
 
 

ABSTRACT 

WINTERS V, MATTHEW LITTLETON. Allocator Effects on Three Variants of Public Goods 
Games. (Under the direction of Dr. Daniel Tregeagle, and Dr. William Phan.) 
 

This paper seeks to understand the role a neutral allocator plays in public goods games. 

Using three variants of public goods games: a homogenous ‘base’ game, a heterogeneous 

endowment game, and a heterogenous capability game, this paper looks at how much 

participants moved into a common group fund. Each game has two variants, an allocator type 

and a non-allocator type. Using t-tests and regressions, the role of the allocator was analyzed. 

The data used in this paper shows that an allocator helped to boost all variables studied,and 

improved social welfare in all game types. This is important to better understand the role of 

inequality and hierarchy in society in relation to public goods and social interaction. 
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Introduction 

For decades now, economists and psychologists have been interested in testing economic 

theory, not only with real world data, but also through designing experiments. Vernon Smith 

notes that these experiments can be used to simulate real life. Instead of firms choosing the price 

of the product or how much of it to produce, people in a laboratory can be observed with similar 

‘institutional assumptions’ replicated (Smith 1989). It can be a way to scale down a market to 

give a more manageable or quantitative view where real world data may be too messy or 

nonexistent.  

Smith also notes seven reasons for economists to keep conducting these laboratory 

experiments. The first, as touched on previously, is to test and discriminate between theories, as 

to gain a better understanding of theory and how well that theory holds up. The second is to see 

why theories may fail, whether it be the theory itself or the design of the game. The third is to 

synthesize new findings to be able to make new theories. As scientists in a lab make findings, so 

too should economists. His next two reasons are to compare environments and institutions, both 

things that can be controlled for by the design of experiments. Next, he notes that these games 

can be used to mimic policy proposals and thus can give us an idea of potential outcomes. 

Finally, he writes that tests done in the lab can be a ‘testing ground’ for how we design our 

institutions (Smith 1994). 

The game used in this paper is the traditional public goods game. This game has been 

used to help study a wide variety of situations, be it club goods, church donations, political 

contributions, group participation, worker productivity, or any type of public good that relies on 

voluntary contribution of work or monetary amount. Along with that, some studies have even 
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looked at involuntary contribution but voluntary participation, which can be thought of as 

accepting a situation to be taxed or fined versus not doing so. 

The contribution of this paper to previous work is the inclusion of an allocator in three 

variations of the public goods game. While there has been work conducted on the effects of an 

allocator and the effects of inequality in these games, I was unable to find another study that 

aggregated the two in such a way as done in this paper. The analysis of this data will be a 

valuable addition to the literature revolving around public goods games and such things as the 

effects of inequality and the effects of hierarchy.  

The game used in this paper looks at inequality in two different ways. The first way is in 

wealth. Some players are given a larger endowment each round compared to other players. This 

can be used to simulate actual wealth inequality and cooperation between ‘richer’ and ‘poorer’ 

individuals. The second form of inequality is in effort. While players may be able to give the 

same amount to the group fund, the multiplier effect differs between players. This can be used to 

simulate more and less productive individuals interacting with each other. Then there is the 

inclusion of a base game where wealth and effort are equal for all players.  

On top of that analysis, each game has two different variants. One variant is that each 

group receives an equal cut of the group account. This can be thought of as students all receiving 

the same grade on a test or access to some club or public good, like a community garden for 

instance. The second variant adds in a neutral allocator. In this case, the group fund is not 

divided up evenly. The allocator gets to choose how much each player gets from the group 

account. The hypothesis is that the allocator will reward players by giving those who cooperate a 

larger portion of the group fund, and that they will punish players who give less by giving them a 
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smaller cut. This then would lead to greater aggregate contributions as players would have the 

preference not to be punished and want a higher cut of the group fund. 

This paper will give a more in-depth view and understanding of inequality and how 

hierarchies held either alleviate or add to inequality in different conditions. Also, given the base 

game of equality, the addition of the allocator will give us a better understanding of how 

hierarchies may help boost or hinder productivity. 
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Previous Literature  

 The outcomes observed in a basic model game tend to meet somewhere in between the 

Nash equilibrium, no contribution, and the optimal outcome, full contribution, and economists 

have been trying to find a way to increase contributions to try and reach and sustain the socially 

optimal outcome of constant maximization of the group fund value. The implication of 

unfairness, or none-for-thee all-for-me, is not a strong assumption that can be made. Daniel 

Kanheman et al. in their paper looked into this implication with ultimatum games. In these 

games, player one is the first mover and offers player two part of their endowment. The second 

player can either accept the endowment or deny the endowment, and if they deny the 

endowment, then each player gets nothing. The Nash Equilibrium to this game is for player one 

to offer the bare minimum, giving player two at least some incentive to take the offer. However, 

as noted in their paper, player one often offered more than the bare minimum, and in repeated 

games, and actually gave generous offers, around 50% or more, to player two (Kahneman et 

al.1986). While different games, this study is important in negating the ‘rational’ assumption of 

unfairness in economic games.  

 An important question to ask is why care about free riders? John Ledyard argues that free 

riders can led to an insufficient amount of public goods enjoyed by a group (Ledyard 1995). A 

real world example of this is blood donations. Ignacio Abásolo and Aki Tsuchiya found that, in 

Spain, 67% of those surveyed were likely to be free riders (Abásolo 2014). This could be a 

serious problem if blood was in dire need, with blood banks being considered the public good. 

Some go as far as to describe why certain historical groups fell. Ulrika Mårtensson notes a 

serious problem with landlords in the ʿAbbāsid Caliphate, who collected taxes from the peasants 

but gave none or hardly any to the state treasury, which was seen as the common good. This led 

https://link-springer-com.prox.lib.ncsu.edu/article/10.1007/s10198-013-0496-x#auth-Ignacio-Ab_solo
https://link-springer-com.prox.lib.ncsu.edu/article/10.1007/s10198-013-0496-x#auth-Aki-Tsuchiya
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to a decline in the power of the Abbasid state (Mårtensson 2011). To solve problems like these, 

economists and social scientists have tried various ways to try and fix the free rider problem, 

including punishments and rewards.  

 Various experiments have been done to test for different ways of punishments. Some, 

like Nikos Nikiforakis, have even given the free riders the ability to punish those who cooperate 

just to see how destructive some players are willing to become (Nikiforakis 2008). Punishment 

can lead to either diminished cooperation if punishment is used against the cooperative, or to 

greater cooperation if used against the free riders. 

 The next step, then, is to understand what factors in the game promote the greatest 

amount of efficiency. James Andreoni et al. found that a mix of rewards and punishments lead to 

a greater efficiency in these ultimatum games, when compared to only rewards, only 

punishments, and only a ‘dictator’ (Andreoni et al. 2003). While not a public goods game, this 

game deals with fairness and allocation, and gives us evidence pointing to incentives and 

punishments as strong sources that can influence human behavior in these games. Ballet et al. did 

a meta-analysis on games with punishments and incentives, and found that for games with 

repeated rounds, punishments strongly incentivized cooperation (Ballet et al. 2001). It would 

appear that this carrot-or- stick model increases cooperation between players, when compared to 

no ability to either punish or reward. For this thesis, the inclusion of the allocator is seen as an 

agent with the ability to reward and punish players by how they decide to divide the group fund 

between the group.  

 The neutrality of the allocator is important. For instance, Friedel Bolle and Claudia Vogel 

studied instances when an allocator is given power over the endowments contributed by the 
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participants. Compared to playing a base game, one of the players in the group is chosen to be an 

allocator, as well as continuing to be a player. They could force the other players to contribute all 

or a certain amount of their endowment and decide how much of their own to contribute as well. 

They found that selfish behavior, as they describe as contributing others’ endowments but not 

their own, became more and more common as rounds progressed (Bolle 2011). 

 While the insights gained from Andreoni et al. are important, it is also important to note 

that these results carry over to public goods games. Toshio Yamagishi found that allowing 

players to quit playing, and giving the players the ability to monitor and sanction other players, 

led to higher allocation to the group fund when compared with groups that were not allowed to 

monitor or sanction (Yamagishi Nov 1988).  

 Another important find by Yamagishi is that low trust players often react to sanctions 

more positively, meaning they give more when punished, than players who consider themselves 

to be high trust. While this is an important finding, it should be noted that players who were 

considered high trust to begin with, even without sanctioning, contributed more than low trust 

players. While it is interesting, a more important conclusion drawn is that, regardless of the 

player type, contributions for both types fell over time (Yamagishi Sept 1988). This is important 

for the reason that declining contributions cannot be attributed to player type and that players 

react to being punished. 

 The findings that allocation falls over time can be found elsewhere. Lucas Wardil et al. 

shows that cooperation diminishes over time, and that with fewer players, cooperation 

diminishes further. They looked at a public goods game with a random probability of staying for 

the next round, and found that cooperation was high at first, but as the rounds continued and 
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more players dropped out, cooperation fell. Another important conclusion they draw in their 

paper is that it is only the free riders that have a strong incentive to play out the game until the 

final round. This is because they will keep getting their initial endowment and whatever anyone 

puts into the group fund (Wardil 2017). Important conclusions drawn from this are that the 

number of players matter, the number of rounds matter, full cooperation is hard to achieve, and 

that free riders have more of an incentive to keep playing when compared to cooperators.  

 In the simplest model of a public goods game, endowments are equal across all group 

members. While great for laboratory experiments, this set up does not transfer well to real world 

applications, as with income or wealth, and oftentimes members of a society, tend to be 

heterogeneous. Kenneth Chan et al. looked into this problem. They took two types of 

heterogeneity, either endowment and/or preferences, and compared groups with and without 

other-player communication. Preference was measured by how much players wanted the group 

to contribute to the group fund. They found that heterogeneity actually led to greater 

contributions when communication was allowed. When players were given no communication, 

allocations only increased if both endowment and preferences were heterogeneous. If only one 

was present, the effect on allocations was marginal (Chan et al1999). Regardless of 

communication, heterogeneity seemed to have a positive effect on payoffs, or at least not a 

negative one.  

 Heap et al. also looked at a heterogeneous public goods game and looked at it through the 

lens of wealth inequality. They found that the ‘rich’ players tended to reduce their contributions 

with growing inequality. If rich players contributed more, it was seen as a tax on themselves. 

Heap et al. note that this finding makes it difficult to reduce inequality, for as the gap grows 

between the ‘rich’ and the ‘poor’, so do contributions. This adds an extra layer of difficulty, 
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since the data shows that the ‘rich’ have a preference to be taxed at a lower rate than the ‘poor’ 

(Heap et al. 2016) (Heap et al. 2015). This could mean the data in this thesis could show players 

considered ‘high-type’, or more rich/productive, giving less to the group fund than low-type 

players. 

