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1 Introduction

When markets fail, the design of appropriate institutions is a key issue for economic

analysis and policy. In social dilemma situations, where social welfare maximization typ-

ically con
icts with individual payo� maximization, the im plementation of a centralized

punishment institution that castigates individual behavior if deviant from the welfare

maximizing action is a possible solution. The classic example of such an institution is

the constitutional state that maintains cooperation of itscitizens through enforcement by

central authorities (police, courts). Others include the EU Stability and Growth Pact cre-

ated to enforce budgetary discipline of EU member states, orthe Kyoto protocol aiming

at a reduction of global CO2 emissions by means of the implementation of legally binding

agreements.

Under the assumption that the institutional solution works, an important question

remains: how does it come into existence? Ultimately, if notimposed from the outside,

the original set of agents mustendogenously form the institution. It is exactly this process

of institution formation that we address in this paper.

The social dilemma situation we consider is a linearn-player public good game. The

process of institution formation is modeled as follows: in the �rst stage of the three-stage

game, each player decides whether he wants to participate inan organization that, once

it is implemented, binds each participating player to contribute his full endowment to the

public good. The organization is costly and only participants are bound to contribute.

Hence, non-participants are allowed to free-ride on participants' contributions. In the

second stage, player learn how many of the other players are willing to participate. The
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organization is implemented if and only if all participating players agree to its formation.

In the �nal stage, the public goods game is played.

In the theory part of our paper, we show that two di�erent types of subgame perfect

equilibria exist in this game, one so-called \organizational equilibrium" where players

successfully implement an organization and a so-called \status-quo equilibrium" where

no institution is formed. We prove that organizations in anyorganizational equilibrium

are of a minimum size, i.e., at leasts∗ players participate, where the thresholds∗ depends

on the payo�s in the public goods game and the cost of the institution. Using strictness

as an equilibrium re�nement we show furthermore that a unique strict subgame perfect

equilibrium exists where exactlys∗ players agree to form the institution and consequently

contribute to the public good, while the remainingn − s∗ agents do not participate

and free-ride. Thus, if s∗ is strictly smaller than n the unique strict subgame perfect

equilibrium institution has a proper subset of agents who voluntary commit themselves

to cooperation. The institution is formed because each participating agent still earns a

higher payo� than in the unique Nash equilibrium of the game with no institution, where

no one contributes to the public good.

In the second part of the paper, we present the results of a laboratory experiment

designed to investigate the process of institution formation in a four-player public goods

game. The experiment goes beyond the existing literature asit connects the classic social

dilemma situation with an innovative element of political organization. Based on the

model outlined above we implement two main treatments varying the equilibrium sizes∗

of strict subgame perfect institution. In the �rst treatment s∗ = 2 , in the second treatment

s∗ = 3. We also conduct two corresponding control treatments where no institution can

be formed and subjects play only the public goods game. In each treatment subjects play

20 periods of the relevant stage game with the composition ofgroups remaining constant

in each period.

Our main experimental �ndings are as follows. Players successfully form institutions

and the number of institutions increases over time. In both treatments, between 70%

and 100% of all groups form an institution in �nal rounds. In contrast to the strict

subgame perfect equilibrium prediction, most implementedinstitutions are of full size,

i.e., all players participate. The probability that an institution is implemented increases

with the number of players willing to participate. If all players are willing to participate,

the average implementation rate amounts to 0.91 (0.69) in the �rst (second) treatment.

In contrast, when one or two agents say they are not willing toparticipate the probability

for an institution to be implemented falls below 0.38 (0.23)in the �rst (second) treatment.

Compared to the control treatments, the possibility of institution formation signi�cantly

increases total contributions to the public good.

2



2 Institution formation: Theory

2.1 Model

We consider the followingn-person public goods game. Every playeri = 1 , . . . , n has an

endowmentw and can decide about his contributiongi to a public good where 0≤ gi ≤ w.

For a given contribution pro�le ( g1, . . . , gn), the payo� to player i is given by

πi(g1, . . . , gn) = w − gi + a
n∑

j=1
gj a < 1 < na, (1)

wherea is the marginal per capita return (MPCR) from a contribution to the public good.

