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I. Introduction 

The social and economic success of organizations and societies depends on cooperative 

interactions of motivated individuals. In organizations, teams are often used in 

traditional management functions, because they can execute tasks better, learn faster, and 

change more easily than is the case with traditional structures. Even in societies as a 

whole, cooperation in groups can yield efficiency and flexibility. However, teams and 

groups face the free-rider problem: individual incentives are often at odds with efficient 

actions.  Much research has focused on how to overcome or alleviate this problem. (John 

Ledyard (1995) summarizes the findings of the experimental literature in his well-known 

review).
1
  

In this paper we focus on one institution which could be used to alleviate the free-rider 

problem: the ability to exclude the lowest contributors from enjoying the benefits that 

the team creates. This type of excludability is common in everyday life.  For example, 

the lowest contributing workers in an organization are often reassigned or fired (Truman 

Bewley 1999, Ch 13); uncooperative neighbors are not invited to neighborhood parties 

and other social events; and societal defectors are incarcerated or expelled (David 

Hirshleifer and Eric Ramusen 1989). Our primary research question is how the potential 

of excludability affects behavior and the resulting efficiency and other measures of 

welfare.  

We examine these questions under three production functions: the standard voluntary 

contribution mechanism (Mark Isaac et al. 1984) where individual contributions are 

averaged to create team production, the weakest link mechanism (also known as John 

Bryant’s (1983) minimum effort game) where the lowest contribution determines the 
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team production level and the best shot mechanism, where the highest contribution 

determines the team production level. (All three production functions were theoretically 

analyzed by Jack Hirshleifer (1983) and have been experimentally examined by Jack 

Hirshleifer and Glenn Harrison (1989) in a two player setting). These production 

functions have been used to formalize the notion of team production, (Rachel Croson 

2000), as well as to represent the voluntary private provision of public goods (societal 

goods with positive externalities).   

If a team member is excluded from the benefits of team production, an immediate 

question emerges: what happens to the excluded party’s share? One might imagine 

situations where the excluded party’s value from team production is simply lost.  For 

example, in the social setting of the neighborhood, the value of the noncontributing 

neighbor from attending the party is not captured.  To capture this type of excludability, 

in the Excludability conditions of our experiment we assume the value from the 

excluded party’s consumption of the public good is lost.  Alternately, one might imagine 

situations where the excluded party’s value from team production is reallocated among 

the remaining team members.  For example, when a low-contributing employee is 

excluded from the bonus pool, the remaining members get larger bonuses.  To capture 

this type of excludability, in the Excludability and Redistribution treatments of our 

experiment we assume the value from the excluded party’s consumption of the public 

good is redistributed to the remaining included members. 

Excludability changes the equilibrium predictions of behavior. We analyze and discuss 

theoretical benchmarks of equilibrium behavior for each production function under all 

treatment conditions. In some of our settings, the equilibrium set becomes large, with 

                                                                                                                                                                            
1
Other literature surveys are offered in John Hey (1991), Doug Davis and Charlie Holt (1993), Claudia 

Keser (2002) and Jennifer Zelmer (2003). Jean-Jacques Laffont (1987) reviews the theoretical proposals 

designed to overcome the free rider problem. 
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many possible outcomes as equilibria.  Games with multiple equilibria pose a 

coordination problem, as players need to choose which equilibrium they will play. John 

Harsanyi and Reinhard Selten (1988) and Richard McKelvey and Thomas Palfrey (1995) 

propose two concepts for equilibrium selection, which both receive some support from 

our data.  

Our experimental results show that excludability of the least cooperative members 

produces increased contribution and, in the right conditions, pareto-efficiency. These 

results can be explained by the equilibrium and equilibrium selection theories mentioned 

above.  We also find an impact of redistribution under some production functions.  

Unfortunately, neither the Harsanyi/Selten nor the McKelvey/Palfrey theories of 

equilibrium selection can explain these behavioral differences.  We suggest a model 

incorporating other-regarding preferences based on Howard Margolis’ (1982) Neither-

Selfish-Nor-eXploited (NSNX) model is consistent with these results.  

Section II reviews the related literature. In section III, we outline the details of the 

experimental design and derive the theoretical predictions. Section IV is divided into 

several subsections which report the experimental results. In IV.1, we look at the impact 

of excludability without redistribution and in IV.2, we report on excludability with 

redistribution. Section V summarizes the results of our study. 

II. Related Literature 

Many papers, both theoretical and experimental, have identified the free-rider problem in 

organizational and societal settings (see Ledyard, 1995 for a review).  A small but 

growing research stream identifies institutions that can mitigate or eliminate this 

problem (Michael Kosfeld and Arno Riedl (2004) review the literature).  Other papers 

test these institutions experimentally.  It is this literature to which we contribute.  
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One institution that has been proposed to alleviate free-riding involves exogeneous 

(experimenter-imposed) sanctions and rewards (David Dickinson and Mark Isaac 1998; 

Josef Falkinger et al. 2000; Dickinson 2001; Allanah Orrison et al. 2004; Sabine 

Harbring and Bernd Irlenbusch 2005). Dickinson studies an institution in which all 

members of the group but the most cooperative one have to incur a fixed fine and the 

most cooperative member receives a reward in form of a fixed bonus payment. Orrison 

et al. and Harbring and Irlenbusch use a tournament incentive structure involving 

rewards for winners and sanctions for losers. These studies find that these additional 

incentives provide a large initial boost to cooperation, which diminishes over time. In 

Falkinger et al (2000), subjects pay a tax if they contribute below the average 

contribution and receive a subsidy if they contribute above it. The authors find not only a 

significant initial effect on contributions but also increasing cooperation over time.  

A considerable body of research has followed Ernst Fehr and Simon Gächter’s (2000) 

study on endogeneous (participant-imposed) reward and punishment.
2
 In their 

experiment, group members observe the individual contributions and are able to affect a 

pecuniary sanction on other members by incurring a cost. Initially the effect on 

cooperation is small, but contributions increase to high levels as time progresses. Related 

experiments show that similar impacts on contributions may be obtained even with non-

pecuniary sanctions (David Masclet et al 2003; Charles Noussair & Steven Tucker 

2005). However, with non-pecuniary sanctions, contributions do not increase with time.
3
  

More recent work uses endogenous or exogenous group formation as an institution to 

meliorate the free-rider problem. Matthias Cinyabuguma et al. (2005) and Frank P. 

                                                           
2
Related work can be found in Gächter and Fehr (1999); Fehr and Gächter (2002); Martin Sefton et al. 

(2002); Jeffrey Carpenter (2002); Nikos Nikiforakis (2004); Özgür Gürerk et al. (2004); Matthias Sutter et 

al. (2005); Laurent Denant-Boemont et al. (2005). 

3
Eugene Kandel and Edward Lazear (1992) suggested in their theoretical study that also non-pecuniary 

voluntary sanctions, i.e., peer pressure, would foster cooperation. 
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Maier-Rigaud et al. (2005) allow participants to expel group members based on a 

majority vote.
4
 Their results show high levels of contribution among non-expelled 

members. In experiments related to local public goods,
5
 individuals decide in which 

group to participate (Karl-Martin Erhard and Claudia Keser 1999; T.K. Ahn et al., 2003, 

2008; Charness and Yang, 2010; Charness et al., 2011). Unfortunately, the effect on 

cooperation due to this voluntary group selection is negligible, as free-riders infiltrate 

groups with high contributions. In the studies on exogenous group formation, individuals 

are re-sorted by the experimenter into homogeneous groups of high contributors and low 

contributors, either with or without their ex-ante explicit knowledge (Anna 

Gunnthorsdottir et al. 2001; Talbot Page et al. 2005;
7
 Gächter and Christian Thöni in 

press; Susana Caberera et al. 2006).  In these papers, high levels of contribution can be 

sustained in the cooperative groups, but not in the noncooperative groups. Hence, 

average contributions decline over time. 

While some of these previously-examined institutions have proven effective at 

decreasing free-riding, our experiment in contrast examines excludability. Two related 

experimental studies implement exogeneous exclusion of individuals from the benefits 

of the group if they contribute below an exogenously predetermined threshold (Kurtis 

Swope 2002; Martin Kocher et al. 2005). In contrast to these studies, our work involves 

endogeneous excludability; the lowest contributors in the group are excluded, regardless 

of their level of contribution. We believe that endogenous excludability is a more 

attractive institution than exogenous excludability for three reasons.   

                                                           
4
Jeannette Brosig et al (2005) investigate partner selection by allowing subjects to communicate prior to 

voting one of three potential group members out of the group. 

5
Suzanne Scotchmer (2002) surveys the theoretical literature on local public goods. 

7
Page et al. combine endogenous and exogenous elements of group formation. After having observed the 

individual past cooperation, subjects cast a vote for the desired group members. Following this voting, 

groups of size n=4 are formed according to the highest coincidence level of mutual selection.  