 The inclusion of an allocator in this thesis is set up as a hierarchical system, that the 

allocator has control over the group fund and how much of it is given to each player. Merriam-

Webster defines a hierarchy as, “the classification of a group of people according to ability or to 

economic, social, or professional standing” (Merriam-Webster). The allocator is considered a 

group above the players. Stoddard et al. (2021) describe it in various ways. One way is a 

manager deciding how to divide up a tip jar. Another example is the public good of an irrigation 

system, but a third party authority decides how much water each farmer can use. Both Stoddard 

et al. 2021 and 2014 found that, in homogeneous games, an allocator led to higher contributions 

over all, and thus more tokens in the group fund and also higher individual group earnings. They 

note it is helpful in solving the free rider problem and leads to more cooperation than games with 

no allocators (Stoddard et al 2021, Stoddard et al 2014). These articles help bolster the 

hypothesis that an allocator will help with group fund contribution. 

 Jurgen Fleiß and Stefan Palan varied a traditional public goods game in their 2013 

experiment. Here, Fleiß and Palan made it so participants could choose between two different 

groups at the beginning of each round. One group was the traditional public goods game where 

participants would voluntarily give to a group fund and get an equal cut of the group fund at the 

end of the round. The second group, which had two variants, was an allocator group. One version 

was the coordinator allocator, where a randomly chosen allocator set uniform ‘give’ amounts for 

the whole group. The second version was a dictator variant, where the dictator could vary the 
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amount given by group members. Fleiß and Palan were testing to see if participants were willing 

to give up some freedom for the chance of a better outcome. They found that participants would 

more often choose the allocator groups, and that those allocator groups had higher contributions 

than the non-allocator groups (Fleiß 2013). 

 Philipp E. Otto and Friedel Bolle sought to look into the advantages of hierarchy in 

public goods games. They saw the group as workers and the group fund as a product. To increase 

production, Otto and Bolle implemented allocators, either chosen or randomly selected. They 

found that allocators did indeed boost production and thus the wages of the workers and the 

allocations were higher when compared to control non-allocator games. Their paper highlights 

the benefits of hierarchy when dealing with public goods (Otto 2016). 

 What the study in this thesis contributes is a more in-depth view of inequality, as 

described by Heap, and how the findings in Otto (2016), Stoddard et al. (2021), and Stoddard 

(2014) transfer over to situations of heterogeneity. The threat of punishment is an incentive for 

cooperation, as shown by Kahneman and Andreoni, so the presence of the allocator might be an 

incentive, as it can be an agent of punishment, to bring about greater cooperation between 

players. Yamagishi showed that the findings of Kahneman and Andreoni can be carried over into 

public goods games, and that players tend to react to punishment and become more cooperative 

when punished. Chan et al found that heterogenous endowments and preferences, with no 

communication between players, led to higher contributions. This leads into the hypothesis that 

groups with heterogeneous endowments will have higher group fund values than the base game 

control group. Finally, Fleiß and Palan found that players in public goods games actually had a 

preference for a hierarchy, since groups in the dictator variants made higher earnings than those 

who had group fund contribution as voluntary. With all these previous findings, I hypothesize 
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that the data will show that groups with allocators outperform control groups in how much is put 

into the group fund and how much each player individually earns. Secondly, I hypothesize that 

players that are considered high-type with move less than or at the very least equal to players 

considered to be low-type. Finally, I believe that groups in heterogenous conditions will 

outperform their counterpart in homogenous conditions. 
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Theory 

 The two main theoretical components to understand are public goods games’ socially 

optimal and Nash equilibrium outcomes. While the two can be the same, in this instance, they 

are different. For the two to be the same, the socially optimal point would have to also be a 

steady state, where both players have dominant strategies that result in the greatest net outcome. 

The following paragraphs explain why, in this version of a public goods game, the Nash 

equilibrium and the socially optimal outcome are not the same. 

 First, the socially optimal outcome is where total utility is maximized. Pravesh Kothari 

describes the social optimal as the point “where the sum of their payoffs is highest” (Pravesh 

2016). Total utility is maximized when the maximum amount of tokens are placed into the group 

fund to distribute out to the players. The distribution of the tokens does not matter in the socially 

optimal outcome, as the main concern is just creating as much value as possible. The personally 

or individually optimal outcome would be for one player to put nothing into the group fund and 

to receive all of the tokens from it once distributed. While this can boost a single player’s 

earnings, more so than what they would get at the socially optimal point, it does not create the 

most value from the endowments possible. This is why, when looking for the socially optimal 

outcome, it is important to look at the value of those tokens in the group fund and not individual 

earnings. 

 Secondly, the Nash equilibrium for the public goods game is for all players to contribute 

nothing to the group fund. The Nash equilibrium, in Game Theory, is described as “a list of 

strategies, one for each player, such that no player can get a better payoff by switching to some 

other strategy that is available to her while all the other players adhere to the strategies specified 
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for them in the list” (Dixit 2015). An example of a two player prisoner dilemma game is 

demonstrated below. It can be expanded to a four player game, but for the sake of simplicity, it 

can be reduced to two players and still show the same outcome as would a public goods game 

where a player could either contribute their whole endowment, cooperate, or none of their 

endowment, shirk. For the sake of the example, the multiplier effect is by 2, which while not 

used in the thesis, is enough to demonstrate the steady state of the Nash Equilibrium. While the 

socially optimal outcome for each player would be to get 20, as that would lead to a total amount 

of 40, an individual player would want to shirk and have the other player cooperate so they could 

get 25. Knowing this, the other player shirks so they aren’t left with only 5, and thus, a steady 

state of ‘shirk-shirk’ is obtained. Both players have dominant strategies of ‘shirk’. 

Table 1. Prisoner Dilemma Example 

 

 

 

   

 If perfectly rational, players will ‘shirk’ by not contributing but still gaining the 

contributions from the group fund. As noted in the previous paragraph, this would lead to a 

higher personal outcome. In the example above, that player would get 25 while the other gets 

only 5. That is until a second player adopts the same strategy, and then a third, and then again 

until all players contribute nothing to the group fund, thus contributions fall to 0. It represents a 

stark contrast to the socially optimal outcome. 
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 This is also commonly observed in the final round. Players in previous rounds often have 

an incentive to keep contributing as it is a signal for other players to keep contributing in future 

rounds. Signaling can be defined as a “strategy of a more-informed player to convey his ‘good’ 

information credibly to a less-informed player” (Dixit 2015). In this case, a player can signal that 

they are willing to cooperate in future rounds by cooperating in the current round. 

  If there is no future round, there is no incentive to contribute because there is no reason 

to signal for future rounds. The personally optimal strategy would then be to free ride on group 

contributions in the final round. If a player is perfectly rational and knows this, then they would 

do better and shirk one round before the final round to boost earnings. This quickly unravels to 

the very first round. Some scholars have tried to avoid this problem by making the final round 

probabilistic instead of pre-determined (Carlen 2014, Wardil 2017). These are two ways the 

Nash Equilibrium for public goods games has been explained as achievable.  

 While these two outcomes are what are looked for in most public goods games, outcomes 

tend to fall somewhere in between, though the socially optimal outcome is also seen as 100% 

efficient. This disconnect from theory and reality could be due to differences in player strategy, 

player type, and culture. For instance, Gächter et al. found that cultural background plays a large 

role in how cooperative players are amongst each other (Gächter 2010). 

 Unlike psychology, experimental economics tends to be honest in their experiments. That 

meaning that players are told exactly what to expect from the experiments in order to best 

prepare them for the game or study. There is no deception except for very few exceptions 

(Cooper 2014). An example of what participants were given before the experiments performed 

for this paper can be found in Appendix A. There is no deception or dishonesty in what 

https://www.ncbi.nlm.nih.gov/pubmed/?term=G%26%23x000e4%3Bchter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20679109
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%26%23x000e4%3Bchter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20679109
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participants were told about the experiment or how it was being conducted. For example, 

participants in these experiments were told that there would be ten rounds, that they would be 

randomly matched and that the group they were placed in was the same group for all ten rounds, 

and how the group fund gets distributed.  

 Using the multipliers chosen, groups of four were assigned. This is so that even if two of 

the participants in each group fully cooperate, they could still be made better off. This is to help 

look at the role of cooperation and free riding, and to see if free riding can still persist even with 

a form of group cooperation. The set up for the multipliers is more deeply explained in the 

methodology section, but it allows for still two players to fully cooperate and still get the same 

positive outcomes seen in the base game. So a player with a multiplier of 1.2 and 3.6 could fully 

cooperate and get the same outcome as two players with multipliers of 2.4. While it adds a layer 

of difficulty, as two players with a multiplier of 1.2 could not both fully cooperate to reach the 

same outcome as in the base game, it does also allow an advantage for two players with the 

multiplier of 3.6 to fully cooperate.  

 The same rationale goes into the endowment. Two players with 10 token endowments 

could get the same outcome as two players fully cooperating when one has 5 tokens and the 

other have 15. The idea is that the inclusion of the allocator encourages this type of cooperation, 

as they can reward cooperating players by giving them more than the non-cooperating players. 

This would then provide an incentive for non-cooperating players to give to the group fund, 

where in control games with no allocator, they can simply free ride on the inputs of others. 

 In the base game and capability game, there are 14,641 strategies in each game ranging 

from 0,0,0,0 to 10,10,10,10. The endowment game has 5,625 different strategies ranging from 
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0,0,0,0 to 15,15,5,5. It would be unnecessary to write out all strategies as the Nash Equilibrium 

will always fall back to 0,0,0,0, the stable state. An example of the base game solved can be 

found in Appendix B. 

 The following pages include a mathematical look at the theory used in these games, as 

well as a solved allocator scenario. To gain intuition for the game, a case is set up where there 

are two players given three strategies: give 0, give 5, or give 10. In this case, an allocator is 

restricted between two options: give 50/50 of the group fund, or give 70/30 of the group fund. 

There are two rounds with a one round lag on what players expect the allocator to do, meaning in 

the second round, they expect the allocator to act exactly as they did in the first round. Their 

expectations for the first round is their expected value of between the two allocator options. 

 After ranking player options based on payoffs, in the first round, the best strategy 

between the two players is to give all of their endowment, while the worst strategy is to give 

none. In the second round, the 50/50 allocator strategy saw at least some, if not all, contribution 

to the group fund by the two players, was the top three strategies leading to the social optimum, 

with the best strategy leading to full contribution. In the 70/30 scenario, while the full give was a 

potential outcome, it was also a possibility to not have one player participate, as the third best 

strategy, after ranking the strategies between the players, saw player two give nothing. Also, the 

top strategy of full give for both players was tied with player one giving all and player two 

giving half. The allocator wants to keep contributions as high as possible, so it would be a safer 

strategy to split the group fund up evenly, or else players who otherwise might contribute, may 

stop contributing if their payoffs aren’t high enough to encourage cooperation. 
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 In the mathematics for the allocator games, for simplicity (as numbers can vary wildly 

depending on other players’ contributions) I looked at scenarios in which a player would 

contribute to the group fund when no other players do. I found that, to at the very least break 

even from contributing to the group fund when no other players contribute, a player would have 

to be given around 42% of the group fund in the base game and the endowment game. In the 

capability game, high type players would need around 28% of the group fund, whereas low type 

players would need around 84% of the group fund, to break even. 
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Base Game: No Allocator 

The strategies for all players are as follows:  

Let N be the set of players 

For each i in N, let 𝑆𝑖 = [0,10] be the strategy space of agent player i 

Let 𝑆 = ∏ 𝑠𝑖𝑖∈𝑁  be the set of all strategy profiles 

The utility for i given a strategy profile s in S is: 

𝑈𝑖(𝑠) = (2.4
𝑁

(𝑠𝑖 + ∑ 𝑠𝑗)𝑗∈|𝑁| ) + (10 − 𝑠𝑖). 