Condition a < 1 means that zero contribution is the dominant action for every player,

that is, he is better o� by choosing zero contribution than by choosing any positive

contribution, regardless of the contributions of the otherplayers. In consequence, the

strategy pro�le g = (0 , . . . , 0), in which public goods are never provided, is the unique

Nash equilibrium in the public goods game. Condition 1< na means that all players are

better o� if each player contributes fully to the public good, i.e., the contribution pro�le

g = ( w, . . . , w) is implemented.

The institution formation game (Okada 1997) is de�ned as thefollowing three-stage

game.

1. Participation stage: Every player i(= 1 , . . . , n) decides independently whether to

participate in an organization or not. Let S be the set of alls participants.

2. Implementation stage: The participants negotiate about implementing the organi-

zation. Once the organization is created, participants arebound to contribute their

full endowment to the public good.1 Non-participants are not bound, i.e., can free

ride on participants' contributions. Speci�cally, in the implementation stage every

participant independently either accepts or rejects to implement the organization.

The organization is implemented if and only if all participants accept (unanimity

rule). The organization is costly. Letc > 0 be the total cost of the organization.

Costs are shared equally by all participants.

3. Contribution stage: When an organization has been implemented, all participants

are bound to make the full contributiongi = w, while all non-participants are free to

choose their own contributions. When an organization has not been implemented,

all players i = 1 , . . . , n independently choose their contributionsgi.

1The organization might, for example, impose a punishment onparticipants who do not contribute
fully to the public good, where punishment is su�ciently hig h to deter free-riding, i.e., punishment is at
least (1− a)(w − gi), if player i contributes only gi ∈ {0; : : : ; w − 1}.
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Let � denote the institution formation game as de�ned above.Formally, � is a three-

stage game with perfect information. In each stage of �, players choose their actions with

perfect knowledge about the play of the game in previous stages. The payo� ui of player

i in � is given as follows. Let S be the set of participants in the organization, and lets
be the number of participants.

(i) when an organization is established,

ui = asw + a
∑

j /∈S gj − c
s for i ∈ S

ui = w − gi + asw + a
∑

j /∈S,j 6=i gj for i /∈ S

(ii) when an organization is not established,

ui = w − gi + a
n∑

j=1
gj.

2.2 One-shot game

Players decide upon their actions in every stage of �, rationally anticipating the outcome

of future stages. To consider players' decisions, we characterize a subgame perfect equilib-

rium of �. By backward induction, we �rst analyze a Nash equilibrium of the contribution

stage.

Proposition 1 The contribution stage has a unique Nash equilibrium as follows. When
an organization is established, all participants contribute fully and all non-participants
never contribute. When the organization is not established, no players contribute.

The proof of the proposition easily follows from the rules ofthe contribution stage.

We next analyze the implementation stage. Suppose thats players participate. Although

every participant has an incentive to free ride, it is important to notice that they can be

better o� by coordinating their contributions fully than in the zero-contribution equilib-

rium of the public goods game if

asw −
c
s

> w. (2)

De�nition 2 The threshold s∗ of an organization is the minimum integer s, which sat-
isfies asw − c

s > w.

The threshold s∗ shows the minimum size of an organization such that every player

�nds it attractive to participate in it. Since a < 1, we remark that s∗ ≥ 2. Since the

organization payo� asw − c
s is increasing ins, the threshold s∗ of an organization with

s∗ ≤ n exists uniquely if

(an − 1)nw > c. (3)

4



If (3) does not hold, the organization is never bene�cial to the players, i.e., no group

of players would ever have an incentive to implement it. In what follows, we therefore

assume that (3) holds. The next proposition characterizes aNash equilibrium of the

implementation stage.

Proposition 3 When the number of participants is greater than or equal to the threshold
s∗, there exist two types of Nash equilibria: with and without an organization. If s < s∗,
the organization is not implemented in all Nash equilibria.

Proof. Let s be the number of participants. Whens∗ ≥ s, it can be shown without

much di�culty that both the action pro�le that all participa nts agree to implement the

organization and the action pro�le that they all reject the organization are Nash equilibria.

When s∗ < s, the action pro�le that all participants agree to implement the organization

is not a Nash equilibrium since every participant becomes better-o� by rejection. Q.E.D.

The implementation stage can be seen as an unanimous voting game where all partic-

ipants collectively decide between two alternatives: either the status or the organization.