 7 

First, it involves lower informational requirements on the mechanism designer; they do 

not need to determine in advance the threshold below which contributors will be 

excluded (how low is too low).  Second, endogenous excludability requires less 

monitoring for implementation.  Participants do not need to know exactly how much 

each of their team members has contributed (a cardinal measure), only the ordering of 

contributions (an ordinal measure).  Thus the informational requirements for mechanism 

design and implementation are lower with endogenous excludability.
6
  Third, 

endogeneous excludability taps into within-group competition, and allows competitive 

forces to work in favor of increasing contributions.  In contrast, exogeneous exclusion 

has more of a contractual structure; everyone knows in advance how much they need to 

contribute to be included, and many contributions at that minimum level are observed. 

These different implementations of exclusion/excludability have different equilibrium 

predictions and, as we will see, different experimental outcomes as well.  In particular, 

we find that endogenous excludability can both create and sustain pareto-efficient 

contribution levels, while previous papers using exogeneous exclusion have found high 

initial contribution levels, but that these contributions decline as time progresses.   We 

believe that the increased success of endogeneous excludability is due to the 

involvement of competition within the group, which is missing from exogeneous 

exclusion. 

In the present work we introduce and test endogeneous excludability.  But we also 

extend previous research in another direction.  All the previous studies have focused on 

the voluntary contribution mechanism which involves a linear production technology; 

i.e., individual contributions are averaged or summed to determine group production. In 

addition to the voluntary contribution mechanism, we examine two other important 

                                                           
6
Note that the Falkinger mechanism requires also accurate information on individual contribution levels. 
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technologies of team production, the weakest link mechanism (where the minimum 

contribution determines the group production) and the best shot mechanism (where the 

maximum contribution determines the group production). While a few studies have 

examined the weakest link game (John van Huyck et al 1993; Gerard Cachon and Colin 

Camerer 1996; Gary Bornstein et al 2002)
7
, the best-shot mechanism has previously only 

been studied as a sequential game in a two-player setting (Harrison and Hirshleifer 1989; 

Vesna Prasnikar and Alvin Roth 1992; John Duffy and Nick Feltovich 1999; Jeffrey 

Carpenter 2002).
8
  Thus we will over-sample this cell in our experimental design. 

III. Experimental Design and Theoretical Predictions 

We use a three (production function) by three (excludability condition) experimental 

design, as depicted in Table 1.  Equilibrium predictions and efficiency properties for 

each cell of the design are described in the named subsection.  Our participants consisted 

of 272 economics undergraduate students.  We used a between-subject design: each 

participant faced only one environment and one condition. Participants were assigned to 

teams of size four, and played a finitely repeated (10-round) game with fixed teams.  We 

included a surprise restart (James Andreoni 1988; Croson 1996; Croson et al. 2005; 

Andreoni and Croson forthcoming) and a second ten-round game as well.  The number 

of independent teams is noted in parenthesis in each cell of Table 1. 

                                                           
7
Bornstein et al study the effect of competition between groups in the weakest link game. They find that 

coordination and cooperation are improved relative to a baseline without competition. This result confirms 

for a different production technology the finding of Haig Nalbantian and Andrew Schotter (1997) that 

between-team competition may dramatically raise cooperation. 

8
One exception is a companion study in which we provide a more specific analysis of the simultaneous-

move best shot mechanism without excludability (Croson et al 2006). 
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Table 1. Experimental Design 

  Condition  

 Baseline Excludability (EX) Excludability & Redistribution (EX-R) 

Production Function    

VCM (average) III.1.1: VCM (6) III.2.1: VCM-EX (6) III.3.1: VCM-EX-R (8) 

WLM (minimum) III.1.2: WLM (6) III.2.2: WLM-EX (6) III.3.2: WLM-EX-R (12) 

BSM (maximum) III.1.3: BSM (12) III.2.3: BSM-EX (6) III.3.3: BSM-EX-R (6) 

Note: The section which describes the experimental treatment is indicated. The number of four-subject 

teams is recorded in parenthesis. 

 

The production functions examined involve three well-known games: the voluntary 

contribution mechanism (hereafter VCM), where production is a linear function of the 

average of the contributions, the weakest link mechanism (hereafter WLM), where 

production is a linear function of the minimum contribution, and the best shot 

mechanism (hereafter BSM), where production is a linear function of the maximum 

contribution.  

In the baseline condition, all participants receive the same return from team production 

regardless of their contribution. In the other two conditions (Excludability [EX] and 

Excludabilty & Redistribution [EX-R]), the participant who contributes the least is 

excluded from enjoying the benefits of the team production.  In the EX treatments, this 

excluded contributor’s share of team production is lost, while in the EX-R treatments, it 

is redistributed among the included contributors. 

All nine treatments use a simultaneous-move four-player setting and share common 

parameter values which imply that each symmetric contribution profile yields the same 

payoff in every game (see below for more details on the payoff functions).  

III.1) Baseline treatments 

Let ei = e = 50 Eurocent and xi  [0; e] denote the individual’s initial endowment and 

contribution towards team production, respectively. All baseline treatments can formally 

be represented by the following individual payoff function,  
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)(2)()( xFxex i

baseline

i      (1) 

where  denotes payoff, x is the vector of individual contributions, (e - xi) is the level of 

resources kept by i for her individual consumption and F(x) is the team production 

function. An individual receives a payoff equal to her individual consumption and twice 

the team production, with the latter return being equal for all individuals independent of 

their contribution toward team production. We used the three production functions: 

VCM, WLM and BSM. Between these three (baseline) treatments, payoffs differ with 

respect to the F(x) function. These represent the average contribution, the minimum 

contribution and the maximum contribution, respectively. 

III.1.1) VCM: the voluntary contribution mechanism 

In the VCM, team production is determined by the average (or total) contribution of the 

team; thus in equation (1), F(x) = (x1 + x2 + …+ xN)/N. An individual’s payoff is the sum 

of their individual consumption plus double the team’s average contribution.
9
 Since there 

are four participants in a team, every unit contributed towards team production yields 

half a unit payoff to each individual in the team, while each unit contributed towards 

personal consumption yields one unit payoff to the contributor only.  

The VCM is the most frequently-studied social dilemma environment in experimental 

economics.  Under the standard payoff maximization assumption, each subject has a 

dominant strategy to free-ride on the contributions of the others in the one-shot game. 

Collective free-riding is similarly predicted for the finitely repeated game; it is the 

unique Nash equilibrium This result is socially inefficient, since any contribution to team 

production returns twice as much to the team as a contribution to individual 

                                                           
9
Note that the notation of the team production function in equation (1) is non-standard; usually the return 

from the team production is formally presented by the sum of contributions and a marginal per capita 
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consumption. Pareto-efficiency thus involves contribution of the entire endowment to 

team production. Extensive experimental research on the VCM has revealed that neither 

the pareto-efficient allocation nor the dominant strategy equilibrium are supported in the 

laboratory. Two stylized facts are 1) that subjects contribute about half of their 

endowment to team production in the one shot game, with equivalent results in the first 

round of the finitely repeated game, and 2) contributions decline with repetition 

(Ledyard 1995, p. 121). 

II.1.2) WLM: the weakest link mechanism 

The weakest link mechanism is also known as the minimum effort game (Bryant 1983). 

In the WLM, the minimum individual contribution determines the team production, thus 

F(x) = min{x1, x2, …, xN}. Classic examples of the WLM in team production involve 

meetings which can begin only when all participants arrive (thus the starting time of the 

meeting depends on the latest-arrival), or (more generally) joint production tasks in 

which each member’s contribution is critical to producing the output.  In an academic 

setting, co-authorship is often construed as a WLM, with each coauthor’s contribution 

necessary for a finished piece of research.  

Applying the WLM team production function to equation (1), i‘s return from team 

production is twice the minimum contribution, while individual consumption returns one 

for one. For the participant whose contribution towards team production is the smallest, 

the marginal return from allocating resources to team production is twice as high as the 

return from individual consumption. For the participant whose contribution toward team 

production is not the smallest, the marginal return from allocating resources to team 

production is exactly zero. 

                                                                                                                                                                            

return of ½ = 2/N, where N=4 is the number of team members.  We choose this presentation to highlight 

the parallelism between this treatment and the WLM and BSM treatments. 
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Thus in this baseline game, every symmetric contribution profile constitutes a Nash 

equilibrium. The equilibria are pareto-ranked from collective free-riding to collective 

contribution of the entire endowment, where the latter represents the pareto-efficient and 

payoff-dominant outcome.  

