e., m1 = 0) it is easy to see that each player’s utility is maximized for the 3P coalition. 

However if n ≥ 4 (m1 > 0), player i is better off by choosing the stand alone option. For instance 

if n = 4, 
2

1 )4( m  < 
2

1 )3(2 m   and 
2

1 )4( m < 
2

1 )2(3 m . More generally, if n > 3 player 

i chooses the singleton and from subgame p = 2 we know that the two remaining players will do 

the same.  

3.3 Four players are left (p = 4) 

Player i has to choose between staying alone, a 2P coalition, a 3P coalition or a 4P coalition. Let 

us determine his utility level in each case.  

(i) Singleton :  
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If player i decides to form a singleton, we know from the preceding steps that the remaining three 

players will do the same. Therefore player i’s utility is given by: 

                                       𝑢𝑘/1(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

𝛽(𝑚1+4+1)2                                         (17) 

(ii) 2P coalition:  

If player i proposes a 2P coalition, the two remaining players will form singletons according to 

subgame p = 2. Player i’s utility is therefore equal to: 

                                               𝑢𝑘/2(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

2𝛽(𝑚1+3+1)2                              (18) 

The expressions for the 3P and the 4P are given below: 

(iii) 3P coalition :  

                                𝒖𝒌/𝟑(𝒘, 𝒙; 𝒔𝟏, … , 𝒔𝒎) = 𝜽𝒘 +
(𝜶−𝜽)𝟐

𝟑𝜷(𝒎𝟏+𝟐+𝟏)𝟐                            (19) 

(iv) 4P coalition :   

                                   𝒖𝒌/𝟒(𝒘, 𝒙; 𝒔𝟏, … , 𝒔𝒎) = 𝜽𝒘 +
(𝜶−𝜽)𝟐

𝟒𝜷(𝒎𝟏+𝟏+𝟏)𝟐                                (20) 

The choice of player i is determined by which of the following expressions is the smallest: 

(𝑚1 + 5)2, 2(𝑚1 + 4)2, 3(𝑚1 + 3)2 or  4(𝑚1 + 2)2. 

 If n = 4, (m1 = 0) player i proposes the largest coalition 4P and all remaining players accept it. 

If n  5, there are three possible Nash equilibria depending on whether m1 = 1 or m1 > 1. If m1 = 

1 there are two possible equilibria as player i is indifferent between staying alone and proposing 

a 4P: indeed
2

1

2

1 )2(4)5(  mm  . However, according to our tie-breaking rule the unique 

solution is 4P. If he chooses a 2P coalition the 2 remaining players will form singletons according 

to the subgame p = 2. If he proposes a 3P the responders will be indifferent between accepting 

and rejecting the 4P proposal3. The two corresponding equilibria are therefore (m1, 4) and (m1, 

1, 1, 1, 1).  

                                                 
3 A player who rejects such proposal could have the opportunity to form a singleton and achieve the same level of 

payoff than if he accepted the proposal.  
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If m1 > 1 player i chooses a singleton and according to the subgame p = 3 the remaining players 

will do the same.  

3.4 Five players left (p = 5) 

There are two possible cases: m1 = 0 and m1 > 0.  Since the experiment considers only populations 

of 5 players, we study only the case n = 5, i.e. m1 = 0. The first selected proposer can choose any 

coalition size, between a singleton and a kP coalition, with 𝑘 = 2, … ,5. 

(i) Singleton :  

From the previous step we know that if the first proposer constitutes a singleton, the second 

proposer is indifferent between a 4P coalition and a coalition structure that consists of four 

singletons. Indeed:  

                   𝑢𝑘/1(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

𝛽(𝑚1+5+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

36𝛽
                                 (21)

 

                    𝑢𝑘/4(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

4𝛽(𝑚1+2+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

36𝛽
                              (22)

 

(ii) 2P coalition:  

                      𝑢𝑘/2(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

2𝛽(𝑚1+4+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

50𝛽
                            (23)

 

If player k accepts a 2P coalition proposal for the first proposer, the three remaining players will 

form singletons according to the subgame p = 3. His utility will therefore be: 

                        𝑢𝑘/2(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

2𝛽(𝑚1+4+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

50𝛽
                         (24)

 

If he rejects the 2P coalition, he becomes the next proposer and can obtain a larger utility, by 

choosing for instance a 3P coalition.  