When the number of participants is greater than or equal to the thresholds∗, the alterna-

tive to implement the organization Pareto-dominates the status-quo. It should, however,

be remarked that each outcome can be supported by a Nash equilibrium in the implemen-

tation stage. If we apply re�nements of the Nash equilibriumconcept such as strictness

and undominatedness, we can select the equilibrium with organization. We will discuss

this issue at the end of this section.

We are now ready to characterize a subgame perfect equilibrium of �. For convenience,

we introduce the following classi�cations of subgame perfect equilibria.

De�nition 4 A subgame perfect equilibrium of � is called an “organizational equilibrium”
if an organization is formed on the equilibrium path. A subgame perfect equilibrium of
� is called an “status-quo equilibrium” if an organization is never formed independent of
the number of participants.

In an organizational equilibrium, an organization is formed and all participants con-

tribute fully. It follows from Proposition 3 that the size of the organization is greater

than or equal to the thresholds∗. On the contrary, in the status-quo equilibrium, a pun-

ishment institution is not created and the contribution is zero, regardless of how many

players participate. The status-quo of the public good game, where no player contributes,

prevails.

Theorem 5 A subgame perfect equilibrium of the organization formation game � is char-
acterized as follows.
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(1) There exists an organizational equilibrium if and only if the number s of partici-
pants is greater than or equal to the threshold s∗.

(2) For any s = 1 , . . . , n, there exists a status-quo equilibrium in which s players
participate in an organization.

Proof. (1) The only-if part follows from Proposition 3. Suppose that s ≥ s∗. De�ne

players' strategies as follows:

• s players participate in an organization, and the others do not.

• When exactly s players participate in an organization, each participant accepts the

organization. Otherwise, each player rejects it.

• All participants contribute fully, and non-participants choose zero contribution.

It follows from Propositions 1 and 3 that the strategies above induce Nash equilibria on

the second and the third stages of �. Consider the participation stage. Every participant

receives a payo�asw − c/s, which is larger thanw. If he does not participate, his payo�

will be w by the construction of the strategy. Since also non-participants have no incentive

to deviate, the above strategies induce a Nash equilibrium in the participation stage.

(2) In the status-quo equilibrium, the total contribution is zero, independent of the

number of participants. Therefore, every player is indi�erent between participation and

non-participation, no matter what actions all other players choose. Given this fact of the

status-quo equilibrium, all action pro�les are Nash equilibria in the participation stage.

Q.E.D.

Theorem 5 shows that there exist multiple subgame perfect equilibria of the institution

formation game �. In equilibrium, the number of contributors may be 0, s∗, s∗ + 1 , . . . , n.

Note that s > s∗ contributors can be supported in equilibrium by a punishment strategy,

where participating players reject the organization if less than s players participate (even

if these participants would all better-o� by implementing the organization). The outcome

of zero contribution is possible in equilibrium in the following situations. One situation is

that no player participates. Other situations are that somenumber of players participate

in an organization, but that an organization is not created,no matter how many players

participate. In these situations, the participation stageis an \inessential" game in the

sense that the game has only one possible outcome of zero contribution.

We remark that Theorem 5 holds also true if in the implementation stage players are

informed only about the number of participants and in the contribution stage players

are informed only about whether the organization has been implemented or not.2 This

2A subgame perfect equilibrium should be replaced by a sequential equilibrium.
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follows because players' payo� functions are determined bythe number of participants

and by the fact whether an organization is established or not. The strategies constructed

in the proof of the theorem depend only on these variables.

Finally, we show that the strictness of a Nash equilibrium can select a unique subgame

perfect equilibrium of � in terms of the organization size. Generally, a Nash equilibrium

of a strategic-form game is calledstrict if every player has a unique best response to other

players' strategies. A subgame perfect equilibrium of a multi-stage game with perfect

information is called strict if it induces a strict Nash equilibrium in every stage game.

Theorem 6 The organization formation game � has a unique strict subgame perfect
equilibrium in terms of the organization size. The unique organization size is equal to
the threshold s∗.

Proof. It follows from the proof of Proposition 3 that in any strict subgame perfect

equilibrium of � an organization is implemented whenevers ≥ s∗. Given this outcome of

the second stage, the payo� of every playeri in the participation stage is given as follows.

(i) when s ≥ s∗,
ui = asw − c

s for i ∈ S
ui = w + asw for i /∈ S

(ii) when s < s∗,

ui = w.