II.1.3) BSM: the best shot mechanism 

The team production function in the BSM is the maximum contribution F(x) = max{x1, 

x2, …, xN}. The BSM and the WLM were both introduced to the literature by Hirshleifer 

(1983). While the WLM was designed with the idea of representing situations in which 

each individual’s contribution is necessary for production, the BSM describes situations 

in which any individual’s contribution can create social value. An example of the BSM 

is the volunteer’s dilemma, where one individual’s contribution is sufficient to create 

joint benefit.  In an extreme example, consider soldiers in a trench at wartime facing a 

live grenade.  Any one soldier jumping on the grenade loses their own life, but saves the 

lives of all of their comrades.   

In our (less severe) setting, a contribution toward team production returns twice as much 

as individual consumption if the subject’s contribution is the maximum. Any other 

contribution yields both an individual loss and no social gain. The equilibria of the one-

shot BSM involve four pure asymmetric Nash equilibria in which one subject contributes 

their entire endowment and the other three team members contribute nothing. Note that 

these pure-strategy equilibria are also efficient, while increased contributions by the 

other players would result in social inefficiencies.
10

 

                                                           
10

Additionally, there exists a mixed strategy equilibrium in which each subject contributes their 

endowment to team production with a probability of (1-p
1/(N-1)

 = 0.2063), where p=½ for our parameters 

(see Croson et al (2006)). Several other (less efficient) mixed strategy equilibria exist as well. 
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Since no previous researchers have investigated the BSM as a simultaneous-move game, 

we oversampled in this treatment, recruiting 12 independent teams of four participants, 

twice as many as the other baseline treatments, which had been studied extensively.   

III.2) Excludability treatments 

We are interested in the effect of excludability on contribution decisions.  In the 

excludability treatments (indicated by the suffix -EX), each individual whose 

contribution to team production is the lowest within the team (i.e., max {xj} > xi = min 

{xj}; i, j = 1,…, N) is excluded from enjoying the benefits from the team production. In 

the extremes, up to (N -1) individuals can be excluded or, if all contribute the same 

amount, no one will be excluded.  

An excluded individual receives the payoff from her individual consumption, but loses 

any contributions she has made to team production. In the simple excludability 

conditions described in this subsection, included individuals receive the same payoff as 

in the baseline treatments. If all individual contributions are equal, no individual is 

excluded, and every individual receives the same payoff as in the baseline treatments. 

More rigorously, individual i ‘s payoff is defined in equation (2).  
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III.2.1) VCM-EX: VCM with excludability 

With the introduction of excludability, the dominance of the free-riding equilibrium in 

the VCM is eliminated. The stage game of the VCM-EX now has multiple Nash 

equilibria, one for every symmetric contribution profile. These equilibria are pareto-

ranked from collective contribution of the endowment to zero contribution. The VCM-
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EX thus constitutes a coordination game, involving the same set of equilibria as the 

WLM (or the WLM-EX as we will see below). Intiuitively, if contributors all contribute 

equally, no individual is excluded.  There is no incentive to decrease one’s contribution 

(the gain from private consumption does not outweigh the loss of the value of the team 

production that would result from being excluded).  There is no incentive to increase 

one’s contribution (the loss from private consumption is not offset by the share of the 

gain from the team production).  Thus all symmetric contribution profiles are equilibria.   

III.2.2) WLM-EX: WLM with excludability 

Although the payoff function has changed compared to the (baseline) WLM, the 

equilibrium structure of the WLM-EX is the same; every symmetric contribution profile 

constitutes a pure strategy Nash equilibrium in the stage game.  As with the previous 

case of VCM-EX, in the symmetric contribution profile no player is excluded.  

Deviating by contributing less will induce exclusion, which will reduce profits.  

Deviating by contributing more will reduce private consumption without increasing the 

return from the team production.  Thus all symmetric contribution profiles are equilibria. 

III.2.3) BSM-EX: BSM with excludability 

With the introduction of excludability, there is now a unique Nash equilibrium in the 

BSM-EX, that of full contribution. Reducing one’s contribution from this equilibrium 

level results in exclusion, and a significant loss of payoff.  At first blush this equilibrium 

seems desirable, but it is pareto-inefficient, as there are multiple individuals contributing 

the maximum level toward team production, when only one such contribution is 

necessary for production.  Thus these extra contributions could have been spent in 

individual consumption instead and represent a social loss.  



 15 

The social payoff in the BSM-EX would be greatest if one subject were to contribute 

their entire endowment (creating the maximum team payoff), one subject were to 

contribute nothing (and thus would be excluded) and the other two subjects were to 

contribute the smallest possible amount (and thus would avoid exclusion).  

Unfortunately this efficient allocation is not an equilibrium; the excluded subject has an 

incentive to increase her contribution to enable her to be included. Thus, this game has 

properties of a rent-seeking game, where individuals (inefficiently) contribute too much. 

III.3) Excludability and Redistribution treatments 

We anticipate that excludability (without redistribution) will increase contributions, but 

from the perspective of the team it also involves some social loss; the benefits from team 

production that would have been enjoyed by the excluded member are extracted from the 

team.  One can imagine some situations where this social loss is inevitable; in the 

neighborhood example from the introduction, enjoyment of the party by the 

noncontributing neighbor cannot be redistributed to the other neighbors.   However, in 

other settings one might imagine that the included members capture the benefit of the 

excluded ones.  For example, in an organization when the lowest-producing employee 

receives no profit-sharing, there are more profits to go around to the remaining 

employees.  In our second set of excludability treatments, Excludability and 

Redistribution (indicated by the suffix -EX-R) lost benefits are redistributed from the 

excluded contributors towards the included contributors, paid out in equal shares. More 

formally, let N denote the number of team members and n denotes the number of 

excluded contributors, equation (3) presents the individual payoff in these conditions.  
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Excluded contributors receive the same payoff in the EX-R condition as in the EX 

conditions; included contributors receive the payoffs as in the baseline conditions plus an 

extra payment, which can be interpreted as a transfer from the excluded to the included. 

The extra payment is the return from team production which is not paid out to the 

excluded contributors, 2nF(x), divided among the (N-n) included contributors. For every 

symmetric contribution profile (n=0) no individual is excluded, and subjects receive the 

same payoff as in the baseline.  

III.3.1) VCM-EX-R: VCM with excludability and redistribution 

In the VCM-EX, every symmetric contribution profile was a Nash equilibrium. When 

we add redistribution to make the VCM-EX-R, the set of equilibria is reduced to a 

unique equilibrium involving full contribution. To see this, imagine a symmetric 

contribution profile at some level less than full contribution.  Each individual has an 

incentive to increase their contribution, excluding the other three team members and 

capturing the entire benefit from team production.  Unlike BSM-EX, however, which 

shares this equilibrium prediction, here full contribution is socially efficient as well. 

III.3.2) WLM-EX-R: WLM with excludability and redistribution 

In both the WLM and the WLM-EX, all symmetric contribution profiles were equilibria.  

The addition of redistribution yields only two pareto-ranked equilibria at the extremes 

involving either full contribution or full free-riding.  The interior symmetric profiles are 

no longer equilibria.  To see this note that at an interior symmetric contribution profile, 

increasing one’s own contribution captures the entire benefit from team production, 

excluding the other three players.  In the extreme case in which the minimum 

contribution is zero, increasing one’s contribution yields no advantage as it does not 

affect the team production level.   
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III.3.3) BSM-EX-R: BSM with excludability and redistribution 

As with the BSM-EX, the unique equilibrium in the BSM-EX-R involves full 

contribution.  Thus the rent-seeking type properties of the BSM-EX are preserved and, 

as before, this outcome is inefficient.  However, the efficiency properties have changed 

from the BSM-EX.  The efficient allocation is now the same as in the BSM baseline 

game; one subject contributes their entire endowment while the others contribute 

nothing.  Unlike in the BSM, however, this outcome is not an equilibrium, as the 

excluded free-riders prefer to match their partners’ contribution and share in the benefits 

from team production.   

III.4) Testable hypothesis vis-à-vis risk dominance and quantal response equilibrium 

Out of our nine treatments, four have unique equilibrium predictions (the VCM at full 

free-riding; the BSM-EX, the BSM-EX-R and the VCM-EX-R at full contribution).  

Five treatments involve multiple Nash equilibria, requiring equilibrium refinements to 

make point predictions, and creating coordination challenges for the participants. Three 

of these treatments feature a large set of pure Nash equilibria: the WLM, the VCM-EX 

and the WLM-EX. The WLM-EX-R treatment induces two pure pareto-ranked equilibria 

at the extremes. Finally, the BSM has four equilibria, one in which each individual 

contributes the full amount while the others contribute nothing. 