The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′. 

Claim: Let i in N, and 𝑠𝑖
∗=0. For each 𝑠−𝑖 in 𝑆−𝑖, and each 𝑠𝑖

′ in 𝑆𝑖. This would be the unique 

Nash equilibrium 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑆𝑖
∗, 𝑆−𝑖) ≥ 𝑈𝑖(𝑆𝑖

′, 𝑆−𝑖) 

The claim here is that the optimal strategy is to give 0: 𝑆𝑖
∗ = 0 

Step 1: (2.4
4

(𝑠𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) + (10 − 𝑠𝑖

∗)) − (2.4
4

(𝑠𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) + (10 − 𝑠𝑖

′)) ≥ 0 

Step 2: 2.4
4

(𝑠𝑖
∗ − 𝑠𝑖

′) − 𝑠𝑖
∗ + 𝑠𝑖

′ ≥ 0 

Step 3: (2.4
4

𝑠𝑖
∗ − 𝑠𝑖

∗) + (𝑠𝑖
′ − 2.4

4
𝑠𝑖

′) ≥ 0 

𝐺𝑖𝑣𝑒𝑛 𝑠𝑖
∗ = 0, 𝑤𝑒 𝑎𝑟𝑒 𝑙𝑒𝑓𝑡 𝑤𝑖𝑡ℎ 𝑠𝑖

′ −
2.4
4

𝑠𝑖
′ ≥ 0, 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑓𝑜𝑟 𝑎𝑛𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑠𝑖

′ 
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Endowment Game: No Allocator 

The strategies for all players are as follows: 

Let N be the set of players 

For each H in N and L in N, let 𝑆𝐻 = [0,15], 𝑆𝐿 = [0,5] be the strategy space for agent players H 

and L 

Let 𝑆 = ∏ 𝑠𝑖𝑖∈𝑁  be the set of all strategy profiles 

The utility for i given a strategy profile s in S is: 

𝑈𝑖(𝑠𝐻) = (
2.4
𝑁

∑ 𝑠𝑗
𝑗∈|𝑁|

) + (15 − 𝑠𝑖)             𝑈𝑖(𝑠𝐿) = (
2.4
𝑁

∑ 𝑠𝑗
𝑗∈|𝑁|

) + (5 − 𝑠𝑖) 

The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′. It 

holds true for both low and high type players. Claim: Let i in N, and 𝑠𝑖
∗=0. For each 𝑠−𝑖 in 𝑆−𝑖, 

and each 𝑠𝑖
′ in 𝑆𝑖. This would be the unique Nash equilibrium. Both low and high type players 

can be reduced to step two. 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) ≥ 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) 

The claim here is that the optimal strategy is to give 0: 𝑠𝑖
∗ = 0 

Step 1: 𝐻𝑖𝑔ℎ𝑡𝑦𝑝𝑒: (2.4
4

(𝑠𝐻𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) + (15 − 𝑠𝐻𝑖

∗ )) − (2.4
4

(𝑠𝐻𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) +

(15 − 𝑠𝐻𝑖
′ )) 
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Step 1: 𝐿𝑜𝑤𝑡𝑦𝑝𝑒: (2.4
4

(𝑠𝐿𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) + (5 − 𝑠𝐿𝑖

∗ )) − (2.4
4

(𝑠𝐿𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) + (5 − 𝑠𝐿𝑖

′ )) 

Step 2: 2.4
4

(𝑠𝑖
∗ − 𝑠𝑖

′) − 𝑠𝑖
∗ + 𝑠𝑖

′ ≥ 0 

Step 3: (2.4
4

𝑠𝑖
∗ − 𝑠𝑖

∗) + (𝑠𝑖
′ − 2.4

4
𝑠𝑖

′) ≥ 0 

𝐺𝑖𝑣𝑒𝑛 𝑆𝑖
∗ = 0, 𝑤𝑒 𝑎𝑟𝑒 𝑙𝑒𝑓𝑡 𝑤𝑖𝑡ℎ 𝑆𝑖

′ −
2.4
4

𝑆𝑖
′ ≥ 0, 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑓𝑜𝑟 𝑎𝑛𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑆𝑖

′ 
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Capability Game: No Allocator 

The strategies for all players are as follows: 

Let N be the set of players 

For each H in N and L in N, let, 𝑆𝐿,𝐻 = [0,10] be the strategy space for agent players H and L 

Let 𝑆 = ∏ 𝑠𝑖𝑡∈𝑁  be the set of all strategy profiles 

The utility for i given a strategy profile s in S is as follows: 

𝑈𝑖(𝑠) = (
3.6
𝑁

∑ 𝑠𝐻
𝑗∈|𝑁|

) + (
1.2
𝑁

∑ 𝑠𝐿
𝑗∈|𝑁|

) + (10 − 𝑠𝑖) 

The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′. It 

holds true for both low and high type players. Claim: Let i in N, and 𝑠𝑖
∗=0. For each 𝑠−𝑖 in 𝑆−𝑖, 

and each 𝑠𝑖
′ in 𝑆𝑖. This would be the unique Nash equilibrium. Both low and high type players 

can be reduced to step two. 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) ≥ 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) 

The claim here is that the optimal strategy is to give 0: 𝑆𝑖
∗ = 0 

Step 1: 𝐻𝑖𝑔ℎ𝑡𝑦𝑝𝑒: ((3.6
4

(𝑠𝐻𝑖
∗ + ∑ 𝑠𝐻𝑗𝐻𝑗∈|{𝑖} ) + (10 − 𝑠𝐻𝑖

∗ )) + (1.2
4

(∑ 𝑠𝐿𝑗𝐿𝑗∈𝑁|{𝑖} ))) −

((3.6
4

(𝑠𝐻𝑖
′ + ∑ 𝑠𝐻𝑗𝐻𝑗∈|{𝑖} ) + (10 − 𝑠𝐻𝑖

′ )) + (1.2
4

(∑ 𝑠𝐿𝑗𝐿𝑗∈𝑁|{𝑖} ))) 
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Step 2: 3.6
4

(𝑠𝐻𝑖
∗ − 𝑠𝐻𝑖

′ ) − 𝑠𝐻𝑖
∗ + 𝑠𝐻𝑖

′ ≥ 0 

Step 3: (3.6
4

𝑠𝐻𝑖
∗ − 𝑠𝐻𝑖

∗ ) + (𝑠𝐻𝑖
′ − 3.6

4
𝑠𝐻𝑖

′ ) ≥ 0 

𝐺𝑖𝑣𝑒𝑛 𝑆𝐻𝑖
∗ = 0, 𝑤𝑒 𝑎𝑟𝑒 𝑙𝑒𝑓𝑡 𝑤𝑖𝑡ℎ 𝑆𝐻𝑖

′ −
3.6
4

𝑆𝐻𝑖
′ ≥ 0, 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑓𝑜𝑟 𝑎𝑛𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑆𝐻𝑖

′  

 

Step 1: 𝐿𝑜𝑤𝑡𝑦𝑝𝑒: ((3.6
4

(∑ 𝑠𝐻𝑗𝐻𝑗∈|{𝑖} )) + (1.2
4

(𝑠𝐿𝑖
∗ + ∑ 𝑠𝐿𝑗𝐿𝑗∈𝑁|{𝑖} ) + (10 − 𝑠𝐿𝑖

∗ ))) −

((3.6
4

(∑ 𝑠𝐻𝑗𝐻𝑗∈|{𝑖} )) + (1.2
4

(𝑠𝐿𝑖
′ + ∑ 𝑠𝐿𝑗𝐿𝑗∈𝑁|{𝑖} ) + (10 − 𝑠𝐿𝑖

′ ))) 

Step 2: 1.2
4

(𝑠𝐿𝑖
∗ − 𝑠𝐿𝑖

′ ) − 𝑠𝐿𝑖
∗ + 𝑠𝐿𝑖

′ ≥ 0 

Step 3: (1.2
4

𝑠𝐿𝑖
∗ − 𝑠𝐿𝑖

′ ) + (𝑠𝐿𝑖
′ − 1.2

4
𝑠𝐿𝑖

′ ) ≥ 0 

𝐺𝑖𝑣𝑒𝑛 𝑆𝐿𝑖
∗ = 0, 𝑤𝑒 𝑎𝑟𝑒 𝑙𝑒𝑓𝑡 𝑤𝑖𝑡ℎ 𝑆𝐿𝑖

′ −
1.2
4

𝑆𝐿𝑖
′ ≥ 0, 𝑤ℎ𝑖𝑐ℎ 𝑖𝑠 𝑡𝑟𝑢𝑒 𝑓𝑜𝑟 𝑎𝑛𝑦 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑆𝐿𝑖

′  
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Base Game: Allocator 

The strategies for non-allocator players are as follows:  

Let N be the set of players 

For each i in N, let 𝑆𝑖 = [0,10] be the strategy space of agent player i 

Let 𝑆 = ∏ 𝑠𝑖𝑖∈𝑁  be the set of all strategy profiles 

The strategy for the allocator is as follows: 

𝑆𝑖 = [𝑔𝑖𝑣𝑒 𝑝𝑙𝑎𝑦𝑒𝑟𝑠 𝑎 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝 𝑓𝑢𝑛𝑑, 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 0 𝑡𝑜 100%, 𝑒𝑞𝑢𝑎𝑙𝑙𝑖𝑛𝑔 𝑡𝑜 100%]  

The utility for a single player, i, given a strategy, s, is as follows, where 𝑆𝑗 is the strategy of other 

players, N is the number of players, and 𝐴𝑗 is how the allocator wants to split the group fund. 

The utility for i given a strategy profile s in S is: 

𝑈𝑖(𝑠) = (2.4
𝐴𝑗

(𝑆𝑖 + ∑ 𝑠𝑗𝑗∈|𝑁| )) + (10 − 𝑠𝑖). 

The utility for the allocator is as follows, where G is the value of the group fund: 

𝑈𝑖(𝑠) = (
1
4

𝐺) + 10 

The equilibrium of the allocator game is different from non-allocator games. Player i should give 

nothing if they are getting less than ≈ 42% of the group fund. If they are getting more than ≈

42%, they should give their full endowment. And they would be indifferent with their strategies 

is getting ≈ 42% of the group fund. This is due to players getting an exact return of the give 

amount at around 42%. 

First, I model the game where players are getting less than 42%. 
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The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′. 

Claim: Let i in N, and 𝑠𝑖
∗=0. For each 𝑠−𝑖 in 𝑆−𝑖, and each 𝑠𝑖

′ in 𝑆𝑖. 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) ≥ 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) 

The claim here is that the optimal strategy is to give 0: 𝑆𝑖
∗ = 0 

The following is the proof, saying that for any strategy from other players, it is always in the best 

interest for player i to give 0. This would be the unique equilibrium. 