When s > s∗, an organization is established by Proposition 3. If one participant deviates,

the remaining participants establish the smaller organization by themselves. Therefore,

each participant can increase his payo� fromasw − c/s to w + a(s − 1)w by deviating

from an organization. Thus, the situation is not supported as a Nash equilibrium. When

s = s∗, no participant has an incentive to deviate from the organization because by doing

so, his payo� decreases fromas∗w − c/s∗ to w. Also, any outsider of the organization has

no incentive to opt in. These arguments imply that any actionpro�le in the participation

stage with s∗ participants is a strict Nash equilibrium. When s = s∗ − 1, any single

non-participant has an incentive to participate, since by doing so his payo� will increase

from w to as∗w − c/s∗. Therefore, the situation is not supported as a Nash equilibrium.

Finally, it can easily be proved that any action pro�le with less thans∗ − 1 participants

is a strict Nash equilibrium, but not a strict one. Q.E.D.

2.3 Finitely repeated game

Before we come to the empirical analysis, we consider the situation where the organization

formation � is played �nitely many times among the same players. The number T of

repetitions is common knowledge among the players. Playersmaximize the total payo�
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in the repeated game. Let �T denote the T -repetition of �. Given the multiplicity of

equilibria of � shown in Theorem 5, a variety of contribution patterns may arise in an

equilibrium of the �nitely repeated game � T .

Theorem 7 Let st denote the number of contributors in round t of � T . Then, any se-
quence s = ( s1, . . . , sT ) of contributors where st = 0 , s∗, s∗ + 1 , . . . , n for all t can be
supported by a sequential equilibrium of the finitely repeated game � T .

Proof. De�ne the strategies of players in �T as follows. In every roundt, play the

subgame perfect equilibrium of � such that the number of contributors is equal to st,

independent of the history of play. The existence of such an equilibrium is shown by

Theorem 5. It can be shown without much di�culty that the constructed strategy is a

sequential equilibrium of �T together with any belief assigned to every information set in

� T . Q.E.D.

It is well-known that the repetition of Nash equilibria in a component game is a

sequential equilibrium of a �nitely repeated game. The theorem shows that the repetition

of Nash equilibria can generate a variety of contribution patterns in � T .3

3 Institution formation: Experiment

3.1 Design

We implemented the following four-player version (n = 4) of the institution-formation

game in our experiment. At the beginning of each period, every player receives an en-

dowment of w = 20. Each player then decides whether he wants to participate in the

organization or not (participation stage). Being informed about the number of players

who want to participate, the group of participating playersdecides in the second stage

whether or not to implement the organization (implementation stage). The organization

is implemented if and only if all participating players agree to implement it (unanimity

rule). Non-participating players do not make any decision in this stage and are only

informed about the number of participating players. Finally, players' contributions to

the public good are determined (contribution stage). If the organization has been im-

plemented in the second stage, all organization members arebound to contribute their

full endowment to the public good. Non-members freely decide about their contribution,

knowing whether or not the organization has been implemented. If the organization has

not been implemented, all players freely decide how much they want to contribute.

3In our case the component game � of �T is a multi-stage game. It can be easily seen that a similar
result holds true in this case.
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Each member of the organization earns a payo�

20as + a
∑

j /∈S
gj −

c
s

,

whereS is the set of organization members,s = |S| is the size of the organization,c is the

cost of the organization, andgj is player j's contribution to the public good. Similarly,

the payo� of a player who is not a member of the organization equals

20as + a
∑

j /∈S
gj + 20 − gi.

The main di�erence between members and non-members of the organization is that

members are bound to contribute their full endowment and share the costs of the organi-

zation, while non-members are not bound to contribute and donot pay any part of the

cost.

In order to control for possible miscoordination in the participation stage we elicited

players' beliefs about the number of players who participate in the organization in a given

period. Precisely, after players have made their decision whether or not to participate,

each player is asked for his probability belief thats players participate in the organization,

where s ranges from one to four if the player participates himself and ranges from zero

to three if the player does not participates himself. Beliefs were paid according to the

quadratic scoring rule.