For games with multiple equilibria, Harsanyi and Selten (1988) propose the selection of 

the payoff-dominant equilibrium, which, in four out of the five of these treatments (all 

but the BSM), is represented by full contribution towards team production. Harsanyi and 

Selten also propose risk dominant equilibrium (hereafter RDE) as an alternative 

selection concept. In the WLM no risk dominant equilibrium exists (see Enrique Fatás et 

al. forthcoming). In the VCM-EX, the payoff dominant and risk dominant equilibria 
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coincide at full contribution. In the WLM-EX and in the WLM-EX-R, the payoff-

dominant equilibrium of contribute everything risk-dominates all but the zero 

contribution equilibrium, which is incomparable to it. Thus application of payoff-

dominant and risk-dominant criteria refines the equilibrium predictions of these games 

somewhat, but not enough to yield a unique prediction. 

Quantal response equilibrium (hereafter QRE) by McKelvey and Palfrey (1995) offers 

another promising equilibrium selection criterion, since its dynamics select a unique 

equilibrium. For the VCM-EX, the QRE predicts full contribution; for the WLM, the 

WLM-EX and the WLM-EX-R, the QRE predicts full free-riding.  The WLM 

environment features many limit points of the logit QRE correspondence. Yet, the 

principal branch of the QRE yields at zero contribution in all three conditions of the 

WLM. For the BSM, the QRE selects the symmetric mixed equilibrium in which every 

individual contributes zero with a probability of p= ½ 
N-1

 and the entire endowment with 

a probability (1-p). All equilibrium predictions, refined and unrefined, are summarized in 

Table 2.   

We are primarily interested in the effectiveness of excludability (both kinds) on 

contribution behavior, equilibrium behavior and efficiency levels, rather than testing 

these equilibrium refinements per se.  Thus we will compare within a production 

function across excludability conditions. However, for the theoretically-minded reader, 

we will also compare experimental outcomes with these (refined and unrefined) 

equilibrium predictions.   
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Table 2. Theoretical predictions for contributions 

 

Production Function 

 

 

Baseline 

 

Condition 

 

EXcludability 

 

 

 

EXcludability & 

Redistribution 

VCM 

(average) 

contribute zero 

(inefficient) 

 

Nash: any symmetric profile 

RDE, QRE: contribute all 

 

Nash: contribute all  

WLM 

(minimum) 

Nash, RDE: any 

symmetric profile 

QRE: contribute zero 

 

Nash: any symmetric profile 

RDE: contribute all or zero 

QRE: contribute zero 

 

Nash: contribute all or zero 

RDE: contribute all or zero 

QRE: contribute zero 

BSM 

(maximum) 

 

Nash:  one contributes 

all, others contribute 

nothing (4 pure-

strategy equilibria), one 

mixed strategy, zero 

with probability ½
1/(N-1)

 

QRE: mixed strategy 

 

 

contribute all (inefficient) 

 

contribute all (inefficient) 

RDE: risk dominant equilibrium; QRE: quantal response equilibrium  

 

III.5) Experimental procedures 

Our study reports the results of computerized experiments conducted at LINEEX, the 

experimental laboratory at the University of Valencia.
11

 By participating in the 

experiment a participant earned an average of €16, experiments took less than an hour to 

run. At the beginning of a session, written instructions were read aloud. Thereafter, 

participants went through a test including four control questions.
12

 The instructions were 

re-read until everybody had answered all questions correctly. After the experiment, 

subjects were debriefed in a questionnaire and they were asked individually whether they 

had understood the instructions. Given their replies and the procedure, we are confident 

that the tasks and the incentives were understood.  

                                                           
11

Urs Fischbacher’s (1995) zTree was used for the computer program. 

12
The translated instructions and tests are included in Appendix D. 
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Participants were assigned to one session, and played in only one of the nine cells.  The 

experiments entailed ten rounds of play (original game) with another ten-round surprise 

restart game in a partner’s setting. Upon arriving at the lab, participants were randomly 

and anonymously arranged in teams of four in the first period and remained together 

throughout both the original and the restart game. Participants received a record of all 

individual contributions in increasing order after each repetition; individual contributions 

were not identified with their contributor. Additionally, participants were informed about 

their own earnings both in total and subdivided by the individual and team 

consumption/production.  As with previous experiments, only neutral language was 

used; for example, participants assigned tokens (rather than contributing them). 

IV. Experimental Results  

Table 3 provides descriptive statistics of contributions in the nine treatments over 

different time horizons of the experiment.  The first two subsections focus on this level 

of contributions and their comparison in baseline, excludability and excludability and 

redistribution treatments.  The third subsection analyzes the efficiency and team 

production levels which result from these contribution decisions.  Parallel tables 

describing outcomes for those variables can be found in the appendix (Table B3.1 and 

Table B3.2). 

Table 3. Average contributions in percentage of endowment 
 

Treatment 

# 

teams 

round 1
 

round 10 round 11 round 20 Original 

game 

Restart 

game 

Overall 

VCM 6 40 18 40 10 32 29 31 

VCM-EX 6 70 93 92 97 82 93 88 

VCM-EX-R 8 84 99 96 100 94 98 97 

         

WLM 6 42 21 34 17 24 21 22 

WLM-EX 6 62 30 51 34 42 45 44 

WLM-EX-R 12 54 61 79 81 68 86 77 

         

BSM 12 62 29 42 25 40 30 35 

BSM-EX 6 94 100 99 100 98 100 99 

BSM-EX-R 6 81 100 93 100 93 95 94 
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IV.1) The impact of excludability on behavior 

We begin by analyzing the impact of excludability (without redistribution) on 

contributions in the VCM, WLM and BSM.  Our statistical analyses use two-tailed 

Mann-Whitney nonparametric tests. In comparing round 1 contributions, the statistical 

test is run on the individual contributions; it is reasonable to think these are independent 

as no participant has seen the previous contributions of any other participant.  All other 

tests are run on team contributions, as individual contributions no longer represent 

independent observations.   

IV.1.1) VCM-EX: Excludability in the voluntary contribution mechanism 

Figure 1 graphs contributions in the baseline VCM and the VCM-EX.  Consistent with 

previous experimental results, we find contributions in the VCM starting at just below 

half the endowment and decreasing over the course of the game to around 10% by the 

last round.  The decline is significant in both the original and the restart game (see Table 

B1.1 in the appendix).  Again replicating previous work, we observe a significant restart 

effect in the VCM (p = 0.000, N = 24, Wilcoxon signed rank test). Contributions double 

between these rounds from 18% in round 10 to 40% in round 11. 
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Figure 1. VCM-EX: Average contributions in percentage of endowment 

 

Excludability significantly increases contribution levels for the VCM environment in 

every round, consistent with equilibrium predictions and increasing the efficiency of this 

mechanism (p=.002 for the entire game).
17

 Overall, the proportion of the endowment 

contributed averages 31% in the VCM and 88% in the VCM-EX, implying that the 

average contribution increases by 184% if one adds excludability. Excludability also 

eliminates the pattern of declining contributions; instead in the VCM-EX treatment 

contributions increase from 70% in the first round to 97% in round 20 (Table B.1.1. in 

the appendix statistically examines these time-trends).   Excludability eliminates the 

restart effect as well.  

These increased average contributions with excludability are caused by significantly 

fewer free-riders and more full-contributors.  As indicated in the last column of tables 

B2.1 and B2.2 in the appendix, 65% of all actions in VCM-EX involve full contributions 

                                                           
17

P-values for the seven columns in Table 3, respectively, are 0.000, 0.002, 0.002, 0.002, 0.004, 0.002 and 

0.002. 
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and 2% involve zero contributions. These numbers compare with 3% full contributions 

and 14% free riding in the VCM.  

In summary, excludability (without redistribution) is an effective mechanism for 

sustaining contribution in the VCM.  Further, the results are consistent with the predicted 

refined equilibria (see Table 2), i.e., contribute nothing in the VCM and contribute all in 

the VCM-EX. 

IV.1.2) WLM-EX: Excludability in the weakest link mechanism 

Unlike the VCM, excludability (without redistribution) does not raise contributions 

significantly in the WLM. Although we see some effect of excludability in the first 

round, the difference between the treatments quickly disappears (p=.240 for the entire 

game).
13

 Both treatments exhibit significantly decreasing contributions over time (see 

Table B.1.1), and significant restart effects (p=.012 and p=.04, N=24, Wilcoxon signed 

rank test).  In summary, excludability has only minimal effects on behavior in the WLM, 

consistent with the refined equilibrium predictions of contributing zero in both 

treatments. 

 

                                                           
13

P-values for the seven columns of Table 3 are, respectively, .008, .818, .485, .937, .240, .589 and .240.  
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Figure 2. WLM-EX: Average contributions in percentage of endowment 

IV.1.3) BSM-EX: Excludability in the best shot mechanism 

Like the VCM, in the BSM, excludability increases contributions significantly for every 

round and over the entire game (p=.000 for the entire game).
14

 In BSM-EX, overall 

contributions average 99% of the endowment, involving 96% full-contributions. 