Step 1: (2.4(𝑠𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≤ 41% 𝑜𝑓 𝐺) + (10 − 𝑠𝑖

∗)) ≥ (2.4(𝑠𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≤

41% 𝑜𝑓 𝐺) + (10 − 𝑠𝑖
′)) 

 

Step 2: 10 ≥ 2.4𝑠𝑖
′ ∗ (≤ 41% 𝑜𝑓 𝐺) + (10 − 𝑠𝑖

′) 

This is true for any S of [1,10] 

 

Next, I model if a player is getting more than 42% of the group fund. 

 

The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′: 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) ≥ 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) 

The claim here is that the optimal strategy is to give 10: 𝑆𝑖
∗ = 10 
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The following is the proof, saying that for any strategy from other players, it is always in the best 

interest for player i to give 10. This would be the unique equilibrium. 

Step 1: (2.4(𝑠𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≥ 43% 𝑜𝑓 𝐺) + (10 − 𝑠𝑖

∗)) ≥ (2.4(𝑠𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≥

43% 𝑜𝑓 𝐺) + (10 − 𝑠𝑖
′)) 

Step 2: 24 ∗ (≥ 43% 𝑜𝑓 𝐺) ≥ 2.4𝑠𝑖
′ ∗ (≥ 43% 𝑜𝑓 𝐺) + (10 − 𝑠𝑖

′) 

This is true for any S [0,9] 

 

At ≈ 42%, players are indifferent between these two strategies. 
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Endowment Game: Allocator 

The strategies for all players, 𝑆𝐻 for high type players and 𝑆𝐿 for low type players are as follows:  

Let N be the set of players 

For each H and L in N, let 𝑆𝐻 = [0,15], 𝑆𝐿 = [0,5] be the strategy space of players H and L 

Let 𝑆 = ∏ 𝑠𝑖𝑖∈𝑁  be the set of all strategy profiles 

The strategy for the allocator is as follows: 

𝑆𝑖 = [𝑔𝑖𝑣𝑒 𝑝𝑙𝑎𝑦𝑒𝑟𝑠 𝑎 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝 𝑓𝑢𝑛𝑑, 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 0 𝑡𝑜 100%, 𝑒𝑞𝑢𝑎𝑙𝑙𝑖𝑛𝑔 𝑡𝑜 100%]  

The utility for each non-allocator player is as follows, the notation used in this game is the same 

as the base game. The utility for i given a strategy profile s in S is: 

𝑈𝑖(𝑠𝐻) = (
2.4
𝐴

( ∑ 𝑠𝑗 + 𝑆𝑖
𝑗∈|𝑁|

)) + (15 − 𝑠𝑖)             𝑈𝑖𝑠𝐿 = (
2.4
𝐴

( ∑ 𝑠𝑗 + 𝑆𝑖
𝑗∈|𝑁|

)) + (5 − 𝑠𝑖) 

The utility for the allocator is as follows: 

𝑈𝑖𝑠 = (
1
4

𝐺) + 10 

The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′. It 

holds true for both low and high type players. Claim: Let i in N, and 𝑠𝑖
∗=0. For each 𝑠−𝑖 in 𝑆−𝑖, 

and each 𝑠𝑖
′ in 𝑆𝑖. 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) ≥ 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) 
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The equilibrium of the allocator game is different from non-allocator games. Regardless of 𝑆𝑗, 

player i should give nothing if they are getting less than ≈ 42% of the group fund. If they are 

getting more than ≈ 42%, they should give their full endowment. And they would be indifferent 

with their strategies is getting ≈ 42% of the group fund. This is due to players getting an exact 

return of the give amount at around 42%. 

First, the situation where the allocator gives less than 42% is modeled. 

The claim here is that the optimal strategy is to give 0: 𝑠𝑖
∗ = 0 

The following is the proof, saying that for any strategy from other players, it is always in the best 

interest for player i to give 0. This would be the unique equilibrium.  

High type: 

Step 1: (2.4(𝑠𝐻𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≤ 41% 𝑜𝑓 𝐺) + (15 − 𝑠𝐻𝑖

∗ )) ≥ (2.4(𝑠𝐻𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≤

41% 𝑜𝑓 𝐺) + (15 − 𝑠𝐻𝑖
′ )) 

Step 2: 15 ≥ 2.4𝑠𝐻𝑖
′ ∗ (≤ 41% 𝑜𝑓 𝐺) + (15 − 𝑆𝐻𝑖

′ ) 

This is true for any S [1,15] 

 

Low type: 

Step 1: 𝐿𝑜𝑤𝑡𝑦𝑝𝑒: (2.4(𝑠𝐿𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≤ 41% 𝑜𝑓 𝐺) + (5 − 𝑠𝐿𝑖

∗ )) ≥ (2.4(𝑠𝐿𝑖
′ +

∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≤ 41% 𝑜𝑓 𝐺) + (5 − 𝑠𝐿𝑖
′ )) 

Step 2: 5 ≥ 2.4𝑠𝐿𝑖
′ ∗ (≤ 41% 𝑜𝑓 𝐺) + (5 − 𝑆𝐿𝑖

′ ) 
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This is true for any S [1,5] 

 

Next, I model a situation where the allocator is giving more than 42%. 

The claim here would be that it is optimal to give the full endowment, which would either be 15 

for high type players and 5 for low type players. This would be the unique equilibrium. Both low 

and high type players can be reduced to step two. 

High type: 

Step 1: (2.4(𝑠𝐻𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≥ 43% 𝑜𝑓 𝑔) + (15 − 𝑠𝐻𝑖

∗ )) − (2.4(𝑠𝐻𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≥

43% 𝑜𝑓 𝑔) + (15 − 𝑠𝐻𝑖
′ )) 

Step 2: 36 ∗ (≥ 43% 𝑜𝑓 𝐺) ≥ 2.4𝑠𝐻𝑖
′ ∗ (≥ 43% 𝑜𝑓 𝐺) + (15 − 𝑠𝐻𝑖

′ ) 

This is true for any S [0,14] 

 

Low type: 

Step 1: (2.4(𝑠𝐿𝑖
∗ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≥ 43% 𝑜𝑓 𝐺) + (5 − 𝑠𝐿𝑖

∗ )) ≥ (2.4(𝑠𝐿𝑖
′ + ∑ 𝑠𝑗𝑗∈|𝑁||{𝑖} ) ∗ (≥

43% 𝑜𝑓 𝐺) + (5 − 𝑠𝐿𝑖
′ )) 

Step 2: 12(≥ 43% 𝑜𝑓 𝐺) ≥ 2.4𝑠𝐿𝑖
′ ∗ (≥ 43% 𝑜𝑓 𝐺) + (5 − 𝑠𝐿𝑖

′ )  

This is true for any S [0,4] 
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Capability Game: Allocator 

The strategies for all players, 𝑆𝐻 for high type players and 𝑆𝐿 for low type players are as follows:  

Let N be the set of players 

For each i in N, let 𝑆𝐿,𝐻 = [0,10] be the strategy space of agent players L and H 

Let 𝑆 = ∏ 𝑠𝑖𝑡∈𝑁  be the set of all strategy profiles 

The strategy for the allocator is as follows: 

𝑆𝑖 = [𝑔𝑖𝑣𝑒 𝑝𝑙𝑎𝑦𝑒𝑟𝑠 𝑎 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑟𝑜𝑢𝑝 𝑓𝑢𝑛𝑑, 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 0 𝑡𝑜 100%, 𝑒𝑞𝑢𝑎𝑙𝑙𝑖𝑛𝑔 𝑡𝑜 100%] 

The utilities for each player are as follows, all notation is the same as the base game notation. : 

𝑈𝑖𝑠 = (
3.6
𝐴

∑ 𝑠𝐻
𝑗∈𝑁

) + (
1.2
𝐴

∑ 𝑠𝐿
𝑗∈𝑁

) + (10 − 𝑠𝑖) 

The two following equations put forth the claim that the utility from an optimal strategy, denoted 

by 𝑆𝑖
∗ from player i, given all other players j, is greater than any other strategy, denoted by 𝑆𝑖

′. It 

holds true for both low and high type players. Claim: Let i in N, and 𝑠𝑖
∗=0. For each 𝑠−𝑖 in 𝑆−𝑖, 

and each 𝑠𝑖
′ in 𝑆𝑖. 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) − 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) ≥ 0 

𝑈𝑖(𝑠𝑖
∗, 𝑠−𝑖) ≥ 𝑈𝑖(𝑠𝑖

′, 𝑠−𝑖) 

The claim here is that the optimal strategy is to give 0 for a high type player when getting less 

than around 28% of the group fund, and 0 for a low type player when getting less than around 

84% of the group fund : 𝑆𝑖
∗ = 0 
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The following is the proof, saying that for any strategy from other players, it is always in the best 

interest for player i to give 0. This would be the unique equilibrium.  

High type: 

Step 1: (((3.6(𝑠𝐻𝑖
∗ + ∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} ))) ∗ (≤ 27% 𝑜𝑓 𝐺) +

(10 − 𝑠𝐻𝑖
∗ )) ≥ (((3.6(𝑠𝐻𝑖

′ + ∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} ))) ∗ (≤ 27% 𝑜𝑓 𝐺) +

(10 − 𝑠𝐻𝑖
′ )) 

Step 2: 10≥ 3.6𝑆𝐻𝑖
′ ∗ (≤ 27% 𝑜𝑓 𝐺) + (10 − 𝑆𝐻𝑖

′ ) 

This is true for any S [1,10] 

 

Low type: 

Step 1: (((3.6(∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(𝑠𝐿𝑖
∗ + ∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} )) ∗ (≤ 83% 𝑜𝑓 𝐺) + (10 −

𝑠𝐿𝑖
∗ ))) ≥ (((3.6(∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(𝑠𝐿𝑖

′ + ∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} )) ∗ (≤ 83% 𝑜𝑓 𝐺) + (10 − 𝑠𝐿𝑖
′ ))) 

Step 2: 10 ≥ 1.2𝑆𝐻𝑖
′ ∗ (≤ 83%% 𝑜𝑓 𝐺) + (10 − 𝑆𝐿𝑖

′ ) 

This is true for any S [1,10] 

 

Next I model a situation where the optimal strategy would be 𝑆𝐻,𝐿𝑖
∗ =10 

High type: 
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Step 1: (((3.6(𝑠𝐻𝑖
∗ + ∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} ))) ∗ (≥ 29% 𝑜𝑓 𝐺) +

(10 − 𝑠𝐻𝑖
∗ )) ≥ (((3.6(𝑠𝐻𝑖

′ + ∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} ))) ∗ (≥ 29% 𝑜𝑓 𝐺) +

(10 − 𝑠𝐻𝑖
′ )) 

Step 2: 36 ∗ (≥ 29% 𝑜𝑓 𝐺) ≥ 3.6𝑆𝐻𝑖
′ ∗ (≥ 29% 𝑜𝑓 𝐺) + (10 − 𝑆𝐻𝑖

′ ) 

This is true for any S [0,9] 

 

Low type: 

Step 1: (((3.6(∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(𝑠𝐿𝑖
∗ + ∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} )) ∗ (≥ 85% 𝑜𝑓 𝐺) + (10 −

𝑠𝐿𝑖
∗ ))) ≥ (((3.6(∑ 𝑠𝐻𝑗𝐻𝑗∈|𝑁||{𝑖} )) + (1.2(𝑠𝐿𝑖

′ + ∑ 𝑠𝐿𝑗𝐿𝑗∈|𝑁||{𝑖} )) ∗ (≥ 85% 𝑜𝑓 𝐺) + (10 − 𝑠𝐿𝑖
′ ))) 

 

Step 2: 12 ∗ (≥ 85% 𝑜𝑓 𝐺) ≥ 1.2𝑆𝐻𝑖
′ ∗ (≥ 85% 𝑜𝑓 𝐺) + (10 − 𝑆𝐿𝑖

′ ) 
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Methodology  

 Using a dataset provided by Appalachian State University professor, Dr. Brock Stoddard, 

this paper will seek to understand the effects of a neutral allocator on different public goods 

games. The data uses participants from the University of South Dakota (USD) and Appalachian 

State University (ASU), and a Mann-Whitney U test was done previously by Stoddard to ensure 

that the two groups, ASU and USD, could be combined. A Student t-test was performed on 

variables testing for age, sex, if they have had a game theory course before, if they have taken a 

principle of micro-economics course before, and their major. In the next part of the analysis, a 

Student t-test will be used to contrast the means for each of the four variables between allocator 

and non-allocator groups. This will show whether the means between the two variants for each 

game are statistically different. R and STATA will be used to conduct this part of the analysis. 