Altogether, we implemented two treatments of the institution-formation game with

di�erent predictions regarding the minimum organization size s∗. In both treatments the

cost of the organization isc = 2. In the �rst treatment (IF40) the marginal per capita

return of the public gooda = 0 .4, which leads to a prediction ofs∗ = 3. In the second

treatment (IF65) a = 0 .65, which yieldss∗ = 2. In addition to these treatments, we also

implemented two control treatments (PG40 and PG65), where players only played the cor-

responding public good game without the possibility of institution formation. Irrespective

of the treatment, subjects played 20 rounds of the respective game with the same group

of players. All experiments were run at the CREED laboratoryof the University of Am-

sterdam. In total, 164 subjects participated in our experiment, 44 subjects participated

in each of the institution-formation treatments (IF40, IF60), 40 subjects participated in

treatment PG40, and 36 participated in treatment PG65. No subject participated in more

than one treatment. Each session lasted, on average, 120 minutes. On average, a subject

earned 23,90€ (about $ 25,-) in the experiment.

3.2 Results

In the following we �rst present our main results on the aggregate level, providing in-

formation about the total number and the distribution of organizations and the overall
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impact on contributions to the public good. We then take a more detailed look at the

institution formation process taking into account the heterogeneity of the experimental

groups.

3.2.1 Main �ndings

Our �rst result shows that players almost always initiate the formation of an organization

and that, on average, organizations are implemented in between 43 and 60 percent of the

cases.

Result 1 In treatment IF40, there is always at least one player who wants to form an
organization and an organization is implemented 43 percent of the time. In treatment
IF60, in 98 percent of the cases at least one player wants to form an organization and an
organization is implemented in 60 percent of all possible cases.

Support for Result 1 comes from Table 1, which shows the absolute and relative number

of cases, where at least one player decides to participate inthe participation stage (initiated
organizations) and where an organization is also implemented by unanimityvote in the

implementation stage (implemented organizations). There are four cases in treatment

IF65, where a group of players does not initiate an organization, while players always

initiate an organization in treatment IF40. At the same time, more organizations are

implemented in treatment IF65 than in treatment IF40 (132 vs. 95). None of these

di�erences, however, is statistically signi�cant (Mann-Whitney test, p > .14).

TABLE 1 ABOUT HERE

What organizations are implemented? The answer is given in Result 2.

Result 2 The large majority of implemented organizations are of full size, i.e., all players
participate. Organizations of size s < s∗ are almost never seen.

Figure 1 shows the distribution of implemented organizations in our two treatments.

Independent of the treatment, most organizations that are implemented comprise all of

the four players. In treatment IF40, 79 out of the 95 organizations that are implemented

are of full size (83 percent). In treatment IG65, 90 out of 132organizations are of full

size (68 percent). Next, almost all organizations we observe comprise at leasts∗ players.

Recall that the threshold s∗ equals 3 in treatment IF40 and equals 2 in treatment IF65.

Overall, only 6 organizations (1 in IF40, 5 in IF60) are implemented with less thans∗
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players (< 3 percent). At the same time, the average size of an implemented organization

is larger in treatment IF40 (3.82) than in treatment IF65 (3.49). This indicates that the

threshold s∗ has quite some predictive power.

FIGURE 1 ABOUT HERE

Once an organization is implemented, its members are bound to full contribution to

the public good. In particular, if all four players participate and the organization is im-

plemented, contribution levels reach 100 percent. Yet, there is always the possibility of

implementation failure where players end up in the status quo. It is conceivable that the

failure to implement and organization might have a negativee�ect on voluntary contri-

butions to the public good. Our next result shows that the overall impact of institution

formation on average contributions is positive.

Result 3 Overall, the possibility of institution formation has a positive effect on contri-
butions to the public good. Contributions are both higher and more stable if players can
form organizations than if they can not do so.

Support for Result 3 comes from Figure 2, which compares the average contribution

to the public good in the institution formation treatments and the corresponding control

treatments.

FIGURE 2 ABOUT HERE

Let us �rst consider the IF40 and the corresponding PG40 treatment (upper panel).

The data clearly show that in the control treatment PG40 the average contribution

steadily declines from 12.4 in the �rst period to 0.7 in the last round. In stark con-

trast, average contribution more or less increases in treatment IF40 from 9.8 in round

one to a maximum of 15.3 in round 18 at which point it falls to anaverage of 11 in

the �nal round. Taken over all rounds, players contribute onaverage 10.6 in treatment

IF40 while they contribute 5.0 on average in treatment PG40.Thus, the possibility of

institution formation more than doubles players' average contribution to the public good.