Compared to the overall average contribution in BSM of 35%, excludability increases 

contributions by 182%.  

As with the VCM, we see a significant declining pattern of contributions (Table B.1.1) 

and a significant restart effect (p=.023, n=48, Wilcoxon signed rank test) in the baseline 

BSM.  However, we see no decline and no restart effect in the BSM-EX treatment.   

The average contribution in the baseline BSM decreases in all teams to about 25% of the 

endowment.  Note that this is exactly what we would expect in equilibrium: a team 

                                                           
14

P-values for the seven columns of Table 3 are, respectively, .008, .000, .000, .000, .000, .000 and .000. 
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contribution of 25% of the endowment can be caused by one player contributing their 

entire endowment and the other players contributing nothing.   
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Figure 3. WLM-EX: Average contributions in percentage of endowment 

In BSM-EX, full contribution is reached in 98% of all outcomes, consistent with the 

unique equilibrium prediction. As pointed out above, however, this is an inefficient 

outcome, with too much being contributed to team production.  In summary, consistent 

with equilibrium predictions we observe significantly higher contributions when 

excludability is implemented in the BSM than when it is not. 

IV.2) Excludability & Redistribution  

Our interest in excludability rests on its frequency in practice.  However, as mentioned in 

the introduction, in some settings when an individual is excluded, his benefits from team 

production are not lost but are redistributed among the included members. Redistribution 

suggests that higher contributions will appear even more attractive, not only to avoid the 

punishment of being excluded, but also to enjoy the benefits of the excluded member’s 
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share. Adding redistribution changes equilibrium predictions in the VCM to a unique 

equilibrium of full contribution, and only slightly (see Table 2, above) in the WLM, 

where redistribution selects the full-contribution and full-free-riding equilibria from the 

set of all symmetric contribution profiles.  Figure 4 plots the average contributions under 

our three production functions.  
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Figure 4. Excludability & Redistribution: Average contributions in percentage of 

endowment under three production functions 

As can be seen by comparing Figure 4 with Figures 1 and 3, the addition of 

redistribution has little or no effect on the VCM and the BSM production functions, 

relative to excludability without redistribution.  There are, however, some differences in 

the WLM games (Figure 2), which we will discuss further below. 
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IV.2.1) VCM-EX-R: Excludability & Redistribution in the voluntary contribution 

mechanism 

While excludability results in significantly higher contribution than the baseline VCM, 

the addition of redistribution has only a minimal additional effect.  Contributions in 

VCM-EX-R are significantly greater in the original game, but only marginally (and 

occasionally) higher than the VCM-EX treatment (p=.059 for the entire game).
15

 In the 

VCM-EX-R treatment, we observe a marginal restart effect (p=.068; N=32), and almost 

full contribution (overall 97%; 83% of the actions involve full contribution and only 1% 

involve zero contribution).  

IV.2.2) BSM-EX-R: Excludability & Redistribution in the best shot mechanism 

As in the VCM, excludability (without redistribution) has a large effect on contributions 

in the BSM, but the addition of redistribution a small and non-robust additional impact, 

although the difference is significant over the entire game.
16

  Contributions in BSM-EX-

R average 94% of endowment involving 76% of full contributions and 1% of zero 

contribution.  

IV.2.3) WLM-EX-R: Excludability & Redistribution in the weakest link mechanism 

In contrast with the VCM and the BSM, where redistribution has only a minimal impact, 

excludability and redistribution has a significant impact in the WLM, when excludability 

did not.  Contributions in the WLM-EX-R treatment are significantly higher than in the 

baseline WLM (p=.000) for the entire game), and higher (but not significantly so) than 

                                                           
15

P-values for two-tailed Mann Whitney tests comparing VCM and VCM-EX-R are .000, .001, .001, .001, 

.001, .001, and .001 for the seven columns of Table 3 respectively.  Similar comparisons between the 

VCM-EX and the VCM-EX-R treatments are .043, .852, .662, .345, .043, .491, and .059 respectively. 

16
P-values for two-tailed Mann Whitney tests comparing BSM and BSM-EX-R are .084, .000, .000, .000, 

.000, .000, and .000 for the seven columns of Table 3 respectively.  Similar comparisons between the 

BSM-EX and the BSM-EX-R treatments are only intermittently significant, .020, 1.00, .310, 1.00, .026, 

.026, and .002 respectively.   
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in the WLM-EX (p=.067 for the entire game).
17

  Thus while the addition of 

redistribution does not affect the two other mechanisms, it is necessary to increase 

contributions over the baseline in the WLM. 

In summary, we have compared contribution levels to team production in three 

production mechanisms with and without excludability and redistribution.  We find that 

excludability alone is sufficient to increase contributions in the VCM and the BSM 

settings, but that redistribution is necessary to increase contributions in the WLM.   

IV.3) Alternative performance measures 

The preceding subsections have focused on the analysis of the experimental data on 

contribution/cooperation as the measure of team performance.  The results are consistent 

with the refined equilibrium predictions from Table 2.  We chose this dependent 

measure, as cooperation is an important issue for the behavioral scientist. In this 

subsection, we turn our attention towards two alternative (derived) dependent measures, 

the efficiency of the outcome and the level of team production which ensues.  

IV.3.1) Efficiency 

Economists are generally concerned with the efficiency of institutions. In the VCM, 

efficiency is positively (and linearly) correlated with the contribution amounts.  But in 

the other mechanisms, that correlation is not as straightforward; for example full 

contribution in the BSM is quite inefficient.  We will measure efficiency in our context 

as the team’s payoff relative to the maximum possible team payoff. This analysis will 

                                                           
17

P-values for two-tailed Mann Whitney tests comparing WLM and WLM-EX-R are .009, .032, .000, 

.000, .000, .000 and .000 for the seven columns of Table 3 respectively.  Similar comparisons between the 

WLM-EX and the WLM-EX-R treatments are only intermittently significant, .123, .250, .067, .032, .083, 

.083 and .067 respectively.   
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enable us to answer the question of how efficient the various institutions are in practice, 

and can aid in institutional design questions that a social planner might consider. 

The efficiency levels for each treatment averaged over the entire game are recorded in 

Table 4 (the interested reader should see Table B.3.1 in the appendix for more 

disaggregated descriptions).  We statistically compare these levels using team as 

independent observations.  

Table 4. Average efficiency and team production  
  

Treatment 

# teams efficieny (in %)
 

(payoff/max. payoff) 

team production 

(in %) 

VCM 6 65 31 

VCM-EX 6 83 88 

VCM-EX-R 8 99 97 

    

WLM 6 52 13 

WLM-EX 6 52 26 

WLM-EX-R 12 72 61 

    

BSM 12 81 79 

BSM-EX 6 86 100 

BSM-EX-R 6 75 100 

 

 

In the VCM, efficiency increases from the baseline, to the treatment with excludability 

(p=.026) and to the treatment with excludability and redistribution (p=.001 versus 

excludability only, p=.001 versus baseline). In the WLM, there is no statistical 

difference between the baseline and the treatment with excludability (p=.394), although 

when redistribution is added efficiency significantly increases (p=.032 versus 

excludability only, p=.001 versus baseline). Finally, in the BSM, excludability 

significantly increases efficiency (p=.018), but adding redistribution significantly 

decreases it, past the level of efficiency in the baseline (p=.012 versus excludability 

only, p=.000 versus baseline).
18

   

                                                           
18

As we saw in the previous subsection, contributions in these two treatments are essentially identical.  

The difference in efficiency results from the difference in maximum payoff in the two games.  
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In summary, in the VCM, excudability increases efficiency, and adding redistribution 

enhances the result.  In the WLM, excludability has no effect on efficiency, but the 

addition of redistribution improves matters significantly.  In the BSM, excludability 

increases efficiency, but adding redistribution has a negative effect rather than positive.  

Thus if your goal is to choose an institution to maximize efficiency, in linear production 

tasks one should choose excludability with redistribution (99% efficiency), in minimum 

production tasks one should choose excludability with redistribution (72%) and in 

maximum production tasks one should choose excludability only (86%). 

IV.3.2) Team Production 

While a social planner or institution-designer may be interested in efficiency, from the 

perspective of a principal or an organization, performance may be measured by the team 

production generated rather than by efficiency. The second column of Table 4 records 

average team production as a proportion of maximum production possible in the nine 

treatments.  Further details can be found in Tables B1.3 and B3.2 in the appendix. 