Data cleaning, data organizing, and all analyses was done by the author of this thesis. 

 Participants were randomly assigned into groups, either control or treatment. Participants 

were randomly assigned a role, if they were a high type player or a low type player. Finally, 

participants were randomly assigned if they were an allocator or not. The program z-Tree was 

used for this process and done by Dr. Stoddard.  

 The games are played using tokens, also called experimental currency units. At the end of 

the experiment, participants are paid one U.S. dollar for every 12 tokens. All participants are 

randomly assigned to a group, and that group is the same for all ten rounds. Participants are told 

what the experiment is and given examples of what they can expect as they play through the 

experiment. A copy of what participants were given in the allocator heterogeneous capability 
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game can be found in Appendix C. The other instructions for the other games are similar, with 

the only variations being in game type. 

 Multipliers in the game were determined to keep giving to the group fund an attractive 

option even without an allocator. With a base multiplier of 2.4, and the group fund being equally 

distributed, at least two participants who moved all of their endowment to the group fund could 

still have a positive return of 12 tokens even if the other two participants did not give any to the 

group fund. That positive return is an incentive to try and cooperate with at least one other 

player. Multipliers of 1.2 and 3.6 were chosen as they are equidistant from 2.4. If a participant 

with the multiplier of 1.2 and another with 3.6 fully cooperated and put their entire endowment 

into the group fund, they would see the same return from their investment as two fully 

cooperating players when the multiplier is only 2.4, that is, if the two other players did not 

cooperate at all. 

 The data consists of three different public goods games with two different variants of 

each game. The first of these types of games is a base public goods game, which will be referred 

to as the base game (BG). This game sees groups of four participants play ten rounds, each 

participant is endowed with ten tokens each, and there is a group fund where each round each 

participant decides how much to put into that group fund. When placed in a group fund, each 

token gets multiplied by 2.4; then, at the end of each round, the group fund gets distributed to the 

four participants in the group. How the group fund gets divided is determined either by an equal 

split of the fund or by an allocator. Participants can choose to hold on to however much of their 

endowment in each round, but it does not get multiplied by any amount. The allocator games had 

three sessions with nine groups of 45 participants. Two sessions with six groups of 30 subjects 

were performed at USD, and one session with three groups of 15 subjects were performed at 
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ASU. The non-allocator games had three sessions with 11 groups of 44 subjects. Two sessions 

with seven groups of 28 subjects were performed at USD, and one session with four groups of 16 

participants were performed at ASU.  

 The second type of game is a heterogeneous endowment game, where two participants 

are considered high types and given an endowment of 15 tokens, and two participants are 

considered low types and given an endowment of 5 tokens. This game will be referred to as the 

endowment game (EG). The rest follows the same as BG. The allocator variant of the game saw 

a total of five sessions with 15 groups and 75 subjects. Three sessions with nine groups of 45 

subjects were performed at USD, and two sessions with six groups of 30 subjects were 

performed at ASU. For the non-allocator variant, a total of four sessions with 11 groups of 44 

subjects were carried out. Two sessions with eight groups of 32 subjects were performed at USD, 

and two sessions with nine groups of 36 subjects were performed at ASU.  

 The third type of game is a heterogeneous capability game, where all four participants are 

given equal endowments, but their contributions get multiplied differently when put into the 

group fund. Two participants are high types, and their contributions get multiplied by 3.6, and 

two participants are low types, and their contributions get multiplied by 1.2. This game will be 

referred to as the capability game (CG). The rest follows the same as BG. The allocator variant 

of the game saw a total of 5 sessions with 16 groups of 80 subjects. 3 sessions with 9 groups of 

45 subjects were performed at USD, and 2 sessions with 7 groups of 28 subjects were performed 

at ASU. The non-allocator variant had a total of 4 sessions with 15 groups of 60 subjects. 2 

sessions with 8 groups of 32 subjects were performed at USD, and 2 sessions with 7 groups of 28 

subjects were performed at ASU.  
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 The two types of variants in these games come with how the group fund gets distributed 

to the participants. The first variant, or the non-allocator games, sees the group fund equally  

distributed to each participant at the end of each round. So if the group fund has a value of eight, 

each participant will receive two tokens.  

 The second variant has the inclusion of a neutral third party allocator, who can decide 

how to split up the group fund, and are given some external amount based on how much gets 

placed in the group fund, so they have an incentive to keep contributions high. The amount they 

gain from the group fund is 25% of the group fund’s value, and also an endowment of 10 tokens. 

The allocator can still split up the group fund evenly, but the hope is that they distribute group 

fund tokens so that the allocator games see higher contributions and group efficiency than the 

non-allocator games.  

 The optimal solution for all game types and all variant types is for each participant to 

fully contribute their whole endowment into the group fund. This would lead to the highest 

amount of possible tokens collected in the group account, and thus the highest amount of 

possible tokens to be allocated to the participants. 
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 The equations for each of the games are as follows:  

 This paper is primarily focused on six variables of the data that will be compared 

between all games for each variant. The first variable is move, which describes how much each 

participant moves from their personal endowment into the group fund. The second variable is 

groupaccount, which describes how many tokens are placed in the group account in each round. 

The third variable is valueofgf, which describes the value in terms of tokens of the group account 

in each round. The fourth variable is gfearnings, or how much each individual participant makes 

from the group fund at the end of each round. These four variables will be contrasted between 

the base games with no allocators, and then the variant with allocators. Later, hightype and 

efficiency are examined as well. 
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 First, the data for each game type gets combined, so for each game data set, both non-

allocator and allocator games are included. The analysis will then see if there can be any effect 

attributed to the presence of the allocator in each of the three game types. Each analysis will be 

conducted three separate times, one for each game type. Given previous literature, I would 

expect the inclusion of an allocator to be a positive effect for all game types (Stoddard. et al 

2021, Stoddard et al. 2014). 

 The second part of the analysis will use linear regressions to determine the causal effect 

of having an allocator in each game type. If an allocator is present, the data describes the variable 

treatment as (1), and if no allocator is present, the data describes the variable treatment as (0). 

The variable treatment will then be regressed separately for each of the four variables. For the 

games EG and CG, move will be regressed on treatment and a new variable, hightype. Hightype 

tells if a player was given a higher endowment in EG or a higher multiplication factor in CG. 

This regression will help to determine how treatment and player type affected contributions to 

the group fund.  

 A sixth variable will be introduced, efficency, which describes how efficient each round 

was. If all participants contribute all of their endowment to a group fund, efficiency will be at 

100. If no participant contributes anything to the group fund, then efficiency will be at 0. For 

each game, efficieny will be regressed on treatment to determine how much more efficient each 

game type was with the inclusion of an allocator. STATA will be used to conduct this part of the 

analysis. The equation for each regression can be written as follows:  
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Finally, panel regressions will be performed for each game type on move and group fund 

earnings. This will look to see how contributions to the group fund and earnings from the group 

fund either grow, shrink, or stay consistent over the ten round period. 
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Results 

 First, the Student T-test for characteristics of participants are as follows. 

Table 2. T-test for Participant Characteristics 

  

All variables, besides microecon in the endowment game, were not statistically different. 

While this finding can be concerning, it is important to balance that information with how many 

Matt Winters
38



 
 

economics majors were participating. Students who are not economists or economics majors 

could still have had a microeconomics course. Some of these majors include health 

administration, addiction studies, media and journalism, history, kinesiology, chemistry, 

computer science, graphic design, sport marketing and media, construction management, and 

exercise science among others. 

 Second is the T-test on game variables. 

Table 3. T-test om Game Variables 

 As shown here, all variables for all game types, between the control (0) and the treatment 

(1) games, were statistically different. The following graphs each of the t-test. 
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Figure 1. T-test on Move between Treatment and Control : Base Game 

 

 

 

 

 

 

 
 
 

 
Figure 2. T-test on Tokens in the Group Account between Treatment and Control : Base Game 
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Figure 3. T-test on the Value of the Group Fund between Treatment and Control : Base Game 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. T-test on the Individual earnings from the Group Fund between Treatment and Control 

: Base Game 
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Figure 5. T-test on the efficiency between Treatment and Control : Base Game 
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Section 1, Part 2: Base Game Regressions 

 The first regression run was Move = β0 + β(treatment) + ε. The results indicate that, with 

a constant of 4.968, those in the allocator games individually gave 3.657 more tokens to the 

group fund than those in non-allocator games. The R-squared is 0.3136, so around 31% of the 

variation is explained by the presence of the allocator. With a P-value of 0, the results are 

statistically significant. 

 
The second regression run was Groupaccount = β0 + β(treatment) + ε. The results 

indicate that with a constant of 19.87, those in the allocator games saw an additional 14.627 

tokens in the group account. The R-squared is 0.5442, so around 54% of the variation in the data 

is explained by the presence of an allocator. Furthermore, with a P-value of 0, the results are 

statistically significant. 

 
 The third regression performed was Valueofgf = β0 + β(treatment) + ε. With a constant 

of 47.695, groups with an allocator saw an additional value of the group fund by 35.1. With an 

R-squared of 0.5442, about 54% of the variation was explained by the presence of an allocator. 

With a P-value of 0, the results are statistically significant.  

 
 The fourth regression run was Gfearnings = β0 + β(treatment) + ε. With a constant of 

11.9, those in the allocator games earned an extra 8.776 more tokens from the group fund. With 

an R-squared of 0.39, around 39% of the variation is explained by the presence of the allocator. 

A P-value of 0 was computed, thus the results are statistically significant. 

 
 The final regression run in this section was Efficiency2 = β0 + β(treatment) + ε. With a 

constant of 70.658, the efficiency in the allocator games rose by 21.33%. With an R-squared of 
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0.5442, around 54% of the variation was explained by the data. With a P-value of 0, the results 

are statically significant. 