(iii) 3P  coalition:  

                          𝑢𝑘/3(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

3𝛽(𝑚1+3+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

48𝛽
                      (25)

 

If the 3P coalition proposal is accepted by the wo selected players , the 2 remaining players will 

form singletons according to subgame p = 2. Their utility is therefore:  
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                            𝑢𝑘/1(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

𝛽(𝑚1+3+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

16𝛽
                       (26)

 

If one of them rejects the 3P coalition he can choose to form a larger coalition, 4P or 5P.  

(iv) 4P coalition :  

If the 4P is accepted by the selected players, the remaining player can only choose to stand alone. 

The utility of the members of the 4P coalition is therefore:  

                     𝑢𝑘/4(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

4𝛽(𝑚1+2+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

36𝛽
                            (27)

 

However the selected players to become members of the 4P can achieve a higher payoff by 

rejecting this proposal in order to form a 5P coalition.  

(v) 5P coalition:   

                                𝑢𝑘/5(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +
(𝛼−𝜃)2

5𝛽(𝑚1+1+1)2= 𝜃𝑤 +
(𝛼−𝜃)2

20𝛽
                  (28)

 

Two equilibria are possible depending on player i’s expectations on the issue of subgame p = 4: 

(i) if player i expects that the remaining players will form a 4P coalition in subgame p = 4 he 

chooses to stand alone, (ii) if on the other hand he expects the remaining players to form 

singletons in subgame p = 4 he proposes a 5P coalition. If we apply the tie-breaking rule the only 

equilibrium if 5P. If there is no tie-breaking rule, player i’s proposal of the 5P coalition could be 

rejected by a player k who expects that if he chooses to stand alone the other players will form a 

4P coalition. 

Table 1 summarizes the possible equilibria according to the number of players.  

 



  13 

 

Table 1. Equilibrium coalition structures according to the tie-breaking rule 

 

4. Experimental setting 

4.1 Coalition formation rules 

 

In each session, participants were randomly assigned to a set of five players and were made 

aware that they would remain in the same set of players throughout the whole experiment. In 

the instructions we used the word group instead of coalition. In the sequel we shall adopt the 

same terminology for presenting the results. The set of final coalitions formed in any given 

round will be referred to as the coalition structure as in previous sections.  

Players’ payoffs were determined by their investments in the collective account. In each group, 

all members had to invest the same amount in the collective account. We consider two allocation 

rules of the 10 tokens endowment between the private and the common accounts. In the dictator 

treatment this amount was decided uniquely by the founding member of the group. In the veto 

treatment each member of a group was asked to announce a level of investment in the collective 

account. The lowest amount announced was chosen to be the common level of investment of all 

the coalition members. Subjects were aware of this rule and were reminded that the collective 

account would benefit to all players of their set, no matter to which group they belonged to. Table 

2 summarizes the payoff of each player according to the group to which he belongs to (G1, G2,…, 

G5) and the final coalition structure (column 1). Coalition structures are indexed from the largest 

to the smallest. The last column of table 2 indicates the aggregate payoff of the five players of a 

set. Note that coalition structures with fewer groups achieve larger payoffs.  

Number of 

players 

Tie-breaking rule 

 Largest coalition Singleton Indifference (coin flip) 

2 (2) (2) (2) 

3 (3) (3) (3) 

4 (4) (4) (4) 

5 (5) (1,4) (1, 4) or (5) 
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Coalition 

structure 

G1 G2 G3 G4 G5 Total 

(5) 

optimum 

3, [55]     15, [275] 

(4, 1) 2.5, [35] 10, [110]    20, [250] 

(3, 2) 10/3, [43.33] 5, [60]    20, [250] 

(3, 1, 1) 2.5, [28.75] 7.5, [66.25] 7.5, [66.25]   22.5, [218.75] 

(2, 2, 1) 3.75, [38.125] 3.75 [38.125] 7.5, [66.25]   22.5, [218.75] 

(2, 1, 1, 1) 3, [28] 6, [46] 6, [46] 6, [46]  24, [212] 

(1, 1, 1, 1, 1) 

Nash 

5, [35] 5, [35] 5, [35] 5, [35] 5, [35] 25, [175] 

  Table 2. Group extractions [payoffs] and total extraction [payoff] for alternative coalition 

structures. 