In the VCM, team production significantly increases as excludability (p=.002) and then 

redistribution is added (p=.059 versus excludability only and p=.001 versus baseline).  In 

the WLM, team production is identical with and without excludability (p=1.00), but 

significantly increases with redistribution (p=.053 versus excludability only and p=.001 

versus baseline). In the BSM, team production is significantly increased with 

excludability (p=.001), but then remains high as redistribution is added (p=.699 versus 

excludability only and p=.001 versus baseline). Thus for the principal, adding 

excludability can increase team production in VCM and BSM situations, while adding 

excludability and redistribution is necessary for increased team production in WLM 

situations. 
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IV.4) Organizing explanations   

Many of our results are consistent with the equilibrium predictions (refined and 

unrefined) as described in Table 2, especially in the comparison between baseline and 

excludability conditions.  We find a significant increase in contributions in the VCM, 

where equilibria move from contributing zero in the baseline condition to any symmetric 

contribution being Nash, and contributing all being risk-dominant and quantal-response 

equilibria.  We find no change in contributions in the WLM between the baseline and 

excludability conditions, consistent with the parallel equilibrium predictions in those 

conditions (any symmetric profile is Nash in both cases, contributing zero is the QRE 

prediction in both cases).  Like the VCM, we see a significant change in contributions in 

the BSM between the baseline and the excludability treatments, just as equilibrium 

predicts; asymmetric contributions in the baseline and everyone contributing all in the 

excludability conditions. 

More puzzling, however, is the impact of redistribution.  Redistribution should have 

little or no effect in the WLM, yet we find a significant effect of redistribution where it 

raises contributions over both the baseline and the excludability condition. Theories 

allowing for motivation beyond pure self-interest can be used to explain this result, (see 

Fehr and Klaus Schmidt 2003 and Joel Sobel 2005 for surveys). Margolis’ (1982, 2003) 

Neither-Selfish-Nor-eXploited theory (hereafter NSNX), includes an interaction between 

an efficiency preference and an equity preference, and is consistent with this result. In 

Appendix A, we briefly review Margolis’ NSNX theory, and show how its predictions 

are consistent with the differences we find between WLM and WLM-EX and WLM-EX-

R.     



 32 

V. Summary 

Our motivating question for this paper was whether excludability as an institution could 

sustain cooperation in a series of team production settings.  In contrast with previous 

work, we implement excludability endogenously involving competition between team 

members; the lowest-contributing members of the team are excluded from enjoying their 

share of the benefits of team production.  Those benefits are either lost to the team (in 

the excludability only treatments), or redistributed to the remaining team members (in 

the excludability with redistribution treatments). 

We examine the effects of excludability in three different production environments (the 

voluntary contribution mechanism [VCM] where the average (or total) contribution 

determines production, the weakest link mechanism [WLM] where the minimum 

contribution determines production and the best-shot mechanism [BSM] where the 

maximum contribution determines production). 

Our results indicate that both excludability and redistribution have an important effect on 

contributions. Excludability (without redistribution) is sufficient to raise contributions in 

the VCM and BSM environments to near-total contribution levels; adding redistribution 

in these settings has little impact.  In contrast, in the WLM, excludability by itself is not 

sufficient to increase contributions, redistribution is also necessary.  These comparative 

static results are mostly consistent with the Nash, risk-dominant and quantal-response 

equilbrium predictions in our setting. 

Increasing contributions does not necessarily lead to increased efficiency in these 

mechanisms, however.  While adding excludability increases efficiency in the VCM and 

the BSM, redistribution is necessary for increased efficiency in the WLM, and 

redistribution hurts efficiency in the BSM. The behavioral changes due to redistribution 
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are thus in the direction of greater efficiency, but are not well-accommodated by 

traditional self-interested theories. In Appendix A, we discuss our results in the 

framework of Margolis’ (1982) NSEX theory, and show that this theory is consistent 

with the effect of redistribution in our data.  

The possibility of exclusion from a team’s benefits appears to us as a natural incentive 

device to sustain contribution. Many norms in firms, organizations and societies involve 

excludability, although the concrete realization of excludability may differ between 

teams. Our results predict that these incentive systems will elicit high effort levels from 

the best-performing members, as well as from those individuals who want to be 

included.  

Like all research, this study has important limitations.  For example, our results are 

found in symmetric settings; we induce the same opportunities and payoff functions for 

each participant.  If contributors instead face different endowments or have different 

payoffs, excludability may be less effective. 

As with any incentive scheme, there are also disadvantages to excludability.  In general, 

incentives schemes are sensitive to collusion and to sabotage (Lazear 1989), one might 

imagine similar problems with excludability.  In addition, excludability requires at least 

some monitoring (in our design, only ordinal information is required, but other exclusion 

schemes may require cardinal measurements of contribution), and may be difficult to 

implement   However, we believe that excludability can (and does) provide an effective, 

low-cost way to induce cooperation, increase efficiency and support team production in 

social dilemma and related situations. 
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Appendix A  

One result in our paper inconsistent with equilibrium and refined equilibrium predictions 

is the difference between the weakest-link mechanism with excludability and the 

weakest-link mechanism with excludability and redistribution.  Here we outline 

Margolis’ NSNX model (Margolis 1982) and apply it to our experimental settings. In 

particular, we show that the model can be used to explain this result. 

  

A.1) Neither-Selfish-Nor-eXploited Theory (NSNX): a brief review 

The NSNX model is based on two rules for decisions. The efficiency rule (the ‘neither 

selfish’ principle of the theory) states that an individual is more likely to allocate an 

incremental unit of resource toward the group-interest as the return to the group 

increases.   If G’ is the marginal group benefit of a unit contributed toward group-interest 

and S’ is the corresponding private marginal cost, contributions are positively responsive 

to the quotient G’/S’. NSNX theory assumes a decreasing G’/S’ quotient.  

  

The equity rule (the ‘nor exploited’ principle of the theory) states that the more an 

individual contributes towards group-interest relative to the contribution of others, the 

more weight the individual gives towards self-interested spending of an additional unit.  

The equity rule is embodied in the weight W the individual gives to self-interest; W = 

f(g,s) such that:  

W/g > 0; W/s < 0; W(0,1) > 1 

Graphing a targeted individual’s contributions to the group interest against contributions 

of others to the same account, these two rules generate an upward sloping W.-curve and 

the downward sloping G.’/S.’-curve. These are depicted in Figure A1. The intersection 

determines the individual’s equilibrium contribution.  
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Figure A1. NSNX diagram 

 

A.2) NSNX: Redistribution Effect in the weakest link mechanism 

In the weakest link environment, G’ involves different values depending on one’s 

allocation towards the group interest.  For the lowest contributor, the marginal group 

benefit of a unit contributed G’ is very large (an 8 unit increase for a marginal unit 

improvement over the minimum). For the participant whose contribution toward team 

production is not the smallest, the marginal return from allocating resources to team 

production is exactly zero, G’ = 0 (contributions above the minimum are a deadweight 

loss). Hence, the expected value of G’ is positive, but sensitive to the decision and the 

expectations of the contributor.  The marginal cost of contribution towards group interest 

is always one, S’ = 1, since one unit spent for private interest has to be given up.  

Therefore, the G’/S’ curve is decreasing in the amount that others allocate towards the 

group interest. 
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If allocations toward the group interest are the same for all contributors, no contributor 

will feel exploited and W will be very close to one. However, the greater one’s own 

allocation toward the group interest relative to the minimum contribution, the more one 

wishes to reduce allocation in favor of self-interested spending. Hence, the W curve is 

upward sloping and also sensitive to the expectation about other’s contributions.  

 

Assume that the point EX*, which marks the intersection between WX and GX’/SX’ in 

Figure A1, is the equilibrium under the Excludability condition; where the weight given 

to self-interest equals the gain from a marginal unit contributed towards group interest.  

With redistribution (shifting from WLM-EX to WLM-EX-R), the conditions for greater 

allocation toward group interest are more favorable.  The worst contributor's share is 

distributed not lost.  For the lowest contributor, the marginal group benefit of a unit 

contributed G’ implies an increase of 8 units for a marginal unit improvement over the 

minimum, regardless of others’ behavior, inducing a greater expected value of G' in 

WLM-EX-R compared to WLM-EX.  The private cost of contribution S' remains the 

same. Hence, the G’/S’ curve shifts north. Furthermore, the W curve shifts south; due to 

the redistribution high contributors are partly compensated for their excess contribution. 