This di�erence is statistically highly signi�cant (Mann-W hitney test, p < .01).

In the institution formation treatment IF65 a similar patte rn emerges, yet on a slightly

higher level. When the marginal per capita return of the public good equals 0.65, average

contribution in round one equals 12.9, increases to a maximum of 17 in periods 17 and
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18 and falls to 12.7 in the �nal round. Interestingly, the average contribution is also

rather high in the control treatment PG65 (12.9 in round one and even 14.7 in round

seven). From this it follows that up to round 14 the average contributions in the IF65

and the PG65 treatment do not di�er statistically from each other. Only in the �nal

rounds, contributions clearly diverge. While average contribution falls to 7.1 in treatment

PG65, it rises and stays above 12.7 in treatment IF65. Taken over all rounds, the average

contribution in treatment PG65 is 12.4 compared to 14.1 in treatment IG65. Thus, when

players can form organizations, contributions are again higher but the increase is not

statistically di�erent (Mann-Whitney test, p = .48). If we consider only the �nal six

rounds, the di�erence becomes marginally signi�cant (Mann-Whitney test, p = .10).

Does the implementation failure have a negative e�ect on thevoluntary contribution

to the public good? A comparison of the average contributionwhen organizations are

possible but not implemented with the average contributionwhen organization formation

is not possible at all, reveals that the failure to implementan organization has a signif-

icantly negative e�ect only in treatment IF65 but not in treatment IF40. If players can

form organizations but the implementation fails, the average contribution in treatment

IF65 is 8.5 compared to 12.4 in treatment PG65 where players cannot form any organiza-

tions (Mann-Whitney test, p = .07). In the IF40 and PG40 treatment the corresponding

average contributions are 4.2 and 5.0; the di�erence is not statistically signi�cant.

3.2.2 The dynamics of institution formation

In this section, we take a closer look at the institution formation process. The behavior

of all groups in our experiment is summarized in Figure 3. The�gure shows for each of

the 11 groups in the IF40 treatment (upper panel) and the IF65treatment (lower panel)

for each round (a) the number of players who participate in the participation stage (light

bars), (b) the size of the organization in case it is established in the implementation stage

(red bars), and (c) the average contribution to the public good in the contribution stage

(blue line).

FIGURE 3 ABOUT HERE

The following observations can be made with regard to the behavior in the di�erent

groups.

Observation 1 Players seem to learn. The number of implemented organizations is
weakly larger in rounds 11 to 20 compared to rounds 1 to 10.
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Table 2 shows that only in three out of 22 groups players establish less organizations

in the second phase of the experiment (round 11-20). These are group 1 in treatment

IF40 and group 6 in treatment IF65, where the process of institution formation generally

seems to fail. Group 9 in treatment IF65 also implements lessinstitutions in the second

phase but this is obviously due to an endgame e�ect. In all other groups the number

of implemented organizations in rounds 11 to 20 is weakly larger than the number of

organizations implemented in rounds 1 to 10.

Observation 2 When no organization is implemented, average contribution to the public
good steadily decreases or remains low.

Observation 2 can directly be con�rmed by looking at Figure 3. Whenever players

in any group do not establish an organization in two consecutive rounds, average con-

tribution to the public good declines or is already low. If players, on the other hand,

establish an organization the Figure shows that average contribution increases. This is

also supported by Table 3 which shows that in all groups the average contribution to the

public good is strictly larger if an organization (of any size) is implemented compared to

if no organization is implemented. This observation can be summarized as follows.

Observation 3 The average contribution in a group is always higher when an organiza-
tion is established compared to when no organization is established.

Result 2 shows that the large majority of organizations thatare implemented comprise

all four players. This raises the question whether smaller organizations are initiated at

all. Figure 3 reveals that organizations of any sizes = {1, 2, 3, 4} are initiated but

that most smaller organizations are not implemented. However, the Figure also shows

that even organizations withs ≥ s∗ are not implemented with probability one. See, for

example, group 2, 3, 6, and 7 in treatment IF40 and group 2, 3, 8, and 10 in treatment

IF65, where in quite a number of cases three or even four players do not implement

the organization. Overall, the probability for an initiated organization to be implemented

seems to be higher the more players participate. This is con�rmed by Table 4 which shows

the average implementation probability of di�erent organizations in the two treatments.