4.2 Practical procedures 

In the experiment, we considered sets of five players. Each player of a set was endowed with 10 

monetary units, so that total initial wealth was 50 monetary units per player set. We chose the 

values for the parameters (𝛼 = 31, 𝛽 = 1 𝑎𝑛𝑑 𝜃 =1) in a way that in the absence of the 

possibility to form coalitions, the Nash extraction level is equal to 5 units per player and the 

social optimum to 3 units per player. More generally, when players can form coalitions the 

equilibrium level of extraction for player i is:  

                                                       𝑥𝑖 =
(𝛼−𝜃)

𝛽(𝑚+1)𝑠𝑖
=

30

(𝑚+1)𝑠𝑖
                                                    (29) 

and player k’s utility as a member of a group of size 𝑠𝑖 is:  

                               𝑢𝑘/𝑠𝑖
(𝑤, 𝑥; 𝑠1, … , 𝑠𝑚) = 𝜃𝑤 +

(𝛼−𝜃)2

𝛽(𝑚+1)2𝑠𝑖
= 10 +

302

(𝑚+1)2𝑠𝑖
                       (30) 

 

 

Prior to the coalition formation game, subjects played five rounds of the extraction game without 

the possibility to form coalitions. This part of the experiment was intended to let players discover 

the strategic interactions of the extraction game. We observed that extraction levels converged 

quickly to the Nash extraction level, i.e. 5 units, in all player sets, without significant differences 
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(mean extraction = 5.08, median = 5). No significant difference was observed between veto sets 

and dictator sets. Given these findings, we conjecture that any difference observed in the second 

part of the experiment with respect to the first part, can be attributed to the possibility to form 

coalitions combined with the treatment variable (veto versus dictator).  

 

The instructions are available in appendix 1. Below we report the wording that was used in the 

dictator and the veto treatment. Note that the only difference is the possibility to accept or 

reject the membership proposal under the veto rule.  

Veto version of the instructions [dictator version in brackets] 

 

At the beginning of each period you will receive a pseudonym chosen from the set {A, B, C, D, E}. During 

a period, you will likely be required to form a group (in the event that you are selected to do so). To form 

a group, you just have to choose its size among the possible sizes. If you are the first to make a proposal, 

you can choose any group size between 1 and 5. If a group of size T1 is already formed then you can 

choose any size between 1 and 5-T1, etc… If during a period you are offered to join a group, [you cannot 

refuse], you will have to decide whether to accept or reject this offer.  If you accept and all the members 

proposed for your group also accept, the group will be definitively formed. If you refuse, or if one of the 

proposed members for your group refuses, the group will not be formed. One of the people who refused 

will then be designated to make a new proposal. 

Once all groups are formed, the computer will display your individual gain, the individual gain of each 

member of each group as well as the total gain achieved by all the members of all the groups (the sum of 

the gains of the 5 people in your subset).  

 

5. Results 

 

In what follows, we start the statistical analysis of group behavior (i.e. on the aggregate, 

given the initial set of 5 players) before we move to individual behavior. At the group level, we 

are interested in the groups that are formed in any given set of players and collective extraction. 

At the individual level, we are interested in individual extraction levels within groups.  

 

5.1 Group Behavior 

 

We first look at the frequency distribution of coalition structures reported in Table 3. Of 

particular interest is the frequency of the grand coalition in the dictator and veto treatments. We 

find that there is a significant difference (Chi2, p=0.000 ) in the distribution of group types across 

treatments. Almost 50% of the sets form a grand coalition under dictator leadership, compared 
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to only about 25% in the veto treatment, a significant difference (Fisher exact test, p = 0.000). 

We state this observation as Result 1.  