Both curves thus shift in favor of greater allocations towards group interest (G'/S' up, W 

down), and thus the NSNX equilibrium point EX-R* under the WLM-EX-R condition 

(in Figure A1 indicated by the intersection point of the curves GXR’/SXR’ and WXR) will be 

east of EX*. This movement of the equilibrium amount contributed is consistent with our 

experimental results. 
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Appendix B  

 

Table B1.1 Time Trend of Contributions: Random effects regression of team 

contributions on rounds  

  Entire Game t  [1 ; 20] Original Game t  [1 ; 10] Restart Game t  [1 ; 10] 

    

std. 

error 
2R̂    

std. 

error 
2R̂    

Std. 

error 
2R̂  

VCM Round -6.381 ** .724 0.254 -5.781 ** 0.990 0.169 -6.982 ** 0.795 0.384 

 Constant 98.847 ** 11.145  95.544 ** 14.688  97.300 ** 9.633  

 Restart -4.850  4.160          

VCM-EX Round 2.159 ** .650 0.137 3.867 ** 1.037 0.079 0.451  0.594 0.003 

 Constant 151.861 ** 12.117  142.467 ** 14.982  183.856 ** 10.068  

 Restart 22.600 ** 3.732          

VCM-EX-R Round 1.803 ** .383 0.172 2.745 ** 0.620 0.152 0.862 ** 0.299 0.068 

 Constant 178.533 ** 3.508  174.447 ** 5.558  191.528 ** 3.212  

 Restart 8.888 ** 2.202          

              

WLM Round -3.594 ** .573 0.152 -4.646 ** 0.970 0.221 -2.541 ** 0.493 0.078 

 Constant 66.933 ** 8.923  72.722 ** 8.463  55.578 ** 10.592  

 Restart -5.567 ^ 3.290          

WLM-EX Round -6.390 ** 1.439 0.064 -9.246 ** 1.667 0.166 -3.533 ** 1.198 0.015 

 Constant 118.911 ** 26.998  134.622 ** 23.418  110.400 ** 35.318  

 Restart 7.200 ** 8.267          

WLM-EX-R Round .937  .721 0.156 1.733  1.228 0.011 0.142  0.697 0.000 

 Constant 130.672 ** 13.756  128.076 ** 14.667  170.022 ** 14.227  

 Restart 36.883 ** 4.140          

              

BSM Round -4.939 ** .777 0.162 -6.373 ** 1.065 0.149 -3.506 ** 1.077 0.075 

 Constant 107.092 ** 8.125  114.978 ** 10.808  78.472 ** 7.449  

 Restart -20.733 ** 4.462          

BSM-EX Round .641 ** .200 0.114 1.247 ** 0.376 0.149 0.035  0.076 0.002 

 Constant 193.056 ** 1.591  189.722 ** 2.571  199.222 ** 0.718  

 Restart 2.833 * 1.148          

BSM-EX-R Round 2.119 ** .540 0.116 2.731 ** 0.712 0.192 1.506 * 0.606 0.054 

 Constant 174.814 ** 4.077  171.444 ** 4.790  180.933 ** 6.657  

 Restart 2.750  3.101          

**Significant at 1%; *significant at 5%; ^significant at 10%; data stratified by team; (xt [0;200]) 
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Table B1.2 Time Trend of Efficiency: Random effects regression of efficiency on rounds   

  Entire Game t  [1 ; 20] Original Game t  [1 ; 10] Restart Game t  [1 ; 10] 

    

std. 

error 
2R̂    

std. 

error 
2R̂    

Std. 

error 
2R̂  

VCM Round -.0160 ** .002 0.254 -0.014 ** 0.002 0.169 -0.017 ** 0.002 0.384 

 Constant .747 ** .028  0.739 ** 0.037  0.743 ** 0.024  

 Restart -.0121  .010          

VCM-EX Round .0138 ** .004 0.208 0.028 ** 0.005 0.290 0.000  0.005 0.000 

 Constant .685 ** .050  0.609 ** 0.043  0.895 ** 0.064  

 Restart .133 ** .021          

VCM-EX-R Round .005 ** .001 0.172 0.007 ** 0.002 0.152 0.002 * 0.001 0.068 

 Constant .946 ** .009  0.936 ** 0.014  0.979 ** 0.008  

 Restart .022 ** .006          

              

WLM Round .006 ** .002 0.149 0.007 ** 0.002 0.102 0.005 * 0.002 0.056 

 Constant .470 ** .017  0.467 ** 0.017  0.510 ** 0.026  

 Restart .037 ** .010          

WLM-EX Round .017 ** .005 0.124 0.007 ** 0.002 0.102 0.011  0.007 0.014 

 Constant .351 ** .082  0.467 ** 0.017  0.527 ** 0.106  

 Restart .139 ** .029          

WLM-EX-R Round   -.002  .006 0.067 -0.003  0.008 0.001 -0.001  0.007 0.000 

 Constant .672 ** .060  0.679 ** 0.066  0.807 ** 0.075  

 Restart .143 ** .032          

              

BSM Round -.008 * .004 0.022 -0.007  0.005 0.017 -0.009  0.006 0.018 

 Constant .871 ** .027  0.866 ** 0.032  0.854 ** 0.039  

 Restart -.023  .023          

BSM-EX Round .007 ** .002 0.094 0.014 ** 0.003 0.174 0.001  0.002 0.003 

 Constant .812 ** .023  0.777 ** 0.028  0.870 ** 0.021  

 Restart .023 * .012  -0.014 ** 0.002 0.169 -0.017 ** 0.002 0.384 

BSM-EX-R Round -.004 ** .001 0.101 0.739 ** 0.037  0.743 ** 0.024  

 Constant .770 ** .008  0.028 ** 0.005 0.290 0.000  0.005 0.000 

 Restart -.004  .006          

**Significant at 1%; *significant at 5%; ^significant at 10%; data stratified by team; (xt [0;1]) 
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Table B1.3 Time Trend of Team Production:  Random effects regression of team 

production on rounds   

  Entire Game t  [1 ; 20] Original Game t  [1 ; 10] Restart Game t  [1 ; 10] 

    

std. 

error 
2R̂    

std. 

error 
2R̂    

Std. 

error 
2R̂  

VCM Round -1.595 ** .181 0.254 -1.445 ** 0.247 0.169 -1.745 ** 0.199 0.384 

 Constant 24.712 ** 2.786  23.886 ** 3.672  24.325 ** 2.408  

 Restart -1.213  1.040          

VCM-EX Round .539 ** .162 0.137 0.967 ** 0.259 0.079 0.113  0.148 0.003 

 Constant 37.965 ** 3.029  35.617 ** 3.745  45.964 ** 2.517  

 Restart 5.650 ** .933          

VCM-EX-R Round .451 ** .096 0.172 0.686 ** 0.155 0.152 0.216 ** 0.075 0.068 

 Constant 44.633 ** .877  43.612 ** 1.389  47.882 ** 0.803  

 Restart 2.222 ** .551          

              

WLM Round -.151  .120 0.019 -0.256  0.184 0.026 -0.045  0.073 0.001 

 Constant 6.878 ** 1.803  7.456 ** 1.474  7.433 ** 2.503  

 Restart 1.133  .689          

WLM-EX Round -.298  .370 0.036 -0.467  0.396 0.007 -0.130  0.421 0.000 

 Constant 11.075    7.423  12.000 ^ 6.741  17.467 ^ 9.250  

 Restart 7.317 ** 2.124          

WLM-EX-R Round .027  .336 0.103 0.087  0.483 0.000 -0.034  0.420 0.000 

 Constant 24.984 ** 4.534  25.004 ** 4.858  36.630 ** 5.268  

 Restart 11.742 ** 1.929          

              

BSM Round -1.180 ** .335 0.065 -1.288 ** 0.422 0.069 -1.072 * 0.530 0.034 

 Constant 48.289 ** 2.473  48.883 ** 2.800  43.494 ** 3.289  

 Restart -4.200 * 1.924          

BSM-EXa Round             

 Constant             

 Restart             

BSM-EX-Ra Round .0177  .014 0.021 0.035  0.029 0.025     

 Constant 49.819 ** .099  49.722 ** 0.179      

 Restart .083 ** .083          

**Significant at 1%; *significant at 5%; ^significant at 10%; data stratified by team; (xt [0;50]) 
aMissing cells are indeterminate, as team production (the maximum contribution) always equaled 100% in these 

treatments. 
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Table B2.1 Percentage of full contributions 
  

Treatment 

# 

teams 

round 1
 

round 10 round 11 round 20 original 

game 

restart 

game 

overall 

VCM 6 4 0 4 0 3 3 3 

VCM-EX 6 29 83 67 79 52 78 65 

VCM-EX-R 8 47 97 88 100 74 93 83 

         

WLM 6 8 0 0 0 1 0 1 

WLM-EX 6 13 25 25 29 21 33 27 

WLM-EX-R 12 4 40 21 65 16 57 37 

         

BSM 12 40 17 23 15 21 16 19 

BSM-EX 6 83 100 96 100 94 98 96 

BSM-EX-R 6 50 100 79 100 69 83 76 

 

 

 

Table B2.2 Percentage of zero contributions 
  

Treatment 

# 

teams 

round 1
 

round 10 round 11 round 20 original 

game 

restart 

game 

overall 

VCM 6 4 25 13 33 15 14 14 

VCM-EX 6 0 0 0 0 3 1 2 

VCM-EX-R 8 0 0 0 0 1 0 1 

         