Regression 1. Base Game Regressions 

 Next, panel regressions were preformed to look at how move and group fund earnings 

differed between the control and the treatment groups throughout the rounds, noted by the 

variable period. For move, those in the control group had a constant of around 6, with the 

variable period being -.189. So we would expect those in the control group to move .189 less 

tokens from round to round. The treatment group had a higher constant of 7.27, and even saw the 

period variable as a positive result, being .246. Those in the treatment group were expected to 

move .246 more tokens into the group fund from round to round. 

 
 For group fund earnings, those in the control group saw a constant of 14.41, with the 

period variable being -.453. Those in the control group are expected to earn .453 tokens less 

from the group fund from round to round as the game progresses. However, those in the 

treatment group had a higher constant of 17.45, and even saw more earnings from round to 

round, with the period variable being .590. 
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Regression 2. Base Game Panel Regressions 
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Section 2, Part 1: Endowment Game T-tests 

Figure 6. T-test on Move between Treatment and Control : Endowment Game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. T-test on Tokens in the Group Account between Treatment and Control : Endowment 

Game 
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Figure 8. T-test on the Value of the Group Fund between Treatment and Control : Endowment 

Game 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. T-test on the Individual earnings from the Group Fund between Treatment and Control: 

Endowment Game 
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Figure 10. T-test on the efficiency between Treatment and Control : Endowment Game 
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Section 2, Part 2: Endowment Game Regressions 

 The first regression run was Move = β0 + β(treatment) + ε. The results indicate that with 

a constant of 5.27, those in the allocator groups gave 1.5 more tokens than those in the non-

allocator groups. The R-squared is 0.03, so only about 3% of the variation is explained by the 

presence of an allocator. With a P-value of 0, the results are statistically significant. The second 

regression included the variable β(hightype) in the regression. This saw a constant of 2.8, and the 

coefficient for treatment was 1.5 and the coefficient for high-type was 4.88. The R-squared 

remained at $3, and all P-values were 0, so the results are statistically significant. 

 
 The third regression done was Groupaccount = β0 + β(treatment) + ε. Non-allocator 

groups saw around 21.08 tokens in the group account, while those with an allocator saw 6.04 

more tokens. The R-squared is 0.12, so around 12% of the variation is explained by the presence 

of an allocator. With a P-value of 0, the results are statistically significant. 

 
 The fourth regression was Valueofgf = β0 + β(treatment) + ε. Non-allocator groups had 

around a value of 50.598, with allocator groups having an additional 14.49 in value. The R-

squared is 0.12, so around 12% of the variation is explained by the allocator. With a P-value of 0, 

the results are statistically significant. 

 
 The fifth regression was Gfearnings = β0 + β(treatment) + ε. Non-allocator groups are 

expected to receive around 12.649 tokens from the group fund, whereas allocator groups are 

expected to receive an additional 3.623 tokens. The R-squared is 0.0675, so only around 8% of 

the variation is explained by the presence of an allocator. With a P-value of 0, the results are 

statistically significant. 
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 The final regression for this section was Efficiency2 = β0 + β(treatment) + ε. Non-

allocator groups are expected to be around 72.4% efficient, while allocator groups are expected 

to have an additional 8.8% efficiency. The R-squared is 0.12, so about 12% of the variation is 

explained by the allocator. The P-value is 0, so the results are statistically significant.  

 

Regression 3. Endowment Game Regressions 

 The panel regressions for the endowment game saw similar results as the base game. For 

the move variable, those in the control group saw a constant of 6.20, with the variable period 

being -.168. So from round to round, those in the control group were expected to move .168 

tokens less than the previous round. Those in the treatment group, however, had a relatively 

similar constant of 6.36, but saw the period variable have a value of 0.76. So as the game 

progressed, those in the treatment group were expected to move 0.76 tokens more than they did 

the previous round. 

 For the group fund earnings variable, those in the control group had a constant of 14.84. 

Over time, as indicated by the period variable, participants were expected to make .398 less 
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tokens from the group fund from round to round. The treatment group, again with a relatively 

similar constant of 15.26, had a positive period variable, in contrast to those in the control group. 

The period variable for the treatment group was .183, so those in the treatment group were 

expected to make .183 more tokens from the group fund from round to round. 

 

Regression 4. Endowment Game Panel Regressions 
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Section 3, Part 1: Capability Game T-tests 

Figure 11. T-test on Move between Treatment and Control : Capability Game 

 

 

 

 

 

 

 

 
 

 

 
Figure 12. T-test on Tokens in the Group Account between Treatment and Control : Capability 

Game 
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Figure 13. T-test on the Value of the Group Fund between Treatment and Control : Capability 

Game 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 14. T-test on the Individual earnings from the Group Fund between Treatment and 

Control : Capability Game  
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Figure 15. T-test on the efficiency between Treatment and Control : Capability Game 
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Section 3, Part 2: Capability Game Regressions 

 The first regression run was Move = β0 + β(treatment) + ε. A constant of 5.66 tokens is 

expected without an allocator. With an allocator, participants are expected to move 1.7 more 

tokens. With a R-squared of 0.069, only around 7% of the data is explained by an allocator. The 

P-value of 0 indicates that the results are significant. The next regression includes β(hightype). 

Now the constant becomes 5, the presence of an allocator is expected to boost moves by 1.7, and 

high-types are expected to give an additional 1.3. The R-squared is 0.1093, so around 11% of the 

variation is explained. P-values of 0 indicates that the results are statistically significant.  

 
 The next regression is Groupaccount = β0 + β(treatment) + ε. Non-allocator group 

accounts expected to have 22.6 tokens, whereas allocator groups are expected to have an 

additional 6.82 tokens. The R-squared in 0.15, so about 15% of the variation is explained by the 

presence of an allocator. With a P-value of 0, the results are statistically significant. 

 
 The fourth regression performed is Valueofgf = β0 + β(treatment) + ε. Non-allocator 

groups are expected to see a group fund value of 58.96, whereas the presence of an allocator 

boosts the value by13.39 tokens. The R-squared is 0.10, so only about 10% of the variation is 

explained. A 0 P-value indicated that the results are statistically significant. 

 
 The fifth regression performed is Gfearnings = β0 + β(treatment) + ε. Non-allocator 

groups are expected to earn 14.74 tokens, whereas allocator groups are expected to earn an 

additional 3.35 tokens. An R-squared of 0.046 shows that only 4.6% of the variation is explained 

in the data. A P-value of 0 indicates that the results are statistically significant.  

 
 The final regression performed is Efficiency2 = β0 + β(treatment) + ε. Non-allocator 

groups were expected to be 79.5% efficient, while allocator groups saw an additional 6.85% 
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effectiveness. An R-squared of 0.061 indicates that only around 6% of the variation is explained 

by the data. Finally, a P-value of 0 indicates that the results are statistically significant. 

 

Regression 5. Capability Game Regressions 

  For the panel regressions preformed on move, those in the control group saw a 

constant of 6.30. The value of the period variable was -.118, so the expected move from round to 

round would be .118 tokens less. Those in the treatment group saw a relatively similar constant 

of 6.64, but the period value was .132; the treatment group would be expected to move an 

additional .132 tokens into the group fund from round to round. 

  

 For group fund earnings, those in the control group saw a constant of 15.63. The period 

variable was -.162, so those in the control group would be expected to earn .162 less tokens from 

the group fund as the game progressed. The treatment group had a higher constant, at 16.46, and 

a positive period value, .296. Those in this group would be expected to make an additional .296 

tokens from the group fund from round to round. 
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Regression 6. Capability Game Panel Regressions 
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Discussion and Conclusion  

 This thesis sought to look for potential effects of the inclusion of a neutral allocator to 

three types of public goods games: a homogenous base game, a heterogeneous endowment game, 

and a heterogeneous capability game. Factors of interest included how much a player moved 

from their initial endowment, how many tokens were in the group account, the group account 

value, participant earnings from the group account, and finally how efficient overall the groups 

were. Efficiency was measured on a scale of 0 to 100, where 0 was the Nash equilibrium and 100 

was the social optimal. 

 Through the analysis of the data, doing t-tests and regressions, it can be shown that the 

presence of an allocator in all three games had a non-zero positive impact in all categories 

analyzed and all regressions run. Based off of the data set used, the conclusion can be drawn that 

the presence of a neutral allocator is a positive inclusion for the public goods game.  

 Understandably, the concern in the similarities between control and treatment  in the 

endowment games in participants having taken a microeconomics course. It has been 

demonstrated that economics students tend to act differently from other majors (Gerlach  2017). 

What is important to keep in mind is that what was measured was if students have taken either a 

microeconomics course, not what they were majoring in. As stated previously, some of the 

majors that had taken a microeconomics course included health administration, addiction studies, 

media and journalism, history, kinesiology, chemistry, computer science, graphic design, sport 

marketing and media, construction management, and exercise science among others. These 

participants were not ‘economists’. In fact, only 19 out of 370 participants were economics 

majors or double majors. Around 47% of participants had at least one microeconomics course, 

Matt Winters
58



 
 

and 1.6% (only 6 participants) had taken a game theory course. Given the vast diversity in 

students who had taken a microeconomics course, such that most of them would not be 

considered economists, and such a low amount of students haven taken a game theory course, 

most of the concerns in the discrepancies can be dismissed. 

 The inclusion of an allocator had positive effects between the games, especially between 

capability game and endowment game. For instance, in the capability game, an allocator is 

expected to boost earnings from the group fund by 24.7%; in the endowment game, an allocator 

is expected to boost earnings by 28.6%. However, in the base game, the allocator is expected to 

boost group fund earnings by 73.8%. Similarly, for the variable ‘move’, the capability game saw 

an increase by 32.1% with an allocator present, and the endowment game saw an increase by 

28.3% with an allocator present. Again, the base game was slightly different, with an increase by 

74.4% when an allocator was present. This shows that the allocator had a smaller effect on 

games with heterogeneity present. 

 The similarities between the capability game and the endowment, with differences in the 

base game, might be due to the additional factors in the capability and the endowment games. 

Instead of being straightforward public goods games, there are slight variations that make them 

more ‘complex’ than a simple homogenous capability and homogenous endowment game. These 

extra factors could have led to possible confusion in participants. Another factor might be if 

allocators tend to act differently with some sort of inequality present, as in the endowment and 

capability games, than they would with complete homogeneity, as seen in the base game. 

Unfortunately, data on the allocators was not recorded, but could be a potential variable to study 

in future research.  
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 As the real world is much more complex than a designed lab experiment, the diminished 

positive impact of the allocator from homogenous to heterogeneous can be concerning. It would 

suggest that an allocator would be most beneficial in groups where those involved are relatively 

similar, as differences seem to decrease the value of the allocator. This could be looked at in 

future studies, where there is a base homogeneous game compared to more and more complex 

heterogenous games, and see how effective the inclusion of an allocator is in each game type. 

Changes in endowment, capability, and even how often individuals can participate could be 

future avenues of study. 

 As I was unable to find another paper that combined allocator games with heterogeneity, 

this find would be interesting to be studied further in future research. Future studies could focus 

on which point the benefit of the allocator, as described in this thesis, falls to zero or near zero. 