 

Result 1. Subjects in the dictator treatment are more likely to form the grand coalition, than 

subjects in the veto treatment. 

 

Table 3: Frequencies of coalition type by treatment 

 

  Treatment  
Coalition 

structure 
Dictator Veto Total 

(1, 1, 1, 1, 1) 0 16 16 

(2, 1, 1, 1) 4 31 35 

(2, 2, 1) 10 11 21 

(3, 1, 1) 10 19 29 

(3, 2) 25 5 30 

(4, 1) 29 4 33 

(5) 72 34 106 

Total 150 120 270 

 

Interestingly, Table 3 also shows that no singletons structure is observed in the dictator treatment. 

In contrast, more than 10% of the coalition structures under veto are singletons structures. This 

may imply that, due to a coordination issue, individuals in the veto treatment sometimes use their 

power to avoid forming the grand coalition. Because everyone has veto power, even if only one 

person deviates, smaller sub-group sizes (e.g. singletons) become more likely. In contrast, players 

in the dictator treatment are only governed by one decision-maker. If the randomly chosen 

dictator wants to form a grand coalition or simply avoid smaller sub-groups, he is able to do so 

without needing the agreement of others. 

 

Indeed, as shown by the probit regressions of Table 4, in the dictator treatment, player sets tend 

to prevent the formation of the singletons structure (1, 1, 1, 1, 1, 1) and seem more likely to form 

the grand coalition than player sets in the veto treatment. The dependent variable in Table 4 is 

the probability of the grand coalition. The main regressors are the dummy veto (equal to 1 for the 

veto treatment), the variable period which we take as a proxy for learning, and whether subjects 

of a set experienced the grand coalition in the past captured by the variable lag_grand (equal to 

1 if in the previous period the grand coalition was formed).   We add two interaction variables, 

veto×period which captures the time effect for the veto treatment and veto×lag_grand which 
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accounts for the formation of the grand coalition in the previous period in the veto treatment. The 

variable veto affects negatively the likelihood that players form the grand coalition, but over time 

subjects learn and become more likely to form the grand coalition. As shown by the significance 

of the interaction variable veto×period in regression (3), learning has a tempering effect for the 

negative impact of the veto dummy.  Furthermore if the player set experienced the grand coalition 

in the previous period, the negative impact of the veto dummy is even more strongly attenuated. 

These findings are summarized in Result 2. 

 

 

 

Result 2. Although, player sets in the veto treatment are less likely to form the grand coalition 

than in the dictator treatment (veto power effect), the grand coalition becomes more likely over 

time in both treatments (learning effect). This tendency is reinforced if players experienced the 

grand coalition in the previous period. 

 

We now look at the aggregate extraction levels by treatment. Let us recall that each player’s 

endowment is equal to 10 tokens, so that the maximum possible extraction for a set of players is 

equal to 50 tokens. For the dictator treatment, the average group extraction is 18.19, while for 

the veto treatment it is 20.83, a significant difference (t-test and Mann-Whitney U test, p = 0.000). 

Average group extractions are sandwiched between the Nash (25 units) and the optimum (15 

units) levels. However, as illustrated by figure 1 the distributions look very different 



  18 

(Kolmogorov-Smirnov, p = 0.000), with a sharp spike on the optimum extraction level in the 

dictator treatment.  

 

Figure 1: frequency distribution of group extraction per treatment 

 

 

Table 5 reports the coefficients of OLS regressions4 with dependent variable total extraction by 

the 5 players of a set. The variable grand is equal to 1 if the grand coalition is formed. Other 

variables are the same as in previous tables. We control for the coalition structure, taking the 

singletons structure (1,1,1,1,1) as the reference. The definitions of the other structures is the same 

as in Table 2. The significant negative sign of the variable grand shows that players in the grand 

coalition extract less than in other coalition structures. Furthermore, all coalition structures 

extract less than the singleton structure (see column 3). Allowing players to form coalitions is 

beneficial for the protection of the resource, and improves players’ payoffs on average. The 

negative sign of the variable period also indicates a learning effect where total group extraction 

decreases over time. As shown by Figure 2, this learning effect allows groups in the dictator 

treatment to reach the efficient level of extraction. This learning effect is however counteracted 

for the veto treatment as shown by the positive significant sign of the variable veto×period. As 

in Result 2, we find that the learning effect is stronger than the veto power effect in terms of 

group extraction rates. We summarize these observations as Result 3. 