WLM 6 0 17 4 33 5 21 13 

WLM-EX 6 4 46 17 50 26 33 29 

WLM-EX-R 12 2 23 0 8 7 1 4 

         

BSM 12 25 58 42 58 45 54 50 

BSM-EX 6 0 0 0 0 0 0 0 

BSM-EX-R 6 0 0 4 0 1 1 1 
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Table B3.1 Average efficiency; group payoff relative to maximal group payoff (in %) 
  

Treatment 

# 

teams 

round 1
 

round 10 round 11 round 20 Original 

game 

restart 

game 

overall 

VCM 6 70
a
 59

a
 70

a
 55

a
 66

a
 65

a
 65

a
 

VCM-EX 6 67
a
 94

b
 86

ab
 91

b
 76

a
 89

b
 83

b
 

VCM-EX-R 8 93
b
 100

b
 100

b
 100

b
 98

b
 99

b
 99

c
 

         

WLM 6 50
a
 52

a
 47

a
 54

a
 50

ab
 54

a
 52

a
 

WLM-EX 6 39
b
 52

a
 46

a
 55

a
 45

a
 59

ab
 52

a
 

WLM-EX-R 12 54
a
 55

a
 73

b
 78

a
 65

b
 79

b
 72

b
 

         

BSM 12 85
a
 77

ab
 85

a
 78

ab
 83

a
 80

a
 81

a
 

BSM-EX 6 81
a
 89

a
 86

a
 89

a
 85

a
 88

b
 86

b
 

BSM-EX-R 6 80
a
 73

b
 75

b
 73

b
 75

b
 75

c
 75

c
 

Treatments with different subscripts in each column and category are significantly different from each 

other using a two-tailed Mann-Whitney test at the 5% level or better. All tests are run on team level 

(#). 

 

 

Table B3.2 Average team production (in %) 
  

Treatment 

# 

teams 

round 1
 

round 10 round 11 round 20 original 

game 

restart 

game 

overall 

VCM 6 40
a
 18

a
 40

a
 10

a
 32

a
 29

a
 31

a
 

VCM-EX 6 70
b
 93

b
 92

b
 97

b
 82

b
 93

b
 88

b
 

VCM-EX-R 8 87
c
 100

b
 99

b
 100

b
 96

c
 99

b
 97

b
 

         

WLM 6 21
a
 13

a
 14

a
 12

a
 12

a
 14

a
 13

a
 

WLM-EX 6 27
a
 17

a
 22

a
 23

ab
 19

a
 34

ab
 26

ab
 

WLM-EX-R 12 31
a
 36

a
 62

b
 69

b
 49

b
 73

b
 61

b
 

         

BSM 12 98
a
 70

a
 88

a
 70

a
 84

a
 75

a
 79

a
 

BSM-EX 6 100
a
 100

a
 100

a
 100

a
 100

b
 100

b
 100

b
 

BSM-EX-R 6 100
a
 100

a
 100

a
 100

a
 100

b
 100

b
 100

b
 

Treatments with different subscripts in each column and category are significantly 

different from each other using a two-tailed Mann-Whitney test at the 5% level or 

better. All tests are run on team level (#). 
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Appendix C:  Team Contributions  
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Figure C1.1 VCM: Average contributions of teams in percentage of endowment 
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Figure C1.2 VCM-EX: Average contributions of teams in percentage of endowment 
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Figure C1.3 VCM-EX-R: Average contributions of teams in percentage of endowment 
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Figure C2.1. WLM: Average contributions of teams in percentage of endowment 
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Figure C2.2. WLM-EX: Average contributions of teams in percentage of endowment 
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Figure C2.3. WLM-EX-R: Average contributions of teams in percentage of endowment 
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Figure C3.1. BSM: Average contributions of teams in percentage of endowment 
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Figure C3.2. BSM-EX: Average contributions of teams in percentage of endowment 
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Figure C3.3. BSM-EX-R: Average contributions of teams in percentage of endowment 
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Appendix D  

D.1 Instructions for VCM-EX, translated from Spanish 
The aim of the experiment is to study how individuals make decisions in certain contexts. The instructions 

are easy and if you follow them carefully you will earn money which will be privately and anonymously 

paid to you at the end of the experiment. Should you have any questions please raise your hand .Any 

communication between you and the other participants is prohibited during the experiment. If you do not 

comply with this rule, you will be excluded from the experiment. 

 

1 The experiment consists of 10 rounds. In each round you will be part of a group of 4 participants. 

The computer randomly determines the composition of your group at the beginning of the 

experiment. The composition of your group will remain the same throughout the experiment. You 

will not be told the identities of your group members at any time. 

2 In each round every participant receives an initial endowment of 50 Eurocent. You have to decide 

how much of this amount you want to assign to a Group Project. The remainder will 

automatically be assigned to your Individual Project. 

3 Your payoff from the Individual Project equals your assignment to the Individual Project and 

does not depend on the decisions of the others. 

4 Every member of your group whose assignment to the Group Project is not the minimum (i.e., the 

smallest assignment to the Group Project within the group) will receive a payoff from the Group 

Project. In case of a tied minimum assignation to the Group Project, no member of the group who 

assigned the minimum to the Group Project will receive a payoff from the Group Project. 

Nevertheless, if all members of the group assign the same amount to the Group Project, all 

members will receive a payoff from the Group Project. 

5 Between one and four group members will receive a payoff from the Group Project: One member 

only will receive a payoff from the Group Project if three members assign the same amount and 

the fourth assigns a greater amount; four members will receive a payoff from the Group Project if 

all group members assign the same amount to the Group Project; etc. 

6 The computation of the payoff from the Group Project depends on the total amount assigned to 

the Group Project (that is the sum of your assignment to the Group Project and the corresponding 

assignments of the other three members of your group). Your payoff from the Group Project is 

half of this amount, if your assignment to the Group Project is not the minimum. In other words, 

the Group Project will be doubled and divided equally among the four group members. If your 

assignment to the Group Project is the minimum within your group your payoff from the Group 

Project is zero. 

7 In summary, your round payoff is determined as follows: 

A) If your assignment to the Group Project is not the minimum within your group: 

Individual payoff = payoff from the Individual Project + payoff from the Group Project 

   50 Cent – assignment to Group Project+ (2 x Group Project)/4 

 

B) If your assignment to the Group Project is the minimum within your group: 

Individual payoff = payoff from the Individual Project  

   50 Cent – assignment to Group Project 

8 At the end of the experiment, the sum of your individual payoffs over the 10 rounds will be 

privately paid to you. 

9  After each round you will be informed about the assignments of your group to the Group Project 

and the Group Project level (i.e., the sum of the assignments to the Group Project). You will 

receive information on the individual assignments ordered from maximum to minimum; you will 

not be able to trace the contribution to the contributor. Additionally, you will receive information 

about your payoff in every round including the payoff from the Group Project and the Individual 

Project. You also will be able to access the same information for all past rounds. 
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D.2 Exercise 
Choose 4 numbers between 0 and 50 and write them in the following spaces:  

 

N° 1 _________________     N° 2 _________________ 

 

N° 3 _________________     N° 4 _________________ 

 

Assume these numbers represent the assignments of your group to the Group Project (all the amounts are 

given in Eurocent), you will now be asked to compute the payoff for each member, by following the next 

steps: 

 

Step 1: Write down the sum of the assignments to the Group Project: ________ 

 

Step 2: All group members, whose assignment to the Group Project is not the minimum within the group, 

receive a payoff from the Group Project. 

 

Step 3: As written in the instructions, each member will receive an equal share of the double of the Group 

Project. Write down the result of doubling the Group Project and dividing it into 4 shares:  

Payoff from Group Project = (2 x Group Project) / 4 : ________ 

Step 4: The assignment to the Individual Project is equal to the difference between 50 Cents and the 

individual assignment to the Group Project. In order to compute the Individual Project copy, first, each 

member’s assignments to the Group Project into the first column of the table below. Secondly, subtract the 

assignment to the Group Project from the initial endowment of 50 Cents and write the result into the 

second column of the same table. 

 

Step 5: Copy the assignments to the Individual Project (the payoff from the Individual Project) into the 

third column. 

 

Step 6: Copy the payoff from the Group Project (the same payoff for each group member; step 3) into the 

fourth column if the group members receive a payoff from the Group Project (see step 2). The individual 

payoff is the sum of the payoff from the Group Project (4º column) and the payoff from the Individual 

Project (3º column). Write this sum for each member into the fifth column.  

 

Assignment to the 

Group Project 

Assignment to the 

Individual Project 

Payoff from 

Individual Project  

Payoff from 

Group Project 

Individual Payoff 

1 

 

    

2 

 

    

3 

 

    

4 
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