Also, future studies could introduce a cost to players for having included an allocator. Instead of 

the payoff for the allocator being from a percent value of the group fund, the payoff would be an 

actual percent of the group fund. With more complex heterogeneity and an added cost of the 

inclusion of an allocator, it may be interesting to see at which point players would prefer to be 

involved in non-allocator games. 

 Another observation with the group fund earnings is that there are similarities between 

the capability game and the endowment game, and how they vary from the base game. The 

means for each game were relatively similar: the capability game had a mean of 18.09, the 

endowment game had a mean of 16.27, and the base game had a mean of 20.7. While base game 

had the highest overall mean, it also had only negatively skewed outliers, while both the 

capability game and the endowment game had positively skewed outliers. Also, for all t-tests 

performed, the capability and endowment games had overlapping quartiles, as shown visually in 
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the Results section. This comes in contrast with the base game, which saw no overlapping 

quartiles.  

 These similarities in outcomes of the endowment and capability games are something to 

be further studied. It could help give a better understanding of how different types of inequality, 

either in dollar amounts or effect, may interact in a group setting. This paper focuses on the 

effects of including an allocator in variations of public goods games. In doing so, I conclude 

based on the data that the inclusion of an allocator has positive effects on how groups performed 

and how much individuals made. This analysis could be applied to club goods or public policy to 

help more efficiently allocate resources given by a community or populace.  

 The inclusion of an allocator for this experiment led to greater cooperation between 

players, as indicated by having greater efficiency; this meaning that groups with an allocator had 

group funds closer to the socially optimal outcome than those groups with no allocator. The 

allocator has an opportunity to punish players by not giving them any amount or a lesser amount 

than other players from the group fund, and also an opportunity to reward players by giving 

them, potentially, all of the group fund or more than other players.  

 Also, the inclusion of an allocator had a positive impact on contributions over time, as 

seen in the panel regressions. This shows that the allocator is a positive force at keeping 

contributions relatively high and positive, while the absence of an allocator saw a decrease in 

contributions over time. This observation was seen in each game type for the variables ‘move’ 

and ‘group fund earnings’. Players consistently gave more and earned more over multiple rounds 

with an allocator compared to games with no allocator, where players would move less and earn 

less over rounds. 
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 I conclude from the data that the presence of an allocator was a positive inclusion in the 

traditional public goods game. It saw greater contributions, efficiency, and saw a positive trend 

of contributions overtime, something not seen in the base game. This study is consistent with 

some of the previous literature, in showing the benefits of the inclusion of an allocator, while 

expanding the scope of the study to include different types of inequality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matt Winters
62



55 
 

References 

Abásolo, I., Tsuchiya, A. (2014) “Blood donation as a public good: an empirical investigation of 

aaaaaa the free rider problem”. Eur J Health Econ 15, 313–32. https://doi-aaaaaa aaaaa aaaaaa 

aaaaaa org.prox.lib.ncsu.edu/10.1007/s10198-013-0496-x 

Andreoni, James, et al. (2003) “The Carrot or the Stick: Rewards, Punishments, and aaaaaa 

aaaaaa Cooperation.” The American Economic Review, vol. 93, no. 3, pp. 893–902. JSTOR, 

aaaaaa www.jstor.org.prox.lib.ncsu.edu/stable/3132122. 

Ballet, D., Mulder, L. B., & Van Lange, P. A. M. (2011). “Reward, punishment, and aaaaaa 

aaaaaa cooperation: A meta-analysis”. Psychological Bulletin, 137(4), 594-615. https://doi-

aaaaaa org.prox.lib.nscu.edu/10.1037/a0023489 

Bolle, F., Vogel, C. (2011) “Power comes with responsibility— or does it?”. Public Choice 148, 

aaaaaa 459- 470. https://doi-org.prox.lib.ncsu.edu/10.1007/s11127-010-9665-y 

Carlen, D., (2014) "Cooperation in a Repeated Public Goods Game with a Probabilistic aaaaaa 

aaaaaa Endpoint". Undergraduate Honors Theses. Paper 34. College of William and Mary. 

Aaaaaa https://scholarworks.wm.edu/honorstheses/34/ 

Chan, K.S., Mestelman, S., Moir, R. et al. (1999) “Heterogeneity and the Voluntary Provision of 

aaaaaa Public Goods”:. Experimental Economics 2, 5-30 

Cooper, D. (2014) “A Note on Deception in Economic Experiments”. Journal of Wine aaaaaa 

zzzzzz Economics, 9(2), 111-114. doi:10.1017/jwe.2014.18 

 
Dixit, Avinash K., et al. (2015) “Games of Strategy”. W. W. Norton,. 

https://doi-org.prox.lib.ncsu.edu/10.1007/s10198-013-0496-x
https://doi-org.prox.lib.ncsu.edu/10.1007/s10198-013-0496-x
http://www.jstor.org.prox.lib.ncsu.edu/stable/3132122
Matt Winters


Matt Winters
63



56 
 

Fleiß, J., & Palan, S.  (2013) “Of coordinators and dictators: A public goods experiment”. 

Aaaaaa Games, 4(4), 584-607. doi:http://dx.doi.org.prox.lib.ncsu.edu/10.3390/g4040584 

 
Gächter, Simon et al. (2010) “Culture and cooperation.” Philosophical transactions of the Royal 

aaaaaa Society of London. Series B, Biological sciences vol. 365,1553: 2651-61. Aaaaaa aaaaaa 

aaaaaa  doi:10.1098/rstb.2010.0135 

 
Gerlach, P. (2017). The games economists play: Why economics students behave more selfishly 

aaaaaa than other students. PLoS One, 12(9) aaaaaa aaaaaa aaaaaa aaaaaa aaaaaa aaaaaa aaaaaa 

aaaaaa doi:http://dx.doi.org.prox.lib.ncsu.edu/10.1371/journal.pone.0183814 

 
Heap, S., Ramalingan, A., Ramalingan, S., Stoddard, B., (2015) “‘Doggedness’ or aaaaaa aaaaaa 

aaaaaa ‘disengagement’? An experiment on the effect of inequality in endowment on behaviour 

aaaaaa in team competitions”, Journal of Economic Behavior & Organization, Volume 120, 

aaaaaa Pages 80-93, ISSN 0167-2681, https://doi.org/10.1016/j.jebo.2015.10.002. 

 
Heap, S., Ramalingan, A., Stoddard, B., (2016) “Endowment inequality in public goods games: 

aaaaaa A re-examination”, Economics Letters, Volume 146, Pages 4-7, ISSN 0165-1765, aaaaaa 

aaaaaa https://doi.org/10.1016/j.econlet.2016.07.015. 

Kahneman, Daniel, et al. (1986) “Fairness and the Assumptions of Economics.” The Journal of 

aaaaaa Business, vol. 59, no. 4, pp. S285–S300. JSTOR, www.jstor.org/stable/2352761. 

Ledyard, John O.. (1995)"2. Public Goods: A Survey of Experimental Research". The Handbook 

aaaaaa of Experimental Economics, edited by John H. Kagel and Alvin E. Roth, Princeton: 

aaaaaa Princeton University Press, pp. 111-194. https://doi.org/10.1515/9780691213255-004 

 

http://dx.doi.org.prox.lib.ncsu.edu/10.3390/g4040584
http://dx.doi.org.prox.lib.ncsu.edu/10.1371/journal.pone.0183814
https://doi.org/10.1016/j.econlet.2016.07.015
http://www.jstor.org/stable/2352761
https://doi.org/10.1515/9780691213255-004
Matt Winters


Matt Winters
64



57 
 

Merriam-Webster, “Hierarchy” Merriam-Webster 

Mårtensson, U. (2011). "It's the Economy, Stupid": Al-Ṭabarī's Analysis of the Free Rider aaaaaa 

aaaaaa Problem in the ʿAbbāsid Caliphate. Journal of the Economic and Social History of the 

aaaaaaOrient, 54(2), 203-238. http://www.jstor.org/stable/41305807 

 
Nikiforakis, N., (2008) “Punishment and counter-punishment in public good games: Can we 

aaaaaa really govern ourselves?”, Journal of Public Economics, Volume 92, Issues 1-2, Pages 

aaaaaa 91-112, ISSN 0047-2727, https://doi.org/10.1016/j.jpubeco.2007.04.008. 

 
Otto, P., & Bolle, F., (2016) “The advantage of hierarchy: Inducing responsibility and selecting 

aaaaaa ability?”, Journal of Behavioral and Experimental Economics, Volume 65, Pages 49-57, 

aaaaaa ISSN 2214-8043, https://doi.org/10.1016/j.socec.2016.08.008. 

 
Pravesh, K., & Arora, S., (2016) “Lecture 17: Games, Min-Max and Equilibria”. Princeton.edu, 

aaaaaa www.cs.princeton.edu/courses/archive/fall16/cos521/Lectures/lec17.pdf.  

 
Smith, Vernon L. (1989) “Theory, Experiment and Economics.” The Journal of Economic 

aaaaaa Perspectives, vol. 3, no. 1, pp. 151–169. JSTOR, www.jstor.org/stable/1942969. 

 
Smith, Vernon L. (1994) “Economics in the Laboratory.” The Journal of Economic Perspectives, 

aaaaaa vol. 8, no. 1, pp. 113–131. JSTOR, www.jstor.org/stable/2138154. 

 
Stoddard, B., Walker, J., Williams, A., (2014) “Allocating a voluntarily provided common-

aaaaaa property resource: An experimental examination”, Journal of Economic Behavior & 

aaaaaaOrganization, Volume 101, Pages 141-155, ISSN 0167-2681, aaaaaa aaaaaa aaaaaa 

aaaaaa https://doi.org/10.1016/j.jebo.2014.02.019. 

http://www.jstor.org/stable/41305807
https://doi.org/10.1016/j.jpubeco.2007.04.008
https://doi.org/10.1016/j.socec.2016.08.008
http://www.jstor.org/stable/1942969
http://www.jstor.org/stable/2138154
https://doi.org/10.1016/j.jebo.2014.02.019
Matt Winters


Matt Winters
65



58 
 

Stoddard, B., Cox, C., Walker, J., (2021) “Incentivizing provision of collective goods: Allocation 

aaaaaa rules”. South Econ J.; 87: 1345– 1365. https://doi-aaaaaa aaaaaa aaaaaa aaaaaa aaaaaa 

aaaaaa org.prox.lib.ncsu.edu/10.1002/soej.12487 

Wardil, Lucas, and Marco Antonio Amaral. (2017)“Cooperation in Public Goods Games: Stay, 

aaaaaa but Not for Too Long." Games 8.3: 35. ProQuest. 

Yamagishi, T., (Nov 1988) “Exit from the group as an individualistic solution to the free rider 

aaaaaa problem in the United States and Japan”, Journal of Experimental Social Psychology, 

aaaaaa Volume 24, Issue 6, Pages 530-542, ISSN 0022-1031, https://doi.org/10.1016/0022-

aaaaaa 1031(88)90051-0. 