 

Figure 2: average group extraction over time per treatment (fitted values, 95% CI) 

 

 

                                                 
4 Clustered errors at the session level. 
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p  

 

Result 3. The possibility to form coalitions lowers resource extraction for all coalition structures 

compared to the singleton structure. In the veto treatment, we observe a tendency to increase 

extractions, except if the grand coalition is formed. 
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5.2 Individual Behavior 

 

Thus far, we established that the possibility to form coalitions has a tempering effect on group 

extractions and that the grand coalition always leads to lower extractions compared to other 

coalition structures. As grand coalitions are more frequent under the dictator treatment, it is not 

a surprise that group extractions are also lower. In this section, we focus on the effect of coalition 

size on individual extraction levels. To what extent does the coalition size affect the level of 

extraction? Table 6 reports the determinants of individual extractions based on OLS regressions5 

                                                 
5 The low frequency of extreme individual extractions, i.e. 0 (0.44%) or 10 (2.37%). 
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with clustered errors at the player set level. Recall that extractions are uniform in each coalition,  

i.e. all members of a group have equal extraction levels and payoffs.  

 

    Table 6 provides a clear picture about individual extractions. First we observe from regression 

1 and 4 that the treatment variable (veto) and coalition structures have no effect on individual 

extractions. The key determinant is the size of the coalition (i.e. sub-group size identified by the 

variable  coalition_size p indicating that there are p  subjects in a group) which has a negative 

impact on extractions: larger coalitions extract less as shown by the absolute value of the 

regression coefficient. This observation agrees with the theoretical predictions summarized in 

table 2. In addition, over time, whatever the size of the coalition, individual extractions tend to 

diminish. This effect seems mainly to be due to the more frequent formation of the grand coalition 

over time in both treatments. We summarize our observations in Result 4. 

 

Result 4. Individual extractions are lower in larger coalitions, whatever the coalition structure 

and the treatment.  

 

 

 

6. Conclusion 
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We have proposed a common-resource extraction game with endogenous coalition formation. 

The research questions are the following: 1) Are dictatorship and veto power different in terms 

of coalition formation in the commons? 2) If so, how do total group extraction rates differ? 

Overall, our experimental findings indicate that player sets characterized by veto power spread 

among all members are less likely to form the grand coalition, as compared with those where 

there is only one player who is assigned as decision-maker. Consequently, those in the veto 

treatment experience less efficient group extraction of the common-pool resource. From a 

decision-making perspective, such veto effect is detrimental because there is over-extraction of 

the resource compared to the optimum. Non-cooperation by just a single player will lead to 

failure to form a grand coalition. Nonetheless, we have found that subjects in the veto treatment 

benefit from the learning effect.  If they have already agreed to form a grand coalition in the past, 

they are more likely to do so in the future. They seem to have been motivated to cooperate, after 

having experienced the potential benefits of larger coalitions (e.g. more efficient resource 

extraction and potentially higher group payoffs).  

 

Finding in this paper has pertinent policy implications. This provides behavioral evidence on the 

unsustainability of a global coalition comprising of all players. When it comes to climate change 

negotiations and international environmental agreements, a grand coalition might be difficult if 

not impossible to achieve as long as all countries have veto power. If the incentive to deviate and 

not cooperate is high, then a larger coalition size is less likely. One possible solution is forming 

sub-groups with a sufficiently large set of countries (e.g. the EU having a joint climate target) 

and where group benefits are perceived to be high. Finally, we recommend extensions for future 

work. Potential research may include varying the veto power of players within one group, e.g. 

three players have veto power while the rest do not. Another possibility is varying the payoffs at 

stake. In that way, we can investigate whether increasing individual benefits from resource 

extraction will further hinder grand coalition formation.  
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Appendix 
 

 

APPENDIX 1: Instructions 
 

*********************** 

Extended instructions: Dictator [Veto] treatment 

 

Part 2 

You will now participate in the second part of the experiment. This part contains 15 periods. The 

composition of the groups of 5 people remains identical to that of the first part of the experiment. It will 

remain so until the end of the experiment. Your gains for a period will depend on both your decisions and 

the decisions made by the other 4 members of your set. The following instructions will help you 

understand how your earnings are determined. 