As can be seen, only the full-size organization has a good chance to be implemented.

Whereas smaller organizations are implemented with probability of always less than 40

percent, the organization where all players participate isimplemented in almost 70 percent

of the cases in treatment IF40 and even in more than 90 percentof the cases in treatment

IF65. Observation 4 summarizes our �ndings.

Observation 4 Players initiate organizations of every size. Small organizations (s <
s∗) are rarely implemented, but even organizations of size s ≥ s∗ are implemented with
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probability less than one. The full-size organization has by far the largest probability to be
implemented.

Why don't players implement an organization of sizes ≥ s∗? One possible reason

is that the participating players want to signal to the non-participating player(s) that

they are only willing to bind themselves to full contribution if and only if all four players

participate. Figure 3 shows that this strategy can actuallybe observed in our experiment.

Observation 5 Players use a punishment strategy in order to implement the full-size
organization. If one player (after the successful implementation of the full-size organi-
zation) deviates by not-participating anymore, the remaining players reject the smaller
organization and significantly reduce their contribution. In consequence, the deviating
player participates again in the subsequent period.

Nice examples for this punishment strategy are group 4 and 11in treatment IF40 and

group 4 in treatment IF65.

4 Conclusion

In this paper we analyze the endogenous formation of institutions in a linear public goods

game, where players can bind themselves ex ante to contribute the e�cient amount to the

public good. Our main �ndings show that players are willing to form such institutions

but that the likelihood of successful implementation crucially depends on the number of

participating players. In particular, we �nd that only full -size organizations where all

players participate have a reasonable chance to be implemented.

Our results have important implications for public policy. First, since centrally orga-

nized institutions represent an attractive solution for many social dilemma situations, our

�nding that subjects show a general willingness to form suchinstitutions is good news.

However, subjects form institutions that di�er from those predicted by strict subgame

perfect equilibrium. In particular, subjects are reluctant to implement an institution that

governs only a subset of the players. This happens, even if the participating players would

earn a higher payo� compared to the non-production of the public good. This �nding

brings to mind recent discussions of possible consequencesof some nations' withdrawal

from the Kyoto protocol on other nations' motivation to ful� ll the agreement.
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5 Tables and Figures

Table 1: Total number of organizations
Treatment

IF40 IF65
number percent number percent

Initiated organizations 220 100.0 216 98.2
Implemented organizations 95 43.2 132 60.0

Table 2: Average number of organizations
Group (IF40)

1 2 3 4 5 6 7 8 9 10 11 all
Round 1-10 0.2 0.3 0.0 0.5 0.4 0.0 0.0 0.3 0.2 0.9 0.5 0.3
Round 11-20 0.0 1.0 0.4 0.8 0.5 0.1 0.4 0.6 0.6 0.9 0.9 0.6

Group (IF65)
1 2 3 4 5 6 7 8 9 10 11 all

Round 1-10 1.0 0.1 0.0 0.3 0.8 0.5 0.3 0.5 1.0 0.2 0.7 0.5
Round 11-20 1.0 0.8 0.3 0.9 1.0 0.4 0.5 0.5 0.9 0.6 0.9 0.7

Table 3: Average contribution
Group (IF40)

1 2 3 4 5 6 7 8 9 10 11 all
No org 6.5 7.0 2.7 1.6 3.5 2.2 3.5 4.3 4.0 8.1 2.7 3.9
Org 15.0 20.0 20.0 20.0 19.4 15.0 20.0 16.6 18.8 20.0 20.0 19.4

Group (IF65)
1 2 3 4 5 6 7 8 9 10 11 all

No org | 10.5 1.9 9.4 10.5 11.5 2.3 9.4 13.3 7.9 8.2 7.2
Org 20.0 19.6 11.7 19.6 20.0 15.5 15.1 18.6 19.5 15.6 20.0 18.7
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Table 4: Implementation probability
Treatment

Number of participating players IF40 IF65
One 0.00 0.28
Two 0.03 0.38

Three 0.23 0.37
Four 0.69 0.91
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Figure 1: Distribution of implemented organizations
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Figure 2: Average contribution to the public good with and without possibility of insti-
tution formation (upper panel: IF4, PG40; lower panel: IF65, PG65).
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Figure 3: The dynamics of institution formation (all groups; upper panel: IF40; lower
panel: IF65).
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