Yamagishi, T., (Sept 1988) “The Provision of a Sanctioning System in the United States and 

aaaaaa Japan.” Social Psychology Quarterly, vol. 51, no. 3, pp. 265–271. JSTOR, aaaaaa aaaaaa 

aaaaaa www.jstor.org/stable/ 2786924. 

 

 

 

 

 

 

 

https://doi.org/10.1016/0022-aaaaaa%201031(88)90051-0
https://doi.org/10.1016/0022-aaaaaa%201031(88)90051-0
Matt Winters


Matt Winters
66



59 
 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matt Winters


Matt Winters
67



 
 

Appendix A 

Copy of Instructions 

Welcome  
 
No Talking Allowed  
Now that the experiment has begun, we ask that you do not talk. If you have a question after we finish 
reading the instructions, please raise your hand and the experimenter will approach you and answer your 
question in private.  
 
Cash Payment 
Your earnings in this experiment are expressed in EXPERIMENTAL CURRENCY UNITS, which we 
will refer to as ECUs. At the conclusion of the experiment you will be paid in U.S. dollars using a 
conversion rate of $1 for every 12 ECUs of earnings from the experiment.  You and the experimenter are 
the only ones who will know your decisions and earnings.  
 
This Experiment 
This experiment consists of TEN decision rounds. 
 
PROCEDURES  
Random Matching 
Each member will be randomly and anonymously matched with 4 other people to form a group. Thus, 
each group will contain 5 individuals. YOU WILL REMAIN IN THIS GROUP FOR THE ENTIRE 
EXPERIMENT.  Within each group, 4 members will be randomly assigned as Type-X and 1 
member will be randomly assigned as a Type-Y.  Your Type – (X or Y) – will remain the same for 
the entire of the experiment.  For example, if you are assigned the role of Type-X, you will be Type-X 
in all 10 decision rounds. 
 
The computer will also randomly and anonymously assign each member in a group an ID letter. The 
Type-Y member will be assigned the ID letter Y. The Type-X members will be randomly assigned an ID 
letter of A, B, C or D. You and the experimenter are the only ones who will know your ID letter.  Your 
ID will remain the same for the entire experiment.  For example, if you are assigned ID letter A in 
your group, your ID will be A in all 10 decision rounds.  
 
Multiple Rounds 
In each round, you will face the same decision task. The decision task in each round is described below.   
 
Starting Balances  
Each member begins each round with an endowment of 10 tokens worth 1 ECU each, yielding an 
Individual Fund of 10 ECUs.  Each five member group begins each round with a Group Fund of 0 ECUs.  
 
DECISION TASK IN EACH ROUND 
Sequential Decisions for Type-X and Type-Y  
In each decision round, the four Type-X members in a group make their decisions first. After the Type-X 
members make their decisions, the Type-Y member in a group makes his/her decision.  
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Decision Task for the 4 Type-X Group Members 
In each decision round, each Type-X member will decide independently and privately whether or not to 
move any of his/her tokens from his/her own Individual Fund into the Group Fund. Each Type 
-X member can move up to a maximum of 10 tokens to the Group Fund. Each token that a Type-X 
member adds to the Group Fund reduces the value of his/her Individual Fund by 1 ECU. However, each 
token added to the Group Fund by a Type-X member with ID letter A or B increases the value of the 
Group Fund by 3.6 ECUs. Each token added to the Group Fund by a Type-X member with ID letter C or 
D increases the value of the Group Fund by 1.2 ECUs. 
Each decision must be in whole tokens. That is, each Type-X member can add 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 
10 tokens to the Group Fund. 
 
Decision Task for the one Type-Y member in a Group  
Each decision round, the Type-Y member will be shown the decisions of each of the 4 anonymous Type-
X members in his/her group. The Type-X members will only be identified by their ID letters. 
The Type-Y member will then decide independently and privately how the Group Fund will be divided 
among all Type-X members in the group.  To do this, the Type-Y member will assign each Type-X 
member a share of the Group Fund.  Each share must be in the form of a % of the Group Fund.  That is, 
the Type-Y member can assign to each Type-X member a share of the Group Fund equal to 0%, 1%, 2% . 
. . 98%, 99%, up to 100%.  However, the sum of the shares assigned to all Type-X members must sum to 
100%.  A (small) calculator button will be provided to the Type-Y member to help sum the shares to 
100%. 
 
While waiting for the Type-Y member to perform his/her decision task, the Type-X members will answer 
a brief review question. 
 
EARNINGS IN EACH ROUND   

• A Type-X member’s earnings in a round will equal the ending value of tokens (in ECUs) in 
his/her own Individual Fund plus his/her share of the ending value of tokens in the Group Fund 
(in ECUs).  

• A Type-Y member’s earnings in a round will equal the value of the 10 tokens (in ECUs) in 
his/her own Individual Fund plus an amount equivalent to 25% of the ending value of tokens in 
the Group Fund (in ECUs).  Note: The Type-Y member’s earnings are not taken from the 
Group Fund. 

 
Three examples illustrate how the tokens moved to the Group Fund by a Type-X member are related to 
the values of his/her Individual Fund and the Group Fund. 

• If a Type-X member adds 0 tokens to the Group Fund, that reduces the value of his/her Individual 
Fund by 0 ECUs and adds 0 ECUs to the value of the Group Fund.  

• If a Type-X member adds 5 tokens to the Group Fund, that reduces the value of his/her Individual 
Fund by 5 ECUs and adds 18 ECUs to the value of the Group Fund if his/her ID letter is A or B, 
and adds 6 ECUs to the value of the Group Fund if his/her ID letter is C or D.  

• If a Type-X member adds 10 tokens to the Group Fund, that reduces the value of his/her 
Individual Fund by 10 ECUs and adds 36 ECUs to the value of the Group Fund if his/her ID letter 
is A or B, and adds 12 ECUs to the value of the Group Fund if his/her ID letter is C or D. 

• Note that the Type-Y member cannot add tokens to the Group Fund. 
 
The following example illustrates how Type-X members’ earnings in a round are related to the value of 
the Group Fund, and the share of the Group Fund assigned to each of them by the Type-Y member.   The 
following example also illustrates how the Type-Y member’s earnings in a round are related to the value 
of the Group Fund. 
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• Suppose the four Type-X members add a total of 20 tokens to the Group Fund, 10 tokens by 
members with ID letters A and B and 10 tokens by members with ID letters C and D.  This 
would result in a Group Fund with a total value of 48 ECUs.   

• Next, the Type-Y member assigns each Type-X group member (by ID letter) a share of the 
Group Fund, such that the shares assigned to each group member sum to 100%.   

• The Type-Y member would receive an amount equivalent to 25% of the Group Fund worth 12 
ECUs.   

 
 
INFORMATION AND HISTORY 
At the end of each round, you will receive information on your earnings related to the Group Fund and 
your total earnings for that round.   
While making your decision in each round a history table will be shown at the bottom of the screen.  The 
instructions below explain the illustration history tables (see the last pages of these instructions) for 
Type-X and Type-Y members.   
 
If you are a Type-X member, the history table will display a summary of decisions and earnings for 
each completed decision round, including the share of the Group Fund the Type-Y member assigned to 
you. 
 
If you are a Type-Y member, for each completed decision round, history tables will display a summary 
of decisions and earnings, in ECUs.  A history table for each of the 4 Type-X members (identified by 
their ID letters) will include the following information: 

• The tokens each Type-X member moved to the Group Fund. 
• The share of the Group Fund you assigned to each Type-X member. 

 
TOTAL EARNINGS 
Total Earnings for the experiment will be the sum of the earnings in all 10 rounds of the experiment.  
Recall, at the conclusion of the experiment you will be paid in U.S. dollars using a conversion rate of $1 
for every 12 ECUs of earnings from the experiment. 
 
REVIEW QUESTIONS  
Next, to ensure you understand the basic procedures and calculations in the experiment, you will 
complete review questions.   After you answer each question, press the Continue button.  If you answer a 
question correctly, you will move on to the next question.  If you answer a question incorrectly, the 
computer will give you a message stating you answered incorrectly.  Questions answered incorrectly will 
be attempted again until answered correctly.   
After you finish the review questions, please wait patiently for the other participants to finish.  The 
experiment will begin when all participants have finished the review questions.  
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player 4 shirks

player 3 shirks player 3 half player 3 cooperates

player 1 player 1 player 1
Player 2 shirk half cooperate Player 2 shirk half cooperate Player 2 shirk half cooperate

shirk 10, 10, 10, 10 8, 13, 13, 13 6, 16, 16, 16 shirk 13, 13, 8, 13 11, 16, 11, 16 9, 19, 14, 19 shirk 16, 16, 6, 16 14, 19, 9, 19 12, 22, 12, 22 
half 13, 8, 13, 13 11, 11, 16, 16 9, 14, 19, 19 half 16, 11, 11, 16 14, 14, 14, 19 12, 17, 17, 22 half 19, 14, 9, 19 17, 17, 12, 22 15, 20, 15, 25

cooperate 16, 6, 16, 16 14, 9, 19, 19 12, 12, 22, 22 cooperate 19, 9, 14, 19 17, 12, 17, 22 15, 15, 20, 25 cooperate 22, 12, 12, 22 20, 15, 15, 25 18, 18, 18, 28

player 4 half

player 3 shirks player 3 half player 3 cooperates

player 1 player 1 player 1
Player 2 shirk half cooperate Player 2 shirk half cooperate Player 2 shirk half cooperate

shirk 13, 13, 13, 8 11, 16, 16, 11 9, 19, 19, 14 shirk 16, 16, 11, 11 14, 19, 14, 14 12, 22, 17, 17 shirk 19, 19, 9, 14 17, 22, 12, 17 15, 25, 15, 20
half 16, 11, 16, 11 14, 14, 19, 14 12, 17, 22, 17 half 19, 14, 14, 14 17, 17, 17, 17 15, 20, 20, 20 half 22, 17, 12, 17 20, 20, 15, 20 18, 23, 18, 23

cooperate 19, 9, 19, 14 17, 12, 22, 17 15, 15, 25, 20 cooperate 22, 12, 17, 17 20, 15, 20, 20 18, 18, 23, 23 cooperate 25, 15, 15, 20 23, 18, 18, 23 21, 21, 21, 27

player 4 cooperates

player 3 shirks player 3 half player 3 cooperates

player 1 player 1 player 1
Player 2 shirk half cooperate Player 2 shirk half cooperate Player 2 shirk half cooperate

shirk 16, 16, 16, 6 14, 19, 19, 9 12, 22, 22, 12 shirk 19, 19, 14, 9 17, 22, 17, 12 15, 25, 20, 15 shirk 22, 22, 12, 12 20, 25, 15, 15 18, 28, 18, 18
half 19, 14, 19, 9 17, 17, 22, 12 15, 20, 25, 15 half 22, 17, 17, 12 20, 20, 20, 15 18, 23, 23,18 half 25, 20, 15, 15 23, 23, 18, 18 21, 26, 21, 21

cooperate 22, 12, 22, 12 20, 15, 25, 15 18, 18, 28, 18 cooperate 25, 15, 20, 15 23, 18, 23, 18 21, 21, 26, 21 cooperate 28, 18, 18, 18 26, 21, 21, 21 24, 24, 24, 24
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