 

Decision 

During a period, two types of decisions will be taken successively (step 1 and step 2) within each set of 5 

players: 

 

Step 1: You will have to form groups of players within your set of 5 players. Each member of your set 

can belong to only one group. The sizes of these groups must be between 1 and 5 players. For example 

there can be 5 groups of 1 player, or a single group of 5 players. But there can also be 1 group of 4 players 

and a group of 1 player, 2 groups of 2 players and a group of 1 player and 1 group of 3 players and 1 

group of 2 players. The rules for forming groups will be explained below. 

 

Step 2: Each member of your group will be asked to allocate his endowment of 10 tokens between his 

individual account and the collective account. Unlike the first part of the experiment, members of a group 

will not be able to freely choose their investment in the collective account. All members of the same group 

will be required to allocate the same number of tokens to the collective account. The decision rules are 

explained below. 

 

We will now detail the two mentioned decision steps: 

 

1st step: group formation. 
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The groups are formed as follows: at the start of step 1, one of the 5 members of your set will be selected 

randomly to make a proposal. His proposal will consist of announcing a group size between 1 and 5. If, 

for example, he wishes to bring together all the members of the set in a single group, he will choose the 

number 5. On the contrary, if he prefers to constitute a group on his own he will choose the number 1.  If 

he chooses to form a singleton, his decision will be immediately applied, and he will remain alone for the 

rest of the current period. If he chooses to form a larger group, the other members selected for his group 

will be chosen at random from among the 4 other members of the subset (except if he chose a group of 5 

in which case they will all be selected). A member selected for being part of a group cannot refuse: he 

will therefore automatically be part of the group if selected. 

 

Example: The first player designated to form a group announces the number 3. The player who makes the 

proposal is automatically part of his group. The other two members are randomly selected among the 4 

remaining persons in the set. Each member of the set has the same chances of being selected to be part 

of the group formed by this player, namely 2 chances out of 4. The two people selected cannot refuse to 

become a member of the group. 

 

[… If during a period you are offered to join a group, you will have to decide whether to accept or reject 

this offer.  If you accept and all the members proposed for your group also accept, the group will be 

definitively formed. If you refuse, or if one of the proposed members for your group refuses, the group 

will not be formed. One of the players who refused will then be designated to make a new proposal…] 

 

If the group formed includes all the 5 members of the set, step 1 is complete. If the group formed has 4 

members, the member who remains alone has no other choice than to form a group on his own. If the 

group formed includes the 5 members of the set everyone is part of a group. If the group formed has 3 

members or less, a new draw is made among the players who are not already part of the group constituted, 

in order to designate a player responsible for forming a second group. As for the first group, the designated 

player will simply choose the size of the group he wants to constitute, considering the number of players 

remaining. If, for example, the group already formed includes exactly 2 players, the size of the second 

group may include either a single player, two players, or three players. When the size of the second group 

is announced, its members will be chosen randomly among the remaining players who are not part of the 

group already formed. Members selected to be part of the second group cannot refuse to be part of it. If 

two groups are formed, and more than one unassigned player remains in a formed group, the process 

described above continues. A new player is drawn to form the third group and so on. This process 

continues until all players are part of a group. When all players are finally assigned to a group, the group 

structure formed in your set will be displayed on your screen. The different possibilities are as follows: 
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Coalition structure  

(5) 1 group of five players 

(4, 1) 1  group of 4 players and 1 group of 1 player 

(3, 2) 1  group of 3 players and 1 group of 2 player 

(3, 1, 1) 1  group of 3 players and 2 groups of 1 player 

(2, 2, 1) 2  group of 2 players and 1 group of 1 player 

(2, 1, 1, 1) 1  group of 2 players and 3 groups of 1 player 

(1, 1, 1, 1, 1) 5  groups of 1 player 

 

Once all groups are formed and the list has been announced, the second step will begin. 

 

2nd step: the investment. 

 

The players who formed the groups in step 1 (referred to as "founding member" hereafter) will have to 

decide how to allocate their initial endowment (10 tokens) between their individual account and the 

collective account. All members belonging to the same group must adopt the same allocation of their 

endowment as the founding member. For example, if the founding member decides to invest 3 tokens in 

the collective account, all members of his group must also invest 3 tokens in the collective account. 

As for the first part of the experiment, the collective account is common to the 5 members of the set, 

regardless of their group. For example if two groups are formed (a group of 3 and a group of 2), the 

collective account will benefit each of the 5 people, regardless of their group belonging.  

 

Example 1: You are the founding member of a group of 3 and you decide to invest 4 tokens in the collective 

account. The other 2 members of your group will also be required to invest 4 tokens in the collective 

account which is common to all the players of your set (the 5 players in your set). 

 

 

Example 2: You have been designated to be part of a group of 4 players. You do not have the possibility 

of choosing yourself the amount you want to invest in the collective account. You will need to invest the 

same amount as the founding member of your group. 

 

Choice of group size and allocation of your endowment 

To each group structure {(5), (4,1), (3, 1, 1), (2, 1, 1, 1), (1, 1, 1, 1, 1), (3, 2 ), (2, 2, 1)} corresponds a 

different payoff table. The payoff depends on two components: your investment in the collective account 

and the total investment of your set in the collective account. You can view the payoff table of a given 
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structure by clicking on the corresponding button. For example, you can visualize the payoff table of the 

structure (4, 1) by clicking on the button (4, 1).  

 

For this stage of the game, if you are a founding member, your role will be to choose the level of 

investment that you, and each other member of your group, have to invest in the collective account that 

is common to all the members of your set. 

 

Summary of the procedure 

At the start of each period you will be endowed with 10 tokens. You will then eventually be selected to 

be the founding member of a group. To form a group you must choose its size among the possible sizes. 

If you are the first founding member, you can choose any group size between 1 and 5. If a group is already 

constituted and that you are randomly selected to constitute a second group, you can choose only among 

the remaining possible sizes. A player selected to be part of a group cannot refuse. 

 

Once all players of your set are assigned to a group, step 2 will begin. Each founding member of a group 

will then choose the level of investment in the collective account for his group. Each member of a group 

will invest the same amount in the collective account than that decided by the founding member. 

 

Your payoff for a period will depend on the number of groups in your set, the size of each group, the 

investment in the collective account which is decided by each founding member of each group and the 

total investment of your set. 

 

When all the founding members have made their investment decision, the computer will display the 

summary of the period, namely: the group structure that is formed, the size of your group, your investment 

in the collective account, the total investment of your group in the collective account, the total investment 

of your set in the collective account your gain for the period. When all participants have clicked on the 

button “validate” from the summary screen, the following period will begin. You can at any time view 

the history of previous periods by clicking on the "History" button. The "History" table gives you, for 

previous periods: the realized group structure, the size of your group, the number of tokens you invested 

in the collective account, the total number of tokens invested in the collective account by your group, the 

number total tokens invested in the collective account by your set, your corresponding gain for the period 

and your cumulative gain since the first period of the game. When the 15th period is over, the computer 

will display your gain for the experiment in ecus, and its conversation in euros. The conversion rate is, as 

in the part 1, 1ecu = 0.02 euros. 
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APPENDIX 2: Screenshots 

 

 

 
 

Screen 1: payoff tables display buttons 

 

Screen 1 was available before the selection of the proposer. By clicking on one of the buttons 

participants could consult the corresponding payoff table (see an illustration below on screen 

2). 
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Screen 2: payoff table corresponding to the coalition structure (3,2).  

 

Payoffs were presented as a function of the player’s own investment (columns) from 0 to 10 

tokens, and the total investment of his player set (lines) from 0 to 50 tokens. Activated cells 

show the possible combinations of tokens investment taking into account that extraction levels 

are uniform within each group.  
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